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Abstract (English)

In recent years it could be observed that the interest of young people in science and technology is
decreasing. As a consequence, many countries are already facing a lack of well-trained engineers,
technicians and researchers as well as a serious shortage of manpower in the scientific field. In this
regard the use of robots in the educational context (referred to as educational robotics or robotics in
education) has gained increased attention and importance worldwide. Given the fact that children and
young people are fascinated by robots the basic idea behind educational robotics is to use robotics as
a pedagogical learning tool to awake interest for science and technology and, furthermore, to foster
technical- as well as social- and cognitive-skills. The constructionist nature of educational robotics
provides a hands-on, motivating and fruitful learning environment.

Following two main issues drove this thesis: First, various subjective stories of success and anec-
dotal reports by students, teachers, mentors and researchers regarding the positive impact of edu-
cational robotics can be found in current literature. Nevertheless, hardly any systematic empirical
studies exist which focus on the investigation of the impact in terms of change or improvement of
students’ technical- and social-skills as well as science related attitudes and interests. Furthermore,
hardly any studies exist which cover a wider region, an extended period of time, different age groups
and a broader population. Addressing this challenge, a comprehensive empirical evaluation con-
cept combining quantitative and qualitative research methods and relying on a proven, well-grounded
methodology was developed and implemented. The quantitative evaluation aims at investigating the
impact of educational robotics on students’ technical- and social-skills as well as on their attitudes
towards science and technology and their personal/career interests. It utilizes a widespread (students
from various different middle/secondary schools), mid-term approach (approximately eight months),
aiming at gathering solid and valid empirical data on a larger geographical scale (participants from
Europe, Australia, Asia). Based on a well-proven methodology a quasi-experimental two-group de-
sign (experimental- and control-group) comprising pre- and post-tests is applied. The assessment
instruments are student questionnaires based on different already proven assessment tools and survey
instruments which have been validated and/or applied and tested in previous studies. The summa-
rized results of the quantitative research (using well-grounded statistical methods for data analysis)
show that educational robotics has a significant positive impact on a group of content-related topics
rather than on single thematic topics. These findings suggest that educational robotics should not only
focus on separate, isolated topics but rather should be applied as an integrated approach, fostering a
holistic understanding and acceptance of different areas and fields. The qualitative evaluation aims
at identifying the motivational factors inherent to the educational robotics approach and, furthermore,
at the extraction of role models and later careers of young people who participated in educational




robotics activities. In this regard the primary research method applied is the technique of conducting
and analyzing semi-structured qualitative interviews with several former RoboCupJunior participants.
Summarized results suggest that educational robotics generates three important motivational factors
(social experience,engaged community, feelings of success) and that there is an obvious positive rela-
tionship between educational robotics and future careers.

Second, Artificial Intelligence (AI) plays an increasingly important role in our daily life. Sound
knowledge about Al and the principles of computer science will be of vast importance for future
careers in science and engineering. Science and technology are changing rapidly and people have
to be prepared for this development. Therefore, it is crucial to start familiarizing children with sci-
ence and technology already from an early age on, using age-appropriate pedagogical methods and
learning tools. Despite this necessity, applying technological learning tools like educational robotics
in early childhood education is quite rare and, furthermore, teaching fundamental topics of Al and
computer science at school or pre-school level hardly exists at the moment. In order to address these
challenges two innovative educational intervention concepts were developed considering pedagogical
and didactic aspects by applying well-proven, age-appropriate learning tools (among others educa-
tional robotics, computer science unplugged) and teaching methods. The first educational concept
applies a cross-generational approach focusing on kindergarten children and integrating school stu-
dents as well as senior citizens in order to initiate a vital social process among the different age
groups. The goal is to familiarize the target audience (in particular pre-school children and school
students) with science and technology in a playful way using educational robotics as learning tool. A
pilot project in a kindergarten was conducted and empirically evaluated. The second educational con-
cept focuses on familiarizing children and students from kindergarten to university with fundamental
topics of artificial intelligence (AI) and computer science. By using an analogy with the process
of developing reading/writing literacy this novel Al education concept aims at fostering Al literacy.
The concept comprises modules for different age groups on different educational levels. Fundamen-
tal Al/computer science topics addressed in each module are, amongst others, problem solving by
search, sorting, graphs and data structures. Four proof-of-concepts modules for kindergarten as well
as middle school, high school and university were developed, conducted and empirically evaluated.
Summarizing the evaluation results after analyzing all gathered data it can be concluded that both
novel educational intervention concepts were working as expected.

The Al education concept developed and evaluated within the scope of this thesis serves as basis
for extensive follow-up projects aiming at fostering Al literacy on a larger scale. Outcomes of the
empirical evaluation of the impact of educational robotics will further be used to improve support
measures provided by university institutions and to enhance educational robotics activities at school
level. Furthermore, the evaluation concept and instrumentation developed can be applied to evaluate
other initiatives and projects as well.




Abstract (German)

Im Laufe des letzten Jahrzehnts ist das Interesse von jungen Menschen an Naturwissenschaften und
Technik stetig gesunken. Infolgedessen besteht in vielen Landern bereits jetzt ein Fachkriftemangel
in technischen Berufen sowie im wissenschaftlichen Bereich. Weltweit gewann in diesem Zusam-
menhang der Einsatz von Robotern im Bildungskontext (bezeichnet als Educational Robotics oder
Robotics in Education) zunehmend an Bedeutung. Roboter iiben eine enorme Faszination auf Kinder
und Jugendliche aus. Dieser Umstand bildet die Grundlage von Educational Robotics: Der Roboter
dient dabei als pddagogisches Werkzeug um das Interesse fiir Wissenschaft und Technik zu wecken
und dariiberhinaus technische, soziale und kognitive Fihigkeiten zu férdern. Der konstruktionistische
Ansatz von Educational Robotics bietet eine interaktive, motivierende und anregende Lernumgebung.

Die folgenden zwei Kernthemen bilden den Schwerpunkt dieser Arbeit:
Erstens: In der Literatur finden sich zahlreiche subjektive Erfolgsgeschichten und Schilderungen von
Studierenden, Mentoren, Lehrern und Wissenschaftlern hinsichtlich der positiven Effekte von Edu-
cational Robotics. Nichtsdestotrotz gibt es kaum empirische Studien, welche die Auswirkungen auf
Schiiler hinsichtlich einer Verbesserung oder Anderung von technischen und sozialen Fihigkeiten
sowie von wissenschaftsbezogenen Einstellungen und Interessen systematisch untersuchen. Zudem
finden sich kaum Studien, welche groBBere Regionen, eine lingere Zeitspanne sowie unterschiedliche
Altersgruppen und Linder umfassen. Zur Bewiltigung dieser Herausforderung wurde ein umfassendes
Evaluierungskonzept, basierend auf fundierten quantitativen und qualitativen empirischen Forschungs-
methoden entwickelt und umgesetzt. Ziel der quantitativen Evaluierung ist die Untersuchung des
Impacts von Educational Robotics auf Schiiler hinsichtlich a) technischer und sozialer Fahigkeiten,
b) der Einstellung/Meinung gegeniiber Wissenschaft und Technik sowie c) personlicher bzw. karri-
erebezogener Interessen. Die quantitative Evaluierung fult auf einer breitgeficherten (Schiiler aus
verschiedenen Schulen der Mittel- und Oberstufe), mittelfristigen (Beobachtungszeitrum von ca. acht
Monaten) Vorgehensweise zur Sammlung fundierter und valider empirischer Daten in einem grofBeren
geographischen Maf3stab (Studienteilnehmer aus Europa, Australien und Asien). Auf Grundlage einer
fundierten Methodik kommt ein quasi-experimentelles 2-Gruppen Forschungsdesign (Experimental-
und Kontrollgruppe) mit Pre- und Post-Test zum Einsatz. Als Erhebungsinstrumente dienen Frage-
bogen, welche auf bereits in fritheren Studien angewandten bzw. validierten und bewihrten Er-
hebungsinstrumenten basieren. Die zusammengefassten Ergebnisse der quantitativen Evaluierung
(unter Verwendung von etablierten statistischen Methoden fiir die Datenanalyse) zeigen, dass Educa-
tional Robotics einen signifikant positiven Einfluss auf eine Gruppe von inhaltsverwandten Themen-
bereichen und weniger auf einzelne, isoliert betrachtete Themen hat. Diesen Erkenntnissen zufolge
sollte Educational Robotics als integrierter Ansatz betrachtet werden, welcher ein holistisches Ver-
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standnis von unterschiedlichen Themenbereichen und Fachrichtungen férdert. Ziel der qualitativen
Evaluierung ist die Identifizierung von Motivationsfaktoren, welche charakteristisch fiir Educational
Robotics sind. Im Zuge dessen werden Vorbilder (Rollenbilder) identifiziert bzw. die Karrierewege
von jungen Menschen, welche in ihrer Schulzeit in Educational Robotics involviert waren, niher
beleuchtet. Als Forschungsmethode dienen qualitative Leitfadeninterviews mit fritheren RoboCupJu-
nior Teilnehmern. Die zusammengefassten Ergebnisse zeigen, dass Educational Robotics einerseits
u.a. drei wichtige Motivationsfaktoren generiert (die soziale Erfahrung, die engagierte Community,
das Erfolgserlebnis). Andererseits zeigt sich eine positive Korrelation zwischen Educational Robotics
und erfolgreichen Karrierewegen.

Zweitens: Kiinstliche Intelligenz (KI) spielt eine immer wichtigere Rolle in unserem tiglichen
Leben. Fundierte Kenntnisse iiber KI und Grundlagen der Informatik sind von enormer Bedeutung
fiir kiinftige Karrieren in wissenschaftlich-technischen Bereichen. Aufgrund der rasanten technis-
chen Entwicklung bzw. der Schnelllebigkeit der Technik ist es essentiell, dass bereits junge Kinder
mit technisch-wissenschaftlichen Grundlagen vertraut gemacht werden. Diese muss unter Verwen-
dung von altersgerechten padagogischen Methoden und geeigneten Lernwerkzeugen erfolgen. Trotz
dieser Notwendigkeit ist der Einsatz von technischen Lernwerkzeugen, wie beispielsweise Educa-
tional Robotics, in der vorschulischen Bildung wenig verbreitet. Dariiberhinaus gibt es derzeit kaum
Ansitze, welche grundlegende KI bzw. Informatik Themen in der Schule oder bereits im Kinder-
garten behandeln. Um diese Herausforderungen in Angriff zu nehmen, wurden zwei innovative Aus-
bildungskonzepte entwickelt. Unter Beriicksichtigung padagogisch-didaktischer Aspekte wurden im
Zuge dessen verschiedene bewihrte, altersgerechte Lernwerkzeuge und Unterrichtemethoden inte-
griert (unter anderem Educational Robotics, Informatik Unplugged). Das erste Ausbildungskonzept
bedient sich eines generationsiibergreifenden Ansatzes. Der Fokus liegt auf Kindergartenkinder und
integriert Schiiler sowie Senioren, um auf diese Weise einen fruchtvollen sozialen Lernprozess in
Gang zu setzen. Ziel ist es, vor allem Kindergartenkinder und Schiiler auf spielerische Weise und
durch den Einsatz von Educational Robotics als Lernwerkzeug mit Naturwissenschaften und Technik
vertraut zu machen. Ein Pilotprojekt im Kindergarten wurde umgesetzt und empirisch evaluiert. Ziel
des zweiten Ausbildungskonzepts ist es, Kinder und junge Menschen vom Kindergarten bis zur Uni-
versitdt mit den Grundlagen von KI bzw. Informatik vertraut zu machen. In Analogie mit der Entwick-
lung von Schreib- und Lesekompetenz fokussiert sich dieses neuartige KI Ausbildungskonzept auf die
Entwicklung einer grundlegenden "KI Kompetenz". Es umfasst Module fiir unterschiedliche Alters-
gruppen auf unterschiedlichen Ausbildungsstufen. Grundlegende KI/Informatik Themen, welche in
jedem Modul in unterschiedlicher Komplexitit behandelt werden, sind Problemlosung durch Suche,
Sortieralgorithmen, Graphen und Datenstrukturen. Vier Proof-of-Concept Module fiir den Kinder-
garten, die Mittel- und Oberstufe sowie fiir die Universitit wurden entwickelt und empirisch evaluiert.
Die Evaluierungsergebnisse lassen darauf schlieen, dass die beiden neuartigen Ausbildungskonzepte
funktionieren und die gesetzten Ziele mehrheitlich erreicht wurden.

Das im Zuge dieser Dissertation entwickelte und empirisch evaluierte KI Ausbildungskonzept dient
als Basis fiir ein umfangreiches Nachfolgeprojekt, welches die weitere Etablierung einer KI Kompe-
tenz in groBerem Maf3stab zum Ziel hat. Die Ergebnisse der empirischen Evaluierung des Impacts
von Educational Robotics werden in weiterer Folge fiir die Verbesserung der Supportmafinahmen fiir
Schiiler/Lehrer seitens der Universitit sowie fiir die Intensivierung von Educational Robotics Aktiv-
itdten auf Schulebene verwendet. Das im Rahmen der Dissertation entwickelte Evaluierungskonzept
(inklusive der Erhebungsinstrumente) kann schlieBlich auch zur Evaluierung von weiteren Projekten
oder Initiativen im Bildungsbereich verwendet werden.
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Chapter

Introduction

In recent years an increasing disinterest of young people in science and technology could be observed.
Fewer and fewer students decide to go into science or technical studies at university level or choose
to pursue a profession in that areas. Studies show that students in most of the industrial countries
are not willing to become scientists or technicians (Sjgberg and Schreiner, [2006; [Demo et al., [2012)).
As a consequence many countries are already facing a lack of well trained engineers, technicians and
researchers (Welch, [2010; Bredenfeld et al., 2010; [Hofmann and Steinbauer, 2010) as well as a seri-
ous shortage of manpower in the scientific field (Osborne and Dillon, [2008}; |Gago, [2004}; [Teitelbaum),
2007; |IDemo et al., 2012). The demand for highly skilled personnel in these areas increases faster
than the number of people deciding to follow this career path (Rockland et al., 2012). In this context
the use of robotics in education has gained increased importance and attention worldwide (Eguchi,
2012; Miller et al., 2008} [Mataricl 2004). The educational approach of using robotics as a tool to
interest young people in science and technology and in addition to foster STEM (science, technology,
engineering, mathematics), computer science as well as social and cognitive skills is commonly re-
ferred to as educational robotics or robotics in education (Alimisis, 2013} [Eguchi), 2010). Over the
last decades educational robotics has become a widespread approach in various countries worldwide
(TOE, [2013}; [Kandlhofer et al., |2014). The recent popularity and interest in educational robotics is
based on several different factors. For instance, there is the undeniable fact that children and young
people are fascinated by robots. Building a robot, programming it and observing its behavior is of
tremendous excitement. Providing a tangible connection between hardware and software is therefore
one of the motivating key assets of educational robotics. Furthermore, by the constructionist nature
of educational robotics students are actively involved in the learning process. It provides teachers
and researchers a vehicle which encourages motivating, hands-on activities and awakens children’s
and students’ curiosity and interest. (Papert, |1993a; [Barker et al.| 2012a}; /Alimisis|, 2009} 2012} 2013
Kumar and Meeden, 1998}, [Eguchi, [2010).

1.1. Motivation and Problem Statement

A number of educational projects, initiatives as well as competitions aim to encourage young people to
get involved in science and technology by applying a project-oriented, hands-on educational robotics
approach (Sklar and Eguchi, [2005). Many different educational robotics approaches and frameworks
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with different characteristics and goals, aiming at different target groups and applying different set-
tings, tools, platforms and learning techniques exist (Lammer et al., 2016a). Various conferences,
workshops and symposia have been organized around the topic in the last decades (Balogh, 2010;
Merdan et al.,2016) together with a great number of published articles, theses and books (RAS| 2016;
Barker et al., 2012a; Jewell, |2011). Many publications present local projects (e.g. school projects,
regional competitions, ...) or for the most part deal with technical aspects (e.g. development of
new educational robotics platforms) rather than focusing on the underlying learning concepts and
methodologies (Alimisis, 2012} |Altin and Pedaste, 2013)). Although using robotics as a learning tool
at school level (primary, middle and secondary school) has become a worldwide phenomenon, edu-
cational robotics at pre-school level/kindergarten is less widespread. The idea behind the concept of
educational robotics in kindergarten is to use the robot as pedagogical tool to familiarize children aged
between three and six years with science and technology in a playful way. Science and technology
are changing rapidly and young children have to be prepared for this development. Due to the fast
moving nature of technology the focus must be put on fundamental principles and concepts fostering
computational thinking in general. Therefore, it is crucial to familiarize children with technology at
an early age using age-appropriate pedagogical methods (Kandlhofer et al., 2014). As artificial intel-
ligence (Al) already plays an essential role in our daily life it is of tremendous importance as well to
familiarize people with fundamental concepts and techniques behind Al from an early age on. The
prevalence and impact of Al not only on our everyday life but also on the working world is still grow-
ing. In general, we currently face an increasing digitalization of different life/work areas. People use
different devices, applications and services which are based on the principles of Al. Examples would
be intelligent household appliances like autonomous vacuum cleaners or lawn mowers as well as ser-
vices and smartphone applications like Google (Maps, Now, ... ), Cortana or Siri. In contrast, hardly
anybody knows about the concepts and techniques behind those services and applications. There is
a need to shift from solely using towards understanding technology. Teaching fundamental topics of
Al and computer science at school or pre-school level hardly exists at the moment (Burgsteiner et al.|
2016b). Considering the current technological development, sound knowledge about Al and the prin-
ciples of computer science will be of vast importance for future careers in science and engineering.
Looking towards the near future, jobs will largely be related to Al as it will be the basis of the products
where our future wealth will be built on (smart production, internet of things, autonomous driving,
robotics ...). In this context literacy in Al and computer science will become as important as classic
literacy (reading/writing). Research in the area of classic literacy shows that starting to learn those
basic skills at an early stage is essential for developing profound abilities (Myberg, 2007} |Genlott and
Gronlund, 2013). In order to develop Al literacy it is crucial as well to familiarize people with the
underlying concepts of Al and computer science as early as possible by applying well-proven learning
methodologies and tools (amongst others, educational robotics).

The use of robotics as an educational tool has become a widespread, worldwide phenomenon and
represents a field which is still growing. Educational robotics as a learning tool has the potential
to enrich education at multiple levels, from STEM and computer science education to non-technical
education (e.g. arts, language, geography, ...) (Alimisisl [2013]; [Eguchil, [2010). There is the subjec-
tive impression, based on a predominantly positive feedback by involved students, teachers, mentors
and researchers that the educational robotics approach works well. Various stories of success and
anecdotal reports regarding the positive impact of educational robotics can be found in current litera-
ture |Alimisis| (2013). Because educational robotics is a relatively young field existing literature often
deals with self-reported data as far as positive learning effects are concerned (Barker et al., [2012al).
Although such descriptions are important and provide initial indications of the powerful potential of
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educational robotics, it is crucial as well to provide valid information and verifiable data to prove its
effectiveness and positive impact. The necessity and importance of a systematic evaluation in order
validate the impact of educational robotics through research evidence is stressed in current literature.
There is a need for quantitative studies applying a standardized evaluation methodology and a reliable
experimental design (Barker et al., 2012aj |Alimisis, 2013;|Stubbs et al.| 2012} |Bredenfeld et al., 2010;
Barreto and Benitti, [2012). Despite that fact, hardly any empirical studies exist which focus on the
systematic investigation of the impact in terms of change or improvement of students’ technical- and
social-skills as well as students’ science related attitudes and interests, covering a wider region, an
extended period of time, different age groups and a broad population. Furthermore, there is a need
for investigating the long-term effects of educational robotics on students’ ways through school, col-
lege and later careers (Colel 2012; |Catlin and Blamires, [2010). Nevertheless, relatively few studies
investigate this issue (Stubbs et al., [2012)).

1.2. Research Objectives

Given the broad scope of the problem statement illustrated in the previous section following major
driving factors for this thesis can be identified which are basically divided into a) development of
educational intervention concepts and b) empirical evaluation of the impact of educational robotics:

a) identifying open issues and challenges regarding the use of robotics as an educational tool; deter-
mining the current status and open issues in the area of education in artificial intelligence; devel-
oping and implementing novel educational intervention concepts to address those challenges;

b) determining/verifying the need for empirical evaluations in the area of educational robotics; in-
vestigating the impact of educational robotics on young people and identifying the motivational
factors inherent to the educational robotics approach; evaluating the efficacy of the educational
intervention concepts developed;

Based on this definition the following detailed main research questions (Q[a,b]) have been deduced
which set the overall scope of this thesis:

* Qa;: What are open issues and challenges in educational robotics (in the context of using
robotics as a learning tool)?

* Qay: What is the current status and what are open issues in teaching fundamental concepts of
artificial intelligence at different educational levels (’education in AI’)?

e Qas: Which novel educational intervention concepts are needed to address those challenges
(applying, amongst others, educational robotics as a learning tool)?

* Qby: What are the motivational factors and inherent values of educational robotics and, fur-
thermore, what is the long-term effect of the involvement in educational robotics activities on
the individual career development of school students?

* Qby: Are the novel educational intervention concepts (cross-generational educational robotics
/ education in Al) working as expected?

* Qbs: Is there a difference/change in the outcome (compared between before and after par-
ticipating in educational robotics activities) in terms of technical skills, social aspects and soft
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skills and science-related attitudes and interests between school students participating in educa-
tional robotics activities compared to school students not participating in educational robotics
activities?

— Qbs.1: Is there a difference/change in the outcome (compared between before and after
participating in educational robotics activities) in terms of technical skills, social aspects
and personal interests between young students (up to the age of 12) participating in ed-
ucational robotics activities compared to young students not participating in educational
robotics activities?

— Qbs.2: How do students intending to participate in educational robotics activities differ
from students not intending to participate in educational robotics activities in terms of
technical skills, social aspects and soft skills, science related attitudes, career and per-
sonal interests as well as attitudes towards their teacher?

1.3. Contributions

Following an overview of the major contributions of this thesis together with a summary and publica-
tion remarks for each contribution.

1.3.1. Pre-School Educational Robotics in a Cross-Generational Context

The idea behind the concept of educational robotics in kindergarten is to use robotics as pedagogical
tool to familiarize children in pre-school age with science and technology in a playful way. Integrating
new technology in the education of children between three and six years of age cannot be considered
in isolation but must rather be accomplished by applying a multi-dimensional approach. Therefore,
a novel educational intervention concept within the field of educational robotics was developed, im-
plemented and empirically evaluated. It combines different age groups (kindergarten children, school
students (aged from eleven to thirteen) and senior citizens) as well as different scientific and educa-
tional institutions (kindergartens, schools, universities) in a cross-generational and cross-institutional
educational robotics project.

The overall educational intervention concept was first published in |[Eck et al.| (2013). The detailed
approach including evaluation methodology and results was finally published in [Kandlhofer et al.
(2013)) and |Kandlhofer et al.|(2014).

1.3.2. Education in Artificial Intelligence

Artificial Intelligence (Al) already plays a major role in our daily life. Sound knowledge about Al
and the principles of computer science will be of vast importance for future careers in science and
engineering. Looking towards the near future, jobs will largely be related to Al In this context literacy
in Al and computer science will become as important as classic literacy (reading/writing). By using an
analogy with this process a novel Al educational intervention concept aiming at fostering Al literacy
was designed. The concept comprises modules for different age groups on different educational levels
applying well-proven, age-appropriate learning methodologies and tools (amongst others, educational
robotics). Four proof-of-concepts modules focusing on kindergarten as well as middle school, high
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school and university were developed, conducted and empirically evaluated. The evaluation was done
applying a proven and sound qualitative and quantitative evaluation methodology. The complete Al
education concept including evaluation methodology and results was published in |Kandlhofer et al.
(2016b). An extended abstract of this work was published in |Kandlhofer et al.| (2016al).

The module focusing on Al education in high school (design, methods, evaluation, results) was
published in |Burgsteiner et al.| (2016b) as well as in [Burgsteiner et al.| (2016¢) and Burgsteiner et al.
(2016a)). In addition, the kindergarten module was presented at|Kandlhofer et al.| (2015).

1.3.3. Evaluating the Impact of Educational Robotics: Qualitative Pre-Study

The qualitative pre-study aimed at identifying the motivational factors inherent to the educational
robotics approach and, furthermore, at the extraction of role models and later careers (investigat-
ing long-term impact aspects) of young people who participated in educational robotics activities.
This was accomplished by means of investigating careers and stories of former participants of ju-
nior robotics competitions, in particular RoboCupJunior. The approach of conducting and analyzing
semi-structured qualitative interviews was the primary research method. Instead of gathering quanti-
tative performance data here the goal was to gather and analyze qualitative data to gain insights into
the reoccurring motivational factors of an educational robotics approach like RoboCupJunior. This
qualitative study formed the basis for the development of the quantitative main study.

The overall evaluation endeavor and design of the pre-study was published in Kandlhofer et al.
(2012) (workshop paper). The final work (including results) was published in|Kandlhofer et al.| (2012)
(conference paper).

1.3.4. Evaluating the Impact of Educational Robotics: Quantitative Main Study

The goal of the quantitative main study was to evaluate the impact of educational robotics on stu-
dents’ technical- and social-skills and the impact on students’ attitudes and interests towards sci-
ence and technology in a systematic way. The conducted study applied sound evaluation techniques
and relied on well-grounded empirical methods encompassing pre- and post-tests and using a quasi-
experimental two-group design (experimental- and control-groups). The assessment instrument was
a student questionnaire based on different already proven assessment tools and survey instruments
which have been validated and/or applied and tested in previous studies, theses and investigations.
Basically the quantitative main study was divided in two stages (stage I, stage II). Stage I addressed
the main research question investigating whether there is a difference between control group and
experimental group (before and after the experimental group participated in educational robotics ac-
tivities). It covered a period of approximately eight months and comprised students from different
types of secondary schools in Austria and Sweden. In addition, after applying the overall evaluation
design and instrumentation within the context of stage I, stage II of the quantitative main study dealt
with two sub-research questions. On the one hand it encompassed the evaluation of the impact of
educational robotics on young school students (middle school). Therefore, another evaluation instru-
ment specially tailored to young school students was compiled and a pilot study was conducted in
two selected middle schools. On the other hand stage II focused on the investigation of distinctive
features between experimental- and control-group students and comprised participants from different
types of secondary schools in eight different countries worldwide (Europe, Asia, Australia). There-
fore, based on the findings and lessons learned from stage I of the study, the assessment instrument
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was adapted, extended and translated into the respective languages. All gathered data were analyzed
using well-proven statistical methods.

The overall evaluation concept was initially published in [Kandlhofer and Steinbauer| (2013). The
complete evaluation design including the assessment instrument (stage I) was published in|[Kandlhofer
and Steinbauer| (2014). The complete stage I evaluation design (methods, instruments) as well as
results and findings were published in [Kandlhofer and Steinbauer| (2016). Evaluation design and
results were also presented at|Kandlhofer and Steinbauer] (2015).

1.3.5. Educational Robotics Landscape

Within the scope of a workshop organized by [Lammer et al.| (2015) experts from different domains
worked together in order to find common grounds and contact points regarding different educational
robotics approaches. The paper summarizing the results as well as introducing a concept to categorize
educational robotics approaches using a tagging framework was published in [Lammer et al.| (2016b)
and Lammer et al.|(2016al).

1.3.6. Using Robotics to Teach STEM Principles - a Field Research

In the United States educational robotics has a long history. Many ideas, concepts and innovations in
that area originate from different US universities, schools and further educational institutions. There-
fore, within the scope of this PhD thesis a research stay was carried out in April/May 2016 at two US
high schools which have integrated a three-year STEM/robotics program in their regular curriculum.
The program focuses on topics related to mechanical, electrical and computer science engineering
using educational robotics as a learning tool.

1.4. Outline

The remainder of this thesis is structured as follows: Chapter [2]reviews the relevant literature and dis-
cusses the underlying concepts, theories and challenges in educational robotics, education in artificial
intelligence (AI) and empirical evaluation research. Chapter [3] describes the methodology (learning
methods, goals, structure, content) and proof-of-concept implementations of two educational inter-
vention concepts dealing with the major challenges and open issues regarding educational robotics as
a learning tool as well as education in Al at different educational levels (from kindergarten to univer-
sity). Chapter [ describes the design (structure, methods, instruments, study components) and imple-
mentation and discusses results and shortcomings of an extensive empirical evaluation investigating
the impact of educational robotics on students’ skills and attitudes. Finally, Chapter [5|summarizes the
covered topics and findings of this thesis and discusses shortcomings, limitations and future work.




Chapter

Review of Literature and Background

This chapter reviews the relevant literature and discusses the underlying concepts and theories behind
educational robotics (Sections [2.1] and [2.2))). Section [2.3]| reviews current literature in the field of
education in artificial intelligence (" Al education’) while Section [2.4] discusses relevant literature and
theories concerning empirical evaluations in the context of educational robotics. Finally, Section [2.6]
summarizes findings and discusses challenges, open issues and next steps.

2.1. Educational Robotics

In the last decades the use of robots in education has gained increased importance and attention world-
wide (Eguchi, [2012; Miller et al.| 2008; Mataricl, [2004). The educational approach of using robots as
vehicle to foster STEM (science, technology, engineering, mathematics), computer science as well
as social and cognitive skills is commonly referred to as educational robotics (ER) or robotics in
education. The ER approach offers a learning tool for teachers and researchers which encourages
motivating, hands-on activities and awakens children’s and students’ curiosity and interest (Alimisis}
2013; |[Eguchi, [2010; |[Lammer, 2016).

A number of (slightly) different definitions and interpretations of educational robotics can be found
in literature. For instance, [Eguchi| (2012)) provides following definition: "Educational robotics uses
robotics kits, programming software and computers as hands-on learning tools. It can create a learn-
ing environment that can enhance collaboration and communication among students, problem-solving
skills, critical thinking skills, and creativity.” (p. 30).

In line with this, |Alimisis| (2009) characterizes educational robotics "as a powerful, flexible teach-
ing/learning tool stimulating learners to control the behavior of tangible models using specific pro-
gramming languages (graphical or textual) and involving them actively in authentic problem-solving
activities." (p. 7).

Demo et al.|(2012) define educational robotics as "the use of Robotics for Educational purposes
connected with school curriculum. At the beginning robotics is the object of study, but later on robotics
is a tool for learning other subjects like mathematics, sciences, physics, informatics, languages, etc..."”

(p. 91).
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Mataric| (2004) concludes from her research of using robotics as educational tool that it "has the
potential to significantly impact the nature of engineering and science education at all levels" (p. 1).

Current literature identifies three major dimensions in educational robotics (Eguchil 2012):

(a) robotics as learning objective: In this context the focus is on teaching skills in engineering,
robotics, computer science and artificial intelligence by means of secondary/post-secondary courses
in order to prepare students for a career in theses field (Miller et al.| 2008]).

(b) robotics as learning aid: This means to use robots as a supporting tool in the classroom (e.g. by
assisting a teacher in, for instance, an English class as described by [You et al.| (2006)) or as an
assistive therapeutic tool (for instance as described by |Feil-Seifer and Mataric| (2008)).

(c) robotics as learning tool: In this regard robotics is used to enhance the learning process in the
classroom. Robots act as pedagogical vehicles for teaching and learning different subjects at dif-
ferent educational levels. Therefore, robotics aims at engaging and boosting students’ motivation
to learn and explore. Moreover, the goal is to stimulate students’ imagination and creativity while
fostering technical-, problem-solving- and further social- and soft-skills (e.g. critical thinking,
communication, teamwork, language, ...) (Miller et al., 2008; Eguchil 2014b, 2012} |Alimisis,
2009). In this context educational robotics is a vehicle to support teaching, learning and educa-
tion in general (Alimisis, [2012; |Kumar and Meeden, |1998)).

The focus of this thesis is on using robotics as pedagogical learning tool.

2.1.1. Related Research, Background and Viewpoints

Educational robotics has its roots in the late sixties when Seymour Papert investigated possibilities of
teaching programming to children. As part of this research at the MIT Artificial Intelligence Labora-
tory he developed programmable bricks (equipped with inputs (sensors) and outputs (motors)) as well
as the programming language Logo (Papert,|1993a)). In the early eighties the first educational robotics
kit called Hero-1 was sold (Miller et al., 2008)). In the nineties Papert cooperated with the LEGO com-
pany which finally released the successful and widely known Mindstorms RCX robotics kit (including
a graphical programming language) in 1998. Nowadays an enormous range of different educational
robotics kits, platforms and corresponding programming languages/environments for different age-
and target-groups and for different educational levels/purposes are available and the number of such
kits is still growing (Barker et al.,2012b; Miller et al., [2008}; |Ruzzenente et al.,|2012)). Yet, one of the
most common robotics kits are the successor models to the RCX, namely the LEGO Mindstorms NXT
and EV3 (Kawell and Schafer, 2015; Kim and Jeon, |2007; [LEGO, [2016)). In the emerging years of
educational robotics (around the turn of the millennium) two main learning objectives were defined:
First, using robots to raise children’s interest in technology (Handler, 2000). Second, using robots as
learning vehicle to motivate children with engaging activities while imparting concepts and contents
which would be complicated to impart with traditional teaching methods.

Many different educational robotics (ER) approaches and frameworks with different characteristics
and goals aiming at different target groups exist. They are applied in different settings, use different
tools, platforms and learning techniques. Literature reports different views on ER and various ways
to categorize or classify those educational robotics approaches (whereas classification schemes show
overlapping areas). In this context, the following section presents and discusses common viewpoints
and approaches (Lammer et al., 2016aj |Alimisis, [2013)).

Eguchi (2010) and |Alimisis|(2013) propose the following general categorization of ER approaches:
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* theme-based: curriculum topics are structured around certain themes (e.g. |Cacco and Moro
(2015)) use the theme *hedgehog’ in order to teach STEM and arts topics; Rockland et al.|(2012])
describe the use of *medibotics’, a way of incorporating information technology, engineering
and robotics into classroom lessons by means of building and programming robots to solve
problems in the area of biomedical engineering)

* project-based: students explore and solve real-world problems through group work (e.g. Jump
(2015) applies a project-based approach (designing and building rescue robots) to teach high-
school students engineering concepts; Lammer and Vincze|(2015) present an approach where an
entire class (divided into sub-teams) works on a project to develop a special robot for children)

* goal-oriented: students work to achieve certain goals (often in out-of-school time), in particular
by participating in robotics competitions (e.g. RoboCupJunior (RCJ, [2016; Sklar and Eguchi,
2005); FIRST Lego League (FLL| 20165 Rosen et al., [2012); Botball (Botballl 2016} Koppen-
steiner et al., 20135)); further examples for such a out-of-school, goal-oriented approaches would
be robotics clubs (e.g. as presented by [Eronen et al.| (2005))

A similar approach is used in the book by Barker et al.|(2012a)). The authors introduce the three cat-
egories educational robotics in formal learning (robotics programs in classrooms and curricula), edu-
cational robotics in out-of-school time (robotics programs and implementations in an after-school/out-
of-school time setting) and learning through educational robotics competitions (increasing students’
interest in STEM topics by means of robotics-based tournaments and competitions).

Stager| (2010) proposes five general ways of using/classifying robotics in education based on dif-
ferent objectives and the level of teacher involvement:

* robotics as a discipline: focusing on teaching specific robotics concepts (e.g. localization, path
planning, ...);

* teaching STEM concepts: using robotics to teach, for instance, concepts of physical science
(e.g. force, friction, ...), engineering (e.g. gears,...), mathematics (e.g. variables, trajectories,
arithmetic operations, . ..), computer science (e.g. programming, debugging, ...);

* thematic units: applying robotics in the context of a certain theme to teach school subjects/topics
(e.g. using robotics to model machines or systems, e.g. an airport or a factory);

* curricular themes: using robotics as a vehicle to solve curriculum-specific tasks (e.g. students
learn about the behavior of certain animals (natural science/biology) by programming a robot
to imitate this behavior;

* freestyle: students/children are free to experiment with robotics material (hardware and soft-
ware); in this context robotics acts as a tool for self-expression (e.g. building and programming
a robot to express and share moods, emotions, identity, ... );

Catlin and Blamires| (2010) suggest a framework of 10 educational robotics applications principles
(CERA principles’). These principles can be used to categorize and describe the benefits of educational
robots as well as to explain how robots can assist/support learning. The framework also discusses
underlying concepts and cognitive processes behind educational robotics activities. Furthermore, the
principles provide a "how-to’ for people who intend to develop educational robotics activities or who
want to create educational robots. The 10 ERA principles are grouped into the three main categories
technology, student and teacher:

* Technology
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Overall Concept Strategy Setting Target Group Structure
#top-down #classroom #kindergarten #exploration
#bottom-up #after-school #elementary #activity

#K12

Educational Focus Teaching Goals Theory/Method

Goals #STEM #robotics #inquiry-based
#literature #collaboration #project-based

skills

Materials Principle Software Coding concepts
#white-box #text-based #high-level
#black-box #visual interface #low-level

Evaluation General Methodology Focus Target Group
#evaluated #quantitative #technical skills #student
#not evaluated #qualitative #interests #teacher

Table 2.1.: Tagging framework with exemplary tags (indicated with *#’) in order to categorize educa-
tional robotics approaches (according to|Lammer et al.|(2016a))

— intelligence (intelligent’ behavior of robots as essential part of educational activities)
— interaction (interacting/working with robots represents an active learning process)
— embodiment (physical, tangible robots provide a positive learning experience)

* Student

— engagement (children’s fascination for robots fosters a positive learning environment and
attitude)

— sustainable learning (educational robotics encourages long-term learning, life skills and
self-knowledge)

— personalization (personalization of the learning experience in order to fit students’ indi-
vidual needs)

e Teacher

— pedagogy (educational robotics activities applying established learning theories and method-
ologies can enable effective learning)

— curriculum and assessment (educational robotics activities can be integrated in the regular
curriculum (comprising teaching, learning and assessment situations))

— equity (robotics in education can successfully support equity principles (e.g. gender, race,
social/cultural background, age, ...))

— practical (robots used in educational robotics activities have to meet practical require-
ments regarding formal and informal learning situations)

The paper of |[Lammer et al.| (2016a)) introduces a concept to categorize educational robotics ap-
proaches using a tagging framework in order to enable better communication between experts from
different domains. The framework uses tags to label educational robotics approaches based on their
characteristics. Therefore, tags serve as attributes whereas more than one tag can be assigned to an
approach and new tags can be introduced. Table [2.1] shows the tagging framework with exemplary
tags arranged in a matrix representation.

Eguchi| (2012) discusses how educational robotics can enhance students’ learning, its benefits and
characteristic features as well as settings that enable learning through ER:
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* ER as interdisciplinary approach: Many different subject areas and disciplines (technology, sci-
ence, mathematics, reading/writing literacy, social studies, arts, ...) can be integrated by apply-
ing an educational robotics approach (Alimisis, 2012). For instance, an ER student project could
comprise social studies (e.g. students investigating people’s behavior in a shopping street), in-
terviewing certain people, transcribing those interviews and writing up people’s stories (liter-
acy). Afterwards students build, design (incorporating arts) and program robots to retell those
stories (applying concepts of mathematics, physics, computer science). Further examples for
interdisciplinary projects are described by Hamner et al.|(2016) and Desmond et al.| (2016)).

* ER as motivational factor: Researchers, teachers and educators reported the potential of robots
to motivate and excite children and students (Miller et al., 2008). The hands-on aspect provides
an inspiring learning environment and engages students to work on STEM related topics and to
develop unique, own’ solutions to given problems. Building and programming robots provides
students an opportunity to transfer their imagination into the real world (Eguchi, 2012).

* ER as a way to translate abstract to tangible: Robots are tools which help students to com-
prehend abstract concepts since robots provide immediate feedback (e.g. changing gears of the
robot - concept of gears; programming robot’s movement - concept of cause and effect) (Bers,
2008)). Therefore, by using robotics in education abstract ideas and concepts are made tangible.
Furthermore, due to the immediate feedback students’ learning gets reinforced (Eguchi, 2012}
Atmatzidou et al., 2008).

* ER as a way to foster teamwork: ER offers opportunities for students to work together in groups
on joint robotics projects (sharing ideas, joint decision making process, acquiring communica-
tion skills) (Miller et al., 2008; [Eguchi, 2007).

 ER as as way to foster 21*' century and computational thinking skills: By transferring abstract
concepts into the real world educational robotics provides a learning environment where a set
of 21* century skill (i.e. information, media and technology skills, critical thinking, com-
munication, collaboration, innovation, creativity, ...) as well as computational thinking skills
are fostered (formulating problems, organizing and analyzing data logically, using abstraction
to represent data (e.g. models), applying algorithmic thinking to automate the solutions (series
of ordered steps), identifying and implementing solutions (combination of steps), performing
a generalization and transferring the problem-solving process to other problems; Wing| (2006));
Barr et al.|(2011)) (Eguchil, 2012} [2014a).

* Learning through ER competitions: Competitions are a project-based educational approach.
Students work in teams towards a common goal, preparing their robots to compete in differ-
ent disciplines. There are many different educational robotics competitions worldwide, and
the number is still growing. Various studies report positive effects of such competitions on
participating students (Eguchil [2012; |Sklar et al., 2002; Melchior et al., 2005).

» Learning through ER projects: Despite the reported positive effects of robotics competitions,
different authors also express their concerns and provide alternative settings. For instance,
Hamner et al.| (2008)) discuss the possibility that a competition might act as deterrent factor for
students not comfortable with competitive situations. Therefore, the authors propose an ap-
proach focusing on using ER as a tool for expression and communication (Hamner et al., 2008)).
Another alternative to the competition setting is proposed by Martin|(2007). The authors present

*A framework of key skills and student outcomes for the new century playing a key role in the educational reform e.g. in
the US, Australia, Finland, Singapore,...; also see (P21} 2016; [Eguchil [2014a)
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a project-based approach combining computer science (programming) and arts. [Alimisis and
Kynigos| (2009); [Turbak and Berg (2002); Rusk et al.| (2008) argue that exhibitions and public
demonstrations of students’ projects could provide the same motivational benefits as compe-
titions without being exposed to a stressful situation. Further examples of alternatives to a
competition-centered approach are discussed by (Eguchi, 2012).

With educational robotics as a growing field, a large number of conferences, workshops and sym-
posia have been organized around the topic in the last decades (Bredenfeld et al.,[2010; |[Baloghl 2010;
Stelzer and Jafarmadar, 20115 |(Obdrzalek,, 2012} [Moro and Alimisisi, 2012} |Granosikr, [2013]; |Alimisis
et al., 2014; Dessimoz et al.,[2015; Merdan et al., 2016). Several books have been published (Barker
et al., 2012a; |Alimisis, 2009), special issues of journals and magazines have been released (TOE|
2013;|RASL2016; JAMRIS| 2014} as well as master theses (Neppel, 2014} Jomento-Cruz, |2010; Wulf],
2012; [Ebelt, [2012)) and PhD theses (Whitehead, 2010; Welch, 2007} Jewell, [2011]) have been written
dealing with various aspects of educational robotics. In addition, further events and initiatives focus
on educational robotics, such as international and regional tournaments and competitions for school
students and undergraduate students (e.g. RoboCupJunior (RCJ, [2016), FIRST (Lego League, Tech
Challenge, Robotics Competition) (FIRST, 2016), Botball (Botball, 2016)), teacher training courses
(e.g. TERECoP (TERECoP, 2009), Roberta teacher training (Roberta, [2016)) as well as local and
international networks (e.g. euRobotics Topic Group on Education and Training (IGET, [2016)).

In addition to the aforementioned books, theses, conferences, initiatives and competitions related
to educational robotics, numerous papers and articles have been published (Lammer et al., |2016a;
Kandlhofer et al., 2012). As explained by Bredenfeld et al.| (2010) many publications deal with tech-
nical aspects of various robotics platforms for education. Other papers deal with the development
of robotics curricula and teaching materials, as well as the integration of robotics into classes. For
example, Singh et al.| (2005)) present a low cost micro-controller board for teaching robotics in schools
in Australia. The authors describe design objectives, technical specifications and advantages of this
controller board. [Merino et al.[(2016) present the ongoing work on an affordable educational robotics
platform (based on Arduino) which can be used to enhance STEM education. The paper mainly fo-
cuses on the design process and implementation methodology of the platform. The article by Balch
et al.| (2008)) presents the use of personal robots to teach computer science to undergraduate students.
The paper describes the robot hardware and software and outlines the content of the undergraduate
course. [Nourbakhsh et al.| (2005)) describe the process of designing robotics platforms and a curricu-
lum for a high school robotics course. The authors provide a detailed technical description of the
developed robotics platform (regarding hard- and software). The final chapter deals with the findings
of a short-term course evaluation. |Petrovic|(2011) gives an overview of different educational robotics
competitions of the last decades and describes one specific educational competition (organized in
Slovakia) in particular.

As|Altin and Pedaste|(2013) argue a lot of educational approaches focus on the technology (robotics
platform) rather than on the underlying learning/teaching concepts and methodologies. Though most
of the developed platforms are based on the constructionism theory formulated by Seymour Papert
(see next section), the actual implementation of this theory in the classroom is neglected (Sullivan and
Moriarty, |2009). In this context |Alimisis| (2012)) demands to shift the focus in educational robotics
from "technology to pedagogy".

A number of publications discuss the benefits and positive effects of educational robotics on stu-
dent’s learning (Eguchi, [2012). For instance, [Bers|(2007) argues that ER supports students in inquir-
ing scientific concepts in order to develop 'technological fluency’. Several other papers stress that ER
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provides ’effective learning opportunities’ in different subjects and fields like mathematics, science,
physics, biology, geography, electronics and engineering while also fostering skills in the area of prob-
lem solving, communication, reading/writing, researching, decision making and teamwork (Alimisis}
2009; |Atmatzidou et al., [2008; Miller et al., [2008; [Eguchil, |2012; |Sklar et al., 2002 |Sklar and Eguchil,
2005; |[Kolberg and Orlev, 2001} |(Carbonaro et al., 2004; |(Oppliger, 2002). |[Khanlari| (2016) states that
educational robotics can establish an ’authentic learning environment’ in the context of computer and
electrical engineering. Students of all ages and educational levels apply their skills, knowledge and
the previously learnt contents in order to work on real-world problems and meaningful challenges
(Samuels and Haapasalo, [2012).

Alimisis| (2013)) stresses the need to broaden the target group of educational robotics in order to
address also children, students and teachers who are not yet interested in or related to robotics or a
similar technical field. As literature suggests many existing ER approaches focus on teaching subjects
closely linked to robotics (e.g. mechatronics, engineering, robot construction/programming) (Barreto
and Benitti, 2012). In order to address this issue Rusk et al.| (2008) suggest following strategies (so
called 'new path ways’):

* focus on themes (instead of just focusing on challenges; e.g. (Cacco and Moro| (2015));

* combining arts and engineering (e.g. [Lammer| (2016); |Desmond et al.| (2016)); Hirschmanner
et al.| (2015));

* encouraging storytelling (e.g. Westlund and Breazeal| (2015)); Bers| (2008)));
* exhibitions (instead of competitions; e.g. Bers and Ettinger| (2012)));

Summing up, a large number of different educational robotics approaches and projects can be found
in current literature. There is a broad range of different goals, target groups, applied settings and
robotics platforms. Different ways to classify or categorize educational robotics approaches currently
exist. In order to foster a better communication between educational robotics experts but also between
“users’ (e.g. teachers) and providers (e.g. researchers) a common categorization framework would be
needed. Many publications in the area of educational robotics deal with technical aspects of various
robotics platforms or present local projects or competitions. Nevertheless, there is a need to also
emphasize the underlying learning/teaching concepts and methodologies, shifting the focus in edu-
cational robotics from "technology to pedagogy" (Alimisisl 2012} |Altin and Pedaste), 2013}; |Sullivan
and Moriarty, 2009). Furthermore, it is important to broaden the target audience (e.g. by combining
different aspects like arts and engineering) in order to address also children and young people who are
not yet interested in such technical topics. Many publications stress the positive effects and benefits
of educational robotics but further well-grounded, systematic evaluations are needed (in this context
see Section[2.4).

Context RoboCupJunior in Austria

RoboCupJunior (Sklar et al.,[2002; RCJ|[2016)) is part of the international scientific initiative RoboCup
(Steinbauer and Ferrein,,[2016; RoboCup, 2016) that fosters research in advanced robotics and artificial
intelligence. In order to address children and young students as well, RCJ was established within
the scope of the RoboCup world championship 1998 in Paris. In 2000 the first international RCJ
competition took place in Melbourne. Twenty-five teams from different schools in Australia, USA and
Germany participated (Sklar and Eguchil, [2005)). In the course of the years the number of participants
grew. At the RoboCup 2011 in Istanbul there were 955 junior participants from 30 different countries
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forming 251 teams. This was the highest number of junior participants to date (in 2016 in Leipzig 807
students in 207 teams participated) (Eguchi et al.,[2012; RCJ Wiki, |[2016). Every year the international
RCJ competition, co-located with the RoboCup, takes place in a different city all over the world.
(Kandlhofer et al., 2012)

The project-based international RCJ initiative has a strong focus on education (Sklar,2004). School
and undergraduate students up to the age of 19 are encouraged to get involved in science and engi-
neering. The goal is to improve technical and social skills, to foster teamwork and creativity, as well
as to promote international contacts and knowledge exchange.

RCJ, the competition, comprises of four disciplines: (1) Rescue, (2) Soccer, (3) OnStage and (4)
CoSpace. The task in RCJ Rescue is to construct and program an autonomous robot to find its way
through a rescue arena. Here the challenge is to follow a black line on the floor, to avoid debris,
to deal with gaps and a ramp and finally to detect and rescue ’victims’. The arena is composed of
different rooms, each room increases the level of difficulty. In RCJ Soccer four robots, usually one
striker and one goalkeeper per team, play soccer. Detecting the ball, identifying opponent players and
team-mates, as well as locating the goals are some of the challenging issues to deal with. Robots are
only limited in size and weight so students can work out different innovative solutions. RCJ OnStage
is a discipline that focuses on the combination of technical skills and creativity. The goal is to prepare
a short on-stage performance of robots and humans. Important evaluation criteria are choreography,
costumes, and decoration, as well as technical aspects of robot construction and programming. In
RCJ CoSpace students work with virtual and real robots combining digital simulation, game-based
learning and educational robotics. (Ferrein et al., 2011} |[Eguchi and Shen, [2013))

Except for some minor adaptations each discipline remains the same from one tournament to the
next. The basic idea behind is to give students the chance to improve their robots at each competition
and to make progress visible (Hofmann and Steinbauer, [2010). Students are allowed to use standard
robotics kits (such as the LEGO Mindstorms) as well as self-designed robots. Figure [2.1] shows
the excitement of junior participants at the RoboCup 2009 as well as an example of a self-designed
rescue-robot.

Figure 2.1.: A winning junior team at RoboCup 2009 and a self-designed rescue-robot at RoboCupJu-
nior Austrian Open 2013.

RCJ is well established in Austria. There is a strong cooperation between universities and schools
located in urban, suburban and rural Austrian regions. Every year many school teams participate and
succeed in national and international RCJ competitions. A remarkable number of former RCJ partic-
ipants have studied/are now studying at university. In Austria RCJ was introduced in 2007. Various
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activities and events were organized in order to promote the initiative and to establish the first RCJ
regional education center in Austria. Due to a rapidly increasing number of schools interested in par-
ticipating in RCJ further regional centers were build up in order to establish a nationwide network.
By now the Austrian RCJ network consists of eight regional centers, distributed among almost all
Austrian provinces under the umbrella of the "RoboCupJunior Austria" society (RCJ Austria). In
general, a regional center offers standardized service packages to encourage schools, students and
teachers to participate in RCJ. These include presentations at schools, robotics introduction courses
and workshops for students, training courses for teachers, summer research camps, regular robotics
clubs, lending robotics kits to schools, open-lab days, as well as special events such as science weeks
for students or special-topic workshops. Presentations at schools usually serve as a first introduction
for teachers and students to RCJ. Interested school classes can attend an introduction course, which
lasts for about three hours. The courses have a strong focus on hands-on experiences. Using LEGO
Mindstorms robotics kits, attendees are introduced to the principles of robotics and programming.
In addition, training courses provide teachers with a basic knowledge and tools to integrate educa-
tional robotics/RCIJ into their classes. Summer camps, advanced courses and special-topic workshops
deal with different programming languages, advanced hardware or special topics around robotics and
Al During the so-called open-lab-days teams and interested people can come to a center’s robotics
lab and use the available facilities (e.g. rescue arenas, soccer fields, robotics hardware) in order to
prepare for a competition. Furthermore, experts answer questions and give hints on how to solve
specific problems (Hofmann and Steinbauer, 2010). Within the scope of robotic clubs children and
youths regularly come to a robotics lab in order to work on their projects. They can use the available
infrastructure/know-how and are working alongside researchers and undergraduate/graduate students
experiencing cutting edge research.

The Institute for Software Technology at Graz University of Technology (TUG) is one of the found-
ing members of the RCJ Austria society and also host of a regional education center. TUG organized
the first national RoboCupJunior competition in 2008 and one year later the RoboCup world champi-
onship. In 2011 an international research and education project Technology and Education for Search
and Rescue Robots (TEDUSAR) was initiated in cooperation with University of Maribor (Slovenia)
(Maurer et al.l,2014). A central project objective was to build up a similar regional center structure in
Slovenia, as well as to foster RCJ in both countries. A general problem is the increasing disinterest
of young people, in particular girls in science and technology studies. By improving and extending
the support activities already provided by universities and regional centers, as well as by attracting
more public attention, the aim was to counteract the recent negative development and to attract more
students to science and technology studies.

2.1.2. Educational Robotics in Pre-School

As discussed in the previous section the level of awareness and importance of educational robotics
rose over the last decades. A great number of conferences, workshops, papers and books have been
addressing this topic. Various different projects, initiatives and competitions aim to interest young
children and students up to the age of nineteen in science and technology. The review of literature
revealed that, on the contrary, educational robotics approaches with special focus on children aged
between three and six years (kindergarten, pre-school) are less widespread. Due to the fast moving
nature of technology the focus must be put on fundamental principles and concepts fostering compu-
tational thinking in general. The idea behind the concept of educational robotics in kindergarten is to
use the robot as pedagogical tool to familiarize children in pre-school age with science and technol-
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ogy in a playful way (Eck et al.| 2013} [Kandlhofer et al., 2013). A short look in the history reveals
that already in the early 19" century the German pedagogue Friedrich Froebel, who coined the term
"kindergarten’, developed a series of educational toys and hands-on learning strategies. Many modern
learning tools, such as the LEGO Mindstorms robotics kit, are also based on his work (Stoeckelmayer
et al., 2011} [Kafai et al., 2010).

The use of educational robotics in pre-school education is not as widespread as in primary and
secondary school (Kandlhofer et al., [2014). Nevertheless, various papers and articles exist which
describe robotics platforms and projects for young children. For example, Sapounidis and Demetriadis
(2016) present a review of "tangible’ programming languages and robots which can be used to address
pre- and primary-school children. |Ferreira et al|(2012) present the experiences made introducing
robotics in a kindergarten using the LEGO WeDo robotics kit. Children had to build a small robot step
by step. Afterwards they interacted with the robot, which was actually programmed by a teacher.

Petre and Price|(2004) describe how robotics can act as a tool to teach primary and secondary school
students the basics of engineering and programming. The authors also present an empirical study in
order to investigate why robots seem to motivate young children, even if they were not technically
interested beforehand.

Bers et al. (2002) describe the integration of robotics in early childhood education following a
constructionist strategy (learning by designing, using concrete objects to explore, identification of
powerful ideas, self-reflection).

Pekaroval (2008]) presents the use of the educational robot Bee-Bot in a pre-school setting. Different
activities and games for kindergarten children and teachers were designed and qualitatively evaluated.
The focus of this research was on robot programming instead of construction and design. It turned out
that although all children involved in the study basically enjoyed playing with the Bee-Bot and were
not afraid of using this new technology the robot itself was not interesting to them for a longer period
of time. The author also states that some of the children showed a basic understanding of the robot’s
control principles whereas others seemed to be too cautious to increase their self-confidence during
the work with the Bee-Bot.

The paper of Bers and Ettinger| (2012)) presents an educational robotics approach which focuses
on introducing kindergarten children to computational thinking by familiarizing them with com-
puter science and engineering concepts. They describe a curriculum structured around the six main
topics robotics, engineering design process, sequencing/control flow, loops/parameters, sensors and
branches. The curriculum was implemented during a one month-long period in a kindergarten and
empirically evaluated. The authors conclude that educational robotics can be a valuable learning tool
in kindergarten provided that children’s needs and abilities are considered appropriately. The ap-
plied technology and the activities have to be integrated with other areas of the regular kindergarten
curriculum.

Gennari et al.| (2012) performed short robotics introduction courses (duration about 45 minutes) for
pre-school children at the university. Their goal was to demonstrate the difference between intelligent,
programmed behavior and radio-controlled behavior of robots. Therefore, they developed different
games where children could watch and interact with the robots (e.g. pushing a button on a LEGO
Mindstorms robot to start a line-following program).

The work of |Virnes and Sutinen| (2009)) investigated the interaction between kindergarten children
and a certain educational robotics technology called Topobo (a flexible system where children can
assemble robots from single functional blocks). A series of workshops in six kindergartens were
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conducted and qualitatively evaluated. The authors reported that the applied educational robotics
technology can be an effective and stimulating tool to foster dedicated learning in pre-school.

Demo et al.| (2012)) describe an approach of inquiry-based science education applied in kindergarten
and early primary school years. They developed different games using the educational robot Bee-Bot
(pressing the buttons on the back (forward, backward, rotate left, rotate right) children could enter a
sequence of commands which then were executed by the robot). The topics covered by those games
were discovering the Bee-Bot, reasoning about distances, discovering programming, reasoning about
geometrical shapes, discovering connections between programming and math.

Educational robotics for primary and secondary schools is well established in Austria. On the
contrary only a few initiatives and projects can be found which use robotics in kindergarten and pre-
school education. One example would be the project "Technical and natural science in playschool”
of Vienna University of Technology. Children aged between four and six years have the opportunity
to visit different departments of the university and to participate in scientific hands-on exercises and
experiments. Within this project one of the main topics is robotics (I'U Vienna, [2016)). In addition,
different scientific institutions and universities offer training courses and workshops for educators and
children. For instance, the Austrian Computer Society (OCG,[2016)) offers robotic workshops in order
to teach kindergarten pedagogues how to integrate robotics into teaching. The Vienna Museum of
Technology (VMT), [2016) organizes workshops for children between the age of four and seven to
teach basics of programming and robotics. Another pre-school educational robotics project would
be the course "Robots for Kids" for kindergarten children at the age of four to six years. Within the
classes children can actively participate and in parallel they get a first impression of scientific working
(Stoeckelmayer et al.,[2011])).

Evaluating the robotics course "Robots for Kids"

Waulf| (2012) conducted an empirical evaluation investigating the question whether settings and con-
tents are reasonable and helpful to teach pre-school children the principles of programming by apply-
ing robotics as a learning environment. The aim was to analyze the impact of the course on children’s
cognitive processes in the context of executive functions.

In sum four kindergartens participated in the project. Two kindergartens (16 children) took part in
the robotics course (test group) while the other two kindergartens (27 children) did not participate in
this course and therefore acted as control group. The minimum age of the children was 4.5 years. The
course was divided into six units which were held by university students at weekly intervals (duration
one hour). Bee-Bot robots were chosen due to their simple user interfaces and the possibility to utilize
them in team constellations. The tasks of each unit were defined in advance in order to guarantee that
both kindergartens (test and control group) had the same conditions. (Eck et al., 2013; Wulf], 2012)

The performances of the children were compared before and after the course. Therefore, four
hypotheses were stated and tested (Wulf},2012): H;: "The performances of the children who attended
the robotics course have improved in the post-test compared to those of the pre-test. If there is a
significant difference, the results of the test group have to be compared with those of the control
group." Hy: "After attending the course the performance of the executive functions is significantly
better in the test group than in the control group." Hj3: "The statistical connection between the variables
inhibition, shifting and planning is significant." Hy: "Demographic factors have an influence on the
performance at the pre-test." (Eck et al., 2013; Wulf], 2012)
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Both test- and control-group have been pre-tested approximately one week before the robotics
course started and post-tested six weeks after finishing the course. Following psychological instru-
ments have been applied:

* Kaufmann Assessment Battery for Children (Melchers and Preuss|, 2009): The instrument mea-
sures the intelligence level and the language skills of children.

* Dimensional Change Card Sorting Test (Zelazo et al., [1996): It determines whether children
are able to apply newly learned rules (’shifting’ - cognitive flexibility).

* Day-Night-Stroop (Gerstad et al., |1994): This test measures the inhibition (the endurance re-
spectively) and the ability to concentrate over a certain period of time.

* Truck Load (Carlson et al.} 2004): The instrument investigates whether children are able to plan
their next steps.

The results and findings of the evaluation can be summarized as follows (Eck et al., 2013} Wulf]
2012): Regarding the performance of the test group it could be figured out that there have been
improvements in the area of planning and cognitive flexibility, but these have not been statistically
significant. However, the results concerning inhibition were significant. As a result it can be stated
that the performance of the children who attended the robotics course has been improved in the field of
endurance and the ability to concentrate over a certain period of time. On the contrary it could not have
been proved that the overall performance of the test group (after participating in the robotics course)
was significantly better than the performance of the control group. The improvements have been
nearly equally. The third hypothesis was accepted since there was a statistical connection between
the three variables inhibition, shifting and planning. Concerning the demographic factors (fourth
hypothesis), simply the level of education of the children’s parents had a significant effect on the
different performances at the pre-test in the field of planning.

Summing up, the results do not show statistically significant improvements (except for inhibition),
respectively no improvements at all. Reasons for this issue could be affiliated by the applied test
instruments. It is possible that those instruments have not been sensible enough to indicate the changes
of the executive functions caused by the robotics course. Furthermore, the learning effect (caused by
the use of the same testing instruments at the pre- and post-test) could be one possible explanation for
the almost equal improvements of both groups Wulf] (2012); [Eck et al.| (2013).

2.2. Theories Behind

Empirical studies showed that a project-orientated learning approach is important for students’ moti-
vation and attitudes towards a specific topic. Studies also investigated the positive correlation between
students’ attitudes towards science and their achievement in science classes (Welch, 2010j; (Germann,
1998; Hidi and Harackiewicz, 2000). Educational robotics as a project- and hands-on oriented ap-
proach is supported by a number of established learning theories, methodologies as well as peda-
gogical concepts and principles of which the most relevant for this thesis will be described in the
following.

Constructivism One of the basic theories behind educational robotics is Jean Piaget’s construc-
tivism theory (Piaget, [1973). The theory says that children construct new knowledge by interacting
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with their environment (e.g. people, experiences, things, ...). Thereby new knowledge is linked to
personal prior-knowledge (Piaget et al.,|2013} |Altin and Pedastel 2013). The social development the-
ory developed by Lev Vygotsky is one of the underlying concepts of constructivism. Basically this
theory states that social interaction is a major factor in cognitive development. It also promotes an
active role of students in the learning process (Vygotskyl [1978}; |Moll, 2013).

Piaget argued that children do not reject their *working theory’ or ’believe system’ easily. Just
showing them a better theory does not destabilize this believe system. In this context it is crucial
for children to construct knowledge by manipulating objects (so called ’artefacts’). Learning means
building up new knowledge based on already existing knowledge by manipulating those artefacts and
watching their reaction. Therefore, an effective educational approach has to provide opportunities
for children to engage in hands-on activities and to explore new views and theories on their own
(Ackermann, 2001; Eguchi, 2012]).

Constructionism Next to the previously discussed constructivism, constructionism represents the
second fundamental theory behind educational robotics. It was developed by Piaget’s student Seymour
Papert (Papert, [1993a). Basically constructionism means that children are learning by constructing
things. The theory emphasizes the active involvement of children in the learning process acquiring
knowledge by using already known information (on the contrary instructionism describes activities
which are teacher-focused and mainly non-interactive) (Johnson, 20055 Alimisis and Kynigos, [2009)).

Papert defines constructionism as follows: "Constructionism - the N word as opposed to the V word
- shares constructivism’s connotation of learning as "building knowledge structures” irrespective of
the circumstances of the learning. It then adds the idea that this happens especially felicitously in a
context where the learner is consciously engaged in constructing a public entity, whether it’s a sand
castle on the beach or a theory of the universe." (Papert and Harel, |1991) (p. 1)

As Papert’s constructionism is based on Piaget’s constructivism both theories argue that children’s
interaction with their environment actively constructs new knowledge. Though, the focus of construc-
tionism is on learning (as opposed to knowledge in constructivism). Furthermore, Papert’s theory goes
one step ahead and states that the knowledge construction taking place in the mind gets supported by
constructing tangible, physical objects in the real world which can be touched, examined, presented
and discussed with other people. In this context Vygotsky’s concept of "tools’ is worth mentioning.
He stated that, since we apply tools which have an impact on our external environment also tools
which have an impact on our behavior (internal environment) are needed (Wertsch, [1986). Papert
describes robots as such physical tools, representing "objects to think with" (Papert, [1993a). In that
sense the activity theory, based on Vygotsky’s work, phrased the concept of a mental interaction with
a "world of objects" (Catlin and Blamires, [2010; [Engestrom et al.,|[1999; |Davydov and Radzikhovskii,
1985).

The externalization of ideas and thoughts plays a crucial role in constructing new knowledge. An
effective educational approach provides children with opportunities to explore and investigate (in-
stead of teaching or instructing). This also includes the possibility of children ’reinventing the wheel’
(Eguchi, [2012; |Ackermannl 2004). In this context [Bers| (2007) emphasises that "making, discover-
ing and designing own objects" supports successful, effective learning. [Duckworth|(2005) introduced
the pedagogy of critical exploration which basically follows a constructionist approach (learning by
exploration; using tangible objects; no direct teaching by adults). This pedagogy also requires a
paradigm shift from traditional, teacher-centered teaching towards a more student-centered approach
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where a teacher acts as a mentor or a coach rather than an instructor. [Papert| (1993a)) argues that tech-
nology can act as a powerful learning vehicle by supporting projects which are personally meaningful
and interesting to children. This provides opportunities for children to explore their ideas.

The programming language Logo and later on the programmable brick RCX (robotics command
explorer) successfully implemented the constructionism theory. The RCX was the central element of
LEGO’s first educational robotics kit called Mindstorms. Educational robotics takes the principles of
constructionism/constructivism into account by offering children artefacts which can be manipulated
and which provide immediate feedback. Those tangible objects allow children to transform their
abstract ideas into the real world offering a concrete and highly personal way of learning (Eguchi,
2012; Martin et al.,[2000; Resnick et al., |1988}; Sullivan and Moriartyl, 2009).

The concepts discussed in the following basically follow the principles of constructivism and con-
structionism and/or are based on or extend those theories.

Discovery Learning Following a constructionist approach this methodology focuses on learning by
interacting with the environment, conducting experiments as well as manipulating and exploring ob-
jects (Ormrod, [1995)). Students are given an assignment and while working on this task they ’discover’
the learning content by themselves (Hammer, [1997). The teacher might act as a guide who supports
students, provides hints and gives feedback (’guided discovery learning’). Educational robotics pro-
vides tools (robots) which foster exploration by manipulation. Students are encouraged to conduct
experiments in order to solve given problems and assignments. Since there is always more than one
solution to a specific problem students are engaged in a continuous discovery process. (Sullivan and
Moriarty}, [2009))

Inquiry Learning This self-directed, constructivist approach developed from discovery learning. It
has a strong focus on exploring and discovering through experimentation while applying a scientific
methodology (describing a problem, stating a research question, formulating a hypothesis, conducting
experiments, analyzing data, discussing findings and conclusions). Robots offer an excellent opportu-
nity for students to apply those scientific methods. An educational robotics approach applying inquiry
learning could increase attractiveness and effectiveness of learning science-related topics (De Jong
and Van Joolingen, (1998} |Altin and Pedastel [2013)). For instance, [Demo et al.| (2012) present an
inquiry-based science education (IBSE) framework applied in different educational robotics activities
at different school levels (from kindergarten to secondary school).

Experiential Learning Experiential learning basically means learning through experience. It is
structured in a cyclic way comprising four stages. The first stage involves the concrete, immediate
experience. Stage two deals with observation and reflection. The third stage comprises the abstraction
and generalization of concepts. Finally, stage four focuses on testing hypothesis and creating new
experiences (Felicia, 2011).

Kinesthetic Learning Kinesthetic learning comprises perception of information (e.g. touch, smell,
taste) as well as processing of information (e.g. to move things around or to actively do something)
(Felder and Silverman, [1988). Effective learning approaches should address students on multiple
levels considering different learning styles and involving different senses. In this context kinesthetic
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considerations play an important role since students are an active part with different senses involved
in the learning process. Educational robotics with its tangible objects meets these considerations
(Futschek and Moschitz, [2011).

Competition-Based Learning In this methodology the focus is on learning through a competition
whereas the learning outcomes are independent from the performance in the actual competition (Bur-
guillol, 2010; |Altin and Pedastel 2013)). Competition-based learning has successfully been applied
in science education as well as in various educational robotics approaches in order to teach STEM
subjects. While preparing for competitions students design, build, program and debug their robots.
Throughout this process students gain knowledge in various science-/technology-related areas and
subjects. |Papert| (1993b) states that skills/knowledge learnt through this method is better memorized
and understood (compared to skills learnt through traditional learning methods). Various publications
report the motivational aspect of competitions (Pedaste et al., 2012} Jung, 2013} Sklar et al.| [2002).
Nevertheless (as previously discussed), a competition-based approach might address only a limited
group or a certain type of learners (e.g. due to high costs for participating in competitions, feeling
uncomfortable in competitive situations, ... ). (Altin and Pedaste, 2013; Hamner et al., 2008)

Project-Based Learning Students are organized in groups and work together as a team on cer-
tain tasks (investigating, exploring and solving real-world problems or researching specific issues).
Project-based learning also comprises elements of collaborative learning. Students apply a critical
thinking approach while they refine questions, analyze data, discuss results and share their ideas and
findings within their group and amongst other groups. Communication, labor division and teamwork
are crucial aspects in this learning approach. Project-based learning can be an effective strategy to
motivate students and to foster self-directed learning (Blumenfeld et al., [1991]; Karahoca et al.| 2011}
Altin and Pedaste, 2013)). Various different educational robotics projects successfully implemented a
project-based learning approach (just to name a few examples: |Alimisis| (2009); Jump| (2015)); [Lam-
mer and Vincze| (2015); Karahoca et al.|(2011)), ...).

Problem-Based Learning / Problem Solving |Jonassen| (2000) defines a problem as the difference
between two states - the start state and the goal state (he calls this the unknown entity’). In this context
problem solving is the process of finding this unknown entity by applying a number of cognitive
operations (Anderson, 1990). By using robotics in education students are encouraged to apply a
problem solving approach. Problem-based learning in educational robotics has been reported as a
very successful method to teach STEM related concepts (Thompson et al., 2004; |[Petre and Pricel
2004). For instance, Sartatzemi et al.| (2005) discuss how robots can be used to teach programming
to secondary school students. The authors describe how students evaluated their solution to a given
problem by executing the program on the robots. In this situation the robots provided immediate
feedback on whether students’ solution was correct or not. A new program led to a new (current)
state somewhere between start and goal state. The current state was the starting point for students
to solve the next problem in order to reach the goal state. Being involved in such a problem solving
scenario supports students’ learning process. Using robots together with a problem-based learning
approach follows the principles of constructionism (physical, concrete manifestation (robot) of an
abstract problem (software))(Altin and Pedaste, |2013;; |Grandgenett et al., 2012).
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Collaborative Learning Learners with different competencies work in a group towards a common
goal whereas a certain role is assigned to each group member. Knowledge is created by sharing
the same goals and solving problems together. In collaborative learning teachers and learners (stu-
dents) are more or less on a same knowledge level. Teachers interact and learn together with the
students. This fosters a sense of community among those groups. Collaborative learning is an under-
lying concept of many educational robotics approaches, and vice versa, educational robotics can be a
very suitable tool to foster a collaborative learning environment. (Denis and Hubert, 2001} |Altin and
Pedaste, [2013))

Peer Teaching/Learning Basically peer teaching means students teach other students. It dates back
in the 1960s when first publications reported the deployment of undergraduate students as tutors and
teaching assistants (Goldschmid and Goldschmid, [1976). Peer teachers and peer learners play an ac-
tive role with both sides benefiting from this approach. On the one hand, peer teachers have to go
through the material which they will teach later on in detail. As a result they get a much better un-
derstanding of the topic. Furthermore, investigations showed that there is a difference in the cognitive
processing between studying material to teach others and studying material for an exam (Bargh and
Schul, [1980). On the other hand, peer learners profit from the peer teachers’ ability to teach "at the
right level" (Whitman and Jonathan, [1988; Schwenk and Whitman), (1984 |[Frager and Stern, [1970).

Social Learning The basic idea behind the social learning theory is that learning happens by direct
experience or by observing other people or media (so called 'models’). Learning is promoted if the
learner (the so called "observer’) has a strong identification with the model (Bandura and Walters),
19777, |Ormrod, 2007; Bandural [1988)). In the context of educational robotics robots as well as other
students can serve as models. After each modification of the program students learn by observing the
behavior of the robot. Learning also happens when students watch other students while they solve
similar problems (e.g. during robotics competitions).

Storytelling Story-telling and -writing are established methods in values education (Bers and Urreal,
2000). In the context of technology enhanced education this approach connects an artefact (e.g. a toy,
a robot or any other piece of technology) with a story, making the artefact an active part of the narra-
tive (Bers, 2008). This means that contents and topics to be learnt are wrapped in a story whereas e.g.
arobot is the tool to tell this story. Several educational robotics approaches apply the technique of sto-
rytelling. For example, Martin et al.| (2000) applied storytelling together with the LEGO Mindstorms
robotics kit to foster technological fluency in primary education. Westlund and Breazeal| (2015) used
a storytelling game together with a robot (acting as a robotic learning companion) to investigate the
impact on pre-school children’s language development.

Back Door Learning Back door learning could be seen as a general feature of robotics in education
combining a number of aforementioned constructionist learning approaches. In this context robots
are used as tools which make students learn about different topics and subjects. This means content
to be learnt comes through the back door while working and experimenting with robots. For instance,
Petre and Price| (2004)) use this approach to teach primary and secondary school students principles
of engineering and programming. The authors observed "that children find robotics stimulating and
motivating, and that their interest in, and focus on, ’'making the robot do what I want’ leads them "via
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the back door’ to learn about programming and engineering in a way that is both well-grounded and
generalizable.” (p. 1)

Positive Technological Development Positive Technological Development (PTD) is a pedagog-
ical framework to guide the development, implementation and evaluation of technology-enhanced
educational interventions. Following Papert’s constructionism PTD represents a multi-disciplinary ap-
proach integrating aspects of collaborative learning, computer-mediated communication and computer-
supported learning. The framework defines six key aspects which have to be supported by new tech-
nologies in an educational context: Content creation (e.g. by programming/constructing robots);
Creativity (e.g. by an open-ended nature of a task/problem); Collaboration (e.g. by applying a
project-based, teamwork-oriented approach); Communication (e.g. by presenting the results of a
robotics project to visitors, parents, .. .); Community building (e.g. by sharing the solutions with other
teams/people, for instance in the context of educational robotics competitions); Choices of conduct
(character building, e.g. students have the choice to act responsibly by sharing limited material with
others). (Phelps et al., [2009; |[Bers and Ettinger, 2012} |Bers} 2010)

2.3. Education in Artificial Intelligence

Artificial intelligence (Al) plays an increasingly important role in our daily life. In contrast, hardly
anybody knows about the concepts behind, and furthermore, teaching fundamental topics of Al and
computer science at school or pre-school level hardly exists at the moment (Burgsteiner et al.,|2016b;
Colel, 2012).

Looking at the current literature, teaching basic concepts and techniques of Al and computer sci-
ence at school level is quite rare. To go further, teaching those topics independently from specific
programming languages or learning tools (e.g. specific robotics platforms, software, ...) on different
educational levels adapted for different age groups (kindergarten, primary school, middle school, high
school, university) hardly exists (Burgsteiner et al.,[2016c). What current approaches have in common
is the relatively narrow focus on specific target- and age-groups (e.g. on undergraduate or graduate
university students or on certain school levels).

Many existing approaches focus on teaching Al concepts to undergraduate or graduate students at
university or college level (e.g. [Torrey| (2012), McGovern et al.| (2011)), [ Kumar and Meeden| (1998)),
Torrey et al.| (2016), [Li et al.|(2014), Barik et al.| (2013), |Albu| (2012))).

A few attempts exist focusing on teaching the basics of Al to teacher trainees (students who are
going to become a teacher). For instance, Dilger| (2005) approached topics like problem solving by
search, planning, multi agent systems, robotics and neural networks within a course entitled * Artificial
Intelligence in Schools’.

Educational approaches which teach selected topics of Al at school level like Heinze et al.| (2010)
or [Fok and Ong| (1996) only deal with certain aspects of Al such as history of Al, the Turing Test
(Shieber, 2004)), chat bots or neural networks. Others only use specific tools or platforms to illustrate
Al concepts. For instance, |[Featherston et al.| (2014) use an educational tool which integrates virtual
and real-world robotics in order to teach sophisticated, advanced Al/robotics algorithms and concepts.

Other approaches focus on teaching certain programming paradigms relevant to Al. For example,
the work of [Reyes et al.| (2016) deals with declarative programming in high schools. Other publi-
cations are only partially focused on certain Al topics. For instance, |Layer et al.| (2012) describe a
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three-week summer research camp where high school students worked on a broad range of topics in-
cluding GPS/mapping, cryptography, the internet, game programming but also artificial intelligence.

Various approaches exist which aim at fostering STEM or STEM-C education (science, technol-
ogy, engineering, mathematics, computer science). For example, Bojic and Arratia (2015)) describe a
project which introduces school students (K-8 up to K-12) to STEM-C fields. [T'sukamoto et al.| (2015])
discuss an approach of teaching primary school students programming using a text-based language.

Many approaches exist which use Al as a learning tool in terms of Artificial Intelligence in Educa-
tion (AIED; e.g. intelligent tutoring systems, interactive learning environments, ...; [Roll and Wylie
(2016)). [Pareto|(2014) uses an Al based learning environment in order to foster understanding and rea-
soning of mathematical concepts in primary school education. This learning environment comprises
teachable agents (programmes behaving based on their knowledge). Students learn by teaching those
agents to play mathematical games. (Corbett et al.| (1997) describe two intelligent tutoring systems
successfully applied in the field of mathematics/programming and electronics troubleshooting.

Sklar and Parsons|(2002) discuss how robotics and robotics competitions (in particular RoboCupJu-
nior) could be a vehicle to introduce school students to Al, robotics and computer science. Further-
more, they outline the use of robotics in undergraduate education to teach Al and computer science.
In this context the authors define the term technical literacy as "comfort with and understanding of
technology" (p. 1). Thus, technical literacy means understanding topics like state machines, dynamic
systems, search heuristics, planning, logic, knowledge representation and uncertainty. In line with
this definition this thesis introduces the more specific term Al literacy and presents a comprehensive
Al education concept that addresses kindergarten children, primary and middle school students, high
school students as well as undergraduate university students (see Section [3.3]of Chapter 3]). This ed-
ucation concept uses educational robotics as a learning tool (along with a broad range of other tools
and methods) to teach fundamental concepts of artificial intelligence to kindergarten children, school
students (primary, middle, secondary/high school) and undergraduate university students.

2.4. Empirical Evaluation

The use of robotics as educational tool to interest young people in science and technology and in ad-
dition to improve technical- and social-skills has become a widespread approach in various countries
worldwide (TOE, [2013}; Lammer et al.| 2016a). A number of educational projects and initiatives aim
to encourage young people to get involved in science and technology by applying a project-oriented,
constructionist educational robotics approach.

There is the subjective impression by students, teachers, mentors and researchers that the educa-
tional robotics approach works well. One can observe a predominantly positive feedback as well as
various stories of success and anecdotes regarding the positive impact of educational robotics. A lot of
reports are based on observations or anecdotal descriptions of individual initiatives (Petre and Pricel
2004). Although such descriptions are important and provide indications of the powerful potential of
educational robotics, it is crucial as well to provide valid information and verifiable data to prove its
effectiveness and positive impact. The necessity and importance of a systematic evaluation is stressed
in current literature (Barker et al., 2012a;|Stubbs et al.,2012). In general, there is a lack of systematic
(quantitative), reliable evaluations which provide validated results regarding the impact of educational
robotics on students’ learning and skill development (Alimisis, | 2013)). As stated by (Cole (2012) there
is also a need for investigating the long-term effects of such pedagogical approaches on students’
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ways through school, college and later careers. |Catlin and Blamires| (2010) also stress the importance
of longitudinal evaluations which should cover time spans of more than three years. Nevertheless,
relatively few studies investigate this issue (Stubbs et al., [2012; |Alimisis}, [2013).

For instance, Petrovic| (2011)) gives a brief overview of different educational robotics competitions
and describes one specific contest in particular. This educational contest has been organized for ten
years but the paper does not cover any evaluation aspects. Nourbakhsh et al.| (2005) describe the
process of designing a robotics platform as well as a high school robotics curriculum. The authors
provide a detailed technical description of the platform and discuss findings of a short-term course
evaluation in the final chapter.

Melchior et al.| (2005) provide an evaluation of the FIRST Robotics Competition (FRC) (FIRST,
2016). FRC, which was founded in 1989, is a high school robotics initiative. The program aims at
getting young people interested in science and technology. The main goal of this evaluation was to
assess the long-term impact of FRC on participating students (in terms of career trajectories, average
school grades, attitudes towards science and technology and social skills) as well as to investigate
the impact on schools and other supporting institutions. As a first step the authors conducted a ret-
rospective survey with 173 former FRC participants who graduated high school between 1998 and
2003. The survey, which was distributed by email and mail, contained predefined questions regard-
ing students’ careers after graduating high school, working experiences and self-reporting impact of
FRC. The study authors compared selected outcomes of FRC participants (treatment group) with out-
comes of students who did not participate in FRC (comparison group). As a second step the authors
also visited ten different FRC teams and conducted interviews with team leaders, school administra-
tors and mentors in order to gather information on the implementation of FRC in different schools
as well as on the impact on schools and supporting institutions. Although, the evaluation covered a
period of several years the surveyed region was limited to two metropolitan areas (New York City and
Detroit/Pontiac). Results indicated (among others) that former FRC participants showed a stronger
performance in math and science classes (compared to national averages) as well as a positive attitude
regarding teamwork and various social skills.

A similar study evaluating the impact of the FIRST Lego League (FLL) (FIRST), [2016) on partici-
pants, schools and other involved institutions was conducted in 2004 by Melchior et al.|(2004). One of
the main objectives of this study was to find out strengths and weaknesses of the initiative in order to
improve the FLL program. Methods used in this evaluation included surveys, on-site visits at compe-
titions and schools as well as telephone interviews with mentors and coaches. The two evaluations of
Melchior et al.| (2005)) and [Melchior et al.|(2004)) address several questions similar to those of this the-
sis, for example the investigation of the impact on former participants or the evaluation of strengths
and weaknesses in order to take steps for improvement. They also comprise both quantitative and
qualitative evaluation methods and data. Since these studies were limited to certain US regions and
specifically focused on FRC/FLL it is difficult to draw more general conclusions about the effects of
educational robotics.

Within the scope of the Roberta project (using robots to attract girls to science and technology)
an empirical research, evaluating the impact on participating girls’ interests, their self-confidence in
science and technology and their further professional career was conducted (Petersen et al., 2007}
Leimbach), [2008; Robertal, 2016). The authors reported mainly positive impacts on those topics.

The dissertation of (Griffith| (2005 examines the relationship between students’ participation in the
FIRST Robotics Competition and their interests and attitudes towards science and technology. Data
were collected conducting pre- and post-tests (experimental- and control-group (EG, CG)). The focus
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of this work was on public high school students in South Carolina (US). Results indicated that attitudes
did not change significantly between pre- and post-test in either EG or CG. Griffith, Melchior et al. and
the Roberta project did not evaluate the impact on students’ improvement or change of technical skills
(e.g. skills regarding computer science, programming, mathematics, robotics, scientific investigation,

o).

Lindh and Holgersson|(2005) investigated the effects of a specific LEGO robotics course applying
both quantitative and qualitative research methods by focusing on mathematics and problem solving
skills. The study comprised different schools in Sweden only. Researchers did not find significant
statistical evidence for improvements for the entire group of study participants but they reported im-
provements in some cases for a sub-group of students.

A more comprehensive study with special focus on RoboCupJunior (RCJ), covering a four-year
period (2000-2004), has been conducted by Sklar and Eguchi| (2005). The authors collected data dur-
ing the annual international RCJ events. The study provides both statistical data (number of students,
participating countries, gender distribution) as well as evaluative results. As a pilot study authors
conducted open-ended video-taped interviews with mentors at the RCJ competition in 2000. In the
subsequent years quantitative questionnaires were used in order to get feedback from students and
mentors. The study aimed at providing a status report on the initial four years of RCJ, however only
from a quantitative perspective, such as performance data (e.g. number of teams) and self-reporting
data (i.e. questionnaires). The qualitative experience of RCJ was not investigated. There is a lack of
knowledge on the stories behind participants’ careers or their future educational and personal devel-
opment. Data was exclusively collected at annual international RCJ competitions (no pre-/post-tests).
The study also did not comprise a control group nor an explicit assessment of skills. (Sklar et al.,
2000, [2002; [Sklar and Eguchil [2005)

Hofmann and Steinbauer| (2010) outline results of an evaluation of the first three years (2007-
2010) of RCJ in Austria. The paper presents only preliminary results though, again focusing on
statistical data regarding number of participating students, teams, mentors and countries at annual
national competitions. As already stated by the authors a more systematic evaluation, covering more
than these three years and also considering later careers and the qualitative experiences of participants
is needed. Beside the two works of |Sklar and Eguchi| (2005) and [Hofmann and Steinbauer| (2010)
very few long-term evaluations of RCJ can be found. As stated by |[Bredenfeld et al. (2010) most
evaluations are limited regarding the observation period and population.

The dissertations of Jewell (2011}, 'Whitehead| (2010) and Welch! (2007) focus on the evaluation
of the impact of robotics curricula (respectively the FIRST Robotics Competition) on high school
students’ beliefs, attitudes and interests towards science and technology. A quasi-experimental pre-
/post-design with experimental group EG and control group CG (except for the work of Whitehead)
was applied. Findings of Welch indicated that students in EG had a more positive attitude towards
science in four out of seven different categories (Welch, 2010). Whitehead reported that not all of the
results were statistically significant but concluded that robotics could have a positive impact on mid-
dle school students’ interests towards science, technology, engineering and mathematics (Whitehead,
2010). Jewell also investigated differences regarding enjoyment of science lessons, leisure interest in
science as well as career interest in science by grade level, gender and ethnicity of students. Results
indicated significant differences for grade and ethnicity regarding enjoyment of science lessons and
career interest in science as well as for ethnicity regarding leisure interest|Jewell| (2011). All of those
studies only covered certain regions in the US and did not assess technical nor social skills. Jewell
(2011) conducted pre- and post-tests solely on science related attitudes of a treatment group (= exper-
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imental group EG; students who participated in an elective LEGO robotics class) and a control group
(CG; students who participated in a science class). There was no random assignment of students into
EG and CG. |Welch|(2007) also conducted pre- and post-tests with EG (students who participated in
FIRST Robotics) and CG (students from the same US school who did not participate in FIRST), solely
focusing on science related attitudes and interests. |[Whitehead, (2010) investigated middle school stu-
dents’ interests toward science and technology applying pre- and post-tests (in sum 107 participants
from ten schools in Pennsylvania, US). Nevertheless, this study did not comprise a control group.

A quantitative evaluation of an educational robotics course for kindergarten children was conducted
by (Wulf| (2012). The study comprised pre- and post-test as well as experimental- and control-group
and applied psychological assessment tools (see Section [2.1.2]for further details).

Further quantitative studies evaluating the impact of educational robotics activities also on technical
skills were done by Nugent et al.| (2010), Jomento-Cruz/ (2010) and [Varnado| (2005). Varnado investi-
gated the effects of participating in the FIRST Lego League (FLL) competition on students’ problem
solving confidence. The author applied methods of self-assessment and observation. Summarized
results indicated that FLL participants aged 9-14 showed significant improvements in areas such as
technological problem-solving, problem clarification or developing and evaluating a design solution.
Recent work of [Nugent et al.|(2014) investigated the impact of robotics camps, clubs and competi-
tions. Results indicated that those activities promoted youth’s knowledge of engineering, design and
programming but hardly fostered mathematics knowledge. They also reported that the increase of
youth’s positive attitudes towards science and technology was marginal. Nevertheless, career interests
in engineering and self-efficacy in robotics increased consistently. Again, those studies comprised
only participants from certain regions in the US, examining a short period respectively.

An extensive meta-study was done by Barreto and Benitti| (2012). The authors provide a systematic
review of published work on robotics in education with special focus on applied empirical evaluation
methods and designs as well as on evaluation results. Some of the reviewed papers reported significant
impacts on students’ learning (especially on certain sub-groups or on certain topics of the investigated
subject). In contrast, however, several studies also reported non-significant results. In addition, (Al-
1misis, 2013) stresses that most available publications provide descriptive reports or teachers’ stories
of small scale projects discussing the positive effects of educational robotics.

A number of quantitative empirical studies have been carried out in various other scientific fields
such as sociology, psychology, economy, medicine, early-childhood pedagogy and education in gen-
eral (e.g. UNICEF| (2008)); Orpinas et al.| (2000); [Severson et al.| (1997); Epp| (2008); (Wulf] (2012)).
In these fields there already exists a big amount of knowledge regarding quantitative, qualitative and
mixed research methods (Borrego et al., 2009; Hove and Andal 2005; [Flick et al., |2004). Some of
the methods and assessment instruments used in already conducted empirical studies (Nugent et al.
(2010); Jomento-Cruz|(2010); Dagiene and Futschek|(2008])); University of Waterloo| (2013));|Austrian
Computer Society (OCG)| (2013); |(OECD,) (2006)); |Clark| (2004); [Fraser] (1981)); Hansen and McNeal
(1997)) were adapted and applied for the investigation within the scope of this PhD thesis (see Chapter
M] Section .4 for detailed explanation of applied/adapted methods and instruments).

2.4.1. Evaluation Methodology - Theoretical Background

As previously discussed, literature stresses the importance of a systematic evaluation of educational
robotics programs (Barker et al., 2012a}; |Stubbs et al., 2012; Cole, 2012; |Catlin and Blamires}, [2010)).
In order to measure the impact of such programs and projects in an objective, comprehensible manner
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well-grounded empirical methods have to be applied. Choosing the appropriate evaluation methodol-
ogy depends on various parameters (e.g. maturity and length of the program to be evaluated (short-
/middle-/long-term), participants (background, prior knowledge, age group), sample size, location,
available resources, ...). All those factors have an influence on the selection of methods and evalua-
tion design Stubbs et al.| (2012).

Basically a distinction is made between formative and summative approaches. Formative evalua-
tions are carried out while the program to be evaluated is still under development. The focus is on
getting feedback, for instance regarding the applied robotics platforms, curricula or teaching materials
in order to modify and rerun the program. Summative evaluations are carried out in order to investi-
gate the effectiveness or impact of a program on its target group. In the context of science education
summative evaluations often investigate students’ learning success or their change of attitudes. De-
pending on whether a formative or a summative approach is applied one has to define a) the evaluation
method (overall data collection strategy defining when and from which target group data is collected;
e.g. pre- and post-tests, ...) as well as b) the measurement method (instruments applied to collect
data from the target group; e.g. interviews, questionnaires, ... ). (Friedman, [2008}; [Stubbs et al., 2012)

Conducting evaluations in the area of education is well established (Cohen et al., [2013)). There-
fore, these methods can also be used to evaluate educational robotics approaches in a comprehensible,
repeatable and objective way. Well-grounded and commonly used evaluation methods are pre- and
post-tests and comparison groups. Established and proven measurement methods are interviews, ob-
servations, questionnaires and collection of demographic information (Stoner, [1996; Stubbs et al.,
2012)).

Stubbs et al.|(2012) and [Friedman| (2008)) propose the following 4-step evaluation design approach:

1. Identifying the target audience: Which group of persons should be investigated (e.g. students,
teachers, mentors, ...)?

2. Determining the impact categories: What kind of impact (e.g. skills, knowledge, attitudes,
interests, behavior, ...) should the program have on the target audience? [Friedman| (2008])
defines six impact categories:

* skills: measurable development or improvement of skills (e.g. mathematics and problem
solving skills (Lindh and Holgersson, 2005))

» knowledge/understanding: measurable change/improvement regarding knowledge or un-
derstanding of certain topics or concepts (e.g. knowledge of fractions, gears, sensors and
program flow (Nugent et al., 2009))

* engagement/interest: measurable change regarding interest or engagement in a certain
topic (e.g. interest in careers related to robotics (Scribner-MacLean et al., 2008)))

* attitude: measurable change regarding the attitude towards a certain topic (e.g. students’
positive attitudes towards robotics, engineering (Nourbakhsh et al., 2003)))

* behavior: measurable change in the behavior in connection with certain topics (e.g. stu-
dents decide to study engineering at college (Melchior et al., 2005)))

» program specific other categories (e.g. museum visitors finishing an entire demo interac-
tion (Nourbakhsh et al., [2005)))

3. Defining the required evidence: What are the specific, measurable (observable) results to prove
that the desired impact has been achieved (e.g. applying self-reports in order to assess students’
enjoyment of certain subjects)?
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Qualitative Research

Characteristics / Strengths:

applying qualitative methods (e.g. a grounded theory approach) to generate a
theory/hypothesis describing the observed phenomena

gathering people’s personal viewpoints, experiences or feelings

detailed description of phenomena in the local and social context

possibility of investigating dynamic processes

reacting “on the fly’ to changes which occur during the conducting of a study
useful when investigating a small number of cases in detail or for gathering
individual case information

data collection in a ’naturalistic setting’

even one important case may demonstrate a phenomenon in an illustrative way
Limitations:

findings might not be generalizable to other populations or settings

difficult to test hypothesis or to make predictions

data collection and analyzing is time consuming

it is more likely that the researcher personally influences the results

(e.g. personal opinions, biases)

Table 2.2.: Characteristics, strengths and weaknesses of the qualitative research paradigm (based on
Johnson and Onwuegbuzie (2004)).

4. Selecting evaluation and measurement methods: Which data collection strategy and which in-
struments need to be applied?

Qualitative and Quantitative Research In the field of empirical evaluation research basically three
paradigms can be identified: qualitative, quantitative and mixed research methods (Newman and
Benz, |1998; Diekmann, 2007)).

One main characteristic of qualitative research is that the researcher acts as primary data collection
and analysis ’instrument’. The focus is on induction, exploration and discovery as well as on gen-
erating theories and hypotheses. Data are collected in form of words, anecdotes, pictures or objects
using data collection methods like interviews, observations or field notes (see Table [2.2] for further
characteristics, strengths and weaknesses of the qualitative research paradigm).

Quantitative research is mainly characterized by its focus on standardized data collection and sta-
tistical data analysis, deduction, theory development, testing of hypotheses as well as on explaining
and predicting results. Quantifiable data (e.g. numbers) are collected using, for instance, question-
naires or surveys. While qualitative methods are recommended during the early phase of an eval-
uation project (generating theories/hypotheses), quantitative methods are recommended during the
latter phases (testing/validating theories/hypotheses). Table provides an overview of the major
characteristics, strengths and weaknesses of the quantitative research paradigm.

Finally, a mixed research approach combines qualitative and quantitative methods. Multiple data
is collected applying different strategies and techniques in order to benefit from the strengths of both
quantitative and qualitative research methods (Johnson and Onwuegbuzie, [2004; |Jahoda et al.,|{1960).
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Quantitative Research

Characteristics / Strengths:

testing/validating of already constructed theories/hypotheses

possibility to generalize findings and results to different populations
confounding factors (variables) can be considered in the statistical data analysis
relatively fast and uniform quantitative data collection methods

(e.g. paper-and-pencil questionnaires)

collecting of precise, quantitative, numerical data

using statistical software to ease data analysis

results and findings independent from the researcher (e.g. statistical significance, effect size)
possibility to investigate a large number of cases

Limitations:

research categories and theories might not reflect study participants’ understanding
certain effects or phenomena might be missed because the focus is on testing/validating
theories/hypotheses rather than on generating theories/hypotheses

results/findings might be too abstract or too general for an immediate application

Table 2.3.: Characteristics, strengths and weaknesses of the quantitative research paradigm (based on
Johnson and Onwuegbuzie (2004)).

Evaluation Methods In the context of educational robotics pre- and post-tests (also called pre- and
post-surveys) are used to measure the knowledge gain or the attitude change between two measure-
ment points (before and after an intervention). The same set of questions are used for both pre- and
post-test. Pre- and post-tests are usually applied to evaluate longer periods (e.g. a week- or semester-
program). Shorter periods like a day or several hours might be too short to have a significant, mea-
surable impact on the target group. In addition, potential learning effects have to be considered (study
participants remembering the correct answers from the pre-test while doing the post-test) (Stubbs
et al., 2012; [Hamner et al., 2010j).

Comparison groups are used to gather further information on the impact of the intervention on
the experimental group. The experimental group (also called treatment group) receives an interven-
tion while the comparison group (also called control group) does not undergo this intervention. Both
groups should have the same demographic background. Comparison groups are less widespread due
to the high logistical and organizational effort. Establishing a comparable control group in an educa-
tional robotics context poses a number of great challenges. For instance, students (for the most part)
voluntarily take part in robotics activities and are therefore already biased. Determining and control-
ling the influence of the teacher on students in control- and experimental-group represents another
crucial factor to be dealt with (Cohen et al., [2013]; |Stubbs et al., 2012). Further confounding factors
(including counter measures) particularly related to the study conducted within the scope of this study
are discussed in Chapter[d] Section#.4.9]

Measurement Methods Questionnaires are the most commonly used data collection method. A
questionnaire can comprise multiple-choice questions, open-ended questions and/or Likert scale ques-
tions. It is important to find a good balance between open-ended questions (providing deeper in-
sight/additional information but difficult to analyze) and multiple-choice/Likert scale questions (less
effort for answering and analyzing but additional information/complete feedback might not be avail-
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able) (Stubbs et al., 2012). Various studies investigating the impact and effectiveness of educational
robotics programs apply questionnaires which use a combination of multiple-choice, Likert scale
and/or open-ended questions (e.g. Melchior et al.| (2005) (mainly Likert scale/multiple-choice, several
open-ended), [Sklar| (2004) (mainly Likert scale), (Griffith| (2005]) (Likert scale and multiple-choice)).

The interview is a flexible, open-ended data collection method which allows the interviewer to react
to the interviewee and include new questions on the fly. Furthermore, an interview might generate
more narrative and might lead to further discussion. Nevertheless, planning, conducting, transcribing
and analyzing an interview is a challenging and time consuming task. Next to the main target group
(e.g. students) other groups of persons might also be sources of information (e.g. teachers, mentors,
parents) (Stubbs et al.,2012). For instance, interviews were applied in the studies of [Sklar and Eguchi
(2004); [Melchior et al.| (2005); [Hamner et al. (2008)).

Observations represent a decent method to gather first-hand data in a natural social environment. A
structured observation sheet helps the observer to stay focused on the overall goals of the investigation
while still being open to explore unexpected situations. Observing (and maybe also video-taping) of
the target group provides an objective, external view on the investigated program (Stubbs et al., 2012;
Cohen et al.| 2013} Stoner, (1996). A number of researchers used observations (often in combina-
tion with interviews and questionnaires) to assess the impact of educational robotics approaches (e.g.
Nourbakhsh et al.| (2003}, [2005); [Weinberg et al.| (2007)).

Impact Categories When evaluating the impact of an educational robotics approach/program on its
participants the previously discussed six impact categories of [Friedman| (2008]) can be condensed into
the three main categories student learning (knowledge/understanding gain, skill improvement), stu-
dent attitudes (change of attitudes, interests, engagement), student behavior (careers, studies, further
aspects). (Stubbs et al.,[2012)

Students’ learning can be assessed using quantitative methods like questionnaires, quizzes or self-
reports which provide a measurable indication on the impact of the program on students’ knowledge
gain and improvement of skills. For instance, Nugent et al.| (2009) used a 37 item paper-and-pencil
questionnaire to assess students’ robotics/STEM skills before and after being involved in a robotics
activity. Sklar et al.| (2002)) applied self-reports during RoboCupJunior competitions asking students
and mentors how the involvement in this competition improved or hurt their STEM skills.

Students’ attitudes reflect their perceptions and interests towards the topics of the program. The
exposure to those topics during the participation in the program might have an impact (positive or
negative) on students’ attitudes. Questionnaires comprising Likert scale questions (answering a ques-
tion by using a scale, e.g. from 1: strongly disagree to 5: strongly agree) are a common data collection
instrument (e.g. Nugent et al.| (2010)). A combination of those quantitative instruments with addi-
tional qualitative instruments (for instance interviews) can also be found in literature (e.g. [Weinberg
et al.[(2007))). In order to determine a change in students’ attitudes pre- and post-tests are workable
means. For example, [Scribner-MacLean et al.| (2008) applied pre-/post-test questionnaires to investi-
gate students’ attitudes towards STEM subjects and career plans.

Finally, it is also important to evaluate how a program impacts students’ behavior and future ca-
reers (e.g. which courses they take, which profession they follow, which field of study they choose,
...). Investigating this long-term impact is a challenging task (e.g. maintaining and updating contact
information or performing a retrospective study). Therefore, relatively few studies exist which inves-
tigate the impact of educational robotics programs on students’ further careers. One of those examples
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would be the longitudinal study of [Melchior et al.|(2005) which investigates the career path of former
FRC (FIRST Robotics Competition) participants (Stubbs et al., 2012). It is also worth mentioning
that students’ behavior and students’ attitudes usually correlate (e.g. students change their behavior
and choose a certain career due to a preceding change of their attitude).

Research Designhs In the context of educational evaluations following common research designs
can be identified (Barreto and Benitti, [2012; [Trochim et al., 2015)):

* non-experimental

— [XO]: one single observation (O; =post-test) after an intervention (X); no comparison
(control) group; = This design faces threats to internal validity since cause and effect
relationships (between the evaluated program (intervention) and the outcome) can not be
measured properly (Trochim et al., 2015).

— [0XO]: two observations (O) before and after an intervention (pre-/post-test); no compar-
ison group (e.g. (Sullivan, [2008])); = Cause and effect relationships can be measured in a
better way compared to the previous design. Nevertheless, potential single group threats
have to be considered (e.g. maturation threat: the same outcome could be achieved with-
out the intervention; testing threat: by conducting a pre-test participants are more aware
of the intervention and are therefore better prepared for the post-test (the outcome is based
on the pre-test rather than on the actual intervention); ...) (Trochim et al., [2015]).

* quasi-experimental: The following quasi-experimental study designs use two groups (exper-
imental group and comparison group) and are therefore strong against single group threats
(Trochim et al.,[2015)).

- [NXO] [N - 0]: post-test only (O); two non-equivalent groups (N); the experimental
group EG receives an intervention (X), the comparison group CG does not receive an in-
tervention (-); = There is no measurement of the base-line (pre-test), therefore cause and
effect relationships can not be measured properly. Participants are not randomly assigned
to a group (e.g. instead using two different school classes for EG and CG), therefore EG
and CG may not be similar to each other. Since there is no pre-test the groups might
already differ prior to the investigation and outcomes might not be related to the actual
intervention (Trochim et al., [2015)).

- [NOXO] [NO - O]: pre- and post-test (two observations O); two non-equivalent groups;
the experimental group receives an intervention (X), the comparison does not receive an
intervention (-) (e.g. (Nugent et al., 2009)); = This is one of the most common research
designs. Although there is no randomized assignment of participants to EG and CG the
pre-test serves as a base-line assessment of both groups. This allows comparing the groups
prior to the study (to ensure that they are similar) as well as to analyze the change/gain
between pre- and post-test (e.g. grades/scores) (Trochim et al.,[2015)).

- [NOX,0] [NOX,0]: pre- and post-test (two observations O); two non-equivalent groups
(N); the experimental group receives an intervention (Xy), the comparison group receives
a control intervention (X;); = In general, this design differs from the previous one only
by introducing a control intervention. This allows analyzing/comparing the outcomes of
two different interventions (e.g. different learning activities (Mitnik et al.,[2008)).
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* experimental: The following experimental study designs use a random assignment of study
participants to EG and CG (which is the main difference to the previously discussed quasi-
experimental designs). This randomization ensures that both groups a equivalent (up to a certain
probability) at the study begin. A pre-test to assess the similarity/difference of both groups
is therefore not absolutely necessary but may be useful, e.g. to determine covariances or to
measure the degree of equality (Trochim et al., 2015).

— [RXO] [R- O]: post-test only (O); two random assigned groups (R; groups are similar to
each other); the experimental group receives an intervention (X), the comparison group
does not receive an intervention (-);

— [ROX O] [RO - O]: pre- and post-test (two observations O); two random assigned groups
(R); the experimental group receives an intervention (X), the comparison group does not
receive an intervention (-) (e.g. (Hussain et al., [2006; |[Lindh and Holgersson, 2005));

- [ROX,0] [ROX,0]: pre- and post-test (two observations O); two random assigned groups
(R); the experimental group receives an intervention (X ), the comparison group receives
a control intervention (X3);

Data Collection and Analysis In order to obtain statistically significant results, the following as-
pects have to be considered during evaluation design, data collection and data analysis (Stubbs et al.|
2012)).

Validity and reliability of the measurement methods (instruments) ensure the accuracy of evaluation
results. Validity refers to what extent the instrument measures what it is intended to measure. Vali-
dating a quantitative instrument involves data collection and analysis (i.e. in terms of pilot testing).
External validity refers to what extent the results are generalizable (i.e. to what extent the sample
represents a population). Content validity refers to what extent the content of the instrument (e.g.
questions, ...) assesses what the researchers wants to investigate.

Reliability refers to the consistency of an instrument. Consistent instruments provide the same results
when applied repeatedly in comparable settings. A common method to test the internal reliability of
an instrument is to calculate Cronbach’s Alpha (Bortz and Doring, |2006; Biddix, [2016).

For the purpose of the data analysis the use of proven, well-grounded statistical methods is impor-
tant. Analyzing quantitative data (e.g. originating form questionnaires) can be done applying both
descriptive and inferential statistical procedures. Descriptive statistics is the basis of most quantitative
studies. It describes the characteristics of the gathered data (e.g. average age or number of participants,
...) and condenses large quantities of data into a simpler, more comprehensible form. Examples for
commonly used descriptive procedures would be the calculation of mean, median, standard deviation
or distribution. On the contrary, inferential statistics draws conclusions based on the gathered data
(e.g. analyzing whether a monitored difference between two groups is dependable (to a certain prob-
ability) or not). Therefore, more general information is deduced from the given data. With respect to
experimental and quasi-experimental designs (as previously discussed) most commonly used inferen-
tial procedures are referred to as general linear model, comprising, for instance, the t-test, the analysis
of variance (ANOVA) or the analysis of covariance (ANCOVA). (Trochim et al.| 2015 Martin, 2007}
Huck et al.,[1974; Mayers|, [2013; Meyers et al., 2013;|0’Brian and Kaiser, |1985; |Delisle et al., 2010).

Qualitative data (e.g. from interviews, observations, open-ended questions, group discussions, field
notes, journals, reports, case studies, ...) can be analyzed using proven methods from the field of
qualitative social research. The basic steps of qualitative analyses are: 1) collecting and scanning all
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gathered material (e.g. in case of interviews transcribing the interviews or videos from observations),
2) developing a coding scheme, 3) categorizing the data according to the coding scheme, 4) identifying
inherent patterns and connections and 5) interpreting the results. (Renner and Taylor-Powell, 2003;
Flick et al, |2004; [Borrego et al., 2009; Wengraf, 2001} (Corbin and Strauss| 2014} Diekmannl [2007;
Stubbs et al., 2012).

The sample size represents the number of people participating in the evaluation. A larger sample
size might lead to a higher significance of results (especially in the context of pre-/post-tests and
comparison groups). With smaller sample sizes evaluation results are harder to generalize.

Gathering demographic data (e.g. gender, age, ethnicity, social background, ...) provides impor-
tant additional information and also allows to investigate the impact of the program on multiple target
audiences (Stubbs et al., 2012)).

2.5. Using Robotics to Teach STEM Principles - a Field Research

In the United States educational robotics has a long history. Many ideas, concepts and innovations
in that area originate from different US universities, schools and educational institutions. Therefore,
within the scope of this PhD thesis a field research (as part of a research stay; see appendix [A.12) was
carried out in April/May 2016 at two US high schools. The main host institution "The Hill School”
(Pottstown, Pennsylvania) implemented a three-year STEM/robotics program in 2015. The second
host institution, "Benilde-St.Margaret’s School” (BSM; Minneapolis, Minnesota) integrated this pro-
gram in the regular high school education for several years. The program focuses on topics related to
mechanical, electrical and computer science engineering using educational robotics as a learning tool.
It has proven successful, several different US high schools have integrated the engineering program in
their science/technology education and a large number of graduates pursued engineering degrees and
careers (Jump, 2015} Engineering3 ,[2016).

Program Overview The program, called Engineering?, has underwent a development of 20 years. It
comprises a three-year course program where high school students explore mechanical, electrical and
computer science engineering concepts. In the first year students are introduced, amongst others, to
the engineering design cycle, principles of problem solving, forces, vectors, component testing as well
as data collection and analysis. Year two deals with computer-aided design and modelling, custom
parts design, fabrication (using 3D printers, laser cutters) and assembly as well as prototyping, testing,
re-design, re-testing and implementation. Finally, the third year focuses on control design/systems,
electronic applications, sensor integration, embedded logic, number systems, scripting and program-
ming. The ultimate objective of the program is to build and program a robust, reliable robot which
explores a maze searching for ’victims’ to be rescued while negotiating ramps, obstacles, stairs and
further debris. After completing all three years of the program students get the chance to join the
robotics competition team and to participate in the annual robotics world championship |RoboCup
(2016). (Engineering3 ,[2016; [Pohlenl, [2015)

Objectives and Methodology The main emphasis of this field research was put on following three
aspects: First, learning new concepts / teaching techniques and getting insights into recent advances in
technology-enhanced STEM education and, furthermore, getting insights into the application of edu-
cational robotics to teach science/engineering topics to high school students. Second, discovering the
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development and successful integration of a three-year high school engineering/educational robotics
program/curriculum. Third, gathering accurate, first-hand empirical data of program participants. In
this regard the focus was on students’ and teachers’ point of view and stories by applying different
methods and techniques of qualitative empirical research. A large part of the stay focused on get-
ting familiar with the program by reviewing and discovering the first-year implementation at The Hill
School, closely working together with the host researcher who developed the program. Furthermore,
the goal was to gather empirical data and to collect stories of students who were in the middle of year
one of the program at the time of the study. In order to discover the full scope of the three year im-
plementation and to gather data from year two and year three students, the second part of the research
stay was done at Benilde-St.Margaret’s School.

The main empirical methods applied were expert interviews (see below) and qualitative observa-
tions. The systematic documentation of social interactions using field notes, protocols and/or further
recording methods (e.g. audio, video) is called observation and represents one of the fundamental
methods in empirical social science (Diekmann, 2007). In general, observations can be categorized
according to the role of the observer (participatory, non-participatory), the degree of structuredness
(structured, semi-structured, unstructured) and naturalness (laboratory, field) as well as the type of
observation (open, covert) (Diekmann, 2007; Clark et al., 2009; (Griimer, [1974)). In this field research
a passive participatory, semi-structured and open observation was applied. The researcher took on
the part of a passive observer, being present at the daily engineering/robotics classes but not actively
taking part in the activities (passive participatory). At the beginning of each class he was introduced
to the students (name, affiliation, aim of the research, ...; open observation). A semi-structured ob-
servation uses an observation guideline instead of a pre-defined, rigid observation scheme (which is
usually applied in structured observations). This semi-structured approach was chosen because of the
exploratory character of the research objective and in order to get an internal perspective on the every-
day situation in the engineering classes (Langer,[2000). According toMayring|(2002)) the observation
plan covered the following five steps:

1. development of an observation guideline (was done before the field research started)

2. establishing direct contact to the field of investigation (introduction to students at the beginning
of each engineering/robotics class)

3. conducting participatory observation (daily engineering/robotics classes in April/May 2016 at
The Hill School and Benilde-St.Margaret’s School)

4. taking field notes and generating observational protocols
5. data structuring and analysis

In addition to participatory observations, several semi-structured expert interviews (using question-
ing guidelines) with the developer of the program as well as with teachers at both high schools have
been conducted. Further interviews have also been conducted with students during their engineering
classes. Conducting interviews is another major qualitative research technique commonly used in the
area of psychology and sociology (Flick et al.l 2004). Notes were made during the interview and
afterwards qualitatively analyzed by means of a content analysis (Neuendorf], 2002).

Insights and Findings The essential parts of this engineering/STEM program could be condensed
as follows (Engineering> , 2016):

* infrastructure (laboratory, engineering/robotics kits, study/work materials, tools)
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e curriculum (modules covering the topics of all three years, extensive textbook)

* teachers (specially trained teaching staff) and students (teamwork, peer-teaching, motivation,
maturity and autonomy, role models)

The infrastructure, specially tailored to the program, forms the backbone of a fruitful learning
environment. The laboratory offers sufficient space for testing and exploring. It comprises several
workstations (equipped with desktop computers and a large bench) which are grouped around a cen-
tral robot testing area (year 1: a large table, partially covered with debris; year 2 and 3: a maze’
with ramps, obstacles, stairs and further debris) as well as a fabrication station/workshop (equipped
with laser-cutter, 3D printer, ...). In addition, there are lockers for each student team to store their
equipment as well as a teacher’s area ("open-door office’). Each team is equipped with an engineer-
ing/robotics kit (LEGO parts, electronic components, control elements, sorting boxes, ... ). Figure[2.2]
exemplary shows the laboratory environment.

/

(c) robot testing area 'maze’ (year 2,3) (d) teachers, students and robots (one out of seven year
1 classes, The Hill School)

Figure 2.2.: Laboratory environment as well as teachers and students with their robots

The curriculum comprises several thematic modules structured around year one, two and three of
the Engineering® program. The engineering classes are integrated into the regular school schedule
(e.g. as elective subjects) and usually take place every day with a duration of approximately 45 min-
utes each. An extensive textbook which has undergone a continuous development over the last decades
covers the topics of all three years and forms the heart of the curriculum. It includes detailed expla-
nations and student assignments for each module. Furthermore, it comprises illustrative examples,
frequently asked student questions, tips on common errors as well as original data sheets of electronic
components (sensors, motors, microcontrollers, ...). Students exclusively work with this textbook,
no traditional teacher-centred teaching is applied. The goal is to foster independent learning (e.g. by
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using original (not simplified) data sheets of sensors students learn how to read/interpret such material
correctly).

The role of the feacher in this program is more or less that of a mentor or coach. Students work on
their tasks (usually in teams of two) independently whereas they are always free to ask the teacher for
help. Nevertheless, most times those questions are answered with a counter question fostering the de-
velopment of students’ problem solving skills. Students are encouraged to find out things themselves,
even at the risk of failing or demotivation. In general, the following teaching approach is applied: At
first, students experiment and try to solve a given problem/task on their own (using the textbook and
consulting classmates). Only afterwards the theoretical/technical background (or in certain cases also
sample solutions) are discussed together with the students. This approach ensures that students are
attentive and really understand the content and underlying concepts. As interviews and observations
showed, this approach is quite unusual for teachers who are used to more traditional teaching styles.
Therefore, it is crucial that teachers a) adjust to such an educational approach (no precisely planning of
every minute of the class; no formal instructions or teacher-centred teaching; giving students enough
time to explore (trial and error) and also allowing them to fail; not providing specific instructions or
proposals for solutions) and b) that teachers are trained and firm regarding the technical aspects of the
program.

For each module students get enough time to explore, test and experiment and finally to work in
a focused way on completing the assignments. Nevertheless, each module assignment has a strict
deadline and working in the laboratory outside the regular classes is not allowed. The aim is that
students learn to manage the available time and workload in a way to comply with given submission
deadlines. At the time of the field research year one students were working on building and testing
a robot that drives in a straight line (i.e. to become familiar with the engineering design process)
while year two students were modelling robots using CAD software, respectively working on a rescue
robot/RoboCup competition robot (year three students). Instancing, Figure[2.3|shows pictures of some
of those robots.

Students’ performance assessment is based on an exercise interview on completion of each module
(including an acceptance test of students’ robots) as well as unannounced exams. This serves the
purpose of understanding a subject and to foster an intrinsic motivation rather than learning contents
by heart or learning in order to achieve good grades. In this context the key is working towards a
meaningful, achievable goal (e.g. building a straight-line robot, later on building a rescue robot, .. .).
In order for such an educational program to operate properly, students have to participate voluntarily,
be intrinsically motivated and show a certain degree of maturity and autonomy.

During the field research it could be observed that students were motivated, open-minded and eager
and proud to talk about their work (demonstrating their robots, explaining their test- and experiment-
setup, discussing their robot design, ...). They stressed the project-oriented focus of the program
as well as the possibility to work independently. Some students explicitly mentioned the intrinsic
motivation fostered by this educational approach. Students (especially in the latter years) also reported
that the first year is quite demanding (learning the required basics, theoretical principles, ...) but not
overburdening. The prospect of joining the competition team at the end of year three was highlighted
by many students and definitely represents a motivational factor. Students of this competition team
also served as role models for younger students (providing tips and advices, acting as reason to join
the program, ... ); quoting a year two student who discussed the design of his robot with a member of
the competition team: "She just mentioned that her team had a similar design last year - that really
delights me!". Overall, it could be observed that the combination of all those aspects created a vibrant
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atmosphere which encouraged teamwork and fostered a vital interaction between students (sharing
knowledge, experiences, consulting classmates, exchanging ideas, ...) and teachers (cooperative
relation, acting as mentor).

Observations, interviews and discussions with students, teachers and researchers showed that the
described program on the one hand successfully imparts technical aspects (STEM, robotics, computer
science, ...). On the other hand, most of all, it fosters social- and soft-skills (project management,
teamwork, acting/working independently, ...) and familiarizes students with the application of a sys-
tematic scientific approach in order to prepare for college/university. These findings are supported by
various stories of success told by students as well as by qualitative data collected and analyzed within
the scope of the thesis by (2015). As described in this work (2015), p. 65) the major
elements of an authentic learning environment (open-ended/complex problems, choice/creativity, stu-
dent independence, real world relevance, products of students’ own effort, collaboration/relationships,
role of the teacher) could be observed during this field research.

(a) straight-line robot (year 1) (b) designing a robot using CAD (c) fully assembled small rescue
software (year 2) robot (year 3)

Figure 2.3.: Students’ robot designs at different levels of the engineering/robotics program

The conducted field research at the host institutions, the direct interaction with students and teach-
ers as well as the cooperation with the host researcher enabled the discovery of novel concepts and
techniques in educational robotics/STEM education and revealed new methodological perspectives.
Insights gained, experiences made and lessons learned will be used to improve support measures pro-
vided by university (e.g. robotics courses for students at the university; see Section [2.1.1) as well as
to enhance and foster educational robotics activities at schools and further educational institutions.
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2.6. Summary, Conclusions and Challenges

As the review of literature in this chapter revealed, educational robotics represents an emerging field
in the context of technology enhanced education. Educational robotics as a learning tool has the
potential to enrich education at multiple levels, from science and technology education (STEM) to
non-technical subjects, and from kindergarten to university (Alimisis, 2013 [Eguchi, 2010).

This chapter first reviewed the definitions of and ideas behind educational robotics (ER) and dis-
cussed the major dimensions in ER (learning objective, learning aid, learning tool) as reported in
current literature (Eguchi, [2012)). It also presented and discussed the major learning theories, method-
ologies as well as pedagogical concepts and principles behind a project- and hands-on oriented ap-
proach like educational robotics.

Many different educational robotics approaches, initiatives, projects and frameworks with different
characteristics and goals aiming at different target groups exist. In this context, the chapter discussed
common viewpoints on educational robotics and presented various different ER approaches and ways
to categorize or classify them. The chapter also shortly reviewed the history of educational robotics
in general as well as the context of this thesis with regard to educational robotics.

Although educational robotics at school level has become a worldwide phenomenon in the last
decades educational robotics at pre-school level (kindergarten) is less widespread. The idea behind
the concept of educational robotics in kindergarten is to use the robot as pedagogical tool to familiarize
children aged between three and six years with science and technology in a playful way. In this context
the chapter reviewed existing approaches which focus on the use of robotics in a pre-school learning
environment.

As artificial intelligence (Al) plays an increasingly important role in our daily life this chapter
reviewed existing approaches focusing on teaching Al at pre-university level. Nowadays, hardly any-
body knows about the concepts and techniques behind Al. Furthermore, teaching fundamental topics
of Al and computer science at school or pre-school level hardly exists at the moment. Within the
context of this thesis education in Al is defined as teaching fundamental topics and concepts of Al
at different educational levels using different educational tools and platforms. Among other things,
educational robotics is one of those tools.

Finally, this chapter dealt with the empirical evaluation of the impact of educational robotics. In
the course of this existing empirical studies and evaluations of educational robotics projects have
been reviewed. Furthermore, the theory behind and methodology needed to design and conduct an
empirical evaluation investigating the impact of educational robotics has been discussed.

Conclusions Considering the findings from this chapter’s literature review following conclusions
can be drawn.

Educational robotics is a learning tool to support teaching, learning and education in general and to
foster STEM (science, technology, engineering, mathematics), computer science as well as social and
cognitive skills. Educational robotics provides teachers and researchers a vehicle which encourages
motivating, hands-on activities awakening children’s and students’ curiosity and interest. Robots are
the means for teaching and learning different subjects at different educational levels. (Alimisis,, 2012},
2013; [Kumar and Meeden) |1998; Eguchi, 2010).

A large number of different educational robotics approaches and projects can be found in current
literature. Many of these publications focus on technical aspects but it is crucial to emphasize on

39



Chapter 2. Review of Literature and Background

the underlying teaching/learning concepts (Alimisis, 2012} |Altin and Pedaste| [2013}; [Sullivan and
Moriarty, 2009). A lot of existing approaches define young children and school students as their target
audience. The review of literature revealed that, on the contrary, educational robotics approaches
with special focus on children aged between three and six years (kindergarten, pre-school) are less
widespread. Children have to be prepared for the rapidly changing field of science and technology.
Therefore, it is important to start familiarizing children with technology at an early age (Eck et al.,
2013; |[Kandlhofer et al., 2013). In this context efforts must be made to broaden the target audience of
educational robotics in order to address also children, students and teachers who are not yet interested
in or related to robotics or a similar technical field (Alimaisis, [2013)).

The review of literature revealed that there are various stories of success, reports and anecdotes by
teachers, students and researchers regarding the positive impact of educational robotics. Although
such descriptions are important and provide indications of the powerful potential of this educational
tool, the necessity and importance of a systematic evaluation is highlighted in current literature (Barker
et al., 2012a; Stubbs et al., 2012). As|Alimisis| (2013) stresses the impact of the educational robotics
approach "needs to be validated through research evidence" (p. 68). Nevertheless, relatively few
studies investigate this issue resulting in a lack of systematic empirical evaluations. There is a need
for quantitative studies applying a standardized evaluation methodology and a reliable experimental
design (Alimisis, 2013} [Bredenfeld et al., 2010). Furthermore, there is a lack of studies investigating
the long-term effects of such pedagogical approaches on students’ ways through school, college and
later careers (Stubbs et al., 2012; |Colel 2012 |Catlin and Blamires, 2010).

With artificial intelligence (Al) gaining importance and becoming part of our daily life it is crucial
to familiarize people with fundamental concepts and techniques behind Al (also with regard to fu-
ture jobs and careers in science and engineering). There is a need to shift from solely using towards
understanding this technology, developing technological ’literacy’ (Alimisis| 2013). As the review
of related literature revealed, teaching fundamental topics of Al and computer science at school or
pre-school level is quite rare at the moment. To go further, teaching those topics independently from
specific programming languages or learning tools on different educational levels and adapted for dif-
ferent age groups hardly exists (Burgsteiner et al.,[2016b)). What current approaches have in common
is the relatively narrow focus on specific target- and age-groups. Many existing approaches focus
on teaching Al concepts to undergraduate or graduate students at university. Educational approaches
which teach selected topics of Al at school level only focus on certain aspects of Al (e.g. history,
chat bots, ...) or on certain programming paradigms relevant to Al. Many approaches exist which use
Al as a technical aid in terms of Artificial Intelligence in Education (AIED; e.g. intelligent tutoring
systems, ...). This is in contrast to the context of this thesis of teaching fundamental Al topics and
concepts ("education in AI’).

Taking into account these challenges and open issues the next chapter deals with the design, de-
velopment and implementation of two innovative educational intervention concepts in the area of
educational robotics and education in artificial intelligence.

Finally, Chapter 4] addresses the discussed challenges regarding the lack of empirical evaluations in
the area of educational robotics. It describes the design and implementation of a comprehensive eval-
uation applying a mixed methods research approach which comprises both qualitative and quantitative
research methods.
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Chapter

Concepts for Educational Interventions

This chapter addresses the following research questions (as stated in Chapter[I)):

* Qay: What are open issues and challenges in educational robotics (in the context of using
robotics as a learning tool)?

* Qay: What is the current status and what are open issues in teaching fundamental concepts of
artificial intelligence at different educational levels ("education in AI’)?

e Qas: Which novel educational intervention concepts are needed to address those challenges
(applying, amongst others, educational robotics as a learning tool)?

Research questions Qb - Qb3 are addressed in Chapter ]

3.1. Overview

The literature review in Chapter [2] regarding educational robotics as a learning tool (research ques-
tion Qa;) and current approaches of teaching Al/education in Al (research question Qa;) identified a
number of open challenges which could be condensed into the following two major issues:

First, as educational robotics has gained increased attention in the last decades a large number
of different educational robotics approaches and projects can be found in current literature. Several
conferences and workshops deal with the use of robotics in education (Merdan et al., 2016). Many
publications focus on technical aspects of various robotics platforms for education or present local
projects. Nevertheless, next to technical aspects there is a need to also emphasize the underlying
pedagogical concepts and methodologies (Alimisis, 2012; |Altin and Pedastel 2013}; |Sullivan and Mo-
riartyl, [2009). Furthermore, a lot of educational robotics approaches are aimed at primary/secondary
school students. On the contrary, educational robotics with special focus on pre-school children aged
between three and six years is less widespread. Children have to be prepared for the rapidly chang-
ing field of science and technology. In this context it is important to a) start familiarizing children
with technology at an early age and b) also to address people who are not yet technically interested
(Alimisis, 20135 [Eck et al., [2013; [Kandlhofer et al., [2013)).
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Second, artificial intelligence (AI) plays an increasingly important role in our daily life. People
already use different devices, applications, and services which are based on principles of Al. Exam-
ples would be intelligent household appliances like autonomous vacuum cleaners or lawn mowers
as well as services and smartphone applications like Google (Maps, Now, ... ), Cortana or Siri. In
contrast, people hardly know about the concepts and techniques behind those services and computer
applications (Cole, 2012). Instead of just using technology people need to understand the fundamental
principles behind by developing technical/Al ’literacy’ (Alimisis, 2013). This is important not only
for future careers in science and engineering but also for fostering people’s awareness of opportunities
and threats of emerging technologies. As the review of related literature revealed, teaching fundamen-
tal topics of Al and computer science at school or pre-school level is quite rare at the moment. To go
further, teaching those topics independently from specific programming languages or learning tools
on different educational levels and adapted for different age groups hardly exists (Burgsteiner et al.,
2016b).

In order to deal with these major issues we developed, implemented, and evaluated two innovative
educational intervention concepts. Addressing research question Qajz this chapter describes their de-
sign and implementation. The concepts have been developed considering pedagogical and didactical
aspects applying well-established, proven learning methods and teaching techniques (as discussed in
Chapter [2)).

The first concept described in Section[3.2]applies a cross-generational approach focusing on kinder-
garten children and integrating school students up to the age of thirteen as well as senior citizens in
order to initiate a vital social process among the different age groups (broadening the target audience).
The goal is to familiarize the target audience (in particular pre-school children and school students),
with science and technology in a playful way using educational robotics as learning tool.

The second concept discussed in Section [3.3|deals with the development and implementation of a
concept to familiarize different age groups on different educational levels (from kindergarten to uni-
versity) with fundamental topics of artificial intelligence (AI). Al already plays a major role in our
daily life and therefore, sound knowledge about Al and the principles of computer science will be
of vast importance for future careers in science and engineering. In this context literacy in Al and
computer science will become as important as classic literacy (reading/writing). By using an analogy
with this process the Al education concept aims at fostering Al literacy. The concept uses educational
robotics as a learning tool, along with a broad range of other tools and methods to teach funda-
mental concepts of artificial intelligence to kindergarten children, school students (primary, middle,
secondary/high school) and undergraduate university students.

Both intervention concepts have been conducted and empirically evaluated within the scope of
proof-of-concept implementations. Sections [3.2] and [3.3] describe the design, applied methodology
and implementation of both concepts while Section [3.4] summarizes both intervention concepts and
discusses conclusions, shortcomings, limitations and future work. The evaluation methods and results
are described in detail in Section[d.3] of Chapter ]

3.2. Pre-School Educational Robotics in a Cross-Generational Context

The idea behind the concept of educational robotics in kindergarten is to use the robot as pedagog-
ical tool to familiarize children in pre-school age with science and technology in a playful way (as
discussed by Bers| (2007)). Science and technology are changing rapidly and young children have to
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be prepared for this development. Integrating new technology in the education of children between
three and six years of age cannot be considered in isolation but must rather be accomplished by ap-
plying a multi-dimensional approach. Therefore, we developed a novel concept within the field of
educational robotics: Different age groups (kindergarten children, school students (aged from eleven
to thirteen) and senior citizens) as well as different scientific and educational institutions (kinder-
gartens, schools, universities) working together on a cross-generational and cross-institutional educa-
tional robotics project (Kandlhofer et al., 2014} |[Eck et al., 2013 Kandlhofer et al., [2013]).

We developed, conducted and empirically evaluated a first pilot-project. In general the goals can be
summarized as follows:

* developing an educational robotics concept in cooperation with kindergartens, schools and uni-
versities (cross-institutional) in order to

* introduce pre-school children and in parallel also school students and senior citizens to robotics
and computer science (cross-generational) as well as

* investigating the learning effects and the medium-term impact (up to eight months) of the
project on participating school students, and in addition

* gaining experience and gathering information on how to prepare complex technical topics for a
diverse target audience without prior knowledge.

The next sections describe this educational concept and the applied methodology as well as the
implementation of a pilot project. While the related literature was already discussed in Section [2.1.2]
of Chapter 2] evaluation methods and results can be found in Section [4.3.1] of Chapter 4]

3.2.1. Methodology

The cross-generational educational robotics concept was developed as a joint project between Graz
University of Technology (TUG), the University of Teacher Education Styria as well as a kinder-
garten and a secondary school. The overall structure was based on the teaching approach Children
visit Science (CvS). Originally initiated in 2010, CvS is an innovative approach within the context of
kindergarten pedagogy. Its basic aim is to provide pre-school children and school students access to
different scientific fields and, furthermore, to give an insight into the research sector at different scien-
tific institutions. Initially the CvS approach comprised six educational modules, focusing on different
topics such as electrostatics and electricity, bioscience, experimental physics, chemistry, paper man-
ufacturing and criminology. All modules had a strong focus on hands-on activities (e.g. building a
power circuit or testing the conductivity of different materials in the electricity module) (IMST), 2011}
Hirschmugl-Gaisch et al.l [2011). According to the CvS approach the cross-generational educational
robotics concept follows the ideas of peer teaching (Whitman and Jonathan, [1988) as part of an edu-
cation partnership (Textor,|2011). In doing so, school students act as guides explaining and presenting
contents to kindergarten children as well as to senior citizens who accompany the kindergarten chil-
dren. Students slip into the part of a teacher, guiding the children through their way of discovering
and experiencing and in parallel learn by teaching others (Frager and Stern, |1970).

One main objective of this educational concept was to prepare contents of the area of robotics and
computer science respecting pedagogical and didactical aspects as well as principles of construction-
ism (educational robotics) (Alimisis|(2009); Frangou et al.[(2008));|Virnes and Sutinen| (2009); Romero
et al. (2012)). Therefore, university researchers together with kindergarten pedagogues and teachers
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developed eleven different hands-on activities and educational games applying methods of discov-
ery learning (De Jong and Van Joolingen, [1998; Messner, 2009) and the technique of storytelling
(Westlund and Breazeal, 2015; [Bers,, [2008; IMST, 2011} [Masemann and Messer, |2009). Respect-
ing fundamental principles of constructionism children could actively participate, explore, test, and
interact with the robots. Furthermore, each activity and educational game states a specific research
question or task children have to address.

Thus, the basic structure of the cross-generational educational robotics concept can be summarized
in the following way:

(i) researchers, teachers and kindergarten pedagogues develop specific hands-on activities and ed-
ucational games in the area of robotics/computer science

(i1) school students first get introduced (by researchers and teachers) to fundamental robotics/computer
science topics and afterwards to the specific hands-on activities

(iii) kindergarten children and their accompanying grandparents (senior citizens) perform and ex-
plore those hands-on activities under the guidance of school students

This approach combines two major benefits. On the one hand students learn about scientific topics
not only during the preparation process but also by guiding and explaining the topics to kindergarten
children and senior citizens. On the other hand, kindergarten children have the opportunity to learn and
gather practical experiences together with students and senior citizens. In this context one important
aspect is that pre-school children can actively participate in the hands-on activities. Furthermore, the
integration of different age groups and different educational institutions fosters a vital social process
between kindergarten children, school students, senior citizens as well as mentors, teachers and staff
members of the participating institutions. Therefore, this approach involves a broad range of people
with different backgrounds and different interests. By broadening the target audience in this way also
people (e.g. children, students, senior citizens, pedagogues) who might not be technically interested
or, who have not been engaged in technical subjects before, are addressed. In general the concept of
discovering and experiencing represents a valuable pedagogical approach within the area of pre-school
education, fostering the learning process of children in a holistic way (IMST, 2011} Hirschmugl-
Gaisch et al., [2011).

The robotics/computer science hands-on activities are structured around following major topics:
* introduction, types of robots
* basics of algorithmic thinking and programming (Futschek and Moschitz, [2011]))
¢ human-robot interaction (Goodrich and Schultz, [2007)
* intelligent agents (Russell and Norvig, [2009)
* mapping and object tracking (Grisetti et al., 2005])

3.2.2. Implementation

The cross-generational educational robotics concept was implemented in terms of a scientific project
day at a kindergarten. In sum twenty-five kindergarten children aged between four and six years
participated. They had been divided into groups of three. Each group of children was accompanied
by at least one senior citizen (mostly children’s grandparents). Moreover, ten school students aged
between eleven and thirteen years of age participated. During this project day each hands-on activity
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was carried out at a separate area, also referred to as ’experimentation station’” where school students
explained the activities to kindergarten children and the accompanying senior citizens.

In preparation for their tasks students attended a robotics workshop held by university researchers
and teachers. The content was prepared in an age appropriate way based on principles of construction-
ism and instructionism (Papert, |1993a; Johnson, 2005). Prior to this workshop students did not know
any details about the previously developed hands-on activities. The teacher only announced that she
is looking for volunteers joining a 'robotics project’. In the course of the workshop students were first
introduced to the basic concepts of robotics and computer science. Afterwards they were familiarized
with the scientific and technical background of each activity. This was mainly accomplished by ap-
plying methods of discovery learning (Ormrod) [1995) (playing educational games which demonstrate
the basics of robotics and computer science; interacting with the different robots in order to discover
the technical background). Students then could choose an activity they wanted to be responsible for
during the project day. Finally, each student got detailed instructions on how to carry out and guide
her ’experimentation station’.

To address the major topics described in the previous section following robotics platforms were
used:

¢ the educational robot Bee-Bot (Pekarova, [2008))

e the LEGO Mindstorms NXT 2.0 robotics kit (Kim and Jeon, 2007)

¢ the humanoid robots Nao (Han et al., [2012)) and Hitec RoboNova (Grunberg et al.,|2009)
¢ the mobile research robot Pioneer 3-DX (Zaman et al.,[2011)

Figure shows the different robotics platforms used during the pilot implementation as well as
the excitement of children and students while carrying out robotics hands-on activities. Following a
description of the activities for each of the major topics.

Introduction, Types of Robots

By using different robotics platforms (as described above), participants got a better understanding of
the variety of robots. For instance, by using the RoboNova platform the basics of humanoid robots
were demonstrated. Children could control the robot by sending commands via the infrared remote
controller. The other children had to watch the robot carefully and afterwards imitate its movements
(Figure[3.1j). The research question was: "Is a robot a better dancer than me?"

Basics of Algorithmic Thinking and Programming

For this activity we used the Bee-Bot robot, a widely adopted tool within the context of educational
robotics for pre-school and early primary school children. It can be controlled according to the prin-
ciples of the Logo programming language (Papertl [1993a)). Using the buttons on the back of the robot
(forward, backward, rotate left, rotate right) children can enter a sequence of commands. Each for-
ward/backward instruction moves the robot in the corresponding direction whereas each rotation in-
struction turns the robot by 90 degrees without changing its current position (Pekaroval, [2008]). Based
on this functionality two educational games were developed. The idea behind was to embed the tasks
children have to accomplish into a story. In the first game children had to program the robot to follow
a certain path on a special square grid mat. The path represented the different production stages in a
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glass factory (also see Figure[3.1b). The research question for the children was: "Can you teach the
Bee-Bot to make glass?". The challenge of the second game was to program the robot moving from
a starting point to an endpoint, stopping at certain intermediate positions on a square grid mat with
fairy-tale motifs imprinted. The research question for this task was: "Can you tell the story of the bad
wolf and the three little piglets whereby the Bee-Bot is acting as the wolf?"

Human-Robot Interaction (HRI)

HRI was of course part of every robotics activity since all the activities and educational games com-
prised interactions with robots in some way. In order to provide a deeper insight and a more intense
experience participants could also interact with the humanoid robot Nao (talking to the robot, touch-
ing the robot, tracking faces, . .. ; see Figure[3.Tk). The research task stated was: "Find out what skills
Nao has". The main idea behind this task was to apply a discovery learning-based approach (Ormrod),
1995) (i.e. learning by interacting) in order to familiarize children with the HRI topic.

Intelligent Agents

Several hands-on activities demonstrated the principle of simple reflex agents (as described by Russell
and Norvig (2009)) as well as the use and functionality of different sensors (ultrasonic-, light-, sound-,
color-sensor). Children could interact with the different robots which were constructed using LEGO
Mindstorms NXT 2.0. Research tasks included: "Follow the light", "Find and grab the can", "Sort
the color bricks", "Follow the noise", "Don’t drop from the table", "Avoid collisions"; (see exemplary
Figures and[3.1p). The concept of intelligent agents is a well suited vehicle to familiarize children
with basic concepts of robotics (as well as artificial intelligence) in an age appropriate, understandable
way (Burgsteiner et al., 2016b).

Mapping and Object Tracking

This experimentation station dealt with mapping and object tracking using the Pioneer 3-DX robot
with a SICK laser scanner and a Microsoft Kinect camera (Figure [3.1ff). First the robot autonomously
created a map of the kindergarten. Children followed the robot on its way through the building.
Afterwards the robot performed an object tracking task using the Kinect camera. Children could
actively interact with the robot by moving an orange soccer ball. In parallel a university researcher
provided explanations on the functioning of the robot and the basic principles of mapping and object
tracking. The research tasks for the children were formulated as follows: "Supporting the robot to
explore the building" and "Playing soccer with a real robot". The main idea behind those tasks was
to apply methods of social learning. This means learning by direct experience with or observation of
models (e.g. people, media, objects, ...). A strong identification with those models promotes learning
(Bandura and Walters, (1977; |(Ormrod, 2007; Bandura, |{1988)). Therefore, the robot (= the model)
explored ("walked through’) a familiar environment (the kindergarten) and also played a popular and
familiar game (soccer). This consequently led to a stronger identification with the robot.
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Pre-School Educational Robotics in a Cross-Generational Context

(a) RoboNova humanoid robot (topic:
types of robots)

(d) LEGO NXT robot equipped with ul-
trasonic sensor (topic: intelligent agents
(collision avoidance))

(b) Bee-Bot glass factory robot
(topic: basics of programming, al-
gorithmic thinking)

(¢) Nao humanoid robot
human-robot interaction)

(topic:

(e) LEGO NXT robot equipped with a

light sensor (topic: intelligent agents
(edge detection))

(f) Pioneer 3-DX research robot
(topic: mapping, object tracking)

Figure 3.1.: Kindergarten children, school students and senior citizens together carrying out hands-on
robotics activities (different robotics/computer science topics using different platforms)
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3.3. Education in Artificial Intelligence

The previous section described the development and implementation of a cross-generational educa-
tional robotics concept focusing on introducing pre-school children, school students and senior citi-
zens to major topics of robotics applying an educational robotics/computer science approach. Based
on this concept and the experiences gained within the pilot implementation we developed an advanced
educational concept focusing on familiarizing different age groups with fundamental principles of ar-
tificial intelligence (AI) and computer science (Kandlhofer et al.l 2016b)).

Considering the current technological development, sound knowledge about Al and the principles
of computer science will be of vast importance for future careers in science and engineering. Looking
towards the near future, jobs will largely be related to Al as it will be the basis of the products where
our future wealth will be built on (smart production, internet of things, autonomous driving, robotics,
...). In this context literacy in Al and computer science will become as important as classic literacy
(reading/writing). Research in the area of classic literacy shows that starting to learn those basic skills
at an early stage is essential for developing profound abilities (Myberg, 2007} |Genlott and Gronlund),
2013). In order to develop Al literacy it is crucial as well to familiarize people with the underlying
concepts of Al and computer science as early as possible.

By using an analogy with the development of classic literacy we developed a novel Al education
concept for different age groups on different educational levels aiming at fostering Al literacy. Devel-
oping reading/writing literacy begins during pre-school years, continues through primary, middle and
high school and extends right through university. In kindergarten, children are introduced to letters
in a playful way, followed by a more methodological approach in primary school. Each subsequent
level of education fortifies already learnt knowledge, introduces new topics, and explores certain top-
ics in depth. Based upon existing knowledge, skills are enhanced and abstraction abilities are fostered
(Bereiter, |1980). People develop and improve reading/writing skills during their whole life but as
research shows the early childhood years (up to the age of eight) are crucial in classic literacy devel-
opment. Acquiring profound classic literacy skills also requires continuous learning by consolidating
already learnt contents and active interaction with print (Neuman et al.,|2000; NAEYC, 2013).

Taking into account this theory and transferring it into Al literacy development, our Al educa-
tion concept comprises modules for different age groups on different educational levels starting with
kindergarten and primary school and continuing with middle school, high school and university (see

Figure[3.2).

One look at the reading/writing development shows, that successful teaching builds upon already
existing knowledge (Neuman and K.Roskos, |1998)). Considering this fact, the modules of the Al ed-
ucation concept build on one another, each module covering basic topics in a greater detail as well
as introducing new/advanced topics. For instance, modules for kindergarten/primary school intro-
duce fundamental Al/computer science topics (graphs and data structures, sorting, problem solving
by search) while subsequent modules for middle/high school cover those topics in more detail but
also introduce advanced Al/computer science topics (automata, intelligent agents, planning, machine
learning; also see definition of Al literacy and contents in Section [3.3.1).

Based on this Al education concept we developed four proof-of-concepts modules focusing on
kindergarten, middle school, high school and university. All four modules have already been con-
ducted and empirically evaluated in several pilot projects.

While Section [2.3] of Chapter 2] already discussed related literature, the subsequent Section [3.3.1]
describes the applied methodology, defines the term Al literacy and describes the Al education concept
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Figure 3.2.: Development of Al literacy in analogy with classic literacy (reading/writing) on different
educational levels

in detail (content, structure, learning techniques, tools, stages of Al literacy development). Finally,
Section [3.3.2] deals with the description of the proof-of-concept implementation for each module.
Evaluation methods and results are presented in detail in Section [4.3.2] of Chapter 4]

3.3.1. Methodology
Al Literacy

In the near future profound knowledge about Al and computer science will be the basis for careers
in science and engineering since more and more Al based products and services will emerge. In this
context literacy in Al constantly gains importance and will become almost as important as classic
literacy (reading/writing literacy). Classic literacy enables people to read and understand new text,
instead of learning a text just by heart (Sklar and Parsons| [2002). The same applies to Al literacy:
It allows people to understand the techniques and concepts behind Al products, applications, and
services instead of just learning how to use certain technologies or current applications.

Our definition of Al literacy comprises following major topics of Al and computer science (Burg-
steiner et al.l 2016b)) (based on the common textbook by Russell and Norvig (2009); also see Figure

B.3)

* Graphs and data structures (stack, queue, trees, ...) as well as basics of computer science
(control statements, paradigms, data representation) and the definition of a problem (in the
context of Al) form the basis for any task in Al and computer science.

* Sorting represents another fundamental concept in Al/computer science (algorithms such as
bubble-, merge-, insertion-, selection-, quick-sort, ... ).

* Intelligent agents such as simple reflex, model-based reflex, goal-based or utility-based agents
are suitable vehicles to demonstrate the modelling process of making and executing decisions.
The concept of intelligent agents combines many different Al topics which can be imparted
to students and children in a suitable and understandable form (for instance, using robots as
learning tools).
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Automata form the basis for describing systems and behaviors and demonstrate the decision
making process in an illustrative fashion.

Problem solving by search is an essential concept in Al and one of the main emphases of Al
literacy with numerous areas of application, such as Constraint Satisfaction Problems (CSP),
Satisfiability Problems (SAT solving) or planning. Basic algorithms in this context are breadth-
first search, depth-first search, and A* search.

Classic planning (modeling problems, making decisions, establishing and evaluating plans)
as well as logic (understanding logical operators, performing logical reasoning) are important
topics in Al (Sklar and Parsons}, 2002). Concepts to be considered are, amongst others, state-
space planning, forward and backward chaining as well as propositional and predicate logic.

Machine learning is an interesting and very motivating topic for students which gains more
and more importance. Contents to be considered are, amongst others, different approaches to
learning agents (e.g. logic-based learning, knowledge based systems, reinforcement learning)
as well as decision trees and neural networks.

Graphs, data
structures, basics of

computer science
* stack, queue, tree
e control statements,

Machine learning

paradigms
» different approaches to
Iear'n?ng agents Sorting
» decision trees and » fundamental concept
neural networks in Al/computer science
I * sorting algorithms
Classic planning |
* modeling problems, .
making decisions, Intelligent agents
establishing and * demonstrate the
evaluating plans modelling process of
* logic making and executing

decisions j

/

Problem solving by

search
* essential concept in Al
with numerous areas

of application

Automata
e illustrating decision
making process

Figure 3.3.: Topics of Al literacy (Burgsteiner et al., 2016a)
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Stages of Al Literacy

Neuman et al.| (2000); NAEYC| (2013)) propose a multi-phase view on reading/writing development in
order to adapt learning methods and goals in an age-appropriate way:

Phase 1 - awareness and exploration: By exploring the environment children at an early age
establish the basis to learn reading and writing. At this stage children are aware that letters
represent a meaning. Children are able to identify certain letters, signs and labels.

Phase 2 - experimental reading/writing: Children at kindergarten age start to experiment with
reading and writing and, furthermore, they develop a basic understanding of letters. Children
are able to compare spoken and written words as well as to write single letters and familiar or
often used words.

Phase 3 - early reading/writing: First grade children actually start reading simple stories and
writing about topics related to their personal life. They are able to read and retell simple stories,
to apply certain strategies for understanding a text (e.g. re-reading, questioning) as well as to
identify more and more words by sight.

Phase 4 - transitional reading/writing: At this phase children show an increased fluency in
reading and an increased ability to write more complex texts. They are able to use different text
forms, to review their own texts and to use reading in order to investigate different topics.

Phase 5 - independent and productive reading/writing: Children improve and extend their read-
ing and writing skills in order to meet various requirements of different audiences. They are
able to read fluently, to use advanced strategies in order to identify unknown words, to use an
extensive vocabulary as well as to establish links between different texts.

In analogy with this model we define the following stages in the development of Al literacy (also
see Figure[3.4):

1.
2.

building awareness and playful exploring Al topics (kindergarten, primary school);

experimenting and familiarizing with the theory behind certain Al topics and working
independently on solving a problem (middle school);

fostering core Al topics and getting familiar with advanced Al topics; independently ac-
quire and apply knowledge (high school);

. becoming ’fluent’ in AI; applying problem solving methods on a higher abstraction level;

fostering fundamental understanding of AI topics (university);

Al Education Concept

By using an analogy with the development of reading/writing literacy we developed an Al education
concept aiming at fostering Al literacy. The concept comprises modules for different age groups on
different educational levels (kindergarten, primary school, middle school, high school, university; see
Figure [3.2). Fundamental (core) Al topics addressed in each module are, amongst others, graphs and
data structures, sorting as well as problem solving by search. The modules build on one another, each
module covering the core topics in a greater detail as well as introducing new/advanced topics.

Education research has shown the positive impact of hands-on experiences on learning (Sklar and
Parsons), 2002} \Gruber and Voneche, |[1977)), hence the modules are largely based on principles of con-
structionism (Papert, |1993a; Papert and Harel,, |1991) comprising a wide range of hands-on activities.
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@ applying problem solving methods on a
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2 familiarizing with the theory behind certain Al topics (middle school)
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playful exploring Al topics (kindergarten, primary school)

1

Figure 3.4.: Stages in the development of Al literacy

Each module applies appropriate learning methods and techniques (discovery learning, inquiry learn-
ing, collaborative learning, problem-based learning, project-based learning, storytelling, peer teach-
ing; (Virnes and Sutinen, 2009} Romero et al., [2012; |Frangou et al., 2008 [Masemann and Messer],
2009; Bers, [2008; [Westlund and Breazeal, [2015])), respectively combinations of these methods as sug-
gested by [Altin and Pedaste| (2013)) (also see Chapter [2] Section [2.2). Furthermore, in each module
a number of different learning tools and platforms are used (educational robotics (Alimisis} [2009;
Barker et al., [2012a)), computer science unplugged (Bell et al., [1998), educational games, paper-and-
pencil exercises (Futschek and Dagiene, 2009)).

In analogy with research in the area of classic literacy the activities in each module are embedded
in meaningful, enjoyable experiences. The goal is to familiarize children and school students with
Al topics while they experience motivational, interesting and inspirational activities (Johnson, [2005;
Stickland, [1998}; Snow et al.,|1998)). The following sections provide an overview of contents, structure
and goals of each module.

Kindergarten and Primary School

Research in the area of classic literacy shows that it is essential to start to learn basic reading/writing
skills at an early stage (Myberg, 2007;|Genlott and Gronlund, 2013)). Furthermore, studies show that it
is important that children gather experiences with books in order to make connections between printed
and spoken word (Denton and West, 2002). In order to develop Al literacy it is crucial as well to a)
familiarize children with the basic concepts of Al/computer science as early as possible and b) to let
children discover the connection between applications (which use Al) and the underlying concepts.

The idea behind this module is to introduce kindergarten and primary school children (aged between
four and eight years) to the core Al/computer science topics in a playful way by breaking down
complex contents in an age-appropriate fashion (Virnes and Sutinen, 2009; Bers|, |2007)) (according to
stage 1 (see Figure[3.4) defined in Section[3.3.1].

Respecting pedagogical and didactical aspects and based on the experiences gained from the cross-
generational educational project described in Section[3.2]we developed different hands-on units where
children can actively participate and explore Al/computer science topics (Frangou et al., 2008). We
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applied methods of discovery- and inquiry-learning (Altin and Pedaste| [2013; Mayer, [2004)), the tech-
nique of storytelling (Bers, 2008;|Masemann and Messer, [2009; |Westlund and Breazeal, [2015) as well
as the principles of educational robotics (Romero et al., 2012; |Alimisis, 2009) and computer science
unplugged (Bell et al, [1998). In this context we used different learning tools (robotics platforms
like Bee-Bots (Pekarova, |[2008), LEGO Mindstorms NXT (Kim and Jeon, |2007) and Cubelets (Correll
et al.,[2014) robotics kits, but also non-robotics material like standard LEGO bricks).

Following Al/computer science topics are covered in several hands-on units (Kandlhofer et al.,
2015)) (see section for a short description of each unit).

¢ graphs and data structures
* sorting algorithms
¢ problem solving by search

The hands-on units can be combined modularly, depending on how this module is being imple-
mented in kindergarten/primary schools (Section [3.3.2]describes the pilot implementation).

Middle School

Looking at reading/writing literacy in later years of education, the focus of teaching shifts more
towards supporting children to develop independent reasoning and comprehension skills. Children
should be encouraged to analyze different topics, formulate questions and organize written answers
by giving them challenging tasks (Neuman et al.,|2000; NAEYC, 2013)).

Applying this knowledge to our Al literacy approach, in this module school students (aged between
eleven and thirteen years) take a first look at the theory behind certain Al topics and apply this knowl-
edge afterwards in a practical group project encouraging them to analyze and work independently on
solving a specific problem (stage 2 of Al literacy development (see Figure [3.4) defined in Section
[3.3.1). Hence, this module comprises theoretical and hands-on elements based on principles of con-
structionism and instructionism (Papert, [1993a; Johnson, 2005) applying project-based, collaborative
learning and problem-solving methods (Altin and Pedastel, 2013)). Learning tools used in this mod-
ule are the educational robotics platform LEGO Mindstorms NXT as well as paper-and-pencil and
computer science unplugged exercises.

The module fosters core Al topics, in particular graphs and data structures as well as problem
solving by search. Furthermore, it introduces the concept of intelligent agents. After completing this
module school students should have a basic idea of fundamental data structures and search algorithms
and understand the connection between those Al techniques and common applications which
use Al (e.g. Google Maps). Basically the module is structured as follows:

* raising a guiding research question
* motivation, raising awareness for the topics
* introducing school students to graphs/trees and data structures (stack, queue)

* introducing students to search algorithms, in particular depth-first (DFS) and breadth-first
search (BFS)

e familiarizing students with intelligent agents
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* evaluating, comparing and documenting different search strategies/algorithms (random, wall-
follow, DFS, BES)

This module is designed to be implemented in form of a research week/camp or in form of weekly
courses (Section [3.3.2] describes a pilot implementation). The modular design allows implementa-
tions with different levels of complexity and difficulty (e.g. for school students with or without prior
knowledge in Al/robotics/computer science).

High School

In this phase reading/writing abilities are fortified based on already existing knowledge, certain topics
are explored in depth and new topics are introduced (Bereiter, [1980). According to this development
and in line with our Al literacy concept (stage 3 (see Figure[3.4) as described in Section[3.3.1)) the goal
of this module is to foster core Al topics by exploring them in a detailed way, introducing advanced
Al topics as well as to foster the ability to acquire and apply Al topics independently.

Based on principles of constructionism and constructivism (Papert and Harel, 1991} |Alimisis), 2009))
school students (aged between 15 and 18 years) actively participate in the learning process. Activi-
ties include paper-and-pencil/programming exercises, robot constructions, discussions, group works
and home-assignments by applying inquiry- and collaborative learning and problem-solving methods
(Altin and Pedastel, [2013)).

After completing this module school students should be familiar with all topics of Al literacy as
defined in Section[3.3.1] The following list provides an overview of the topics and the structure (units)
of this module (Burgsteiner et al.,[2016c; Russell and Norvig, [2009; |Burgsteiner, 2016):

* Introduction: Students are introduced to the Al topic by first discussing the requirements for
“intelligence’, by discussing how students would define ’artificial intelligence’ as well as by
introducing and discussing the Turing test (Shieber, 2004} Burgsteiner et al.,[2016c}; Burgsteiner,
2016).

* Automata: Automata are a good and illustrative way to introduce the process of modelling
(describing) systems and behaviors. Furthermore, automata play an important role in research
(e.g. model diagnosis, automated testing, ...) and in various other applications. Topics and
questions which are addressed: What is a state? How can an automaton transfer from one state
to another state? Which different types of automata (deterministic, non-deterministic, timed,
input/output) can be distinguished? (Burgsteiner et al., 2016c¢; Burgsteiner, [2016))

* Intelligent agents: After learning about states and state transitions students are introduced to
basic structures of agents (i.e. addressing the question of how intelligent behavior could be
internally organized and represented). Furthermore, students are introduced to the different
types of agents (simple reflex agents, model-based reflex agents, goal-based agents, utility-
based agents, learning agents). The concept of intelligent agents combines a wide range of Al
topics and it is well suited to explain the modelling process of making and executing decisions
(Burgsteiner et al., [2016c; Burgsteiner, 2016).

* Data structures, graphs, problems: Basic data structures like stack and queue as well as basics
of computer science (control statements, paradigms, data representation, sorting algorithms)
are presented and discussed (partly already addressed in the previous units). Based on this
knowledge students are introduced to more advanced data structures like graphs and trees (as
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these form the basis for solving problems in Al). Another focus is the definition of a problem
in the context of Al (states, set of actions, transition model, goal test, cost function) since this
forms the basis for any task in Al and computer science (Burgsteiner et al., [ 2016c¢; Burgsteiner,
2016).

* Problem solving by search: After repeating and discussing how problems in Al can be mapped
to graphs, students are introduced to the fundamental search algorithms breadth-first search
(BFS), depth-first search (DFS) and A*-search (explaining theory behind, group discussion,
paper-and pencil exercises, programming exercises). Solving problems by search is an essential
concept in Al and computer science and one of the main emphases of Al literacy with a wide
range of different applications (CSP, SAT solving, ...) (Burgsteiner et al., 2016c; Burgsteiner,
2016).

* Classic planning and logic: In this unit students are introduced to logic and general planning
algorithms. The goal is that students get a basic sense for the topic and that they are then
able to apply algorithmic problem solving strategies. The main topics addressed are logical
operators, propositional logic, first-order logic, logical reasoning, modeling problems, making
decisions and plans, evaluating plans, forward and backward search algorithms (theoretical
input, discussion, paper-and-pencil exercises) (Burgsteiner et al., 2016c¢; Burgsteiner;, [2016).

e Machine learning: The final unit first deals with discussing principles of machine learning
(dynamic knowledge base, learning strategies expanding this knowledge base, unsupervised
and supervised learning). Students are then introduced to selected machine learning algorithms
(reinforcement learning (Sutton and Barto, [1998)), logic-based inference (Levesquel [1986)), de-
cision trees (Quinlanl|1986)), neural networks (Graupe, 2013)). The selection of approaches dis-
cussed is based on the question which machine learning algorithms could be useful in robotics,
in particular in junior robotics competitions (e.g. RoboCupJunior) (Burgsteiner et al., [2016c}
Burgsteiner, 2016).

Due to its extensive content this module is designed to be implemented on a weekly basis (e.g. as
an optional subject with one or two hours per week; see Section for a pilot implementation).
Further details on the concept and topics of this module can be found in [Burgsteiner et al.| (2016b)),
Burgsteiner (2016) respectively.

University

In order to follow our analogy to reading/writing literacy, at university level we aim at a more fun-
damental understanding of the topics and the enabling of further developments in the field (stage
4 in the Al literacy development (see Figure [3.4) defined in Section [3.3.1). The former aims at the
educational aspect in order to develop a professional career. In the context of writing and reading
people will use the written language as a core component of their profession. For instance, at univer-
sity level people are educated to become teachers, journalists or translators. In order to do so a sound
understanding of the concepts and models behind but also methods as well as the properties of all of
them are needed.

In the context of Al that means the capability to describe problems formally and precisely and
on a much higher abstraction level. Moreover, also the understanding of properties of problems and
the relation and the mapping of different problems is important because it allows to reuse powerful
solving methods. Finally, the knowledge about properties of problems such as complexity are relevant
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in the context of AL The latter aims at research where fundamental questions are raised that research
tries to answer in order to better understand the own field (i.e. better models) or do extend the portfolio
of applicable methods. This endeavor can be related to reading/writing with a strong connection to
language as well as Al (as part of computer science).

The university module consists of course-based education in the area of theory of computation and
Al based on classical textbooks by Russell and Norvig (2009); |Sipser| (2012). In order to support a
better learning we are following the idea of constructionism and use demonstrative hands-on exercises.

3.3.2. Implementations

Based on our Al education concept we developed, conducted and evaluated proof-of-concept im-
plementations for each of the modules described in the previous sections. The subsequent sections
describe the pilot implementations while the evaluation methodology and results for each module can
be found in Section [4.3.2] of Chapter ]

Module 1 - Kindergarten

The first module was implemented in a kindergarten in terms of a scientific project day based on the
same principles as the project day described in Section [3.2] (Kandlhofer et al., 2015| 2014). Different
units dealing with Al/computer science topics were developed and carried out on separate hands-on
areas. According to the concept of peer teaching (Whitman and Jonathan, |1988]) students of the school
for kindergarten pedagogy hosted and explained the units to the kindergarten children accompanying
them through their way of discovering and experiencing. In preparation for their tasks, school students
attended several workshops at university where they were introduced to the principles and concepts of
Al computer science and robotics. Furthermore, they were also actively involved in the development
of age-appropriate activities for each unit. The following list provides an overview of the different
activities, categorized by Al/computer science topics.

 graphs and data structures: programming a Bee-Bot to traverse a graph in order to find a way
out of a maze (see Figure[3.5d); navigating a human-robot’ through a maze (traversing a graph;
one child acts as *programmer’, another child acts as 'robot’);

* sorting algorithms: sorting LEGO bricks according to the bubble sort algorithm (see Figure
[3.3k); children line up in a row and afterwards sort themselves according to their age applying
the bubble sort algorithm;

* problem solving by search: children have to traverse a graph from the root (nodes and edges
are taped on the floor) to a certain node (where a ’treasure-box’ is located): to demonstrate
uninformed search, children wear a special helmet were they can only see the next edge of the
graph (see Figure [3.5p,b); children ’programme’ a LEGO Mindstorms robot to find a treasure
box (traversing a graph from the start node to the goal node): the *programming’ is carried out
by putting colored stripes in front of the robot’s color sensors (blue - turn right, yellow - turn
left, green - move forward to next node);

In sum 24 kindergarten children (average age 5 years; 54% female, 46% male) and 10 school stu-
dents for kindergarten pedagogy (average age 16 years; all female) participated. Figure[3.5]exemplary
shows hands-on activities carried out during the pilot implementation.
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(a) children traverse (b) drawing of a (c) children applying the bub- (d) graphs and problem solving by
a graph (with helmet) child describing the ble sort algorithm to sort LEGO search using the Bee-Bot
to introduce them to blind search (’hel- bricks

uninformed search (the met’) activity sev-

goal is to find the ’treasure eral days afterwards

box’ node)

Figure 3.5.: Kindergarten children and school students for kindergarten pedagogy discovering Al top-

1CS

Module 2 - Middle School

This module was implemented in form of a summer research week (three days, six hours per day)
for middle school students at the university’s robotics lab. Basically we followed the structure as

described in Section[3.3.1] The following list provides an overview of the tasks and activities.

* Raising a guiding research question: What does Al have to do with graphs, algorithms, and
Google Maps?

* Motivation, raising awareness for the topics: Students had to navigate to a given location on the
university campus using Google Maps as well as a conventional map.

» Graphs/trees and data structures (stack, queue): After providing a short theoretical expla-
nation, students were familiarized with the concept of stack/queue by applying educational
games/unplugged exercises (e.g. stacking books, queueing toy cars on a one-way road), group
discussions (e.g. What is a tree in computer science and how can problems be mapped to
graphs/trees ?), paper-and-pencil exercises (e.g. given the graphical representation of a maze,
construct the corresponding graph) and programming exercises (e.g. implementing the push()
and pop() operations in a given software framework).

* Introduction to search algorithms (depth-first (DFS), breadth-first search (BFS)): After an in-
troduction to the theoretical basics of DFS and BFS students completed several paper-and-
pencil exercises (investigating both algorithms by following pseudo-code steps given a simpli-
fied graph). This unit concluded with a group discussion regarding differences and advantages
of those basic search algorithms.

* Intelligent agents: Following a short introduction to the different types of intelligent agents
(simple reflex, model-based reflex, goal-based) students’ task was to construct a robot equipped
with light-, color- and RFID-sensors (using LEGO Mindstorms). This robot was finally used to
accomplish the subsequent task:
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* Autonomous maze-exploring robot: Students had to programme their robots to explore a small
maze (= graph; finding the exit = goal node) by applying different search strategies/algorithms
(random search, wall-follow search, depth-first search). The maze consisted of lines of black
tape (= edges of the graph) whereas intersection points (= nodes of the graph) were uniquely
identified with RFID tags. Students had to evaluate, compare and document their findings for
each search algorithm (also see Figure 3.6). The summer research week concluded with a
presentation of students’ achievements and findings.

In sum 24 school students (8% female, 92% male) with an average age of 12 years participated.
Participants were familiar with the graphical LEGO programming language but had no prior knowl-
edge in Al Since most of the students were not familiar with text-based programming we also gave an
introduction to NXC (C based programming language for LEGO Mindstorms robots (NXC, 2016)).
Furthermore, we provided students with a framework where all basic robot functionalities (sensor
reading, motor control, ...) were already implemented. Therefore students could focus on imple-
menting and testing different search strategies (random, wall-follow, depth-first search). Due to lack
of time we decided to introduce students to the topics breadth-first search, and queue by unplugged
exercises rather than implementing those concepts in NXC. To foster teamwork, students worked in
pairs. Respecting students’ attention span those technical sessions were embedded in various other
activities (games, sports, short soldering exercises, ...). Figure [3.6 provides exemplary pictures of
this pilot implementation.

N START
w E
B— ® g
(a) introduction to search algorithms us- (b) introduction to in- (c) programming the robot to explore
ing simplified graphs (paper-and-pencil, un- telligent agents (LEGO a maze (applying different search algo-
plugged) robot equipped with rithms)

Sensors)

Figure 3.6.: Middle school students implementing and testing different search algorithms for a given
graph.

Module 3 - High School

We conducted this pilot implementation as an elective course at a representative high school which
integrates robotics in the regular curriculum. The course was held weekly by university researchers
and comprised seven teaching units. In sum nine high school students with an average age of 16.5
years (1 female, 8 male) voluntarily participated. They all had prior knowledge in robotics (also in
terms of participating in junior robotics competitions) but none in Al In general we followed the
structure defined in Section[3.3.1k
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* introduction: group discussion (e.g. requirements of intelligence, Turing test, .. .); (Burgsteiner
et al.,[2016¢} |Burgsteiner, 2016)

* automata: e.g. defining a finite state machine representing the simplified control of a vending
machine and students’ competition robots; (Burgsteiner et al., 2016c; Burgsteiner, 2016)

* intelligent agents: e.g. building Braitenberg vehicles (Braitenberg| [1984) using LEGO Mind-
storms NXT robotics kits; (Burgsteiner et al., 2016c; Burgsteiner, [2016)

 graphs, data structures, problems in Al: e.g. programming a robot to explore a small maze
and building the corresponding graph; discussing the well-known vacuum world example from
Russell and Norvig|(2009); (Burgsteiner et al., 2016c; Burgsteiner, |2016])

* problem solving by search: theoretical input, including group discussion; different classroom
stations where students have to find out how BFS, DFS and A* work (paper-and-pencil ex-
ercises; also see Figure [3.7); discussing the Romanian street map example from Russell and
Norvig (2009) and implementing the A* algorithm in C#; (Burgsteiner et al., 2016c; [Burg-
steiner, [2016)

* classic planning and logic: e.g. demonstrating first-order logic by discussing the King Richard
example from [Russell and Norvig| (2009); solving a planning problem (’block world”) with
given initial-/goal-state and actions with pre-/post-condition: in order to simulate the ’com-
puter’s view’ on this problem and to block out students’ common sense the whole problem
domain is masked (e.g. substituting the goal state Have(Bananas) as Eahv(Nnaaabs)); (Burg-
steiner et al., 2016c}; |Burgsteiner, 2016)

* machine learning: presenting the theory behind and showing animations/short videos of the
different machine learning approaches; discussing which algorithms would be most suitable for
students’ junior robotics competition robots; (Burgsteiner et al., 2016c; Burgsteiner, [2016))

Some contents were slightly adapted and put in context with students’ background and knowledge
in robotics and junior robotics competitions (e.g. using search algorithms to improve the performance
of students’ competition robots). Further details on the implementation of this module can be found
in Burgsteiner et al.[|(2016b), [Burgsteiner| (2016) respectively. Figure shows, as an example, high
school students researching different search algorithms based on a given graph.

Module 4 - University

At university level we have conducted a course on basic Al techniques at the bachelor level for several
years. Besides topics such as logic or CSP (constraint satisfaction problem) we focused on the abstract
description of dynamic systems like robots in order to allow to plan for this systems or to reason about.
For this we use the situation calculus (Reiter, 2001). The advantage of this representation is that it has
a strong theoretical foundation based on first order logic and leads to elegant descriptions. Moreover,
there is the language Golog which is based on the calculus and can directly be used to program agents.
The problem of the language and its interpreter is that the theory is quite complex and the tools are
very clumsy and counterintuitive. Therefore, in the early stage many students failed in finishing their
practical assignment. The two main reasons for that was the Golog interpreter that has no clear syntax
and the results of a program run was just printed to a text console.

In order to overcome these problems we developed the new program language YAGI (Yet Another
Golog Interpreter) that is still based on the concept of the situation calculus but has a clearly defined
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Figure 3.7.: High school students researching the DFS, BFS and A* search algorithm (understanding
the algorithm by analyzing source code based on the given graph) (]Burgsteinerl, |2016|)

syntax and semantics and is closer to common programming languages such as C++
[Ferrein et al.,[2015). Moreover, we developed the general simulation environment ASRAEL (Abstract
Simulator for Research and Education in AI) which is based on the game engine Unity
land Murphy} 2007). It allows to control an agent in different environments via a simple socket-based
interface. We developed different environments such as the classical wumpus world
2003)) or a service robot in a kitchen (see Figure[3.8). The simulation can be easily hooked up
with different Al systems and allows an appealing and motivating visualization of students’ solutions.

Figure 3.8.: ASRAEL simulation of a service robot in a kitchen (university module).
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3.4. Conclusion

Addressing research question Qaz (Chapter |1} Section this chapter described the methodology
(learning methods, goals, structure, content) and proof-of-concept implementations of two innovative
educational intervention concepts. Those intervention concepts dealt with the major challenges and
open issues regarding educational robotics as a learning tool (research question Qa;) and education in
Al at different educational levels (research question Qa;) (as discussed in Chapter |2} Section as
well as in Section [3.1)).

Science and technology are developing rapidly. In order prepare children for this development it is
important to familiarize them already in kindergarten with science and technology in a playful way. In
doing so, the first part of this chapter presented a novel approach for integrating educational robotics
in kindergartens. The cross-generational, cross-institutional educational robotics concept combined
different robotics platforms and different hands-on activities in order to introduce kindergarten chil-
dren, school students as well as senior citizens to robotics and computer science. A pilot project was
conducted and empirically evaluated. Overall results of an analyses indicate that the defined goals
were achieved (for evaluation details see Chapter[d] Sectiond.3.1).

Based on the findings and experiences gained from this cross-generational educational robotics
concept an advanced Al education concept was developed. Al already plays a major role in our daily
life. Profound knowledge about Al and the principles of computer science will be of vast importance
for future careers in science and engineering since jobs will largely be related to Al (smart production,
internet of things, autonomous driving, robotics, ...). Nevertheless, teaching fundamental topics of
Al and computer science at school or pre-school level hardly exists at the moment. Therefore, in
the second part of this chapter an innovative approach of fostering Al literacy by using an analogy
with the development of reading/writing literacy was presented. In order to achieve this goal the Al
education concept comprises modules for different age groups on different educational levels (kinder-
garten/primary school, middle school, high school, university). Relevant Al literacy topics, content
and structure as well as learning techniques and tools were described. Four proof-of-concept projects
were conducted and empirically evaluated focusing on kindergarten, middle school, high school and
university. Evaluation results of those pilot implementations for each module indicate that the pro-
posed Al education concept aiming at fostering Al literacy works (for evaluation details see Chapter

M Section[4.3.2).

The intervention concepts and the pilot implementations presented in this chapter have some lim-
itations and shortcomings and further steps need to be taken. By now no proof-of-concept project
was implemented in a primary school (regarding the Al education concept). Therefore, there is no
data whether the activities developed for this age group and educational level would work or not. In
this context an additional module focusing on primary school children aged between eight and ten
years of age has to be implemented and evaluated. The content and topics for middle school students
turned out to be too extensive for the short time available. Therefore, this module has to be adapted
and could be implemented as part of an elective course in a representative middle school. It has also
to be stated that the applied approach of using an analogy with the development of reading/writing
literacy (regarding the Al education concept) is only one possibility. Analogies with other literacies
(mathematics, science, ...) might be conceivable as well.

Results and lessons learned from the first proof-of-concept projects form the basis to adapt, im-
prove and extend the intervention concepts, pursuing the long-term goals of establishing science and
technology in early years of education and, furthermore, fostering Al literacy.
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The next chapter presents a comprehensive empirical evaluation concept (design, methodology,
instruments, results) to investigate the impact of educational robotics (education in AI). The next
chapter also describes methods, results and limitations of the evaluations conducted in the course
of the proof-of-concept implementations of the educational intervention concepts presented in this
chapter.
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Empirical Evaluation

Educational robotics has gained increased importance over the last decades. Using robots as a vehicle
to interest young people in science and technology and in addition to improve their technical- and
social-skills has become a widespread approach in various countries worldwide (TOE, |2013}; |Kandl-
hofer et al.|[2014; Lammer et al.,|2016a)). Besides robotics competitions a number of other educational
projects and cross-cultural initiatives aim to encourage young people to get involved in science and
technology by applying a project-oriented educational robotics approach.

As the review of literature in Chapter 2] revealed one can observe a predominantly positive feed-
back as well as various stories of success and anecdotes regarding the positive impact of educational
robotics. There is the subjective impression by students, teachers, mentors and researchers that this
educational approach works well. Although such descriptions are important and provide indications
of the powerful potential of educational robotics, it is crucial as well to provide valid information
and verifiable data to prove its effectiveness and positive impact. The necessity and importance of a
systematic evaluation is stressed in current literature (Barker et al.,[2012a). As stated by [Cole| (2012)
there is also a need for investigating the long-term effects of such pedagogical approaches on students’
ways through school, college and later careers but relatively few studies investigate this issue (Stubbs
et al., 2012). |/Alimisis| (2013) stresses that the impact of the educational robotics approach "needs to
be validated through research evidence" (p. 68). Nevertheless, relatively few studies investigate this
issue resulting in a lack of systematic empirical evaluations. There is a need for quantitative studies
applying a standardized evaluation methodology and a reliable experimental design. Furthermore,
hardly any studies exist which focus on the investigation of the impact in terms of the change or im-
provement of technical- and soft-skills as well as science related attitudes and interests of involved
students in an empirical way, covering a wider region, an extended period of time, different age groups
and a broad population. (Alimisis|, 2013}; [Barreto and Benitti, 2012} Stubbs et al., 2012; |Bredenfeld
et al., 2010; Kandlhofer and Steinbauer, 2013)).

In order to address these challenges we developed a comprehensive evaluation concept applying a
mixed methods research approach (Johnson and Onwuegbuziel [2004) which comprises both qualita-
tive and quantitative research methods (Kandlhofer and Steinbauer, 2016).

This chapter describes the design and implementation of the entire evaluation concept. Section [2.4]
of Chapter [2] already discussed related literature and the theoretical background of empirical eval-
uation methods as well as particular evaluations and studies conducted in the area of educational
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robotics. The next section states the relevant main research questions and presents the overall evalua-
tion concept and its components. Sections[d.2] 4.3]and .4]describe methodology, instrumentation and
implementation of each evaluation component and presents evaluation results and findings. Finally,
Section [4.5|summarizes the results and discusses conclusions, shortcomings and potential future work
in the context of a comprehensive empirical evaluation of the impact of educational robotics (educa-
tion in Al, respectively).

4.1. Research Questions and Evaluation Concept

The main purpose of the evaluation concept is to gather valid empirical data and verifiable, solid
information regarding the effectiveness as well as the impact of the educational robotics approach on
school students of different age. Therefore, the evaluation concept addresses the following detailed
research questions (as stated in Chapter [T} research questions Qa; - Qa3 have already been addressed
in Chapter [3):

e Qby: What are the motivational factors and inherent values of educational robotics and, fur-
thermore, what is the long-term effect of the involvement in educational robotics activities on
the individual career development of school students?

* Qby: Are the novel educational intervention concepts (cross-generational educational robotics
/ education in Al) working as expected?

* Qbs: Is there a difference/change in the outcome (compared between before and after par-
ticipating in educational robotics activities) in terms of technical skills, social aspects and soft
skills and science-related attitudes and interests between school students participating in educa-
tional robotics activities compared to school students not participating in educational robotics
activities?

— Qbs.1: Is there a difference/change in the outcome (compared between before and after
participating in educational robotics activities) in terms of technical skills, social aspects
and personal interests between young students (up to the age of 12) participating in ed-
ucational robotics activities compared to young students not participating in educational
robotics activities?

— Qbs.2: How do students intending to participate in educational robotics activities differ
from students not intending to participate in educational robotics activities in terms of
technical skills, social aspects and soft skills, science related attitudes, career and per-
sonal interests as well as attitudes towards their teacher?

In order to deal with those research questions we developed an evaluation concept which relies on
a proven, well-grounded methodology respecting general rules of designing evaluations for specific
educational programs as discussed in Chapter [2] Section (Stubbs et al., 2012). Complexity and
diversity of the research questions require the use of a broad range of different empirical research
techniques and instruments. Therefore, applying a mixed methods research approach, the evaluation
concept comprises both qualitative and quantitative research techniques (Johnson and Onwuegbuzie,
2004; Diekmann, [2007; Newman and Benz, [1998)). The overall concept is structured as follows (in
addition, Figure .| schematically depicts the structure):

* qualitative pre-study addressing research question Qb
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* qualitative/quantitative evaluation of educational intervention concepts (as described in Chapter
B) addressing research question Qb

* quantitative main study addressing research questions Qb3 and sub-questions Qb3 | and Qb3

evaluation concept

4 = ™

pre-study (qualitative) main study (quantitative)
* motivational factors * technical skills
* individual careers and role » science related attitudes
models and interests

evaluation of v sl s seieldl

. .  distinctive features

mteryentmn cor_lcepts » demographic background
(qualitative, quantitative)

» proof-of-concept

Figure 4.1.: Structure/pillars of the evaluation concept addressing research questions Qb - Qbs

4.2. Qualitative Pre-Study

As a first step in pursuing the goal of conducting a comprehensive empirical evaluation on the impact
of educational robotics on young people a qualitative study has been carried out (research question
Qb (Section [A.1)). Therefore, within the scope of this study we aimed at identifying the motiva-
tional factors inherent to the educational robotics approach and, furthermore, at the extraction of role
models and later careers (long-term aspect) of young people who participated in educational robotics
activities. This was accomplished by means of investigating careers and stories of former participants
of junior robotics competitions, in particular RoboCupJunior (RCJ) (Kandlhofer et al., 2012), (Kan-
dlhofer et al., |2012). The project-based international RCJ initiative has a strong focus on education.
School- and undergraduate students up to the age of nineteen are encouraged to get involved in science
and engineering. The goal is to improve technical and social skills, to foster teamwork and creativ-
ity, as well as to promote international contacts and knowledge exchange (Eguchi et al., 2012)). For
this pre-study RCJ was chosen due to its long-standing tradition and its big number of participants in
the annual national and international competitions as well its well established structures in Austria (a
more detailed description of the RoboCuplJunior initiative can be found in Chapter 2] Section [2.1.T).

Relatively few studies investigate the effect of robotics programs on students’ later careers (Stubbs
et al., [2012)). Furthermore, most of the available studies seem to look for a proof that a certain edu-
cational robotics activity or initiative is successful. Within the scope of this pre-study we applied a
different approach. We have decided to regard the perspective that (in this particular case) RCJ as an
educational robotics initiative, is successful as a fact, and instead look for the reasons why this is and
what the motivational factors (so called ’hooks’) behind this initiative are. We see that RCJ fosters
not only technical skills, but also management, communication and social skills. Students learn how
to handle larger projects, how to work in teams and how to deal with conflicts. We also see how
participating in RCJ increases students’ self-confidence. Our goal is to find out the reasons for why
this is the case and what long-term effect this participation has on students’ future careers.
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Semi-structured qualitative interviews formed the basis of that evaluation (Wengraf, 2001; Hove
and Anda, |2005). We have conducted nine interviews with former RCJ participants. The main goal
was to get the stories of their "RCJ careers’ and to find out if their participation in this competition
have had any effect on their future development. Especially we wanted to find out if their involvement
in this educational robotics activity has raised their interest in technology in general or a technical
career in particular. The findings and results as well as the gained expertise and lessons learned
from conducting the pre-study formed the basis of the evaluation of intervention concepts (addressing
research question Qb»; Section [4.3) as well as for the development of the quantitative main study
(addressing research question Qbs; Section @

4.2.1. Methodology

Similar evaluations have also been done in other scientific fields such as sociology, economy, medicine
and education in general (e.g. [UNICEF (2008)), |Orpinas et al.| (2000), Severson et al.| (1997) and
Epp| (2008)). In these fields there already exists a large amount of knowledge regarding empirical
research methods (Borrego et al., 2009; |Flick et al., 2004). Therefore, methods applied in those studies
and areas were adapted and used for our evaluation attempt. For this pre-study we have conducted
nine semi-structured qualitative interviews (Wengraf], 2001)) with former RCJ participants. Qualitative
research methods have their origin in the field of sociology and anthropology. Conducting interviews
is one specific qualitative research technique which is frequently used in the area of psychology,
educational science but also empirical software engineering (e.g. conducting case studies). Though,
qualitative interviews are rarely used in the field of robotics. Preparing and analyzing semi-structured
interviews is a very time consuming and resource demanding data collection technique. However,
qualitative interviews provide additional verbal and non-verbal information that could not be obtained
by using quantitative methods (for instance, feelings, opinions, moods, facial expressions, discussions,
narratives, ...). Furthermore, the open-ended nature provides the interviewer with the possibility to
improvise, e.g. by reacting to the interviewee, adding additional questions or delving deeper into
certain topics (Hove and Anda, [2005} |Stubbs et al., 2012).

The main goal of this qualitative evaluation was to investigate former participants’ stories of their
"RCIJ careers’ and to find out if their participation in RCJ have had any long-term effect on their ca-
reers after that. As described by [Flick et al.| (2004) a list of specific predefined questions acted as a
guideline to ensure that important topics were covered during the interview. We put a lot of effort
into formulating these questions in an open, none-directional way. The open-ended questions, such
as Do you remember some person, some situation or some activity especially? And why? not only
allowed the discovery of unforeseen information but also enabled the interviewer to deviate from the
predefined guideline. Beforehand, interviewees were informed about the general purpose of the in-
terview. The reason for only stating the purpose of the interview at the beginning without providing
further information was to avoid influencing or steering the interviewees in a specific direction. Inter-
viewees were also asked to sign an informed consent stating that all collected data were to be treated
confidentially, personal information was to be made anonymous and specific statements and stories
were to be omitted in future publications and presentations of this data (the latter on request). The
informed consent can be found in appendix [A.T] (signed consents available upon request). For later
analysis all interviews were recorded. As described by |Flick et al.| (2004) various different methods
for analyzing semi-structured qualitative interviews exist. Our approach was to transcribe and after-
wards qualitatively analyse the interviews by means of a content analysis in order to identify patterns
for RCJ inherent values (Neuendorf, 2002)).
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Instrumentation

From talking to former RCJ mentors as well as teachers we listed twelve specific questions and several
sub-questions to be used if the interviewees not themselves came to talk about all topics we wanted
information about. The first questions covered overall information (current educational program, po-
tential work status, background information, ...) as well as information about the first contact with
RCJ (when, how, by whom, ...). The second part dealt with questions about the specific activities
the interviewee had taken part in, the preparations for a RCJ competition and the competition itself
(success, team-members, ...). The third part of the interview encompassed questions regarding pos-
itive and negative memories, remarkable situations and/or specific remembered persons during the
interviewee’s RCJ career. In addition, two specific questions were formulated: What did you learn?
and Has RCJ affected somehow what you do today? We are aware that the two last questions can be
seen as too directional. As mentioned in the previous section we wanted to be complete open with our
aims in order to allow the discovering of unforeseen information and new insights. After discussing
this issue extensively we finally agreed on asking these additional questions only in case the respon-
dents did not already answer them during the interview. Following the entire structure of the applied
research instrument.
1. What are you working/studying/doing today?
a) How do you like that?

b) How did it happen that you are doing that today? What is your educational/working story
to where you are today?

2. When were you first introduced to RoboCupJunior?
a) What was your impression and what did you know of robots before then?

b) How were you introduced to RoboCupJunior (e.g. school introduction course by RoboCupJu-
nior regional center, teachers in school, ...)?

3. What RoboCupJunior activities did you then take part in?
a) Did that change your impression/knowledge of robots? And how?
4. What is your overall memory of all your RoboCupJunior activities?
a) What did you learn?
5. Do you remember you first RoboCupJunior class?
a) What was your experience then?
b) Did you like everything about it? Or was it something you did not like?
¢) What did you like?
d) Do you remember the teacher? Why? What do you remember?
e) Do you remember some situation or some activity especially? And why?
6. You then choose to continue with RoboCupJunior, why did you do that?

7. From your further RoboCupJunior training, do you remember some person, some situation or
some activity especially? And why?

8. How do you remember the training you did for the competition?
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a) What did you do?
b) What was hard? And what was not so hard?
¢) How much time did it take?
d) What was fun about it? Was there something that was not so fun?
e) Was everyone in the team involved?
f) Are you in contact with the others today?
g) Do you know what they do?
h) What was their impression you think?
9. And then the actual competition, what is your story there?
a) Where was it? How did you get there?
b) How far in the competition did you get?
¢) Did everything work out as it was supposed to?
d) What was fun about it? Was there something that was not so fun?
e) Would everyone in the team tell the same story you think?
10. Do you have some bad memories (other than the ones you have already mentioned)?
11. Do you have some good memories (other than the ones you have already mentioned)?

12. Is it possible to say that your RoboCupJunior activities have affected you long-term somehow?
Have they affected somehow what you do today?

Participants

In order to examine a longer period of time only participants who took part in a RCJ competition
before 2009 were contacted. To find such RCJ participants we browsed lists of past national compe-
titions, contacted former teachers, and as well asked schools and organizers of past RCJ events for
their help. The people we ended up interviewing in turn provided us with contact information of their
former team-mates. It should also be mentioned that all interviewees were immediately willing to
participate in this study. The interviews took place between December 2011 and April 2012.

We interviewed nine former RCJ participants (two women, seven men). Five attended the same
gymnasium in Graz (hereinafter referred to as Gymnasium Grazl), one a different gymnasium, also
in Graz (Gymnasium Graz2), two a polytechnic high-school in Styria (Polytechnic Styria) and one a
polytechnic high-school in Lower Austria (Polytechnic Lower Austria). At the time of the interviews
two of the participants were studying Telematics at Graz University of Technology (TUG) (in 4th
semester), two Software Development and Business Management at TUG (4th and 6th semester), one
Software Information Engineering at Vienna University of Technology (4th semester), one Electrical
and Audio Engineering at University of Music and Performing Arts Graz/TUG (6th semester), one
Geomatics Engineering at TUG (4th semester) and two were studying Informatics at TUG (4th, 2nd
semester). The nine interviewees were part of five different teams that participated in various national
and international competitions from 2008 to 2011. Subsequently we provide a brief introduction of
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the interviewees and their relationship. In order to ensure anonymity we are using fictive names for
both members and teams.

Johanna, Martin and Roland who all attended Gymnasium Grazl, were studying at TUG at the
time of the interview. During their RCJ time (2008-2011) they were always part of the same soccer-
team (Team II). Verena and Simon attended Polytechnic Styria and were studying at TUG as well.
At the first competition in 2008 their team (Team III) participated in RCJ Rescue. For the 2009
competition they decided to build their own robot from scratch to compete in RCJ Soccer. Members
of Team II and Team III know each other from former RCJ competitions. Johanna provided us with
contact information to Martin, Roland, Verena and Simon. Patrick and Walter attended Gymnasium
Grazl and were studying at TUG at the time of the interview. Their team (Team I) took part in four
different national and international competitions from 2008 to 2009 (RCJ Soccer). Although they
attended the same school like Johanna, Martin and Roland they don’t know each other. Together with
one friend, Christian (Gymnasium Graz2, studied at TUG as well) formed Team IV. From 2008 to
2010 they competed in RCJ Rescue. There was no relationship between Christian and the other eight
interviewees. Finally, Samuel took part in various competitions (RCJ Dance) between 2009 and 2010
where he always acted as team captain. He attended Polytechnic Lower Austria and was studying
at Vienna University of Technology at the time of the interview. Again, there was no relationship
to other interviewees. Figure {.2]outlines interviewees and their relationships, their former RCJ team
and school, as well as date and place of the competitions and disciplines they participated in (note: the
numbering of teams has no significance). Each circle represents a former RCJ team whereby different
frame colors indicate different schools. Touching circles (Team II and III) indicate that their members
knew each other and/or did courses together at university at the time of the interview. Arrows pointing
from one member to another mean that the "source-member’ provided us with contact details about
the “target-member’.

Team| Team I Team Il Team IV Team V »
Gymnasium Grazl Gymnasium Grazl Polytechnic Styria Gymnasium Graz2  Polytechnic Lower Austria | RC Competitions:
=Austrian Open 2008 (Graz)
Soccer Soccer Rescue, Soccer Rescue Dance

=Austrian Open 2009
(Vienna)
=RoboCup 2009 (Graz)

=Austrian Open 2010

2008

2009 g
I2009 Christian

2008

2008 Joh
2009 2009
I2009 Patfick 2009
£010
2010

Walter

2010
2010

ch)

Villa
=RoboCup 2010 (Singapore)

2009 9
I2009 Samuel

=RoboCup 2011 (Istanbul)

Figure 4.2.: Overview of teams, schools, members, relations, competitions (international and national)
as well as disciplines of former RoboCupJunior participants (qualitative pre-study)

4.2.2. Results

All of the interviewees were technically interested (computer science, mathematics, electronics, physics,
...) even before they got involved in educational robotics by means of RCJ. Nevertheless, six of them
stated that RCJ was at least one deciding reason for choosing their specific study direction at univer-
sity. Except Patrick and Samuel none of the interviewees had comprehensive previous experiences
in the field of robotics. Before getting in contact with RCJ Patrick already had a LEGO Mindstorms
robotics kit and together with a friend he had programmed a chess-robot. Samuel had participated
in the Hexapod robotics competition (FH Hagenberg, 2010) several times before 2008. Simon stated
that he never was very interested in robots before getting involved in RCJ but always enjoyed playing
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with LEGO. Verena explained that a friend of her told stories about his participation in the Hexapod
competition some years before she was introduced to RCJ. Roland only heard about robotics kits
using graphical programming languages but he had no practical experience before his first robotics
introduction course in school. All nine interviewees were initially introduced to the RCJ initiative by
their teachers either by offering optional school subjects and projects or by providing LEGO kits for
designing and programming robots during their leisure time.

After analyzing the recorded interviews (as described in section [4.2.1)) we identified motivational
factors and patterns for RCJ inherent values, which we call the hooks. Those hooks could be grouped

into three major categories, namely "social experience", "engaged community" and "feelings of suc-
cess", which will be described in detail in the following subsections.

Social Experience

To take part in a robotics competition like RCJ means many hours of collaborative work. Decisions
have to be made, tasks have to be distributed and disputes among the team-members have to be settled.
During preparation, the journey to the competition and the actual competition team-members spend
a lot of hours together. However, all of the interviewees expressed their positive memories on this.
Following a representative quote underpinning this statement.

"Although this was a very time-consuming activity it was the right and a good decision to take part in
this robotics activity'[]- Walter

Interviewees also stressed the special atmosphere and the possibility for socializing during the
national and international competitions. Furthermore, competition participants were regarded to be
open-minded and helpful, also in sharing their experiences and technical skills among the teams. Jo-
hanna mentioned how, unlike the various sports competitions in which she participated as well, the
atmosphere at RCJ events is not that competitive, but rather cooperative.

"During school time I also took part in international Judo competitions but I have never seen before
such a strongly developed competitive thinking among participants. At RoboCupJunior it is com-
pletely different, all the helpfulness and cooperativeness.” - Johanna

Patrick enjoyed the long technical discussions with other competitors and the possibility to learn
from each other.
"It’s good to see that there are a many other people who share the same interests. During the
RoboCupJunior competition we learned a lot from other teams." - Patrick

Johanna, Martin and Roland, all members of Team Il (Gymnasium Grazl) reported that they met
every day after school in order to prepare for their first competition. In sum the team took part in six
national and international competitions. In the subsequent years they also voluntarily acted as main
referees for the national RCJ competitions. At the time of the interviews all three members were
studying. They were still friends, met regularly and did common projects together at the university.
Similar stories were told by Patrick and Walter. The former members of Team I were still good friends
and although their third team-mate was studying at ETH Zurich they managed to meet and discuss
their common RCJ experiences several times a year.

Interviewees also mentioned negative memories. For instance, Simon reported various problems
within Team III (communication problems, two members were kicked out, the robot did not work at
the day of the competition). In contrast though, his team-mate Verena, who acted as project leader, did

*All citations were translated to English as all interviews were originally conducted in German.
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not mention these issues explicitly. The story she told was much more positive compared to Simon’s.
Despite their different perspectives at the time of the interviews they were still in touch and were also
doing some courses together at the university.

Samuel took part in four RCJ and various other robotics competitions. He talked about his ex-
periences of being a team-captain, about how hard it was to motivate other team members and to
delegate work. He also mentioned the problems arising when working together with good friends and
described the difficult situation when another team-mate wanted to become captain as well. However,
this did not turn him down but instead motivated him to compete again, to recruit new members and
to improve his abilities in order to become a better team-leader. After graduating from school Samuel
decided to become mentor for RCJ teams at his former school.

In summary, the social experiences described by the interviewees can be categorized into the follow-
ing components: friendship (meeting after school for preparation, still good friends, working together
at university), project management (dealing with problems among members, motivating team-mates,
being a captain) and competitions (cooperative atmosphere, discussion with other teams, socializing
with students from other countries). We don’t claim that the participation in this educational robotics
activity is the only reason why people stayed in touch or why interviewees improved their social skills,
but all of these examples and stories show that there definitely is a strong social aspect within RCJ:
Interviewees worked together preparing for RCJ, they took part in RCJ competitions, they dealt with
controversial issues within a RCJ team and they experienced the special atmosphere during a RCJ
tournament.

Engaged Community

The interviews revealed that the schools can be considered as important part of the engaged commu-
nity around educational robotics, especially RCJ. The Gymnasium Grazl is perhaps the best example
of an "engaged community school". It is a very committed school within the RCJ community in Aus-
tria. The school integrated educational robotics into the regular curriculum. Furthermore, it provides
financial and infrastructural support to student teams. Every year several teams from this school take
part in national and international competitions and achieve respectable placements. The school es-
tablished its robotics courses in 2007 (Patrick’s and Walter’s class was the first to participate in those
courses).

As previously mentioned all interviewees were initially introduced to RCJ by their teachers. There
were exclusively positive statements regarding those teachers. Half of the interviewees indicated their
former teacher as the most influential person during their RCJ career.

"We had a very dedicated computer science teacher. We learned a lot and he was also the reason why
we initially participated in RoboCupJunior.” - Verena

As another part of the engaged community we have identified academics/researchers and members
of the organizational staff. For Christian the most remarkable person was a specific member of the
organizational staff who also acted as trainer and judge in several competitions. Three interviewees
indicated a particular university professor as the most memorable person during their RCJ career.
They stressed his helpfulness in general, his support during competitions and the good cooperation
between him and their former teachers.

"This professor even tried to help us fixing a specific problem at the day of competition.” - Simon

Finally, parents need to be mentioned as part of the engaged community. The interviews revealed
that parents often provided financial support (e.g. for travelling) and acted as role models. For in-
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stance, the fact that his father studied Mechanical Engineering led Walter to choose a technical study
as well. Moreover, Verena’s father was the main sponsor and supporter of her team. He provided all
required hardware to build the robot.

Besides all the positive stories, the interviewees also brought up several negative memories and
issues. Samuel, for instance, complained about the lack of coordination between different schools and
also the lack of support when organizing journeys to competitions (e.g. flights to the international
RoboCup competitions). Although Christian spoke in high terms of his former computer science
teacher ("helpful, enthusiastic, dedicated") he criticised the school as such. Initially, he explained,
the school was neither interested in Christian’s team nor provided any support (for example they were
not allowed to use the computer lab). But after the team made it to the finals at RoboCup 2009 this
success was communicated as a great achievement of the school. Similarly, Christian and Samuel
complained that they were given little support by their school administration (at least the beginning of
their RCJ career).

We can see that students need to be supported by an engaged community. But as it appears, dif-
ficulties described might have been part of the hook itself. Students developed self-confidence, they
felt proud of themselves by succeeding to handle the problems and facing the challenges. This shows
that the support provided has to be well balanced so that students get the chance to manage problems
and difficulties on their own.

Feelings of Success

Since RCJ and other comparable initiatives are competitions, it is of course also about victories and
good placings. But even (from an objective point of view) the placings or performances were not on a
top-level, it is the subjective feeling of students that matters. During the interviews we heard various
different stories of success. Both Johanna’s and Patrick’s teams achieved first and second places at
national competitions. In addition, to those measurable successes, Patrick mentioned a specific situa-
tion during their first participation in 2008. The robot crashed one day before the competition started,
thus his team had to work the whole night to fix the problem. It was a great success for them to get the
robot moving again and to be able to take part in the competition even if they did not compete very
well.

Another example would be Verena: Despite the fact that the robot did not work at the day of the
competition she was very proud of their achievement to even build such a complex soccer robot. She
also presented this robot at the interview (see Figure [4.3).

Samuel provided a detailed explanation of his robotics activities. Together with some friends he
founded the first RCJ team at his school, promoted RCJ in the following years and also gave robotics
presentations to students years after he competed in RCJ. For him it was a big success that his achieve-
ments and activities have helped to establish RCJ in his old school.

Concluding a representative quote by Martin. His team came in third at RoboCup 2009, which was
indeed quite a remarkable placing, and asked for the most memorable success he replied without
thinking:

"When we scored our first goal, it was the 1:0, we were overjoyed." - Martin
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Figure 4.3.: Feelings of success: A RoboCupJunior soccer robot presented by one student during the
interview

4.2.3. Summary and Discussion

In this qualitative pre-study we aimed at revealing the values inherent to the educational robotics ap-
proach through the example of RoboCupJunior (RCJ). We focused on the extraction of role models
and later careers of former participants who attended different schools in Austria and took part in var-
ious national and international RCJ competitions between 2008 and 2011. Semi-structured qualitative
interviews formed the basis of that evaluation. We conducted nine interviews aiming at identifying the
motivational factors ("hooks’) that attracted participants as well as investigating their "RCJ careers’.
We did not want to find evidence for RCJ being successful in how it fosters technical, management and
other soft skills; we took that as a proven fact and basis for our work. Instead of gathering quantitative
performance data we wanted to gather and analyze qualitative data to gain insights in the reoccurring
motivational factors.

It is important to point out that this pre-study presents results of nine interviews. The group of
interviewees is not representative in any way. We are aware that nine qualitative interviews just
provide first hints and preliminary insights to identify the inherent values of an educational robotics
approach like RCJ. Nevertheless, as stated by [Stubbs et al.| (2012) even a small sample size may
provide valuable information for this kind of research questions.

All of the respondents did have a positive opinion towards educational robotics and RCJ and were
interested in robotics also after their participation in RCJ. However, it is crucial as well to investi-
gate also negative examples (e.g. students who were not influenced by their involvement in educa-
tional robotics activities in their future careers, and/or have negative attitudes towards educational
robotics/RCJ).

It is not sufficient to only know that an educational robotics approach like RCJ is successful for
students and undergraduates, but why. There is also a need for more long-term evaluation in the area of
educational robotics in order to improve pedagogical approaches. In this regard a series of follow-up
studies, such as ethnographic studies of the teachers, content-related analysis of the teaching material
and a long-term shadowing study of selected students from different age ranges need to be conducted.
These follow-up studies would also ease the limitations of the study presented in this section, such
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as the small number of interviewees, which all had successful RCJ experiences. Moreover, it would
be interesting to see if the now observed trend that students keep their social network, which they
established through the RCIJ initiative, for their later career as science and technology student, is
reported also by other students.

Looking at the findings of this first evaluation we can say that all interviewees were enthusiastically
talking about their robotics activities within the context of RCJ. Many of them competed for years
and later all of them continued in science and engineering studies. Furthermore, many former team
members were still friends and worked together at university or meet in leisure time. Even if none of
the teams reached top placements at the competitions they were proud of their achievements. With
regard to research question Qb results of this pre-study show that RCJ as an educational robotics ap-
proach generates three important motivational factors (inherent values, so called "the hooks’) namely
the social experience (friends, teamwork and international contacts), the engaged community (schools,
motivating teachers, academics and family) and the feelings of success (personal development, com-
petition placements and positive memories). Regarding the nine interviewees there is an obvious pos-
itive relationship between their educational robotics/RCJ experiences and their later careers. Several
of them kept involved in RC]J, either as mentor or judge. All of them pursued science and engineering
related studies at different Austrian universities. Two also continued in the major level of RoboCup,
playing a leading role in a successful RoboCup Rescue team. Furthermore, both of them already
finished their bachelor and master theses in the area of robotics and entered the professional life or
started a Ph.D. respectively.

The findings and results as well as the gained expertise and lessons learned from this pre-study
also form the basis for a) the evaluation of intervention concepts (addressing research question Qb as
discussed in the following section) and b) build the foundation for the development of the quantitative
main study (addressing research question Qb3 as described in Section [4.4). Finally, the findings of
this pre-study are also used to improve and extend the support actions for schools and students (as
presented in Chapter |2} Section provided by the university in order to attract more students to
engineering and scientific education. Furthermore, we are as well convinced that the "hooks’ also
could be applied on other topics and teaching activities.

4.3. Evaluation of Intervention Concepts

Chapter [3] described the development and implementation two novel educational intervention con-
cepts.The first concept (Section [3.2) focused on a cross-generational aspect (kindergarten children,
school students, senior citizens) in order to familiarize the target audience, in particular pre-school
children and school students, with science and technology using different robotics platforms as ped-
agogical tools. The second concept (Section [3.3) dealt with the development and implementation
of a concept to familiarize different age groups on different educational levels (from kindergarten to
university) with fundamental topics of artificial intelligence (Al).

Addressing research question Qb, (Section[4.1)) this evaluation investigates whether those interven-
tion concepts work as expected and whether the goals of each concept were achieved during the pilot
implementations. In general the applied evaluation methodology follows a qualitative approach but
comprises quantitative elements as well.
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4.3.1. Pre-School Educational Robotics in a Cross-Generational Context

The main focus of this evaluation was on the investigation of the learning effects and the medium-term
impact of the pilot project on participating school students and kindergarten children (the pilot project
was implemented in terms of a scientific project day). We conducted semi-structured qualitative
interviews with school students who guided the hands-on activities during the pilot implementation in
order to collect empirical data as well as to get positive and negative feedback. To obtain information
about the medium-term impact and the learning effects the interviews took place around six months
after the project day. The interviews were conducted directly at the school. Seven out of ten school
students voluntarily agreed on participating in this study. In addition, to gather further qualitative data
we applied passive and active techniques of participant observation.

Methodology

We applied the qualitative research technique of semi-structured interviewing as described in Section
|.2.1] Based on the observations made during the pilot implementation and discussions with teachers
and pedagogues a set of questions, acting as a guideline during the interview, was designed. It was
essential that those questions were formulated in an open-ended, non-directional way in order to avoid
influencing interviewees’ answers (Flick et al., 2004).

The introductory questions dealt with background information (grade, favorite school subject, ... ),
information about the specific task performed at the project day as well as prior knowledge or expe-
riences in the field of robotics. The main part dealt with students’ experiences during the project day
(working with kindergarten children, acting as guide, conducting and explaining activities, memorable
situations) followed by questions asking for improvement suggestions and further experiences in the
field of robotics made after the project day. The final question posed (only in case the interviewees did
not already provide an answer) dealt with lessons learned from the students’ point of view. Following
an overview of the guiding questionﬂ

1. Which grade do you attend?
a) What is your favorite subject in school?
2. What was your task during the project day?
a) Why did you choose this task?
3. What did you know of robots before you participated in this project?
4. Please describe your experiences during the project.

a) Did everything work out as it was supposed to (conducting and explaining activities, act-
ing as a guide)?

5. How was the cooperation with the kindergarten children?
a) Where the children interested in the activities? Did they actively participate?
6. How was the cooperation with the senior citizens?

7. Do you remember some situation or some activity especially? And why?

TAll questions were translated to English since all interviews were originally conducted in German.
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8. What would you change on the next robotics project?
9. Did you make any experiences in the field of robotics after the project?

10. What did you learn within the scope of this robotics project?

For later analyses all interviews were audio recorded. For the analysis of qualitative data various
different techniques could be applied (as described in Section[d.2.T). Our approach was to transcribe
all recorded interviews, to summarize inherent quantitative data and finally to perform a content anal-
ysis (Neuendorf, 2002). Prior to the interview, students were asked for their permission to record
the conversation. Furthermore, students’ parents were asked to sign informed consents describing the
main purpose and the procedure of the interview as well as stating legal and ethical aspects (for a
template consent see appendix signed consents available upon request). All collected data was
treated confidentially and personal information was made anonymous.

In order to collect qualitative data directly at the robotics day, techniques of participant observation
were applied (Jorgensen, [1989). We used both passive as well as active participation methods (field
notes, informal interviews, discussions). In addition, we also took pictures and videotaped the experi-
ments. Considering ethical and legal aspects all collected data was treated confidentially. Beforehand
parents were informed and asked for their permission to take pictures and to videotape experiments.

Findings

We interviewed seven students (four girls, three boys) aged from eleven to thirteen at the time of the
interview. They all had basic knowledge of computers since the school provides one hour of computer
science every two weeks. Three students stated that they had previous experience with robot toys,
one boy reported that he once watched a friend working with a LEGO Mindstorms robot and one girl
already attended a LEGO Mindstorms robotics workshop in primary school. The other two students
never had anything to do with robotics.

As described in Chapter [3] Section [3.2] students participated in a preparation workshop. Basically
they could decide themselves which activity to guide during the project day. Most students chose
activities which seem to fit their personal interests and talents. For instance, one student interested
in sports and physical education insisted on guiding a robot-dance experimentation station. Another
student, who is a very talented speaker, decided for the Bee-Bot station where it was her task to retell
a fairy tale while providing explanations on how to program the robot. Only one student reported that
his robot was "too complicated to handle" and questions asked by visitors were "too tricky". Asked
for the topic and name of his station, the student had to think for a while until he could remember. It
finally turned out that this student’s task was assigned by the teacher instead of chosen voluntarily.

Students also talked about their most memorable situations and experiences. One student, for in-
stance, highlighted the special situation when he was controlling the humanoid dancing robot in front
of a big audience. Similarly, two students talked about the joy of slipping into the part of a teacher,
"explaining things to little kids". Another student mentioned the great feeling of success when she il-
lustrated the functioning of the robot to a girl from Romania which did not speak German at alﬂ Two
students also remembered negative experiences (issues with a troubled kindergarten child; difficult
technical questions by one visitor; being afraid to provide explanations in English).

#In this context it is important to mention that the native language of the participants (students, children, teachers, senior
citizens) was German since the project day took place in Austria.
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One aim of this qualitative evaluation was to find out what interviewees actually think about lessons
learned and knowledge gained. Following a brief overview of students’ statements:

* kindergarten children understood the functioning of the different robots very fast

* robotics is fascinating but it is much harder than expected that robots actually do what program-
mers want them to do

* many different robotics platforms and types of robots exist

* constructing and programming of robots mean a lot of work

» teamwork is important if you want to construct and program a robot

* the robotics project was an opportunity to improve English and presentation skills
» programs have to be written first and afterwards transferred to the robot

In sum all seven students were enthusiastic about their participation in the robotics project. Sug-
gestions for improvement included the integration of one or two "bigger robots with arms and legs
or tracks". The overall feedback was mainly positive although interviewees also mentioned some
problems and challenges during the robotics day (e.g. jamming robot gearwheels, unexpected robot
behavior, being nervous while speaking in front of an audience, providing explanations in English,
tricky questions, troubles with difficult children). However, students pointed out the "positive feeling’
after handling these issues successfully (either on their own or by asking for assistance). During the
interviews they still talked about ’their’ robot and ’their’ experimentation station, even half a year
later. Based on those statements and on the observations made during the interviews it could be con-
cluded that students, despite problems and some negative experiences, were satisfied and felt proud
of their achievements and that they identified with the chosen task and robots.

The interviews also revealed that the cross-generational concept worked out well. Although one
of the interviewees complained about very complicated questions asked by senior citizens all other
students said that is was great fun to carry out robotics experiments together with pre-school children
and their grandparents. Kindergarten children were fascinated by the robots, asked a lot and even tried
to programme robots (especially the Bee-Bot) on their own. This shows that robotics was the perfect
common topic for all involved age groups and that it has great potential to bring together kindergarten
children, school students and senior citizens. This is supported by findings of videos, pictures and
field notes analysis.

Students’ statements and stories told indicate that both students and kindergarten children gained
various technical and social skills during the robotics project. Furthermore, it is also worth mentioning
that three months after the project all ten students who guided the experiments, decided to attend an
advanced robotics workshop at university. In addition, the robotics project formed the basis for follow-
up activities at the kindergarten (educational games, Bee-Bot exercises,. .. guided by kindergarten
pedagogues) in order to deepen what children have seen and experienced.

Next to this qualitative evaluation we also obtained qualitative feedback from kindergarten ped-
agogues, grandparents, parents and pre-school children. In sum the feedback was mainly positive.
For instance, some parents reported that both children and their grandparents were motivated to build
robots on their own after participating in the robotics project day. One teacher told about a child with
special needs which also participated in the robotics day. The day after both the child’s occupational
therapist and its psychologist noticed a significant improvement of its behavior. In addition, kinder-
garten pedagogues reported that children were very enthusiastic about their first ‘robotics experience’.
Months later, they were still talking about the robots, asking "when they would return”.
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4.3.2. Education in Artificial Intelligence

The aim of this evaluation was to gather empirical data to investigate whether the overall Al education
concept (as described in Chapter[3] Section[3.3)) works and whether each of the modules (kindergarten,
middle school, high school, university) achieved its goals within the context of first proof-of-concept
implementations.

Methodology

To evaluate the modules with respect to the diverse target audience (age group, educational level)
mainly qualitative but also quantitative reliable research methods were applied (Diekmann, [2007)). In
order to collect qualitative data we applied techniques of participant observation using both passive
and active participation methods such as field notes, discussions and informal interviews (Jorgensen,
1989) but also interpretation of children’s drawings (Anning and Ring|, 2004). Furthermore, we ap-
plied the technique of conducting semi-structured interviews using a set of predefined questions as
guideline (Hove and Anda, 2005)) as described in Section A content analysis (Neuendorf], [2002])
was performed after transcribing all recorded interviews and summarizing inherent quantitative data.
In addition, we also took pictures and made videos during each pilot implementation. Applying a
grounded theory approach we collected and afterwards analyzed the collected qualitative data using
open and selective coding (Virnes and Sutinen, [2009; |Corbin and Strauss, 2014). In terms of quanti-
tative evaluation we applied paper-and-pencil questionnaires (3- and 5-point Likert scale, open ended
and multiple choice questions (MCQ)), self- and foreign-evaluation of acquired skills (Mabe and West,
1982) as well as feedback questionnaires. The questions were selected in order to provide feedback
on content, structure, teaching style and presentation of topics. For each module and each age group
appropriate evaluation methods were applied. Considering ethical and legal aspects all collected data
were treated confidentially and personal information was made anonymous (Kandlhofer et al.,2016b;
Burgsteiner et al., 2016c]).

Findings

This sub-section describes the evaluation implementation and results separately for each pilot module
(kindergarten, middle school, high school, university). In addition, the table in Figure [4.4] provides
an overview of goals and topics of each module in relation to the evaluation results. For a detailed
description of goals, topics and implementation of the modules please refer to Chapter [3] Sections

3.3.1]and[3.3.2).

Module 1 - Kindergarten This module was implemented in a kindergarten in terms of a scientific
project. Analysis of collected data (mainly qualitative) indicate that our goal of introducing kinder-
garten children to fundamental Al/computer science topics in a playful way worked well. Video data,
pictures and observations (field notes) during the project day indicate that children a) joyfully explored
the different units and b) understood the (simplified) Al concepts and carried out most of the activities
in each unit correctly. Qualitative interviews with pedagogy school students and kindergarten peda-
gogues support these observations. For instance, after a short explanation/demonstration kindergarten
children were able to sort LEGO bricks using the bubble sort algorithm. Some of the children were
even able to explain the algorithm to other children afterwards (see Figure[3.3k).
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In addition, we asked the children several days after the project day to draw pictures of their most
memorable unit. Interpreting drawings is a well-known approach to assess the learning success of
young children (Anning and Ring} |2004). It turned out that children draw pictures of robots traversing
graphs and finding ways out of labyrinths. For instance, Figure [3.5p shows a child traversing a graph
applying a blind search approach in order to find a certain goal node (where a ’treasure box’ was
located). This child’s drawing (Figure [3.5p) several days afterwards clearly depicts the graph, the
‘robot’ as well as the goal node with the ’treasure box’. The findings of the drawing interpretations
underpin the results of the qualitative data analysis.

Module 2 - Middle School This module was implemented in form of a summer research week
(three days, six hours per day) for middle school students at the university’s robotics lab. To evaluate
this module on a broad basis we collected data from several sources applying various evaluation
techniques:

* assessing students’ prior knowledge (group discussion)

* foreign-evaluation of skills (13 item MCQ post-questionnaire; e.g. "What are the characteris-
tics of depth-first search?")

* field notes (participant observation)
* pictures and videos taken during the week

* students’ feedback and self-evaluation post-questionnaire (3-point Likert scale; e.g. "How
would you rate your knowledge about search algorithms?")

* students’ solutions of the tasks (implemented programs)

* students’ documentations (results of their experiments investigating different search algorithms
/ strategies)

* students’ final presentation of their work at the end of the week

Summarizing the results of the data analysis the objectives of this module have partly been met.
On the one hand students got a basic understanding of graphs, trees and data structures (stack, queue)
as well as of different search strategies and their characteristics (pros, cons). This is documented by
the post-questionnaire, observations, students’ documentations, program code and final presentations.
According to the feedback questionnaire and our observations, students were enthusiastic and liked
the tasks, which they described as challenging but not too difficult. On the other hand it turned out
that students had problems to understand the connection between the basic Al concepts and their
application (e.g. in navigation systems, or Google Maps). The reason might be that, due to a lack
of programming experience and a lack of time, students were too focused on the programming task
rather than making connections and seeing the overall picture. Therefore, we either have to reduce the
programming effort as well as the amount of topics addressed or we have to provide more time (e.g.
by increasing the number of days/hours available for working on the tasks).

Module 3 - High School We conducted this pilot implementation as an elective course (seven units;
two hours per week) at a representative high school. The evaluation of this pilot implementation was
done applying following research techniques:

* self-evaluation of skills post-questionnaire (3-point Likert scale; e.g. "I am able to explain the
principles of the A* search algorithm")
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* feedback questionnaire on teaching style and structure of the units (open ended and 5-point Lik-
ert scale questions; e.g. "Contents were prepared and explained in a clear and understandable
manner"

* collecting qualitative data by means of participant observation and by taking pictures and field
notes during each teaching unit

* semi-structured qualitative interviews with each of the high school students (structured around
the topics background (technical/educational background, prior knowledge), motivation (rea-
sons for voluntarily participating in the project), expectations (prior and after the project), mem-
orable experiences (Al topics covered, situations, lessons learned) as well as general feedback;
respecting legal aspects students signed informed consents to give their approval for the inter-
view - see appendix (signed consents available upon request))

Summarizing the evaluation results, the pilot implementation succeeded in familiarizing high school
students with a broad range of fundamental Al topics. Results indicate that students got a well-founded
understanding of almost all Al literacy topics (as defined in Section [3.3.1] of Chapter [3) except for
some sub-topics (architectures for agents, propositional logic). Here additional input or help would
be necessary. According to students’ self-evaluation they had a very positive feeling about their gained
knowledge.

Although students had partly different expectations prior to the course they finally were motivated
and enjoyed learning and applying fundamental Al techniques. Their main motives for participating
in the project were interest in robotics, computers and Al as well as the possibility to prepare for
science studies at university. In sum they provided overall positive ratings on structure and teaching
style of the course. Finally, students will benefit from the acquired content in future (e.g. participat-
ing in robotics competitions, writing final high school theses, starting engineer or science studies at
university) (Burgsteiner et al.,[2016bj; |Burgsteiner, 2016).

Module 4 - University At university level we have conducted a course on basic Al techniques at
the bachelor level for several years. Usually there are around hundred students attending this course
every year. Due to a quite complex theory and clumsy, counterintuitive tools, in previous years many
students failed in finishing their practical assignment. By using motivational hands-on exercises (con-
trolling an agent in an environment and a teaching vehicle that is much handier but still focuses on
the basic concepts of the situation calculus) almost all students now successfully complete the course.
Based on students’ practical assignments (correctness, completeness, . ..) and discussions during and
after the lectures it can be stated that students have a deeper understanding of Al topics on a higher
abstraction level by successfully completing this course.

4.3.3. Summary and Discussion

Addressing the main research question Qb (Section [.1)) this evaluation investigated two newly de-
veloped intervention concepts (cross-generational educational robotics and education in artificial in-
telligence as described in Chapter [3)).

The evaluation of the first concept dealing with pre-school educational robotics in a cross-generational
context comprised semi-structured qualitative interviews as well as passive and active participant ob-
servations, informal interviews, field notes and discussions. Qualitative data showed that kindergarten
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Kindergarten Middle School
graphs, data structures ® graphs, trees, data structures; agents ®
sorting algorithms ® search algorithms
problem solving by search ® understand connection Al <-> applications L4
High School University
automata ® profound understanding of Al topics ®
intelligent agents formal problem description ®
graphs, data structures ® abstraction ability on a higher level ®
problem solving by search o succeeded
classic planning, logic partly succeeded
machine learning ® not succeeded ~ ®

Figure 4.4.: Overview of goals and topics covered in each module in relation to evaluation results
(regarding success in reaching the goals of each module)

children were familiarized with science and technology in a playful and sustainable way (follow-up
activities in kindergarten, children talking and asking questions about the robots months afterwards),
were actively involved in the hands-on activities (e.g. programming the Bee-Bot, interacting with
the robots, asking and being excited about the robots) and interacted with school students and senior
citizens in the sense of an education partnership. The analyses of the semi-structured interviews with
school students revealed that both students and kindergarten children gained various technical and
social skills during the robotics project (e.g. learning basics of programming and robotics, improving
English and presentation skills, recognition of the difficulty of programming robots and the neces-
sity of applying teamwork, discovering that children understand the functioning of robots quite fast,
...). Students, despite problems and some negative experiences, were satisfied and felt proud of their
achievements and they identified with ’their’ task and ’their’ robot during the project day. The results
of this investigation indicate that using robots as a pedagogical tool by applying a cross-generational,
cross-institutional approach could be one successful way to introduce pre-school children and in par-
allel also school students and senior citizens to robotics and computer science.

The evaluation of the second concept focusing on education in artificial intelligence on different
age- and educational levels comprised qualitative (participant observation, field notes, discussions, in-
formal and semi-structured interviews, drawing interpretations) but also quantitative research methods
(open ended and multiple choice questions, self- and foreign-evaluation of acquired skills, feedback
questionnaires). Evaluation results of the pilot implementations for each module indicate that the
proposed Al education concept aiming at fostering Al literacy works (also see the overview table
in Figure {.4). The proof-of-concept implementation in a representative kindergarten (in form of a
project day) showed that children (average age 5 years) explored fundamental Al topics in a playful
way and understood the (simplified) Al concepts. The module for middle school students (average
age 12 years) was implemented as a research week at university. Results of this pilot project indicate
that, on the one hand, students got a basic understanding (theory plus practical implementation) of
basic Al/computer science topics but, on the other hand, had problems to understand the connection
between the basic Al concepts and their application in real life (e.g. in navigation systems). The con-
tent and topics turned out to be too extensive for the short time available. The module for high school
students (average age 16.5 years) was implemented as a weekly elective course in a representative
high school. Results show that after completing the course students were familiar with a broad range
of fundamental Al topics and got a well-founded understanding of all Al literacy topics. At university
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level a course on basic Al techniques was conducted for several years. By applying new learning tools
and motivational hands-on exercises almost all students now successfully complete the course.

Summarizing the evaluation results after analyzing all gathered data we can conclude that the novel
intervention concepts presented in Chapter |3| are working as expected. Within the context of first
proof-of-concept implementations we showed that both intervention concepts achieved almost all of
their goals (referring to research question Qb,). Nevertheless, due to the relatively small sample of
participants in the pilot implementation of each intervention concept, evaluation results only provide
preliminary insights and first hints. In order provide additional, sound underlying data documenting
the success of both concepts, further implementations and more detailed quantitative evaluations in
different kindergartens, schools and universities are necessary. Certain modules of the Al education
concept (i.e. university) also require a more detailed evaluation (questionnaire, self-evaluation, quan-
titative feedback). To gather valid long-term data we would also have to follow a group of students
participating in the entire program (from kindergarten to university).

After addressing research question Qb in the previous section and research question Qb in this
section the next section focuses on investigating the main research question Qb3 (Sectiond.1)) by de-
scribing and discussing the development, implementation and results of an extensive study to evaluate
the impact of educational robotics on students in a quantitative way.

4.4. Quantitative Main Study

Addressing the main research question Qb3 (see Section[d.I]) the basic aim of this quantitative research
is to evaluate the impact of educational robotics on students’ technical- and social-skills and the impact
on students’ attitudes and interests towards science and technology. The conducted study relies on a
well-grounded empirical methodology encompassing pre- and post-tests using a quasi-experimental
two-group design. This means the study comprises experimental-group and control-group as well as
two measurement points (in commonly literature referred to as pre-test and post-test (Diekmann, 2007
Barreto and Benitti,2012;|Bortz and Doring), 2006; [Irochim et al.,2015)). At each measurement point
study participants completed a multiple choice questionnaire. The assessment instrument was a stu-
dent questionnaire based on different already proven assessment tools and survey instruments which
have been validated and/or applied and tested in previous studies, theses and investigations (Nugent
et al., [2010; Jomento-Cruz, [2010; [Dagiené and Futschekl |2008}; [University of Waterlool, [2013}; |Aus-
trian Computer Society (OCG), 2013; /OECD), 2006; Clark, [2004; |[Fraser, |1981; |Hansen and McNeal,
1997).

Basically the quantitative main study was divided into two stages (stage I, stage II). Stage I ad-
dressing main research question Qbs, covered a period of approximately eight months and comprised
students from different types of secondary schools in various Austrian regions. Robotics in education,
and RoboCupJunior (RCJ) in particular, is well established in Austria (see Chapter 2] Section [2.1.1).
A large number of schools have integrated robotics in their curriculum and participate in national and
international RCJ competitions on a regular basis (Hofmann and Steinbauer, 2010; |[Kandlhofer and
Steinbauer}, 2013)). In order to obtain results also in an international context the same study was car-
ried out simultaneously in a selected school in Sweden. Pre-tests started in autumn 2013, post-tests
were completed in June 2014. Using sound statistical methods data were analyzed around 14 differ-
ent topics (so called ’sub-scales’) arranged in three main categories (so called 'main-scales’) related
to technical- and soft-skills as well as attitudes and interests towards science and social aspects.

82



4.4. Quantitative Main Study

After applying the overall evaluation design and instrumentation within the context of stage I, stage
II of the quantitative main study, addressing sub-questions Qb3 | and Qb3 » started in autumn 2014.
On the one hand stage II of the study encompassed the evaluation of the impact of educational robotics
on young school students up to the age of twelve (sub-research question Qb3 1). Therefore, another
evaluation instrument focusing on those students was compiled and a pilot study was conducted in
two selected middle schools.

On the other hand stage II focused on the investigation of distinctive features between experimental-
and control-group students (sub-research question Qb3 ;). It comprised participants from different
types of secondary schools in eight different countries worldwide (Europe, Asia, Australia). There-
fore, based on the findings and lessons learned from stage I of the study, the assessment instrument
was adapted, extended and translated into the respective languages.

By applying this widespread, mid-term approach we aim to gather solid and valuable empirical data
on the impact of educational robotics on participating students on a large geographical- and age-scale.
Finally, the evaluation concept and instrumentation developed for this quantitative main study can be
applied to evaluate other initiatives and projects as well (Kandlhofer and Steinbauer, 2016)).

4.4.1. Methodology
Research Questions and Hypotheses

The main purpose of this study was to investigate the impact of educational robotics on young stu-
dents’ technical and social skills. Furthermore, the study intended to determine the effects of edu-
cational robotics activities on students’ attitudes and interests towards science, technology and social
aspects. In this context we aimed to determine differences between students participating in robotics
activities compared to students not participating in robotics activities. In doing so, the study investi-
gated the following main research question Q3 and its two sub-research questions Qb3 | and Qb3 »:

* Qbs: Is there a difference/change in the outcome (compared between before and after par-
ticipating in educational robotics activities) in terms of technical skills, social aspects and soft
skills and science-related attitudes and interests between school students participating in educa-
tional robotics activities compared to school students not participating in educational robotics
activities?

— Qb3 1: Is there a difference/change in the outcome (compared between before and after
participating in educational robotics activities) in terms of technical skills, social aspects
and personal interests between young students (up to the age of 12) participating in ed-
ucational robotics activities compared to young students not participating in educational
robotics activities?

— Qbs.o: How do students intending to participate in educational robotics activities differ
from students not intending to participate in educational robotics activities in terms of
technical skills, social aspects and soft skills, science related attitudes, career and per-
sonal interests as well as attitudes towards their teacher?

Based on this research questions the following two main hypotheses (H;, H,) and four sub-research
hypotheses (H3 - Hg) were deduced and investigated within the scope of this quantitative study:
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* Hj gp3 : Educational robotics has a significant positive impact on students’ performance in differ-
ent separate topics regarding technical- and soft-skills and social-aspects as well as on students’
attitudes and interests towards science.

* Hj gp3 : Educational robotics has a significant positive impact on students’ performance (technical-
, soft-skills) and attitudes and interests (towards science, social-aspects) regarding a group of related

topics. EI

- Hj gp3.7: Educational robotics has a significant positive impact on young school students’ perfor-
mance regarding technical skills and on their attitudes towards social aspects.

- Hygp3.1: Educational robotics has a significant impact on the change of young school students’
personal interests.

- Hs gp3.2: Significant distinctive features exist between students intending to participate in educa-
tional robotics activities and students not intending to participate in educational robotics activities
in terms of technical skills, social aspects and soft skills and science related attitudes.

- Hg gp3.2: Significant distinctive features exist between students intending to participate in educa-
tional robotics activities and students not intending to participate in educational robotics activities
in terms of career interests, personal interests as well as attitudes towards their teacher.

Study Design and Research Approach

The study relied on a quasi-experimental two-group design including pre- and post-tests (Barreto and
Benitti, [2012; IDiekmannl, [2007}; Bortz and Doring), | 2006; [Kandlhofer and Steinbauer, 2013, |Griffith}
2005; [Trochim et al.l [2015)). Study participants were divided into experimental group (EG) and con-
trol group (CG). The EG consisted of students who participated in robotics activities for the first
time whereas the CG comprised students who actually did not participate in those robotics activi-
ties. Students in EG and CG shared comparable demographic attributes (e.g. age, school level, social
and educational background). Students in CG attended comparable subjects and activities (e.g. they
participated in regular computer science courses)

For this study we cooperated with schools and educational institutions that regularly take part in
annual national or international junior robotics competitions (e.g. RoboCupJunior (RCJ), FIRST Lego
League (FLL), ...) or offer regular robotics courses or elective subjects during the semester. In
this context the RoboCup initiative (RoboCup, 2016) eased the access to schools and mentors in
order to recruit participants. National RCJ representatives as well as schools, mentors and teachers
were contacted via email, Skype, newsletter, mailing lists but also in person and directly at robotics
competitions (a sample information sheet for attracting schools/educational institutions can be found

in appendix [A.4).

Teachers at each participating school were finally asked to recruit students for EG and CG matching
following criteria:

* experimental group EG: Students preparing for a junior robotics competition or attending a
robotics course, a robotics elective, a robotics project or a regular robotics club (collectively
referred to as 'robotics activities’) for the first time.

§Gmup of related topics means content-related topics; for instance a group of topics related to programming, mathematics
and robotics, a group of topics related to attitudes towards science and a group of topics related to social aspects;
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* control group CG: Students from the same school and around the same age (ideally also from
the same class) as students from EG but currently not participating (also not participated in the
past) in any of these robotics activities.

In order to determine differences in terms of technical and social skills as well as science related
attitudes and interests, results of pre- and post-tests were compared between EG and CG. The in-
strument used in this regard was a multiple choice questionnaire comprising different already proven
survey assessment tools (details see following Sections). At each school responsible teachers orga-
nized and monitored the study conducting. To ensure the same conditions across all participating
schools a step-by-step manual, containing detailed instructions regarding preparation, recruiting, im-
plementation and next steps, was provided to those teachers prior to the start of the study. The manual
was translated into multiple languages, the English version can be found in appendix [A.5] (versions in
different languages available upon request).

Table [4.1] schematically depicts the study design. To measure study participants’ base level both
experimental- and control-group (EG, CG) did the pre-test (O, O3) in autumn (¢;), right before the
intervention for EG (robotics activities during the semester; indicated as X) started. Post-tests for EG
and CG (0;, O4) were conduced approximately eight months after the pre-tests (by middle of the
following year). In addition, Figure .3 graphically illustrates the overall study approach.

t t 1[1,2]---fime of measurement
experimental group (EG) | O X O, X...intervention (robotics activities)
control group (CG) O3 Oy || Or1..4---0bservations (pre-/post-tests)

Table 4.1.: Study design

Schools / Educational Institutions
« different regions in Austria and worldwide
« regularly taking part in junior robotics competitions / offering educational robotics activities

experimental group EG

« students participating in
robotics activities

« comparable attributes to

CG

control group CG

« students not participating
in robotics activities

« comparable attributes to

EG

Pre-Test
« before starting robotics activities
(e.g. autumn)

Post-Test
« after finishing robotics activities (e.g.
middle of following year)

Figure 4.5.: Overall study approach

The overall evaluation design and the applied survey instruments were initially presented and dis-
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cussed at the Workshop on Educational Robotics (Kandlhofer and Steinbauer} [2013)) within the scope
of the RoboCup Symposium in July 2013. The feedback from experts in the field of educational
robotics and national RoboCupJunior representatives was considered at the development of the de-
tailed study design. Preliminary findings, first experiences as well as the applied survey instruments
were presented and discussed at the international conference Robotics in Education (RiE) in June 2014
(Kandlhofer and Steinbauer, 2014). This feedback was considered in the adaptation of the survey in-
struments for stage II of the study.

Respecting legal and ethical requirements all collected information was treated confidentially and
personal data was made anonymous for further investigations and publications. Participating students,
their parents as well as school administrations and/or mentors were asked to sign informed consents
stating the purpose and explaining the procedure prior to the start of the study. Again, all documents
were translated into multiple languages (the English versions can be found in appendix[A.6} the signed
consents as well as versions in different languages are available upon request). Finally, the whole study
approach was reviewed and approved by the Commission for Scientific Integrity and Ethics at Graz
University of Technology (see appendix [A.7).

Study Stages

In general this quantitative study was divided into two main stages, entitled Stage I and Stage II.
Stage I, which addresses main research question Qb3 (hypotheses Hy, Hy), comprised students from
different types of secondary schools in Austria and one selected school in Sweden. Pre-tests started in
autumn 2013, post-tests were completed in June 2014. The overall evaluation design and instruments
were applied within the context of stage I of the study.

Stage II, addressing sub-research questions Qb3 | and Qb3 » (hypotheses H3 - Hg) started in autumn
2014 and was completed in June 2015. It encompassed the evaluation of the impact of educational
robotics on young school students (sub-research question Qb3 1) as well as the investigation of distinc-
tive features between experimental- and control-group students (sub-research question Qb3 7). School
students of selected middle schools as well as secondary schools in different countries worldwide par-
ticipated in stage II of the quantitative study. Based on the findings and lessons learned from stage I,
assessment instruments were adapted and extended for stage II.

The following sections describe instrumentations, statistical analyses and results with respect to
stage I and stage II.

4.4.2. Instrumentation Stage |

The main instrument for assessing technical and social skills as well as science and technology re-
lated attitudes and interests (addressing main research question Qbs, hypotheses Hy, H;; Section
M.4.1) was a 129 item student questionnaire separated in several sub-sections (also referred to as
’sub-scales’). This questionnaire combined different standardized assessment tools as well as survey
instruments which have been validated and/or applied and tested in previous studies and theses (Nu-
gent et al., 2010; Jomento-Cruz, 2010; [Dagiene and Futschekl 2008} [University of Waterloo, |2013;
Austrian Computer Society (OCG), 2013} (OECD]| 2006; [Clark, 2004; [Fraser, [1981; [Hansen and Mc-
Neal, [1997). The reuse of proved methods gives security with regard to valid results. Permission to
reuse those instruments in our work was obtained by corresponding authors in advance (see appendix
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[A.TT). In addition to the skill-/attitude-sections the questionnaire contained several items (partly mul-
tiple choice, partly open-ended questions) dealing with demographic background information of study
participants as well as a feedback part in the concluding section.

The process of developing the questionnaire was done in cooperation with experts in the field of
psychology and sociology respecting general rules of questionnaire-designing (Schreiner and Sjoberg],
2004; |Diekmann, |2007; Bortz and Doring, [2006; Biithner, M., |[2011). The instrument ran through re-
liability analyses and several refinement- and improvement-steps (review by experts in educational
robotics; review and discussion within the scope of the Workshop on Educational Robotics (Kandl-
hofer and Steinbauer, [2013) and the conference on Robotics in Education (Kandlhofer and Steinbauer,
2014); review by pedagogues and teachers as well as experts in robotics; test run with high school
students).

In order to conduct the survey in different countries, the questionnaire (initially in English) was
translated by native speakers, working together with national RCJ representatives. To allow a conve-
nient data collection from geographically distributed study participants the on-line survey tool Sur-
veyMonkey (Symonds,, 2011) was used. Therefore, teachers and mentors responsible for conducting
the study at the different locations got a link to the questionnaire several days prior to the pre- and
post-tests.

The questionnaire, comprising instruments with multiple choice (MCQ) and Likert-scale questions
Diekmann| (2007)); |Griffith| (2005), was structured around the main sections Demographic and back-
ground information, Technical skills, Science related attitudes and interests, Social- and soft-skills
and Feedback. Reliability analyses of applied instruments showed high Cronbach’s Alpha reliabilities
(technical skills: 0.85; science related attitudes/interests: 0.94; social-/soft skills: 0.89) (Bortz and
Doring, 2006} Biddix, 2016). Each main section of the questionnaire was divided into several sub-
sections where questions were sorted in ascending order of difficulty level (Kandlhofer and Steinbauer,
2014). The entire questionnaire (English version) can be found in appendix further versions in
German, Swedish and Slovene are available upon request. Following an overview of the applied
questionnaire (main sections are numbered I-V, sub-sections are itemized using dots):

I Demographic and background information (14 items; MCQ/open-ended questions)

 student alias: information for matching pre- and post-test and ensuring anonymity ("Create
a 'new’ word using following rules: Write down the first two letters of your mother’s first
name, write down the first two letters of your first name, write down the first two letters of
your father’s first name, write down the last two numbers of the year of your birth")

* group classification: experimental group, control group

» confounding factors: previous knowledge in robotics and programming (questions regard-
ing previous involvements in robotics activities and experiences with graphical and/or tex-
tual programming languages)

« statistical/background information: age, gender, school, language, grade-level, prior
knowledge in robotics/programming

II Technical skills (37 items; MCQ)

e T, general programming/robotics (4-H Robotics Questionnaire (Nugent et al., [2010)):
basic knowledge of robotics and general programming; analyzing programs; finding mis-
takes and providing solutions; (e.g. "What is a computer program?"; "What helps a robot
to explore its environment?")
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T, computer science (Beaver Computing Challenge (Dagiené and Futschek, 2008; \Univer-
sity of Waterloo, [2013};|Austrian Computer Society (OCG),[2013)): keeping track of states;
fundamentals of algorithms; abstraction; encoding; pointers and references; linking; (e.g.
following an algorithm and analyzing different solutions by answering a ’boat navigation’
question: "Which of the following routes to the goal avoids the islands using the smallest
number of steps?")

T3 textual programming (Programming Skills MCQ (Clark, [2004)): tracing/analyzing
code; loops; ability to write programs; (e.g. "What is the value of variable 'm’ after the
code fragment above is executed?")

T, mathematics/scientific investigation (4-H Robotics Questionnaire, PISA released items,
science questionnaire (Nugent et al.l 2010; Jomento-Cruz, 2010; |(OECD| 2006)): frac-
tion/ratio; converting units; uncertainty/likelihood; controlling scientific experiments; con-
structing/interpreting graphical representations; relationship between input and output; com-
paring graphs; (e.g. "According to the distance vs. time graph above, which conclusions
about the car’s motion is supported?"; "Which math formula would help you know how far
a car would go if the wheel (diameter 38 cm) turned one time?")

IIT Science related attitudes and interests (50 items; S5-point Likert scale questions; TOSRA*
(Fraser, |1981))

L]

A attitude to scientific inquiry (e.g. "I would prefer to find out why something happens
by doing an experiment than by being told.")

A, adoption of scientific attitudes (e.g. "I like to listen to people whose opinions are
different from mine.")

A3 enjoyment of science lessons (e.g. "I look forward to science lessons.")

Ay leisure interest in science (e.g. "I would like to be given a science book or a piece of
scientific equipment as a present.")

Ajs career interest in science (e.g. "A job as a scientist would be interesting.")

IV Social- and soft-skills (23 items; 4-and 5-point Likert scale questions)

L]

L]

S, self-efficacy in robotics (4-H Robotics Questionnaire (Nugent et al., 2010)): self- con-
fidence in solving robotics tasks (e.g. "I am confident that I can program a robot to move
forward two wheel rotations and then stop.")

S, problem solving (4-H Robotics Questionnaire (Nugent et al., 2010)): self-evaluation re-
garding problem solving approaches (e.g. "I use a step by step process to solve problems.")

S; teamwork attitudes (4-H Robotics Questionnaire (Nugent et al., [2010)): attitudes re-
garding working together with other people (e.g. "I like listening to others when trying to
decide how to approach a task or problem.")

S, social skills (Social Skill Scale (Hansen and McNeall, [1997)): ability to get along with
other people (e.g. "If I want my friends to go along with me, I know what to say to them.")

S5 goal-setting sKills (Goal Setting Skill Scale (Hansen and McNeall, [1997)): directing an
effort to achieve a desired result (e.g. "Once I set a goal, I do not give up until I achieve
it.")

V Feedback (5 items; MCQ/Likert scale, open-ended)
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* overall feedback on the questionnaire: difficulty, length, clarity, further comments; (e.g."Rate
the overall difficulty of the questions.")

*TOSRA (Test of Science-Related Attitudes): The multidimensional instrument was developed by
Fraser| (1981). It has been extensively tested and applied in various different studies in the field of
science education research (Welchl 20105 Jewell, 2011). The test was developed to assess science
related attitudes and interests of middle and high school students. It contains seven distinct sub-
scales (social implications of science; normality of scientists; attitude to scientific inquiry; adoption
of scientific attitudes; enjoyment of science lessons; leisure interest in science; career interest in
science). Each sub-scale comprises ten items (e.g. "I would prefer to find out why something happens
by doing an experiment than by being told."; "A job as a scientist would be interesting") whereby
each sub-scale can be scored separately.

4.4.3. Instrumentation Stage Il

Sub-research question Qb ; (hypotheses Hs, Hs) (Section f.4.1)): This question dealt with the
evaluation of the impact of educational robotics on young school students (up to the age of 12). Stage
I of the study revealed that the 129 item student questionnaire was too long and too difficult for school
students of that age. Therefore, a 19 item assessment instrument based on already applied/tested
instruments (Dagiené and Futschekl 2008} [University of Waterloo| 2013 |/Austrian Computer Soci-
ety (OCG), 2013} [Hansen and McNeal, [1997; OECD|, 2009) was compiled. In addition, the ques-
tionnaire contained several items (multiple choice, open-ended questions) dealing with demographic
background information of study participants as well as a feedback part in the concluding section.
The whole questionnaire was reviewed by pedagogues and teachers and pilot tests with middle school
students were conducted.

The instrument comprised MCQ and Likert-scale questions and was structured around the main
sections Demographic and background information, Technical skills (computer science), Social skills,
Personal interests and Feedback. Questions were sorted in ascending order of difficulty level. The
entire questionnaire (English version) can be found in appendix [A.9] the German version is available
upon request. Following an overview of the applied questionnaire:

I Demographic and background information (6 items; MCQ/open-ended questions)
* student alias, group classification, confounding factors, background and statistical informa-
tion
II Technical skills (5 items; MCQ)

* T,, computer science (Beaver Computing Challenge (Dagiené and Futschek! 2008 |Uni-
versity of Waterloo, 2013} |Austrian Computer Society (OCG), 2013)): concepts of data
structures (graphs, trees), automata, principles of algorithms and programming languages;

II Social skills (5 items; 4-point Likert scale questions)

* S, social skills (Social Skill Scale (Hansen and McNeal, |1997)): ability to get along with
other people (e.g. "If I want my friends to go along with me, I know what to say to them.")

IV Personal interests (5-point Likert scale questions)

* I, personal interests (PISA Pupil Questionnaire (OECD, [2009)): Students rate their per-
sonal interest regarding nine different categories (e.g. "Working with machines or technical
equipment”, "Investigating how things work", "Learning a foreign language", ...)
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V Feedback (2 items; MCQ/Likert scale, open-ended)

* feedback on difficulty, further comments;

Sub-research question Qb; > (hypotheses Hs, Hg) (Section f.4.1): The instrument for assess-
ing distinctive features between experimental- and control-group students (secondary school) was a
slightly adapted version of the student questionnaire applied in stage I. Due to the findings of stage I
some parts of the questionnaire were adapted and shortened. In particular, several sub-scales of the
TOSRA section were omitted since the analyses of the feedback of stage I showed that this section
comprised too many questions and therefore completing the questionnaire took too long. In return,
new sections dealing with students’ career and personal interests as well as their attitudes towards their
teachers were added. In sum the questionnaire comprised 90 items. The entire questionnaire (English
version) can be found in appendix [A.10] further versions in German, Chinese, Japanese, Croatian and
Slovene were compiled and are available upon request. Following an overview of the main- (num-
bered I-VI) and sub-sections (itemized using dots). For a detailed explanation of the topics/contents
please refer to the description of the instrumentation applied in stage I (section[d.4.2).

I Demographic and background information (14 items; MCQ/open-ended questions)

* student alias, group classification, confounding factors, background and statistical informa-
tion

II Technical skills (35 items; MCQ)
* T general programming/robotics (4-H Robotics Questionnaire (Nugent et al., | 2010))
* T, textual programming (Programming Skills MCQ (Clark, [2004))

* T3 computer science (Beaver Computing Challenge (Dagiené and Futschek, [2008}; {Uni-
versity of Waterloo, |2013; |Austrian Computer Society (OCG)), 2013)))

* T, mathematics/scientific investigation (4-H Robotics Questionnaire, PISA released items,
science questionnaire (Nugent et al., [2010; Jomento-Cruz, 2010; OECD, [2006))

IIT Science related attitudes and interests (10 items; 5-point Likert scale questions; TOSRA (Fraser,
1981))

* A, attitude to scientific inquiry
IV Social- and soft-skills (23 items; 4-and 5-point Likert scale questions)
* S, self-efficacy in robotics (4-H Robotics Questionnaire (Nugent et al., 2010))
* S, problem solving (4-H Robotics Questionnaire (Nugent et al.,2010))
* S; teamwork attitudes (4-H Robotics Questionnaire (Nugent et al., 2010))
» S4 social skills (Social Skill Scale (Hansen and McNeal, |1997))
* S5 goal-setting skills (Goal Setting Skill Scale (Hansen and McNeal, |1997))

V Career-, personal-interests and attitudes towards teacher (3 items; 4- and 5-point Likert scale
questions)

* I, career interests (based on Career Scale by |Griffithl (2005)): Students rate their inter-
est (5-point Likert) in different fields regarding possible future careers (e.g. engineering,
entertainment, media, computers, science, law, ...)
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* I, personal interests (PISA Pupil Questionnaire (OECD| [2009)): Students rate their per-
sonal interest regarding different activities (using 5-point Likert: e.g. "Working with ma-
chines or technical equipment", "Investigating how things work", ...)

e I; attitudes towards the teacher (Student-Teacher Quality Scale (Gruehn, 2000)): The
scale measures the motivation ability in education (using 4-point Likert: e.g. "Our teacher
...0ften organizes the lessons in an exciting way.")

VI Feedback (5 items; MCQ/Likert scale, open-ended)

* overall feedback on the questionnaire: difficulty, length, clarity, further comments;

4.4.4. Statistical Methods

Stage | The analysis addressing main research question Qb; (hypotheses H;, H,) (see Section
was done applying repeated-measures MANOVA (multivariate analysis of variance) (May-
ers, 2013} Meyers et al., 2013} |O’Brian and Kaiser, [1985]; Delisle et al., 2010). Repeated-measures
MANOVA is a well-grounded statistical procedure which investigates the outcomes from several de-
pendent variables dV (measured over multiple time points) across two or more independent variables
iV. MANOVA was chosen because the research question focused on whether the change in the out-
come differed in the two groups (experimental- and control-group) between two measurement points
(pre-, post-test) (time*group interaction).

Within the context of this study we analyzed the gathered data as follows: Type of group (iVy;
experimental group, control group) and time point (iV,; pre-test, post-test) were used as the two in-
dependent variables. Scores of the different sub-scales were used as dependent variables dV;..dV 4.
Repeated measures MANOVA was used to analyze univariate effects (significant differences for each
of the sub-scales separately) as well as multivariate effects (significant differences for the main cate-
gories).

The level of significance (p-value) was analyzed for the established alpha level of 0.05 (this means
that a value of p < 0.05 was considered statistically significant). In order to ensure that assumptions
for MANOVA have been met, following steps were taken: ensuring correlation between dependent
variables (correlation should be between -0.40 and 0.90); ensuring between-group homogeneity of
variance across groups for dependent variables using Levene’s test (significance should be greater
than 0.05); ensuring homogeneity of variance-covariance matrices using Box’s M test (significance
should be greater than 0.001) (Mayers, [2013)). In addition to MANOVA a correlation analysis (Bortz
and Doringl 2006) was applied to measure the relationship between dependent variables.

The gathered data were analyzed around the following 14 different sub-scales:

* T; general programming/robotics, To computer science, T3 textual programming, T4 mathe-
matics/scientific investigation;

* A, attitude to scientific inquiry, A, adoption of scientific attitudes, Az enjoyment of science
lessons, A4 leisure interest in science, As career interest in science;

* S; self-efficacy in robotics, S, problem solving, S3 teamwork attitudes, S4 social skills, Ss
goal-setting skills;

Those sub-scales were grouped into the following three main categories in order to investigate multi-
variate effects:
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e technical skills (T1 - Ty)
e science related attitudes/interests (A1 - As)
* social aspects/soft skills (S1 - Ss)

In addition to MANOVA a correlation analysis calculating Pearson’s correlation coefficient r (Bortz
and Doring|, [2006) was applied to measure the relationship between dependent variables. This statis-
tical analysis was applied in order to reveal relevant highly significant (0.3 <r < 0.82;p < 0.01) linear
correlations between the different sub-scales.

The entire statistical analysis (in stage I and II) was done using the standard software package SPSS
(Ho, 2006; |[Eckstein, [2013)).

Stage Il Sub-research question Qb3 | (hypotheses H3, Hy): Repeated-measures MANOVA (as de-
scribed above) was used to analyze the change in the outcome of young school students in experimental-
and control-group (EG, CG) between pre- and post-test regarding technical- and social-skills (inde-
pendent variables: iV (EG, CG); iV, (pre-test, post-test); dependent variables: dV (mean of techni-
cal skills T,,); dV, (mean of social skills S,,)).

Analyses of covariance (ANCOVA) was used to determine whether the post-test means of the per-
sonal interest scales (dependent variables) for the two groups (EG, CG) differed significantly when
the influence of correlated variables (pre-test means of personal interest scales) was controlled. AN-
COVA is a well-grounded statistical method which explores outcomes in consideration of additional
variables (so called ’covariates’) which may have an influence on this outcome. It is commonly used in
pre/post designs whereby pre-test scores serve as covariates (Mayers), 2013 Welch, 2010). Following
configuration has been used in this analysis: independent variable iV (EG, CG); dependent variables
dV,..dVy (post-test means of interest scales); covariates cV..cVg (pre-test means of interest scales).
The level of significance (p-value) was analyzed for the established alpha level of 0.05. Analyses in
order to ensure that the homogeneity of slopes assumption have been met were conducted for each of
the dependent variables.

Sub-research question Qb; , (hypotheses Hs, Hg): One-way multivariate analyses of variance
(MANOVA) was applied to determine differences between EG and CG in terms of technical skills,
science related attitudes and social aspects/soft skills. One-way MANOVA is used when there are two
or more dependent variables and one independent variable (Mayers, |2013). Since this sub-research
question focuses on determining differences of students before actually starting an intervention, type
of group was used as single independent variable iV (EG, CG). Scores of the different sub-scales
were used as dependent variables dV;..dVg. The gathered data were analyzed around the following
10 different sub-scales:

e T general programming/robotics, T> textual programming, T3 computer science, T4 mathe-
matics/scientific investigation;

* A, attitude to scientific inquiry

» S; self-efficacy in robotics, S, problem solving, S; teamwork attitudes, S4 social skills, Ss
goal-setting skills;

Those sub-scales were grouped into the following two main categories for the investigation of multi-
variate effects:

e technical skills (T1 - Ty)
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* science related attitudes and soft skills (A1, Sy - Ss)

One-way MANOVA was also applied to determine differences between EG and CG (independent
variable iV) in terms of career and personal interests and in terms of attitudes towards teachers. The
data was analyzed around the following three main categories

* I, career interests (dependent variables dV;..dV,: means of 12 career sub-scales)
* I, personal interests (dV..dVy: means of 9 interests sub-scales)
* I3 attitudes towards the teacher (dV;..dVs: means of 5 teacher sub-scales)

In addition, a correlation analysis calculating Pearson’s correlation coefficient r was applied to in-
vestigate possible relations between technical- and soft-skill means and attitudes towards the teacher.
This analysis was applied in order to reveal relevant statistically highly significant (0.2 < r < 0.8;p < 0.01)
linear correlations.

4.4.5. Results Stage | (main research question Qbs)
Participants and Interventions

In total 148 students who completed the pre-test also completed the post-test (40% female, 57% male,
3% not stated; experimental group EG: 66 students, control group CG: 82 students). Initially 242
students completed the pre-test which results in a participation rate of 61.2% (students aged between 9
and 11 who did the pre-test skipped the post-test due to the high degree of difficulty of the questions).
The mean age of students was 14.9 years (81.8% aged 12-16, 18.2% aged 17-19). Students came
from nine different schools of different types whereby eight schools were located in different urban,
suburban and rural regions across Austria and one school was located in an urban region in Sweden.
Types of schools ranged from secondary polytechnic, secondary modern school, secondary school of
higher education in economy and tourism as well as high schools and junior high schools. Figure {.6|
provides an overview of participants’ demographic background.

EG, CG distribution (N=148) Age groups Gender

Age 17-19
18% not stated

3%

Figure 4.6.: Stage I study participants: EG/CG distribution, age groups and gender distribution

The intervention (referred to as ‘robotics activities’; see Section [d.4.1)) mainly comprised activities
in order to prepare for a national RoboCupJunior (RCJ) competition (around 85% of students in EG).
In this context students in EG attended weekly robotics courses, elective subjects or projects at school.
There the focus was on building and programming robots for the RCJ disciplines Dance (58.9%),
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Rescue (28.6%), Soccer(8.9%) and CoSpace(3.6%) (for a more detailed description of all disciplines
please refer to Chapter 2] Section [2.1.1). The remaining 15% of students in the experimental group
participated in weekly robotics elective subjects at school where they were introduced to robotics and
programming using the LEGO Mindstorms NXT platform (Kim and Jeon, [2007).

Students in the control group (CG) were from the same class/the same school level as students in
the experimental group. Students in CG attended comparable subjects and activities, i.e. they partici-
pated in regular computer science courses (on average one hour a week), in computer science electives
and/or elective courses in media informatics, physics, chemistry or arts. The learning activities of the
control group slightly differed between the different participating schools. In principle those activities
comprised working with current application software (e.g. word-/image-processing software), creat-
ing web-sites (using Javascript), getting familiar with computer hardware and software, doing online
research as well as preparing and presenting reports using new media resources (e.g. tablets, Pow-
erPoint presentations, email). Furthermore, 32.9% of the students in CG were also concerned with
textual programming (20.7%; using for example C#, C++,...) and/or graphical programming (12.2%;
using for example Scratch,...) mainly by attending computer science electives.

Mean Scores

A comparison of mean scores for each sub-scale indicated that students in the experimental group
(EG) basically had higher pre- and post-test scores compared to students in the control group (CG).
Figure provides an overview of pre- and post-test mean scores (scaled to 100%) for all 14 sub-
scales, separated by group (light blue bars indicate pre-test scores of EG, dark blue bars indicate
post-test scores of EG; light green bars indicate pre-test scores of CG, dark green bars indicate post-
test scores of CG). Depending on the sub-scale EG and CG showed different rates of improvement
between pre- and post-test.

Univariate and Multivariate Outcomes

According to Mayers| (2013)) and |Delisle et al.| (2010) repeated measures MANOVA was used to de-
termine statistically significant differences (intervention effects) between experimental- and control-
group (EG, CG) and between pre- and post-test. In this context univariate as well as multivariate
outcomes were analyzed (independent variables iV: group (EG/CG), time point (pre-/post-test); de-
pendent variables dV: scores of 14 sub-scales).

Univariate analyses were performed in order to investigate statistically significant changes for each
of the 14 sub-scales separately. The interaction between time point and group was statistically signif-
icant (indicating a positive intervention effect) for the following three sub-scales:

* T4, mathematics and scientific investigation (F; 146=5.595, p=0.019). Topics covered by this
sub-scale (multiple choice questions): fraction and ratio, converting units, uncertainty and like-
lihood, controlling scientific experiments, constructing and interpreting graphical representa-
tions, relationship of input and output, comparing graphs of acceleration and deceleration (Nu-
gent et al., 2010; Jomento-Cruz, [2010; OECD), [2006). Figure [21;8] shows the pre- and post-test
mean scores (scaled to 1.0) of EG and CG (left image) as well as the improvement between
pre- and post-test of EG and CG (right image). Students in EG (robotics group) had higher pre-

94



4.4. Quantitative Main Study
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Pre- and Post-Test Mean Scores (scaled to 100%)
EG Pre MEG Post CG Pre mCG Post
100
90 -
80
70 +
60 -
50 -
40 -
30 4

20

10 -

2 . . . e o e 3 & O
S & & & & S & 4 s £ & & N ¥
§ & 3 & & & & © @ & S & 3 &
AN 4 N S & & & e Ca & S S - NG
o & N & & 3 & N & & & & >
& N S & & & & & & o s N N $
& & \i 2 o & & & & 2 © s B 2
> Y © o £ & & & < ]
N o < & O & & & N
2 § o o of o § § & D
% RS o o & ) & o
< & ¥ & & & & P
o5& & < & o & N
A & R N NS & e
S NG g v
»

sub-scales by group (EG, CG)

Figure 4.7.: Stage I: Mean scores for all 14 sub-scales separated by EG, CG (scaled to 100%)

and post-test mean scores compared to students in CG. Furthermore, students in EG showed
an improvement whereas students in CG showed a decline between pre- and post-test (detailed
output of repeated measures MANOVA analysis for this sub-scale available upon request)

S; teamwork attitudes (F; 134=4.463, p=0.036). The scale focused on students’ attitudes re-
garding working together with other people (5-point Likert scale questions: 1..strongly disagree,
2..disagree, 3..uncertain, 4..agree, 5..strongly agree) (Nugent et al., 2010). A comparison of pre-
and post-test attitude means (scaled to 5.0) indicated that students in EG had higher pre- and
post-test means compared to students in CG (Figure[4.9] left image). Students in EG showed a
more positive attitude regarding teamwork at the post-test (towards *agree’) than at the pre-test.
In contrary, students in CG showed a less positive attitude (towards ’uncertain’) at the post-test
than at the pre-test (Figure [4.9] right image) (detailed output of repeated measures MANOVA
analysis for this sub-scale available upon request)

S4 social skills (Fy134=9.708, p=0.002). The scale focused on students’ ability to get along
with other people (4-point Likert scale questions: 0..strongly disagree, 1..disagree, 2..agree,
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3..strongly agree) (Hansen and McNeal, [1997)). A comparison of pre- and post-test attitude
means (scaled to 3.0) indicated that students in EG had slightly lower pre-test means but higher
post-test means compared to students in CG (Figure left image). Students in EG showed
a more positive attitude at the post-test than at the pre-test (from ’agree’ tending to ’strongly
agree’). Students in CG showed a less positive attitude (from ’agree’ tending to ’disagree’) at
the post-test than at the pre-test (Figure .10} right image) (detailed output of repeated measures
MANOVA analysis for this sub-scale available upon request)

Multivariate analyses of the three main-scales (sub-scales grouped by related topics) showed sig-
nificant multivariate effects for the interaction between time point and group for two of the main-
scales. This indicates a significant difference (=positive intervention effect) between EG and CG for
the following main-scales:

* technical skills (F4 143=2.701, p=0.033). Sub-scales grouped within this main-scale: T general
programming/robotics, T> computer science, T3 textual programming, T4 mathematics/scientific
investigation;

* social aspects/soft skills (Fs 130=3.403, p=0.006). Sub-scales grouped within this main-scale:
S| self-efficacy in robotics, S, problem solving, S; teamwork attitudes, S4 social skills, Ss
goal-setting skills;

The diagram in Figure d.TT|shows the summarized mean scores (scaled to 100%) of all three main-
scales (technical skills, science related attitudes and interests, social aspects/soft skills). Main-scales
for which significant differences were found during the multivariate analyses are highlighted in red.

The table in Figure {.12] provides an overview of statistically significant results of univariate and
multivariate MANOVA analyses.

Correlations

Correlation analysis calculating Pearson’s correlation coefficient r (Bortz and Doring), 2006)) revealed
a number of highly significant (strong/moderate) positive relations between various sub-scales. This
means that students who show high scores in one sub-scale also show high scores in the related sub-
scale (in this context it is important to mention that a correlation analysis measures linear correlations,
not causal relationships). Relevant highly significant relations (0.3 <r < 0.82;p < 0.01) were found
between 39 sub-scales for experimental group (EG), compared to only 18 sub-scales for control group
(CG). The diagrams in Figure @.13] provide an overview of all highly significant (strong/moderate)
relationships between sub-scales for EG and CG (highlighted in blue, green respectively). It can be
seen that there are various relevant positive correlations which only occur for students involved in
robotics activities (EG). For instance, (amongst others), between the following sub-scales:

» computer science (T,) and textual programming (T3)

 general programming/robotics (T;) and self-efficacy in robotics (S1)
* general programming/robotics (T) and problem-solving (S,)
 general programming/robotics (T1) and teamwork (S3)

* adoption of scientific attitudes (A;) and general programming/robotics (T1)
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Figure 4.8.: Stage I: Mean scores of EG, CG at pre- and post-test (scaled to 1.0; left image); in-
crease/decrease of mean scores between pre- and post-test (right image)

* enjoyment of science lessons (A3z) and general programming/robotics (T1)

Detailed results of the correlation analysis are available upon request.

4.4.6. Results Stage Il (sub-research question Qbs )
Participants

The evaluation of the impact of educational robotics on young school students (hypotheses Hs, Hy; see
Section {.4.T)) comprised 132 students (mean age 11.1 years) who completed both pre- and post-test
(23% female, 70% male, 7% not stated; experimental group EG: 53 students, control group CG: 79
students; see Figure[d.14)). Initially 150 students completed the pre-test which results in a participation
rate of 88%. Students came from two different middle schools located in urban and suburban regions
in Austria.

Students in the experimental group participated in weekly elective robotics courses at school. The
intervention mainly comprised introductory robotics and programming activities using the LEGO
Mindstorms NXT/EV3 platform as well as the NXT-G/EV3 graphical programming language. Within
the context of this courses students prepared for participating in a certain robotics competition for
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Figure 4.9.: Stage I: Attitude means of EG, CG at pre- and post-test (left image); change of means
between pre- and post-test (right image) (scaled to 5.0; 5-point Likert scale; (S=strongly
agree, 1=strongly disagree))

young students. This competition focuses on simplified RoboCupJunior Rescue tasks (e.g. following
lines, avoiding obstacles, ...). Students in the control group came from the same class, respectively
the same school level as students in the experimental group. They attended regular science lessons but
did not participate in the robotics courses. In general the regular computer science lessons comprises
basics of web development (HTML), basics of programming (C#) as well as the use of application
software (Microsoft Office).

Technical and Social Skills

Regarding technical skills a comparison of mean scores indicated that students in the experimental
group (EG) basically had higher pre- and post-test means compared to students in the control group
(CG). Both groups improved between pre- and post-test. Regarding social skills both groups showed
similar results with almost no change between pre- and post-test.

Repeated measures MANOVA was used to determine statistically significant changes (interven-
tion effects) between EG and CG as well as between pre- and post-test for technical skills and social
skills. Though, students in EG showed higher scores in the technical skill-scale, results of univariate
and multivariate analyses did not show statistically significant changes (intervention effects) for ei-
ther technical nor social skill-scales for the established alpha level of 0.05. Figure {.15] provides an
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Figure 4.10.: Stage I: Attitude means of EG, CG at pre- and post-test (left image); change of means
between pre- and post-test (right image) (scaled to 3.0; 4-point Likert scale; (3=strongly
agree, O=strongly disagree))

overview of pre- and post-test mean scores for technical and social skills (scaled to 100%).

Personal Interests

The applied interest scale comprised nine categories: Working with machines or technical equipment;
investigating how things work; doing things where creativity and imagination are important; adding
new parts to a computer; joining an acting or music group, learning a foreign language; establishing
contacts or starting a conversation with other people; developing a computer program; drawing or
painting pictures.

A comparison of pre- and post-test means (ranging from 1..very uninterested to 5..very interested)
revealed that students in EG basically had higher means in the technical categories whereas students
in CG showed higher means in the artistic categories. As described in Section [#.4.4] analyses of co-
variance (ANCOVA) was used determine which personal interests significantly differ between EG
and CG right after the intervention (using post-test scores of each category as depen-
dent variable and pre-test scores of each category as covariate). Statistically significant differences
(indicating greater interest of EG students) were found for the following categories:

* investigating how things work (F; 127=5.998, p=0.016)
* adding new parts to a computer (F; 120=9.952, p=0.002)
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Figure 4.11.: Stage I: Summarized mean scores of all three main-scales (thematically grouped sub-
scales). Main-scales with significant differences (according to multivariate analyses) are
highlighted in red.

* developing a computer program (F; 123=8.029, p=0.005)

Figure .16 provides an overview of pre- and post-test means for all nine categories with significant
differences highlighted.

4.4.7. Results Stage Il (sub-research question Qbs »)
Participants

Investigating hypotheses Hs and Hg (see Section @, 200 students (EG 173, CG 27 students) from
eight different countries (Europe, Asia, Australia) and around 20 different schools/educational institu-
tions worldwide participated in the study. In order to investigate distinctive features between students
who are about to participate in robotics activities (experimental group EG) and students who are not
(control group CG), pre-tests have been administered and results have been analyzecﬂ The average

ITo gather further insight also post-tests have been scheduled. Due to non-participation of a vast majority of students in
the post-test as well as several non-matching student IDs between the two measurement points, a valid post-test analysis
could not be performed.
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MANOVA univariate/multivariate tests - significant intervention effects
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S, |self-efficacy in robotics
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:sze;t; S, |teamwork v v
skills S, |social skills v
Ss |goal setting

Figure 4.12.: Stage I: Overview of results of MANOVA analyses (green check-marks indicate statis-
tically significant effects (=positive intervention effect))

age of participants was 13.9 years with a gender distribution of 13% female and 78% male (9% not
stated). Figure provides an overview of participants’ demographic background.

The majority of students in EG participated in robotics activities "at school’ (around 80%) followed
by ’at home’ (around 11%) and ’in a club’ (around 9%). Around 76% of students in EG intended
to participate in a robotics competition (RoboCupJunior 72.6%, FIRST Lego League/Robotics Com-
petition 19.9%, RoboCup Rescue 4.8%, Botball 2%, Robotika H 0.7%). Students in CG mainly
participated in regular computer science courses and/or computer science electives at school.

Technical skills, science related attitudes and social aspects/soft skills

Mean Scores: A comparison of pre-test mean scores for each of the 10 sub-scales indicated that
students in the experimental group (EG) basically had same mean scores compared to students in
the control group (CG) regarding technical skills with marginal differences in the sub-scales general
robotics/programming, computer science, textual programming and mathematics/scientific investiga-
tion. Conversely, in the attitude/soft skill related sub-scales students in EG showed higher means
compared to students in CG. Figure [4.18] provides an overview of mean scores (pre-test; scaled to
100%) for all 10 sub-scales, separated by group.
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Figure 4.13.: Stage I: Highly significant correlations between sub-scales for experimental group EG
(blue; left diagram) and control group CG (green; right diagram)

EG, CG distribution (N=132) Gender

female
23%

not stated
7%

Figure 4.14.: Stage II (impact on young school students): study participants, EG/CG and gender
distribution

Univariate and Multivariate Outcomes: One-way MANOVA (as described in Section f.4.4) was
used to determine statistically significant differences (’distinctive features’) between EG and CG.

Univariate analyses were performed in order to investigate statistically significant differences for
each of the 10 sub-scales separately. Significant differences were found for the following three sub-
scales (indicating statistically significant higher means for students in EG):

* S self-efficacy in robotics (F; 150=22.947, p<0.001). The scale focused on students’ self-
confidence in solving robotics tasks (5-point Likert scale questions: 1..strongly disagree, 2..dis-

agree, 3..uncertain, 4..agree, 5..strongly agree) (Nugent et al.| [2010).

* S, problem solving (F; 159=5.375, p=0.022). Here the focus was on students’ self-evaluation
regarding problem solving approaches using 5-point Likert scale questions (Nugent et al.,[2010).
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Pre- and Post-Test Mean Scores (scaled to 100%)
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Figure 4.15.: Stage II (impact on young school students): Pre- and post-test mean scores for technical
and social skills separated by EG, CG (scaled to 100%)

* S3 teamwork attitudes (F ;150=7.157, p=0.008). The scale focused on students’ attitudes re-

garding working together with other people (5-point Likert scale questions) (Nugent et al.]
2010).

Figure [4.19|shows the results (scaled to 5.0) of all three significant sub-scales.

Multivariate analyses of the two main-scales (sub-scales grouped by related topics) technical skills
and science related attitudes and soft skills showed significant multivariate effects between EG and
CG for science related attitudes and soft skills (Fg 154=4.905, p<0.001; sub-scales grouped within
this main-scale: A; attitude to scientific inquiry, S; self-efficacy in robotics, S, problem solving, S3
teamwork attitudes, S4 social skills, S5 goal-setting skills). The diagram in Figure shows the
summarized mean scores (scaled to 100%) of the two main-scales whereas significant differences
found in the context of the multivariate analyses are highlighted in red.

Career-, Personal-Interests and Attitudes Towards the Teacher

Univariate and Multivariate Outcomes: One-way MANOVA (as described in Section f.4.4) was
used to determine statistically significant differences (distinctive features) between EG and CG re-
garding career interests, attitudes towards the teacher and personal interests. In this context univariate
as well as multivariate outcomes were analyzed.
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Figure 4.16.: Stage II (impact on young school students): Pre- and post-test means regarding personal
interests (scaled to 5.0; 5-point Likert-scale (S=very interested, 1=very uninterested);
statistically significant differences are highlighted in red)
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Figure 4.17.: Stage II (distinctive features between EG/CQG): study participants, EG/CG and gender
distribution; participants per country

* I, career interests: A comparison of pre-test means for each of the 11 career categories in-
dicated that students in the control group (CG) had higher means in the technical categories
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Technical- and social/soft-skill mean scores (scaled to 100%)
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Figure 4.18.: Stage II (distinctive features between EG/CG): EG/CG pre-test mean scores for all 10
sub-scales regarding technical skills, science related attitudes and social aspects/soft
skills (scaled to 100%)
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Figure 4.19.: Stage II (distinctive features between EG/CQ): Statistically significant different pre-test
means of EG and CG scaled to 5.0 (5=strongly agree, 1=strongly disagree)

compared to students in the experimental group (EG).

Univariate analyses of the 11 career categories revealed statistically significant differences (sig-
nificant higher means for CG) regarding
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main-scales
(technical-/soft-skills summarized mean scores scaled to 100%)

EG Pre CG Pre

100 / N

90
80
70

60

percentage

technical skills (T1-T4) science related attitudes and soft skills (A1, $1-S5)

main-scales by group

Figure 4.20.: Stage II (distinctive features between EG/CG): Summarized mean scores (scale to

100%) of all two main-scales (thematically grouped sub-scales). Main-scales with sig-
nificant differences (according to multivariate analyses) are highlighted in red.

‘engineering’ (F go=8.808, p=0.004) and

"computers’ (F1 g9=6.804, p=0.011),

respectively significant higher means for EG regarding

"law’ (F1 89=4.623, p=0.034).

Figure 4.21] provides an overview of pre-test means for all 11 career categories with significant
differences highlighted.

I, personal interests: A comparison of pre-test means indicated that students in CG basically
had higher means in the nine personal interest categories compared to students in EG.

Univariate analyses of the nine personal interest categories revealed statistically significant dif-
ferences (significant higher means for CG) regarding

‘working with machines or technical equipment’ (F1 147=7.796, p=0.006).

Figure .22] provides an overview of pre-test means for all nine categories with significant dif-
ferences highlighted.

I; attitudes towards the teacher: A comparison of pre-test means indicated that students in EG
had more positive attitudes (higher means) in all of the five teacher-attitude categories compared
to students in CG.

Univariate analyses of the five teacher categories revealed statistically significant differences
(significant higher agreement means of EG students) regarding following four categories:
’...often organizes the lessons in an exciting way’ (Fi 156=9.079, p=0.003);

...can make even dry learning content really interesting’ (Fy 156=13.094, p<0.001);
...sometimes really can enthuse pupils’ (Fy 156=5.650, p=0.019);

"...supports pupils implementing their own projects’ (Fy 156=4.304, p=0.04);

Figure 4.23| provides an overview of pre-test means for all five teacher categories with signifi-
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cant differences highlighted.

Multivariate analyses of the main categories Iy, I, I3 revealed statistically significant multivariate
effects (distinctive features) regarding

* I, personal interests (Fg 139=1.945, p=0.05) and
* I3 attitudes towards the teacher (Fs 15,=3.412, p=0.006).
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Figure 4.21.: Stage II (distinctive features between EG/CG): Pre-test means regarding career interests
(scaled to 5.0; 5-point Likert-scale (5=very interested, 1=very uninterested); statistically
significant differences are highlighted in red)

Correlations: Correlation analysis (Bortz and Doringl 2006) was applied to investigate relations
between technical- and soft-skill means and attitudes towards the teacher. The analysis revealed
a number of highly significant (strong/moderate) positive relations for students in the experimental
group (EG). This means that students who show high scores in one sub-scale also show high scores in
the related sub-scale (important: correlation analysis measures linear correlations, not causal relation-
ships). Relevant highly significant relations (0.2 < r < 0.8;p < 0.01) were found between 57 sub-scales
for EG compared to only 6 sub-scales for CG. The diagrams in Figure {.24] provide an overview of
all highly significant (strong/moderate) relationships between sub-scales for EG and CG (highlighted
in blue, green respectively). It can be seen that there are various relevant positive correlations which
only occur for students involved in robotics activities (EG). For instance, (amongst others), between
the following sub-scales:

» computer science (T3) and ’...can make even dry learning content really interesting’ (I3B),
’...supports pupils implementing their own projects’ (IsD) as well as ’...inspires pupils for sci-
ence/technology’ (I3E)
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Figure 4.22.: Stage II (distinctive features between EG/CG): Pre-test means regarding personal inter-
ests (scaled to 5.0; 5-point Likert-scale (5=very interested, 1=very uninterested); statis-
tically significant differences are highlighted in red)

 problem-solving (S;) and all teacher related sub-scales (I3A - I3E)

* general programming/robotics (T;) and textual programming (T>), computer science (T3), math-
ematics/scientific investigation (T4), attitude to scientific inquiry (A1), self-efficacy in robotics
(S1) as well as problem-solving (S,)

» computer science (T3) and textual programming (T5), mathematics/scientific investigation (Ty),
attitude to scientific inquiry (A1), self-efficacy in robotics (S1), problem-solving (S,) as well as
goal-setting skills (Ss)

4.4.8. Discussion of Results, Summary and Conclusions

Addressing the main research question Qb3 and its sub-questions Qb3 ; and Qbs » (see Section 4.4.T))
this section dealt with the extensive quantitative evaluation of the impact of educational robotics.
Regarding the impact of educational robotics on students’ technical-, social and soft skills as well as
attitudes and interests towards science and technology (stage I of the quantitative study; main research
question Ob3) a widespread, mid-term approach was applied, aiming to gather solid and valuable
empirical data on a larger geographical scale. Using a well-proven methodology a quasi-experimental
two-group design (experimental- and control-group) conducting pre- and post-surveys (also referred
to as pre- and post-tests) was set up. A multiple-choice questionnaire, based on different already
applied and tested tools, was used as assessment instrument (Nugent et al., 2010; Jomento-Cruz, 2010;
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Figure 4.23.: Stage II (distinctive features between EG/CG): Pre-test means regarding attitudes to-
wards the teacher (scaled to 4.0; 4-point Likert-scale (4=strongly agree, 1=strongly dis-
agree); statistically significant differences are highlighted in red)
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Figure 4.24.: Stage II (distinctive features between EG/CG): Highly significant correlations between
sub-scales for experimental group EG (blue; left diagram) and control group CG (green;
right diagram)

Dagiené and Futschek}, 2008; [University of Waterloo,[2013; [Austrian Computer Society (OCG),2013;

OECD| 2006 [Clark, [2004; [Fraser, [1981; [Hansen and McNeal, [1997). The study covered a period of

approximately eight months (autumn 2013 - mid 2014) and comprised 148 pupils from 9 different
schools in Austria and Sweden.

Stage II of the quantitative main study (autumn 2014 - mid 2015) addressed sub-research ques-
tions Qb3 and Qb3 ». On the one side, the focus was on the evaluation of the impact of educational
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robotics on young school students up to the age of twelve. Therefore, a questionnaire for young school
students was compiled, tested and a pilot study with 132 young students (average age 11.1 years) was
conducted in two selected middle schools in Austria. On the other side, stage II focused on the in-
vestigation of distinctive features between experimental- and control-group students comprising 200
participants from different types of secondary schools in eight different countries worldwide. There-
fore, based on the findings and lessons learned from stage I of the study, the assessment instrument
was adapted, extended and translated into the respective languages.

Using well-grounded statistical methods (Martin, 2007; [Huck et al., [1974; Mayers, 2013} Meyers
et al., 2013;|O’Brian and Kaiser, [1985]; Delisle et al., [2010), the gathered data were analyzed around
different sub-scales related to technical- and soft-skills, social aspects, attitudes and interests towards
science, personal and career interests as well as attitudes towards the teacher.

Main research question Qbs, hypotheses H; gpz and Hzqgps  (Section F.4.1): Looking at the re-
sults, it appears that students in the experimental group (EG) had higher scores at the base-level
(pre-test) than students in the control group (CG) in various sub-scales (see Figure[d.7). This suggests
that students who are already interested in science and technology decide to participate in robotics
activities. Analyzing scores of pre- and post-tests it could be seen that both groups showed significant
improvements in several sub-scales.

Statistically significant intervention effects (p-value <= 0.05) were found for the three sub-scales
mathematics and scientific investigation, teamwork as well as social skills (see Figures 4.8 4.9 [.10),
showing a significant positive impact of robotics activities on those topics. These findings indicate that
educational robotics has a significant positive impact on some separate sub-scales but does not have
a significant positive impact on each of the 14 sub-scales. Therefore, the results do not completely
support hypothesis H; g3 of educational robotics having a significant positive impact on all of the sub-
scales (dealing with technical-,soft-skills, social-aspects and students’ attitudes and interests towards
science) separately.

Analyses of the three main-scales technical skills, science related attitudes and interests and so-
cial aspects/soft skills revealed statistically significant positive intervention effects for both technical
skills and social aspects/soft skills (see Figure .TT). Additional correlation analyses showed a large
number of highly significant positive relations between various sub-scales for students participating
in robotics activities (EG). For instance, there were strong positive relations between computer sci-
ence and textual programming, between general programming/robotics and various other sub-scales
(mathematics/scientific investigation, adoption/enjoyment of science, self-efficacy in robotics, prob-
lem solving, teamwork) as well as between attitude related and soft skill related sub-scales (see Figure
[@.13) which only occurred for students in EG. All together, these findings support hypothesis H> g3
of educational robotics having a positive impact on a group of content-related topics.

Sub-research question Qb; |, hypotheses Hzqps.s and Hspz.r  (Section [#.4.1): Looking at the
results, it appears that students in EG had higher scores in the technical skill scale than students in
CG (at both pre- and post-test). Both groups showed almost equal improvement rates between the
two measurement points. Though there was an improvement of technical skills, no statistically sig-
nificant differences were found between EG and CG. Regarding the results of the social skill scale,
both groups had almost the same (relatively high) mean scores at pre- and post-test with almost no
change between the two measurement points (see Figure {.135). Statistical analyses did not reveal
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significant differences between EG and CG and between pre- and post-test. Therefore, hypothesis
H3s gp3.1 of educational robotics having a statistically significant positive impact on young school stu-
dents’ performance regarding technical skills and on their attitudes towards social aspects has to be
rejected.

The analysis of the personal interest scale showed that basically, students in EG had higher mean
scores in the technical and social related categories whereas students in CG had higher mean scores
in the artistic/foreign languages categories (see Figure {.16). Some categories also show decreasing
rates between pre- and post-test which might be due to already relatively high pre-test means. Sta-
tistically significant differences were found for the interest-categories investigating how things work,
adding new parts to a computer and developing a computer program. These findings partly support
hypothesis Hy gp3.7 of educational robotics having a significant impact on the change of young school
students’ personal interests. In sum, results of the interest analyses suggest that the involvement in
robotics activities, above all, has a strong impact on the change of young school students’ technical
related interests.

The results of this investigation suggest that young students (up to the age of 12) who are already
interested in technical topics and who already have a basic technical understanding, participate in
robotics activities. It shows that there is a strong interest and motivation of talented, technology-
oriented young school students to participate in robotics activities. This underpins the findings of
stage | of the quantitative main study.

Sub-research question Qb », hypotheses Hs qps.7 and Hg gpz.s  (Section 4.4.1): Findings of this
investigation are discussed bearing in mind the limitations of not having valid post-test data (due
to high drop-out rate and non-matching participant IDs between pre- and post-test) as well as a not
well-balanced experimental-/control-group distribution (EG 173, CG 27 students).

The results of the study (pre-test data) investigating how students (secondary school) intending
to participate in educational robotics activities differ from students not intending to participate in
educational robotics activities in terms of technical skills, social aspects and soft skills, science related
attitudes, career and personal interests as well as attitudes towards their teacher, showed the following
picture: Students in EG and CG, on one hand, basically had the same mean scores in the sub-scales
related to technical skills. On the other hand, in the attitude/soft skill related sub-scales students in
EG showed higher means with statistically significant differences regarding self-efficacy in robotics,
problem solving and teamwork attitudes (see Figures[d.18 and[4.19). In addition, multivariate analyses
of the two main scales technical skills (grouped sub-scales T - T4) and science related attitudes and
soft skills (grouped sub-scales Aj, S; - Ss) revealed statistically significant differences only for the
main scale science related attitudes and soft skills (see Figure £.20).

Considering these results, the first part of hypothesis Hs gp3.; regarding the existence of significant
distinctive features (in terms of technical skills) between students intending to participate in educa-
tional robotics activities (EG) and students not intending to participate (CG) has to be rejected. On
the contrary, the investigation revealed significant distinctive features in terms of social aspects, soft
skills and science related attitudes which supports the second part of hypothesis Hs gp3;. In sum,
findings suggest that students who are about to participate in robotics (EG) tend to have more posi-
tive attitudes towards science and social-/soft-skill related topics. This shows that those students are
highly committed and have high expectations regarding their involvement in robotics activities. On
the other side, there was no indication that students in EG differ significantly from CG students re-
garding their technical skills before participating in robotics activities. These contradictions to the
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findings of stage I and stage II of the quantitative main study (middle and secondary school students
having higher pre-test mean scores in technical scales) might be due to the broad geographical scale
and the diversity/inhomogeneity of the sample (participants from different schools, countries and cul-
tures in Europe, Asia and Australia) as well as to the aforementioned limitations of this particular
experimental setting.

The analysis investigating distinctive features in terms of career interests revealed statistically sig-
nificant higher means of students in CG regarding the categories ’engineering’ and ‘computers’, re-
spectively significant higher means for EG regarding 'law’ (see Figure d.21). In addition, analysis
of the personal interest scale revealed significant higher means of students in CG regarding 'working
with machines or technical equipment’ (see Figure #.22)). In general, CG students showed slightly
higher means (p-value > 0.05) in the technical categories while students in EG showed slightly higher
means in soft skill categories (e.g. ’learning a foreign language’). These results were unexpected,
since findings of our previous studies would suggest that students intending to participate in robotics
activities (EG) would be more interested in technical career fields and would have higher means in
personal interest categories related to technical aspects. On the other side, this shows that students
intending to participate in robotics have a diverse set of interests, not limited to certain technical as-
pects and categories. Again, aforementioned factors and limitations have to be kept in mind in view
of these findings.

Regarding attitudes towards the teacher analyses revealed that students in EG had higher means
in all of the five teacher-attitude categories with statistically significant differences in four out of
five categories (e.g. ’our teacher often organizes the lessons in an exciting way’, ’our teacher can
make even dry learning content really interesting’, ...; see Figure f.23)). Students who are about
to participate in educational robotics activities (EG) have a far more positive opinion towards their
teachers compared to control group students (CG). Additional correlation analysis revealed a number
of highly significant positive relations between technical- and soft-skill means and attitudes towards
the teacher for students in EG. Figure 4.24| shows that there are various relevant positive correlations
which only occur for EG students (e.g. between “problem-solving’ and all teacher related sub-scales,
...). Teachers offering robotics activities or integrating robotics in the regular curriculum spend a lot
of time and effort in the preparation of lessons and the support of students (e.g. by acting as mentor at
robotics competitions during leisure time) and therefore, are perceived by students in positive terms.
This highlights the crucial role and enormous importance of the teacher in the context of educational
robotics.

In sum, distinctive features between experimental- and control-group students were found for sev-
eral scales related to career-, personal-interests and attitudes towards the teacher. Multivariate effects
were found for the main scales personal interests (nine grouped interest categories) and attitudes
towards the teacher (five grouped teacher categories). These findings support hypothesis Hg gp3.;
stating that significant distinctive features exist between students intending to participate in educa-
tional robotics activities and students not intending to participate in educational robotics activities in
terms of career interests, personal interests as well as attitudes towards their teacher.

Results and findings of our study were partly confirmed by previous studies (as discussed in Chapter
@. For instance, the studies of Melchior et al.| (2005} 2004); [Petersen et al.| (2007) also found posi-
tive effects on teamwork and social skills. [Miller et al.| (2008) reported measurable improvement of
students’ teamwork and communication skills as well as their self-esteem. In his dissertation |Griffith
(2005)) showed that science related attitudes did not change significantly between pre- and post-test.
Lindh and Holgersson| (2005) found statistical evidence of improvements regarding mathematics and
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problem solving skills for a sub-group of study participants. Nugent et al|(2012) reported extremely
high pre-test attitude scores of the experimental group. The authors argued that this ceiling effect
makes it difficult to improve at the post-test. None of the related studies and theses found significant
improvements for all of the investigated topics. |Alimisis| (2013) also discussed the great necessity
to address students who are not yet interested in science and technology. Demo et al. (2012) also
stressed the crucial role of the teacher regarding the success of educational robotics (by means of a
positive impact on students’ learning). Other studies came to slightly different findings and conclu-
sions compared to our evaluation. For instance, [Nugent et al.| (2014)) reported only a minor impact on
mathematics knowledge. [Welch|(2010) found a significant positive impact on four out of seven differ-
ent categories regarding science related attitudes and interests. Varied study designs, different settings,
interventions and applied methods as well as the demographic background of study participants might
be sources of different results and findings.

4.4.9. Confounding Factors and Limitations

Empirical studies in general face the challenge of considering and eliminating possible confounding
factors which can have an influence on study results. We are aware that the quasi-experimental eval-
uation design applied in this quantitative main study has limitations and shortcomings (Diekmann),
2007; Bortz and Doring), 2006} Schreiner and Sjoberg), 2004 Stubbs et al.,[2012). In the following we
will discuss particular limitations of the evaluation design as well as countermeasures taken in order
to address those challenges as far as possible.

Due to the broad scope and geographical scale of this evaluation with participants from different
schools/educational institutions in different countries in Europe, Australia and Asia a randomized
assignment of study participants to either experimental group (EG) or control group (CG) was not
feasible. Assigning participants randomly provides a higher probability that there are less differences
between EG and CG at the initial measurement point. Such differences might concern, for instance,
different prior knowledge or experiences of study participants as well as different educational and
demographic background. Therefore, by applying a randomized participant assignment, differences
found at the final measurement point are attributable to the intervention with a higher degree of cer-
tainty. In order to address these issues we developed an evaluation design using pre- and post-tests by
assessing the initial situation at the pre-test and analyzing the results after the intervention (post-test)
using the pre-test results as base level. A prerequisite of this study was that students in EG and CG
share comparable demographic attributes (e.g. age, school level, social and educational background)
and that students in CG attend comparable subjects and activities (e.g. participating in regular com-
puter science courses). Teachers at each participating school were asked to recruit students for EG and
CG matching a set of specific criteria (see Section 4.4.1). The study instruments applied comprised
items assessing prior knowledge of participants regarding technical skills (robotics, programming
knowledge, ... ; see Sectiond.4.2).

By applying a pre- and post-test design one have to be aware of potential learning effects. Basically
this means that study participants remember the correct answers from the pre-test while doing the post-
test. We faced this challenge by establishing an eight-month time gap between the two measurement
points. Furthermore, we changed the order of multiple-choice answers of each question from pre-test
to post-test.

The validity of answers depends on the honesty and motivation of study participants. This applies
particularly to questions related to attitudes and interests where it is important that participants answer
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questions truthfully. Though critical it is extremely difficult to ensure this prerequisite. Therefore, we
addressed this issue on several levels. First, we provided an incentive for the study participants (i.e.
by participating in a prize draw). Second, we provided a detailed explanation of purpose and process
of this evaluation in order to raise participants’ awareness for the importance of their conscientious
cooperation in this study. Third, we checked the data for obvious faked or invalid answers (e.g.
relevant comments made in the feedback section, ...) and did not include them in the statistical
analysis.

The applied study instruments (questionnaires) as well as further documents (informed consents,
step-by-step manual for teacher, information material) where originally created in English and after-
wards translated into different languages. Translating the study instrument and additional documents
is a sensitive process with various sources of errors. Cultural differences, different school systems,
different meaning of terms, etc. have to be considered. In order to avoid those errors as far as possible
all instruments and documents were translated by native speakers.

The quantitative main study comprised a large geographical area as well as a broad diversity and
inhomogeneity of the participants (students from different countries and cultures in Europe, Asia
and Australia; different social and educational background of students; different schools of different
types; different conditions in each participating school, ...). Due to the broad scale of the study
the activities in experimental- and control-groups slightly differed across the different participating
schools/institutions. All those aspects affect the study implementation and its results. Various counter
measures were taken to address these issues. In order to ensure similar assessment situations in each
participating institution we provided detailed information for teachers and pedagogues who were re-
sponsible for recruiting students and for conducting the study at their institution (e.g. step-by-step
manual, additional documents explaining the process of the study, personal contact as well as cor-
respondence using email, Skype and telephone). In addition, we only recruited students matching
certain criteria (as described above and in Section .4.1). The majority of students in the experimen-
tal group either prepared for RoboCupJunior or participated in educational robotics activities on a
weekly basis as part of elective subjects in school. This ensures a more uniform and comparable set
of intervention activities across participating schools/institutions.

In the context of stage I of the study we did not measure the influence of the teacher (quality of
teaching, didactic and pedagogical skills, relationship to students, ...) and the impact of her/his
teaching approach on students’ attitudes or performance. The teacher represents one of the most
influential confounding factors. In order to face this shortcoming stage II comprised a section dealing
with students’ attitudes towards the teacher. Nevertheless, further and more detailed investigation of
teachers’ influence is needed.

Stage II of the study (regarding secondary school students) faced the problem of not having enough
valid post-test data. This issue was due to a high drop-out rate and non-matching participant IDs
between pre- and post-test. Furthermore, the analyzed pre-test data showed a not well-balanced
experimental-/control-group distribution (EG 173, CG 27 students) which limits the significance and
validity of the results. Furthermore, additional validity tests and reliability analyses are needed re-
garding the instruments applied for assessing technical skills of young school students (stage II, sub-
research question Qb3 1).

The results regarding science related attitudes and social aspects/soft skills are based on self-
assessment questionnaires, reflecting students’ subjective view and opinion. Other assessment in-
struments (e.g. knowledge tests,...) might lead to different results (e.g. for problem-solving- and
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soft-skills). This also applies for the instruments assessing technical skills. Furthermore, it might also
be possible that the applied instruments were not sensitive enough to measure all significant changes.

By applying the described counter measures we focused on minimizing the confounding factors
and addressing the limitations as far as possible. Nevertheless, results and findings of this quantitative
main study have to be considered bearing in mind all the limitations, shortcomings and flaws discussed
in this section. It is also important to mention that this first study provides some initial evidence on
the impact of educational robotics but further investigation is needed to underpin the results.

4.4.10. Future Work

Future work comprises steps in order to ease the limitations and shortcomings (as discussed in the
previous section) such as a more detailed investigation of teachers’ influence on students’ skills and
attitudes in the context of educational robotics.

The assessment instruments for secondary school students have to be shortened further in order
to avoid a high drop-out rate at post-test due to high complexity and high expenditure of time for
completing the questionnaire. Based on the findings of this study the assessment instrument for young
school students has to be adapted and translated and further evaluations at different middle schools in
different countries have to be conducted in order to underpin/support results of this first investigation.

The results regarding science related attitudes and social aspects/soft skills are based on self-
assessment questionnaires, reflecting students’ subjective view and opinion. Other assessment instru-
ments like knowledge tests, problem-solving skill tests, psychological testing procedures (as applied
by (Wulf] (2012); see Chapter [2] Section [2.1.2)) or critical thinking assessments (Stein et al.| [2007)
would provide important additional insights and might also lead to different results. Therefore, it
would be of great value to conduct the study using different assessment instruments and to compare
the results in order to find possible differences/similarities.

The evaluation design described in this chapter is one first attempt to address the extremely complex
question concerning the impact of educational robotics. The large body of gathered data might also
be analyzed with respect to different aspects and research questions (e.g. gender, social or regional
aspects, ... ).

It is important to mention that this study provides some initial evidence on the impact of educational
robotics but further investigation is needed to underpin or disprove the results. In this context a
further development of the applied evaluation design would be conceivable in order to conduct an
in-depth analysis of the impact of educational robotics on certain subject areas and, furthermore, to
address certain limitations of the current study (influence of the teacher, slightly different intervention
activities in experimental- and control-groups across different participating schools, ...):

* selecting a subject area (e.g. mathematics, physics, computer science, ...) to be investigated
* preparing topics of that area in three different ways (3-group design):
— using an educational robotics approach ( =experimental group)

— using a different computer-aided/technical teaching approach (e.g. tablets, smart-phones,
game-based, . ..; =control group 1)

— using a conventional teaching approach ( =control group 2)
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* all three approaches are taught by a single teacher

* applying pre- and post-test (before and right after the intervention) as well as a follow-up test
(several months after the intervention in order to determine mid-/long-term effects)

4.5. Summary and Conclusion

Using robots as a vehicle to interest young people in science and technology and in addition to im-
prove their technical- and social-skills has become a widespread approach in the last decades. There
is a predominantly positive feedback from students, teachers, mentors, parents and other stakeholders
involved in educational robotics activities. Despite these subjective impressions and anecdotes it is
crucial to conduct objective evaluations in order to provide valid information and verifiable data to
prove its effectiveness and positive impact. This chapter described the design (methodology, instru-
mentation), implementation, analysis and results of a comprehensive empirical evaluation applying a
mixed methods research approach comprising qualitative and quantitative research methods.

Addressing the main research questions as discussed in Section 4.1 we developed an evaluation
concept which relies on a proven, well-grounded methodology. The overall concept is based on three
pillars, namely the qualitative pre-study addressing research question Qb1, the qualitative/quantitative
evaluation of intervention conceptsﬂ] addressing research question Qb, and the quantitative main study
addressing research questions Qb3 and its sub-research questions Qb3 1 and Qb3 » (see Figure .
The following summarizes methodology, results, limitations and open issues (future work) of each
pillar.

The qualitative pre-study (Section #.2)) addressed research question Qby: "What are the moti-
vational factors and inherent values of educational robotics and, furthermore, what is the long-term
effect of the involvement in educational robotics activities on the individual career development of
school students?"

Therefore, this study aimed at revealing values inherent to the educational robotics approach by the
example of RoboCupJunior (RCJ). The focus was on the extraction of role models and later careers
of former RCJ participants who participated in various national and international RCJ competitions
between 2008 and 2011. It is not sufficient to only know that an educational robotics approach like
RClJ is successful, but also why. In this context semi-structured qualitative interviews aiming at identi-
fying reoccurring motivational factors that "hooked’ participants and investigating their "'RCJ careers’
formed the basis of this evaluation.

The pre-study comprised results of nine interviews whereas the group of interviewees is not repre-
sentative in any way. The aim was to provide first hints and preliminary insights in order to identify
the inherent values of an educational robotics approach like RCJ. All of the respondents did have a
positive opinion towards educational robotics and RCJ in particular. However, it is crucial as well
to investigate also negative examples (e.g. students who were not influenced by their involvement in
educational robotics activities in their future careers, and/or have negative attitudes towards educa-
tional robotics/RCJ). There is also a need for more long-term evaluations in the area of educational
robotics in order to improve pedagogical approaches. In this regard a series of follow-up studies, such

"The description of the cross-generational educational robotics/education in Al intervention concepts can be found in
Chapter [3]
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as ethnographic studies of the teachers, content-related analysis of the teaching material and a long-
term shadowing study of selected students from different age ranges need to be conducted. Those
follow-up studies should also ease the limitations of this qualitative pre-study, such as the small num-
ber of interviewees, which all had successful RCJ experiences. In addition, further studies in different
regions/countries need to be conducted to address the shortcoming of a limited geographical scope.

Findings of the pre-study showed that all interviewees were enthusiastically talking about their
robotics activities and experiences. Many of them competed for years in RCJ and later all of them
continued in science and engineering studies. Furthermore, many former team members are still
friends and work together at university or meet in leisure time. Even if none of the teams reached
top placements at the competitions they were proud of their achievements. With regard to research
question Qb; results of this pre-study show that RCJ as an educational robotics approach generates
three important motivational factors (inherent values, so called "the hooks’) namely the social expe-
rience (friends, teamwork and international contacts), the engaged community (schools, motivating
teachers, academics and family) and the feelings of success (personal development, placing and pos-
itive memories). Regarding the nine interviewees there is an obvious positive relationship between
their educational robotics/RCJ experiences and their future careers. All of them pursued science and
engineering related studies at different Austrian universities. Two of them also continued in the ma-
jor level of RoboCup, playing a leading role in a successful RoboCup Rescue team. Furthermore,
both of them already finished their bachelor and master theses in the area of robotics and entered the
professional life or started a Ph.D. respectively.

The findings and results as well as the gained expertise and lessons learned from this pre-study
formed the basis for the evaluation of intervention concepts and built the foundation for the develop-
ment of the quantitative main study.

The qualitative/quantitative evaluation of intervention concepts (Section addressed re-
search question Qb,: "Are the novel educational intervention concepts (cross-generational educa-
tional robotics/education in Al) (as presented in Chapter [3)) working as expected?"

The evaluation of the first concept dealing with pre-school educational robotics in a cross- gener-
ational context comprised semi-structured qualitative interviews as well as passive and active partici-
pant observations, informal interviews, field notes and discussions. Gathered and analyzed qualitative
data proved that kindergarten children were familiarized with science and technology in a playful and
sustainable way, were actively involved in the hands-on activities and interacted with school students
and senior citizens in the sense of an education partnership. The analysis of the semi-structured in-
terviews with school students revealed that both students and kindergarten children gained various
technical and social skills. The results of this investigation indicate that using robots as a pedagogical
tool by applying a cross-generational, cross-institutional approach could be one successful way to
introduce pre-school children and in parallel also school students and senior citizens to robotics and
computer science. The huge amount of gathered data is still subject to further investigation. In this
context, the next evaluation steps would also have to include interviews with kindergarten children
and senior citizens.

The evaluation of the second concept focusing on education in artificial intelligence on different
age- and educational levels comprised qualitative research methods (participant observation, field
notes, discussions, informal and semi-structured interviews, drawing interpretations) but also quan-
titative research methods (open ended and multiple choice questions, self- and foreign-evaluation of
acquired skills, feedback questionnaires). Evaluation results of the pilot implementations for each
module indicate that the proposed Al education concept aiming at fostering Al literacy works (also
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see Figure[4.4). Kindergarten children (average age 5 years) explored fundamental Al topics in a play-
ful way and understood the (simplified) Al concepts. Middle school students (average age 12 years)
got a basic understanding (theory plus practical implementation) of basic Al/computer science topics
but had problems to understand the connection between the basic Al concepts and their application
in real life. The content and topics turned out to be too extensive for the short time available and
the very little prior knowledge of participating students. After completing a seven week Al course,
high school students got a well-founded understanding of a broad range of fundamental Al topics.
By applying new Al learning tools and motivational hands-on exercises at university level almost all
students successfully completed the course on basic Al techniques.

Summarizing the evaluation results after analyzing all gathered data it can be concluded that the
novel intervention concepts presented in Chapter [3| are working. Within the context of first proof-of-
concept implementations it turned out that both interventions concepts achieved almost all of their
goals (referring to research question Qb,). Nevertheless, due to the relatively small sample of par-
ticipants in the pilot implementations of each intervention concept, evaluation results only provide
preliminary insights and first hints. In order provide additional, sound underlying data document-
ing the success of both concepts, further implementations and evaluations in different kindergartens,
schools and universities are necessary. Certain modules of the Al education concept (i.e. university)
also require a more detailed evaluation (questionnaire, self-evaluation, quantitative feedback). To
gather valid long-term data it would also be necessary to follow a group of students from kindergarten
to university who go through the entire Al education program. Results and lessons learned from the
first proof-of-concept projects form the basis to adapt, improve and extend the Al education concept
(further implementations in different schools and kindergartens; proof-of-concept implementations in
primary schools) in order to pursue the long-term goal of fostering Al literacy.

The quantitative main study (Section comprised two stages. Stage I addressed the main
research question Qbs: "Is there a difference/change in the outcome (compared between before and
after participating in educational robotics activities) in terms of technical skills, social aspects and
soft skills and science-related attitudes and interests between school students participating in ed-
ucational robotics activities compared to school students not participating in educational robotics
activities?". Stage Il dealt with the sub-research questions Qbs . "Is there a difference/change in
the outcome (compared between before and after participating in educational robotics activities) in
terms of technical skills, social aspects and personal interests between young students (up to the age
of 12) participating in educational robotics activities compared to young students not participating in
educational robotics activities?" and Qbsz »: "How do students intending to participate in educational
robotics activities differ from students not intending to participate in educational robotics activities in
terms of technical skills, social aspects and soft skills, science related attitudes, career and personal
interests as well as attitudes towards their teacher?"

Regarding the impact of educational robotics on students’ technical-, social and soft skills as well
as attitudes and interests towards science and technology (stage I, main research question Qb3) a
widespread, mid-term approach was applied, aiming to gather solid and valuable empirical data on a
larger geographical scale. Based on a well-proven methodology a quasi-experimental two-group de-
sign (experimental- and control-group) comprising pre- and post-tests was applied (Diekmann, 2007}
Barreto and Benitti,2012; Bortz and Doring,, 2006; [Trochim et al., 2015). A multiple-choice question-
naire, based on different already applied and tested tools, was used as assessment instrument (Nugent
et al.| [2010; Jomento-Cruz, [2010; [Dagiené and Futschekl |2008}; [University of Waterlool| 2013} |Aus-
trian Computer Society (OCG), 2013 OECD), 2006; (Clark, [2004; [Fraser, |1981; [Hansen and McNeal,
1997). The study covered a period of approximately eight months (autumn 2013 - mid 2014) and
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comprised 148 pupils from 9 different schools in Austria and Sweden. In stage II the focus was on
the evaluation of the impact of educational robotics on young school students (sub-research ques-
tion Qb3 1). Therefore, a questionnaire for young school students was compiled, tested and a pilot
study with 132 middle school students (average age 11.1 years) was conducted. In addition, stage II
also investigated distinctive features between experimental- and control-group students (sub-research
question Qbj ») comprising 200 participants from different types of secondary schools in different
countries worldwide. Therefore, based on the findings and lessons learned from stage I of the study,
the assessment instrument was adapted, extended and translated into the respective languages.

Using well-grounded statistical methods and software packages for statistical data analysis (May-
ers, 2013 Meyers et al.,2013;|0O’Brian and Kaiser,|1985; Delisle et al.,2010; Bortz and Doring,, 2006;
Eckstein, 2013)), the gathered data were analyzed around different sub-scales related to technical- and
soft-skills, social aspects, attitudes and interests towards science, personal and career interests as well
as attitudes towards the teacher.

The quasi-experimental evaluation design applied in this study has some limitations and shortcom-
ings which are discussed in detail in Section[4.4.9|(i.a. no randomized assignment of participants; prior
knowledge; learning effects; motivation, honesty of participants; inhomogeneity of groups; applying
the study in different schools and countries; slightly different activities in control and experimental
groups across different schools; influence of the teacher (quality of teaching, didactic and pedagogical
skills)). In order to face those challenges as far as possible specific actions were taken (i.a. assessing
base level of participants; assessing prior knowledge; eight-month time gap between pre- and post-
test; providing incentive for participants; translation of questionnaire by native speakers; ensuring
similar assessment situation in schools; ...).

The summarized results of stage I (main research question Qbs) of the quantitative main study”|
showed that educational robotics has a significant positive impact on a group of content-related topics
(e.g. a group of topics related to programming, mathematics and robotics and a group of topics related
to social aspects), rather than on separate thematic topics (e.g. text-based programming or principles
of computer science only). These findings suggest that educational robotics should not only focus on
separate, isolated topics but rather should be applied as an integrated approach, fostering a holistic
understanding and acceptance of different areas and fields. Summarized results of stage II (sub-
research question Qb3 1) did not suggest a significant change of young students technical skills but a
strong impact on young school students’ technical interests. Regarding stage II (sub-research question
0bs ») distinctive features between experimental- and control-group students were found for several
scales related to career-, personal-interests and attitudes towards the teacher.

Study outcomes form the basis for further discussions about possible improvements and enhance-
ments in the area of educational robotics. Thus, for example, covers the question of how to attract stu-
dents who are not already interested in science and technology (as also discussed by |Alimisis|(2013)).
Furthermore, it is crucial to familiarize people as early as possible with science and technology and to
develop concepts to foster and support motivated young students. As study results show, there already
exists great interest in those science-/technology-related topics in early school years. Young students
had high expectations and sometimes maybe an idealized image of school-based robotics activities
as high pre-test results at interest-/-attitude-related categories show. Those images did not always
correspond to reality and, therefore, expectations were not met which led to lower post-test results in
certain categories (as also discussed in the article by Nugent et al.|(2012)). Results also show, that stu-

**For a detailed description of all stage I and stage II results please refer to Sections [4.4.5] [4.4.6|and [4.4.7] The detailed
discussion of results with regard to the research questions and hypotheses can be found in Section[@
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dents intending to participate in robotics activities have a diverse set of interests, not limited to certain
technical aspects and categories. All these aspects have to be considered in the conceptualization of
educational robotics programs. Finally, findings of this study stress the crucial role of the teacher in
the context of educational robotics (as also stated by [Demo et al.[|(2012) and [Pohlen| (2015))) which is
documented by high positive attitude rates and correlations between attitudes towards the teacher and
technical skill scores.

Future work comprises steps in order to ease the limitations and shortcomings as discussed in Sec-
tion[4.4.9|such as a more detailed investigation of teachers’ influence on students’ skills and attitudes
in the context of educational robotics. The detailed discussion of next steps and suggestions for future
work can be found in Section

On the one hand, outcomes of this study will further be used to improve support measures provided
by university institutions (e.g. robotics introduction courses for students at the university as described
by Hofmann and Steinbauer| (2010)) by fostering specific skills and correlated areas (e.g. computer
science/textual programming). On the other hand, findings and results will also be used to enhance
educational robotics activities at school level. In this context study results will help to improve and ex-
tend the education of teachers as well as students of teaching by a train-the-trainer approach. Further-
more, results of the study also form the basis to conceptualize and develop new educational programs
(in the context of using educational robotics as a learning tool) by better understanding students’ in-
terests, attitudes and motivations. Finally, the evaluation concept and instrumentation developed for
this study can be applied to evaluate other initiatives and projects as well.
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Conclusion

The chapter provides a summary of the topics covered within the scope of this thesis. It also sum-
marizes results, findings and conclusions (Section [5.1)). Finally, limitations and shortcomings of this
thesis are recapped and possible future research attempts are discussed in Section[5.2]

5.1. Summary and Conclusion

In general, the goals of this PhD thesis could be summarized as (a) the development of novel ed-
ucational intervention concepts using robotics as a learning tool and (b) the systematic empirical
evaluation of the impact of educational robotics on young people. Regarding the educational concept
development (a) following main research questions have been addressed:

* Qa;: What are open issues and challenges in educational robotics (in the context of using
robotics as a learning tool)?

* Qay: What is the current status and what are open issues in teaching fundamental concepts of
artificial intelligence at different educational levels ("education in AI’)?

* Qaz: Which novel educational intervention concepts are needed to address those challenges
(applying, amongst others, educational robotics as a learning tool)?

In the context of the empirical evaluation (b) the following main questions guided this research:

e Qby: What are the motivational factors and inherent values of educational robotics and, fur-
thermore, what is the long-term effect of the involvement in educational robotics activities on
the individual career development of school students?

* Qb;: Are the novel educational intervention concepts (cross-generational educational robotics
/ education in Al) working as expected?

* Qbs: Is there a difference/change in the outcome (compared between before and after par-
ticipating in educational robotics activities) in terms of technical skills, social aspects and soft
skills and science-related attitudes and interests between school students participating in educa-
tional robotics activities compared to school students not participating in educational robotics
activities?
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— Qbs.1: Is there a difference/change in the outcome (compared between before and after
participating in educational robotics activities) in terms of technical skills, social aspects
and personal interests between young students (up to the age of 12) participating in ed-
ucational robotics activities compared to young students not participating in educational
robotics activities?

— Qbs.2: How do students intending to participate in educational robotics activities differ
from students not intending to participate in educational robotics activities in terms of
technical skills, social aspects and soft skills, science related attitudes, career and per-
sonal interests as well as attitudes towards their teacher?

5.1.1. Educational Intervention Concepts

Within the context of this thesis educational robotics was applied in terms of a motivating, hands-on
learning tool to support teaching, learning and to foster technical skills (science, technology, engineer-
ing, mathematics (STEM), computer science) as well as social and cognitive skills from kindergarten
to secondary school.

Regarding main research questions Qa; and Qay (Chapters [2] and [3): As educational robotics has
gained increased attention over the last decades a large number of different educational robotics ap-
proaches, projects, initiatives and publications can be found. Next to technical aspects many publi-
cations focus on there is a need to also emphasize the underlying pedagogical concepts and meth-
ods. Furthermore, educational robotics approaches with special focus on pre-school children are less
widespread (compared to approaches for pre- and secondary school students). In order to be prepared
for the rapidly changing field of science and technology it is important to familiarize children with
science and technology from an early age on, using age-appropriate pedagogical methods. In addition,
it is important as well to address people who are not yet technically interested. With artificial intel-
ligence (Al) becoming part of our daily life it is also crucial to familiarize people with fundamental
concepts and techniques behind Al (especially with regard to future jobs and careers in science and
engineering). Instead of just using technology people need to understand the basics behind by devel-
oping technological/Al ’literacy’. Teaching fundamental topics of Al and computer science at school
or pre-school level is quite rare at the moment. Furthermore, teaching those topics independently
from specific programming languages or learning tools on different educational levels and adapted for
different age groups hardly exists.

Addressing main research question Qasz two innovative educational intervention concepts have been
designed, implemented and evaluated. Those concepts have been developed considering pedagog-
ical and didactical aspects applying well-proven, age-appropriate learning tools and teaching tech-
niques/methods.

The first concept entitled Pre-School Educational Robotics in a Cross- Generational Context’
was described in Chapter [3| Section It applied a cross-generational, cross-institutional (kinder-
gartens, schools, universities) approach focusing on kindergarten children and integrating school stu-
dents up to the age of thirteen as well as senior citizens in order to initiate a vital social process
among the different age groups (broadening the target audience). The goal was to familiarize the
target audience (in particular pre-school children and school students) with science and technology in
a playful way using educational robotics as learning tool. A pilot project was conducted and empiri-
cally evaluated. Overall results of the data analyses indicate that the goals which have initially been
defined, were achieved (evaluation details see next section). Findings and experiences gained from
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this cross-generational educational robotics concept formed the basis for the second concept entitled
’Education in Artificial Intelligence’ (discussed in Chapter[3] Section[3.3). It dealt with the develop-
ment and implementation of an approach to familiarize different age groups on different educational
levels (from kindergarten to university) with fundamental topics of artificial intelligence (Al) using
different educational tools and platforms. By using an analogy with the process of developing skills in
“classic’ literacy (reading/writing) the Al education concept aimed at fostering Al literacy. The con-
cept used educational robotics as a learning tool, along with a broad range of other tools and methods
to teach fundamental concepts of artificial intelligence to kindergarten children, school students (pri-
mary, middle, secondary/high school) and undergraduate university students. Four proof-of-concept
projects (kindergarten, middle school, high school, university) were conducted and empirically eval-
uated (evaluation details see next section).

5.1.2. Empirical Evaluation

Regarding main research questions Qb; - Qbsz (Chapter [): Various stories of success regarding the
positive impact of educational robotics can be found in current literature. There is the subjective im-
pression by students, teachers, mentors and researchers that the educational robotics approach works
well. However, literature often deals with self-reported data or anecdotal reports (Barker et al.,[2012al).
The necessity and importance of a systematic evaluation using standardized evaluation methodology
and a reliable experimental design in order to validate the impact of educational robotics through re-
search evidence is stressed in current literature (Alimisis, [2013). Hardly any empirical studies exist
which focus on the investigation of the impact in terms of the change or improvement of technical-
and social-skills as well as science related attitudes and interests of involved students in an empirical
way, covering a wider region, an extended period of time, different age groups and a broad popula-
tion. Furthermore, there is a need for investigating the long-term effects of educational robotics on
students’ ways through school, college and later careers (Colel 2012} |Catlin and Blamires, 2010) but
relatively few studies investigate this issue (Stubbs et al., [2012).

Addressing these challenges, a comprehensive, systematic empirical evaluation concept applying a
mixed methods research approach (combining qualitative and quantitative methods (Johnson and On-
wuegbuzie, 2004)) was developed and implemented (see Chapter [). The overall evaluation concept
relies on the three pillars gualitative pre-study, evaluation of intervention concepts and quantitative
main study. Figure schematically depicts this structure. The entire evaluation concept applies
a proven, well-grounded methodology respecting general rules of designing evaluations for specific
educational programs (Stubbs et al.,[2012).

Qualitative Pre-Study The qualitative pre-study (Chapter 4] Section addressing research ques-
tion Qb; aimed at identifying the motivational factors inherent to the educational robotics approach
and, furthermore, at the extraction of role models and later careers of young people who participated
in educational robotics activities (investigating the long-term aspect). This was accomplished by
means of investigating careers and stories of nine former participants of junior robotics competitions
(in particular RoboCuplunior). The technique of conducting and analyzing semi-structured qualita-
tive interviews (Wengraf, [2001)) formed the basis of that evaluation. Results of this pre-study show
that RCJ as an educational robotics approach generates three important motivational factors (inherent
values, so called "the hooks’) namely the social experience (friends, teamwork and international con-
tacts), the engaged community (schools, motivating teachers, academics and family) and the feelings

123



Chapter 5. Conclusion

of success (personal development, placing and positive memories). Regarding the nine interviewees
there is an obvious positive relationship between their educational robotics/RCJ experiences and their
future careers. All of them pursued science and engineering related studies, two continued in the
major level of RoboCup, finished their master theses and entered the professional life (started a PhD
respectively).

The lessons learned from this pre-study laid the basis for the evaluation of educational intervention
concepts (see next paragraph) and, furthermore, for the development of the quantitative main study
(see second next paragraph). Finally, the findings of this pre-study are also used to improve and extend
the support actions for schools and students (provided by university) in order to attract more students
to engineering and scientific education.

Evaluation of Intervention Concepts Addressing research question Qb; this evaluation investi-
gated whether the educational intervention concepts developed (summarized in the previous Section
[5.1.T)) work as expected and whether the goals of each concept were achieved during the pilot imple-
mentations. In general, the applied evaluation methodology followed a qualitative approach but also
comprised quantitative elements.

Regarding the evaluation of the first concept ’Pre-School Educational Robotics in a Cross- Gen-
erational Context’ semi-structured qualitative interviews as well as passive and active participant ob-
servations, informal interviews, field notes and discussions were the primary research methods (see
Chapter [] Section [#.3.1)). Qualitative data showed that kindergarten children were familiarized with
science and technology in a playful and sustainable way (follow-up activities in kindergarten, children
talking and asking questions about the robots months afterwards). Children were actively involved in
the hands-on activities (e.g. programming the Bee-Bot robots, interacting with the robots, asking and
being excited about the robots) and interacted with school students and senior citizens in the sense of
an education partnership. The analysis of the semi-structured interviews with school students revealed
that both students and kindergarten children gained various technical and social skills during their in-
volvement in the project (e.g. learning basics of programming and robotics; improving English and
presentation skills; recognition of the difficulty of programming robots and the necessity of applying
teamwork; discovering that children understand the functioning of robots quite fast).

The evaluation of the second concept 'Education in Artificial Intelligence’ comprised qualitative
(participant observation, field notes, discussions, informal and semi-structured interviews, drawing
interpretations) and quantitative research methods (open ended and multiple choice questions, self-
and foreign-evaluation of acquired skills, feedback questionnaires) (see Chapter [ Section [4.3.2).
Evaluation results of the pilot implementations for each module indicate that the proposed Al educa-
tion concept aiming at fostering Al literacy worked as expected (see the overview table in Figure [d.4).
The proof-of-concept implementation in a representative kindergarten showed that children explored
fundamental Al topics in a playful way and understood the (simplified) Al concepts. Results of the
pilot project for the middle school module indicated that students got a basic understanding of fun-
damental Al/computer science topics but had problems to understand the connection between those
topics and the application in real life. Results for the high school module showed that students were
familiar with a broad range of fundamental Al topics and got a well-founded understanding of all Al
literacy topics. At university level a course on basic Al techniques was conducted for several years.
Regarding the university module it turned out that, by applying new learning tools and motivational
hands-on exercises, almost all students successfully completed the course. Evaluation results of those
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pilot implementations indicate that the proposed Al education concept aiming at fostering Al literacy
works.

Summarizing the evaluation results after analyzing all gathered data it can be concluded that the
novel educational intervention concepts presented were working as expected. Within the context
of first proof-of-concept implementations the evaluation results showed that both concepts achieved
almost all of their goals. The results indicated that the cross-generational educational robotics inter-
vention concept developed is one way of successfully introducing pre-school children and in parallel
school students and senior citizens to robotics and computer science. Results and lessons learned from
the first proof-of-concept projects are the basis to adapt, improve and extend the Al education concept,
pursuing the long-term goals of establishing science and technology in early years of education and,
furthermore, fostering Al literacy.

Quantitative Main Study Addressing main research question Qbs the goal of this study was to eval-
uate the impact of educational robotics on students’ technical- and social-skills and the impact on
students’ attitudes and interests towards science and technology (Chapter 4] Section4.4). Therefore,
a widespread, mid-term approach was applied, aiming to gather solid and valuable empirical data on
a larger geographical scale. Based on a well-proven methodology a quasi-experimental two-group de-
sign (experimental- and control-group) comprising pre- and post-tests was applied (Diekmann, 2007}
Barreto and Benitti, 2012} Bortz and Doring, [2006; [Trochim et al.,[2015). The assessment instrument
was a student questionnaire based on different already proven assessment tools and survey instruments
which have been validated and/or applied and tested in previous studies, theses and investigations (Nu-
gent et al., 2010; Jomento-Cruz, 2010; Dagiene and Futschekl 2008} [University of Waterloo, [2013;
Austrian Computer Society (OCG), 2013} (OECD]| 2006; [Clark, 2004; [Fraser, [1981; [Hansen and Mc-
Neall, |[1997)).

The quantitative main study was divided into two stages (stage I, stage II). Stage I addressed the
main research question investigating whether there is a difference between control group (CG) and
experimental group (EG) students (before and after the experimental group participated in educational
robotics activities). It covered a period of approximately eight months and comprised students from
different types of secondary schools in Austria and Sweden.

In addition, after applying the overall evaluation design and instrumentation within the context of
stage I, stage II of the quantitative main study dealt with two sub-research questions. First, it en-
compassed the evaluation of the impact of educational robotics on young school students (middle
school; up to the age of twelve) regarding technical skills, social aspects and personal interests (sub-
research question Qbs. |). Therefore, another evaluation instrument focusing on young school students
was designed, tested and a pilot study was conducted in two selected middle schools (pre-/post-test,
EG/CG). Second, stage II focused on the investigation of distinctive features between experimental-
and control-group students (in terms of technical skills, social aspects, soft skills, science related atti-
tudes, career and personal interests, attitudes towards the teacher; sub-research question Qbs »). This
study comprised participants from different types of secondary schools in eight different countries
worldwide (Europe, Asia, Australia). Therefore, based on the findings and lessons learned from stage
I of the study, the assessment instrument was adapted, extended and translated into the respective
languages.

Using well-grounded statistical methods and software packages (Mayers, 2013; Meyers et al.,[2013;
O’Brian and Kaiser, [1985; [Delisle et al.,[2010; [Bortz and Doring,, [2006; [Eckstein), 2013)), the gathered
data were analyzed around different sub-scales related to technical- and soft-skills, social aspects,
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attitudes and interests towards science, personal and career interests as well as attitudes towards the
teacher.

The summarized results of stage I (main research question Qbs) of the quantitative main study
showed that educational robotics has a significant positive impact on a group of content-related topics
(e.g. a group of topics related to programming, mathematics and robotics and a group of topics
related to social aspects), rather than on separate thematic topics (e.g. text-based programming or
principles of computer science only). These findings suggest that educational robotics should not only
focus on separate, isolated topics but rather should be applied as an integrated approach, fostering a
holistic understanding and acceptance of different areas and fields. Summarized results of stage II
(sub-research question Qbs_ 1) did not suggest a significant change of young students’ technical skills
between pre- and post-test but results indicated a strong impact on young school students’ technical
interests. Regarding stage II (sub-research question Qb3 ;) significant distinctive features between
experimental- and control-group students were found for several scales related to career-, personal-
interests and attitudes towards the teacher. The detailed discussion of all results can be found in
Chapter 4] Section [4.4.8| whereas detailed results are presented in Sections .4.5] [4.4.6|and 4.4.7]

Outcomes of this evaluation form the basis for further discussions about possible improvements
and enhancements in the area of educational robotics. Thus, for example, covers the question of how
to attract students who are not already interested in science and technology (as also discussed by
Alimisis| (2013))). Furthermore, it is crucial to familiarize people as early as possible with science
and technology and to develop concepts to support motivated young students. As shown by this
study there already exists great interest in those science- and technology-related topics in early school
years. Young students have high expectations and sometimes and idealized image of school-based
robotics activities (documented by high pre-test results at interest- and attitude-related categories).
Those images do not always correspond to reality and therefore expectations are not always met
(as documented by lower post-test scores in certain categories). Results also showed that students
intending to participate in robotics activities have a diverse set of interests, not limited to certain
technical aspects and categories. All these aspects have to be considered during the development of
educational interventions/programs. Findings of this study also stress the crucial role of the teacher
in the context of educational robotics (as also stated by [Demo et al.[|(2012)) which is documented by
high positive attitude rates and correlations between attitudes towards the teacher and technical skill
scores.

5.2. Limitations and Future Work

The work presented in this thesis has of course several shortcomings and limitations. This final section
provides an overview of those limitations and presents suggestions for future research.

Regarding the AI education concept presented in Chapter [3|(Section[3.3) it has to be mentioned that
no proof-of-concept project was implemented in a primary school. Therefore, no data is available in
order to verify whether the activities developed for this age group and educational level would work.
In this context an additional module focusing on primary school children aged between eight and ten
years of age has to be implemented and evaluated. The content and topics for middle school students
turned out to be too extensive for the short time available. Therefore, this module has to be adapted
and could then be implemented as part of an elective course in a middle school.

Due to the relatively small sample of participants the evaluation results only provide preliminary
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insights and first hints. In order provide additional, sound underlying data documenting the success of
the educational concepts, further implementations and evaluations in different kindergartens, schools
and universities are necessary. In this context it is planned to modify and conduct the Al high school
module in the form of a summer research week for gifted secondary school students. In general, a
more detailed quantitative evaluation regarding the medium- and long-term impact of those educa-
tional concepts would be needed. Certain modules of the Al education concept (i.e. university) also
require a more detailed evaluation (questionnaire, self-evaluation, quantitative feedback). To gather
valid long-term data it would be necessary to follow a group of students participating in the entire pro-
gram (from kindergarten to university). It has also to be stated that the applied approach of using an
analogy with the development of reading/writing literacy (regarding the Al education concept) is only
one possibility. Analogies with other literacies like mathematics, science, ... might be conceivable as
well. Finally, the Al education concept developed and evaluated within the scope of this thesis will
serve as basis for an extensive follow-up project focusing on training and certifying teachers/mentors
as well as students in basic and advanced Al topics.

Concerning the empirical evaluation of the impact of educational robotics as described in Chapter
H] following remarks, limitations and open issues can be summarized:

The qualitative pre-study (Chapter {] Section provides first hints and preliminary insights in
order identify the inherent values of an educational robotics approach like RoboCupJunior. The group
of nine interviewees (former RoboCupJunior participants) is not representative in any way, though
even a small sample can provide valuable information for this kind of research question. Since all
of the interviewees did have a positive opinion towards educational robotics it would be important to
investigate also negative examples, for instance students who were not influenced by their involve-
ment in educational robotics activities in their future careers, and/or have negative attitudes towards
educational robotics. In this regard a series of follow-up studies, such as ethnographic studies of the
teachers, content-related analysis of the teaching material and a long-term shadowing study of se-
lected students from different age ranges need to be conducted. These follow-up studies would also
ease the limitations of this pre-study (i.e. small number of interviewees which all had successful and
positive experiences).

Empirical studies applying a quasi-experimental design like the quantitative main study presented
in Chapter f] Section [4.4] have to consider and eliminate or mitigate possible confounding factors.
These confounding factors can have a crucial influence on study results. The current study faces some
limitations and shortcomings (i.e. no randomized assignment of study participants; prior knowledge
of participants; learning effects between pre- and post-test; participants’ not being motivated to an-
swer questions honestly and truthfully; inhomogeneity of experimental- and control-groups; applying
the study in different schools and countries; slightly different activities in experimental- and control-
groups across different schools; influence of the teacher (quality of teaching, didactic and pedagogical
skills); language issues due to instrument translations, . ..). In order to face those challenges as far as
possible specific actions were taken (i.e. assessing base level of participants; assessing prior knowl-
edge; eight-month time gap between pre- and post-test; providing an incentive/reward for participating
in the study; translation of questionnaire by native speakers; ensuring similar assessment situation in
schools). Furthermore, the results regarding science related attitudes and social aspects/soft skills are
based on self-assessment questionnaires, reflecting students’ subjective view and opinion. Other as-
sessment instruments (e.g. knowledge tests,...) might lead to different results. The evaluation design
developed is one first attempt to address the extremely complex question concerning the impact of
educational robotics. It is important to mention that this study provides some initial evidence on the
impact of educational robotics but further investigation is needed to underpin or disprove the results.
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A detailed discussion of limitations and counter measures can be found in Chapter [ Section 4.4.9]
Future work comprises steps in order to ease those limitations and shortcomings (a detailed discussion
of future work can be found in Chapter @ Section 4.4.10):

* Adapting and shortening the assessment instruments to avoid high drop-out rates at post-test
due to high complexity and high expenditure of time for completing the questionnaire.

* Applying other assessment instruments like knowledge tests, problem-solving skill tests, psy-
chological testing procedures, critical thinking assessments (important additional insights; prove
or disprove results of this study).

» Conducting the entire study in different countries and different schools with a bigger sample.
* Conducting a more detailed investigation of teachers’ influence on students’ skills and attitudes.

* Analyzing the large body of gathered data with respect to different aspects and research ques-
tions (e.g. gender, social or regional aspects, ...).

* Enhancing the applied evaluation design to conduct an in-depth analysis of the impact of edu-
cational robotics on certain subject areas and to address certain limitations of the current study
(i.e. 3-group design, one teacher for EG/CG students; pre-/post- and follow-up-tests).

Outcomes of this empirical evaluation will further be used to improve support measures provided
by university institutions (e.g. robotics introduction courses for students at the university; in this
regard see Chapter 2] Section [2.1I)) by fostering specific skills and correlated areas (e.g. computer
science/textual programming). Findings and results will also be used to enhance educational robotics
activities at school level. In this context evaluation results will help to improve and extend the educa-
tion of teachers as well as students of teaching by a train-the-trainer approach. Furthermore, results
also form the basis to conceptualize and develop new, effective educational programs and approaches
(using educational robotics as a learning tool) by better understanding students’ interests, attitudes
and motivations. Finally, the evaluation concept and instrumentation developed for this study can be
applied to evaluate other initiatives and projects as well.
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"I've still got the greatest enthusiasm and confidence in the mission."
- HAL 9000 (A Space Odyssey)
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Ty

Graz University of Technology

Informed Consent

do agree that this interview will be recorded.

It is my right to tell you to turn the recorder off at any time or to stop the interview at any time
if | want to. Also afterwards it is my right to tell you to destroy this recording and not use it or
other personal data in your research. | do agree that this recording will be transcribed and
made anonymous and used together with other similar stories to extend on the research
community’s knowledge of the long-term learning effects of RoboCupJunior and
RoboCupJunior training.

Date Signature
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Graz University of Technology

Informed Consent Parents

hereby do agree that my daughter/my SON ...
participates in an interview concerning the robotics project day which took place at the
Kindergarten Rosental a.d. Kainach on 6" of November 2012. | do agree that this interview
will be recorded (only audio). All collected data will be treated strictly confidentially. During
the interview the audio recorder can be turned off at any time and the interview can be
stopped at any time if my daughter/my son wants so. Also afterwards it is my right to tell the
researcher to destroy this recording and not use it or other personal data in his research.

| do agree that this recording will be transcribed, made anonymous and used together with
other similar stories to extend the research community’s knowledge and to evaluate the long-
term learning effects of the robotics project in particular and of educational robotics in
general. Furthermore, | do agree that anonymized data can also be used in scientific
publications.

Responsible for conducting and analyzing the interview: Martin Kandlhofer, MSc; Graz
University of Technology, Institute for Software Technology — Educational Robotics

Date Signature
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TU

Grazm
Graz University of Technology

Informed Consent

do agree to participate in an interview regarding the ‘iRobot’ project in which | participated
this semester. | also do agree that this interview will be recorded (audio only). All collected
data will be treated strictly confidentially. It is my right to tell the researcher to turn the
recorder off at any time or to stop the interview at any time if | want to. Also afterwards it is
my right to tell the researcher to destroy this recording and not use it or other personal data
for further research. | do agree that this recording will be transcribed and made anonymous
and used together with other similar stories to evaluate the project. Furthermore, | do agree
that anonymized data can also be used in scientific publications.

Date Signature
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Graz University of Technology
Institute for Software Technology, Inffeldgasse 13/V, 8010 Graz, Austria

TU

Dipl.-Ing. Martin Kandlhofer Grazm
Mail: mkandlho@ist.tugraz.at (f B cu
Tel.: +4366473676795 q o

Evaluating the impact of Educational Robotics

An international empirical study conducted by Graz University of Technology (Austria) seeks to investigate the
impact of Educational Robotics (e.g. RoboCupJunior (RCJ)) on pupils' technical and social skills. The basic aim is
to gather solid and valuable empirical data regarding following key issues:
e Impact of Educational Robotics on pupils’ technical skills
e Impact of Educational Robotics on pupils’ attitudes and interests regarding science, technology and
social aspects

A successful implementation of this study strongly depends on the support and cooperation of schools,
mentors and teachers engaged in Educational Robotics/RCJ. The main study will be conducted in 2014/2015 in
Europe and further countries worldwide. Data collection will be done using an online multiple-choice
guestionnaire. There are no risks involved for pupils or schools participating in this study. Each questionnaire is
completely anonymous. Basically the study uses a two-group design:
e The experimental group will consist of pupils and young students who participate in robotics activities
e The control group comprises students who do not participate in robotics activities but share
comparable demographic attributes (age, educational background,...)

Schools
« in Europe and other countries worldwide
« taking part in Educational Robotics activities

experimental group
* pupils participating in

robotics activities

«age 11-18

control group
* pupils not participating in
robotics activities
+age 11-18

| Pre-Test |
= autumn 2014
¥ ¥
| Post-Test |
+ middle of 2015

The online questionnaire will be done at two distinct points in time:
1. Pre-Test: autumn 2014/begin of winter term 2014 (before pupils start with their robotics
activities)
2. Post-test: middle of 2015

Required support by schools, mentors and teachers:
e  Assigning pupils to control- and experimental group
e  Supervising the conducting of pre- and post-tests

Benefits for schools, mentors and teachers participating in this study:
e Exclusive access to data and results
e Access to one of the first studies scientifically measuring the impact of RCJ/Educational Robotics
e Results of this study form strong arguments while negotiating with funding agencies, sponsors,
administration
e Revealing possible areas of improvements

If you are interested please contact:
Dipl.-Ing. Martin Kandlhofer, Graz University of Technology; Mail: mkandlho@ist.tugraz.at; Phone:
+4366473676795

. - Investing in your future ) REPUBLIC OF SLOVENIA |Das Land s g’
‘ ' QOperation part financed by the European Union &7 MINISTRY OF ECONOMIC DEVELOPMENT SY ene?n?lz ‘ = X M
TERRITORIAL COOPERATION _— e une »

EUROPEAN European Regional Development Fund AND TECHNOLOGY University of Maribor
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Evaluating the impact of Educational Robotics
Step-by-step manual for teachers and mentors

Thanks for your support in this study! In order to keep the implementation of the survey at your school
as easy as possible please follow the step-by-step instructions below. If you have any questions you
can contact the researcher at any time (Martin Kandlhofer; Email: mkandlho@ist.tugraz.at; Phone:
+4366473676795)

1. Preparations:

O Tell the researcher (via email) the postal address of your school in order that documents for
written permissions and a pre-paid return-envelope can be send to this address
O Obtain approval from your school administration / headmaster or responsible teacher:
o digital version of this permission document was sent to you via email:
‘school_permission.pdf’
e printed version (2 copies) will also be send to you by postal mail

O Acquire pupils for experimental group and control group:
e experimental group: pupils who
= prepare for junior robotics competition
= and/or attend e.g. a robotics course,
= arobotics elective,
= arobotics project,
= arobotics club or a similar robotics activity for the first time.
e control group: pupils who are
» from the same school,
around the same age and
maybe also the same class as pupils of the experimental group, but
not preparing for junior robotics competition and
not attending robotics elective, project, club or similar robotics activity and
not have been attending one of these robotics activities before
e the more pupils participate the better, but pupils should be more or less equally
distributed to experimental and control group

O Please tell the researcher (via email) the

e approximate number of pupils in control group and experimental group and

o the planned date of the pre-test (should be at beginning of autumn/winter term 2013)
O Obtain written permission from pupils of control and experimental group and their parents:

o digital versions of this documents were sent to you via email (‘parent_permission.pdf’,

‘pupil_permission.pdf’);

e printed versions will also be send to you by postal malil

O Once you obtained all written permissions (school, parents, pupils) please send them back to
the researcher using the pre-paid envelope provided to you.

2. Information on survey questionnaire:

O The same questionnaire should be done by pupils of experimental group and the
control group twice:
o pre-test: at the begin of autumn / winter term 2013 (before robotics
preparation/course starts)
o post-test: mid 2014 (e.g. around one week after national junior competition/play offs
took place)

O Itis important, that the same pupils doing the pre-test will also do the post-test (in order to
make result comparison of pre- and post-test possible)

O The pre- and post tests will be done online (using the tool SurveyMonkey).
O Therefore each pupil would need a separate computer with internet access for filling in the
guestionnaire

lavesting in your fubure ﬁ BFPURLIC OF SIOVTNIA @ DAU},L;”“J, 7 : . U
'!"(:"'";-l>“; ““ Nk ;v‘: ; ’ ' MINISTRY OF ECONOMIC DEVELOPMENT ¢ Steiermark ” ‘ " m Iraz.
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The pre- and post-tests should be done at the same time by pupils of the control group and
the experimental group (at least on the same day)
No calculator, no Google or other tools will be required nor should be allowed

The questionnaire is completely anonymous, ho names will be collected nor will any
information be linked to the study participants.
Depending on age and previous knowledge time required for completing the questionnaire
would be between 70 and 120 minutes.
Basically pupils should get enough time to complete the whole questionnaire. Nevertheless
the maximum time should be limited (suggestion: 150 minutes).
A teacher/mentor should supervise the tests in order to prevent cheating, answer questions
and take care of time
The basic structure of the questionnaire:
o The first part comprises demographic questions
o The second part comprises knowledge questions (multiple-choice, one correct answer
each)
o The third part comprises questions regarding attitudes and interests (scale questions
ranging from ‘strongly agree’ to ‘strongly disagree’)
o For a complete overview of covered topics and questions take a look at the document
‘Overview_Topics_Questions.pdf’. All questions and answers can be found in the
document ‘EN_Questionnaire_ RCJ.doc’

3. Conducting the Pre-Test:

O
@)

oo O O

Set a date for the pre-test at begin of autumn/winter term 2013
The link for the questionnaire (English version):

http://www.surveymonkey.com/s/9QJG7DG

Please provide this link only immediately before the pre-test starts to each pupil participating in
the study

The link for the online questionnaire_in other languages will be provided to you by the
researcher via email separately.

Before starting the questionnaire please inform pupils about the time-limit for the test

Further instructions and information for participants are included directly in the questionnaire.

4. Next steps:

(@)

OO0 0O

If you find some time please fill in the school background information questionnaire provided to
you be the researcher (the link for this background questionnaire will be provided to you
soon).

Basically steps for conducting the post-test will be the same as for conducting the pre-test.
The date of the post-test will depend on the date of the national RoboCupJunior competition /
play offs in your country

You will be informed on time about further details regarding the post-test

Preliminary results / findings of the survey will be provided to you as soon as possible

Thank you very much for your help!

Dipl.-Ing. Martin Kandlhofer

Graz University of Technology, Institute for Software Technology; Educational Robotics
Inffeldgasse 13/5, 8010 Graz, Austria

Email: mkandlho@ist.tugraz.at;

Phone: +43 664 73 67 67 95
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Evaluating the impact of Educational Robotics

Pupil information sheet and informed consent

My name is Martin Kandlhofer, I'm doctorand at Graz University of Technology in Austria. As part of
my research I'm conducting an evaluation investigating the impact of educational robotics on pupils'
attitudes towards science and technology and the impact on the development of technical skills. This
research is part of the TEDUSAR project (Technology and Education for Search and Rescue Robots)
which is a cross-border EU program between Graz University of Technology and the University of
Maribor.

In order to collect valuable data for this research you will be asked to complete an online questionnaire
this autumn/winter semester, and again in about eight months time a second online questionnaire.
Basically the questionnaire consists of three parts:
1. Anonymous background information questions (age, class, country,...)
2. Multiple-choice questions on technical aspects (easily to answer just by ticking one out of four
possible answers)
3. Scale questions focusing on attitudes and interests regarding science, technology and social
aspects (answering range from ‘strongly agree’ to ‘strongly disagree’)
The time required for completing the questionnaire will be between 70 and 120 minutes.

There are no risks involved in participating in this study. Each questionnaire is completely anonymous.
Names will not be collected nor linked to submitted data. No one will know who responded to any of
the questions. All collected data will be treated confidentially.

Your participation is completely voluntary. You can refuse to answer any question at any time without
penalty. You can withdraw from the study any time without penalty.

As a thank you for your participation in this study you get the opportunity to win a Raspberry Pi
computer.

Your participation is essential for this scientific investigation - each questionnaire is important!
If you have any questions, suggestions or comments you can contact me anytime:

Dipl.-Ing. Martin Kandlhofer

Graz University of Technology, Institute for Software Technology; Educational Robotics
Inffeldgasse 13/5, 8010 Graz, Austria

Email: mkandlho@ist.tugraz.at;

Phone: +43 664 73 67 67 95

Thanks for your participation!
Sincerely,

[ L /_/H////_.

artin Kandlhofer

If you agree to participate in the study described please put in your name (in block letters), the
date and your signature below:

Name:

Date:

Signature:
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Evaluating the impact of Educational Robotics

Parent information sheet and informed consent

My name is Martin Kandlhofer, I'm doctorand at Graz University of Technology in Austria. As part of
my research I'm conducting an evaluation investigating the impact of educational robotics on pupils'
attitudes towards science and technology and the impact on the development of technical skills. This
research is part of the TEDUSAR project (Technology and Education for Search and Rescue Robots)
which is a cross-border EU program between Graz University of Technology and the University of
Maribor.

In order to collect valuable data for this research your child will be asked to complete an online
guestionnaire this autumn/winter semester, and again in about eight months time a second online
guestionnaire. Basically the questionnaire consists of three parts:
1. Anonymous background information questions (age, class, country,...)
2. Multiple-choice questions on technical aspects (easily to answer just by ticking one out of four
possible answers)
3. Scale questions focusing on attitudes and interests regarding science, technology and social
aspects (answering range from ‘strongly agree’ to ‘strongly disagree’)
The time required for completing the questionnaire will be between 70 and 120 minutes.

There are no risks involved in participating in this study. Each questionnaire is completely anonymous.
Names will not be collected nor linked to submitted data. No one will know who responded to any of
the questions. All collected data will be treated confidentially.

The participation is completely voluntary. It is possible to refuse to answer any question at any time
without penalty. Withdrawing from the study can be done any time without any penalty.

As a thank you for participation in this study your child will get the opportunity to win a Raspberry Pi
computer.

Participation of your child is essential for this scientific investigation.
If you have any questions, suggestions or comments you can contact me anytime:

Dipl.-Ing. Martin Kandlhofer

Graz University of Technology, Institute for Software Technology; Educational Robotics
Inffeldgasse 13/5, 8010 Graz, Austria

Email: mkandlho@ist.tugraz.at;

Phone: +43 664 73 67 67 95

Thanks a lot for your help and understanding!
Sincerely,

[ L /_/m.////__

artin Kandlhofer

If you allow your child to participate in the study described please put in your and your child’s
name (in block letters), the date and your signature below:

Your Name:

Name of your child:

Date:

Signature:
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Evaluating the impact of Educational Robotics
School administration/Mentor information sheet and informed consent

My name is Martin Kandlhofer, I'm doctorand at Graz University of Technology in Austria. As part of my
research I’'m conducting an evaluation investigating the impact of educational robotics on pupils' skills and
attitudes. This research is part of the TEDUSAR project (Technology and Education for Search and Rescue
Robots) which is a cross-border EU program between Graz University of Technology and the University of
Maribor.
The basic aim of the study is to gather solid and valuable empirical data regarding following key issues:

e Impact of educational robotics on pupils‘ technical skills

e Impact of educational robotics on pupils‘ attitudes and interests regarding science, technology and

social aspects

The study will be piloted 2013/2014 in cooperation with selected schools in different European countries.
Data collection will be done online using a multiple-choice questionnaire as survey instrument. The study
relies on a two-group design (treatment- and control-group) and comprises both pre- and post-test
(autumn/winter semester 2013, mid 2014 respectively).

Basically the survey instrument consists of three parts:
1. Anonymous background information questions (age, class, country,...)
2. Multiple-choice questions on technical aspects (easily to answer just by ticking one out of four
possible answers)
3. Scale questions focusing on attitudes and interests regarding science, technology and social
aspects (answering range from ‘strongly agree’ to ‘strongly disagree’)
The time required for completing the questionnaire will be between 70 and 120 minutes.

There are no risks involved for pupils and schools participating in this study. Each questionnaire is
completely anonymous. Names of pupils will not be collected nor linked to submitted data. All collected data
will be treated confidentially. The participation is completely voluntary. It is possible for pupils to refuse to
answer any question at any time without penalty. Withdrawing from the study can be done by pupils and/or
schools at any time without any penalty. Names of participating schools will be made anonymous and
remain confidential an undisclosed. Written permissions of parents and pupils will be obtained prior to
completion of the survey.

Attached to this letter there are documents for further detailed information (step-by-step checklist for study
implementation at schools, overview of used questionnaire, parent / pupil informed consent, overview of
study design)

If there are any questions, suggestions for refinement/revision or comments please contact me anytime.

Thanks a lot for consideration and support!
Sincerely,

w(d Lofle M
Martin Kandlhofer
Dipl.-Ing. Martin Kandlhofer
Graz University of Technology
Institute for Software Technology
Inffeldgasse 13/5, 8010 Graz, Austria

Email: mkandlho@ist.tugraz.at;
Phone: +43 664 73 67 67 95

Please fill in: Approval by school administration / responsible teacher/mentor for participating in the
study described above:

Name:
School:

Date:

Signature:
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A.7. Quantitative Main Study: Approval by the Commission for
Scientific Integrity and Ethics
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TU

Grazm
Sraz University of Technology

Commission for Scientific Integrity and Ethics Univ.-Prof. Dr.phil.
Johann GOTSCHL
Head

e-mail:
johann.goetschl@uni-graz.at

Mr. Martin KANDLHOFER, DI, Bakk.rer.soc.oec.

Biro der Commission:

Institute for Software Technology (7160) Eva-Maria Schmidt-Hasewend
Inffeldgasse 16b/II Rechbauestraie 12
8010 Graz 8010 Graz

Tel.: ++43 316 873 — 6080, 6081
Fax: ++43 316 873 — 106081
e.schmidt-hasewend@tugraz.at

DVR: 008 1833 UID: ATU 574 77 929

Graz, 8. Oktober 2013

Re: Educational Robotics: Impact Evaluation of RoboCupJunior

Dear Mr. Kandlhofer,

no application to the Commission for Scientific Integrity and Ethics is necessary in respect of the project
‘Educational Robotics: Impact Evaluation of RoboCuplunior’.

This project is being carried out in conformity with current social-scientific methodology. Consent
statements have been obtained from the participants and their anonymity is assured.

With kind regards

'y £l g/ )
|

Prof. Johann Gotschl Prof. Horst Bischof
Chair Vice Rector for Research
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EUROPEAN TERRITORIAL COOPERATION

Evaluating the Impact of Educational Robotics
Student Questionnaire
Main Study Stage I
2013/2014

English version
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I. Demographic / background information

My name is Martin Kandlhofer, I'm PhD student at Graz University of Technology in Austria. As part of
my research I'm conducting an evaluation investigating the impact of educational robotics on pupils' attitudes and
skills. This research is part of the TEDUSAR project (Technology and Education for Search and Rescue Robots)

which is a cross-border EU program between Graz University of Technology and the University of Maribor.

In order to collect valuable data for this research you will be asked to complete the following
guestionnaire, and again in about eight months another questionnaire. As a thank you for your
participation in this study you will get the opportunity to win a Raspberry Pi computer. Please read the
guestions carefully and answer each of them honestly. There are no risks involved, each questionnaire
is completely anonymous. All collected data will be treated confidentially. The participation is
voluntary; you can refuse to answer any question at any time and can withdraw without any penalty.

The questionnaire is completely anonymous; no one will know who responded to any of the questions;
none of your teachers will see your answers.

Your participation is essential for this scientific investigation. Each questionnaire is important!
Thank you very much for your help!
Martin Kandlhofer

This question will be used to match the survey now with the survey in eight months time.
Therefore please construct a new word by applying the following rules in the given order:
1. write down the first two letters of your mother’s first name
2. write down the first two letters of your first name
3. write down the first two letters of your father’s first name
4. write down the last two numbers of the year of your birth

Example:
your mother’'s name: Maria

your name: Robert

your father’s name: John
your year of birth: 1996
Result: MaR0J096

Do you take part in arobotics course, an optional robotics subject, a robotics workshop, a
robotics project, a robotics club or another robotics related activity this year?

e Yes

e No

If you answered the previous question with ‘Yes’ please specify where you take part in a
robotics activity (multiple answers are possible):

e in school
e athome
e ataclub
e other (please specify):

Do you plan to participate in the robotics competition in 2014?
e Yes
e No
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If you answered the previous question with ‘yes’ please specify in which discipline/competion
you are planning to participate:

RoboCupJunior Dance

RoboCupJunior Rescue A

RoboCupJunior Rescue B

RoboCupJunior Soccer

FLL

FRC

Other (please specify):

Have you ever been involved in one or more of the following robotics activities before?
(Note: multiple answers are possible)

Yes, robotics competition

Yes, robotics club

Yes, robotics camp

Yes, robotics workshop

Yes, other robotics activities

No, I've never been in touch with robotics before

No, I've never been involved in any robotics activities before

If yes, please specify:

Are you familiar with the following programming types?
e graphical programming (e.g. LEGO NXT, LabView,...)
textual programming (e.g. Basic, C, C++, Java, C#, NXC, Python,...)
both graphical AND textual programming
none

What is your age?
(9, 10, 11, 12, 13, 14, 15, 16, 17, 18,19)

Gender:
e female
e male

Type of your school (e.g. gymnasium, technical school,...):

Name of your school:

Country of your school:

Please select your year in your current school (e.g. if you are for your first year in your current
school tick 1; if you are for you second year, tick 2; ...):
1, 2, 3,4,5,6,7, 8,9)

What is your native language?
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II. Technical Skills

The following section deals with the technical aspects and skills. The questions you will be
asked can be answered just by ticking one out of four possible answers. For each of this
multiple-choice questions there is exact one correct answer.

You can switch between the questions using the ‘next’ and ‘prev’ buttons in order to check or
revise your previous answers.

General programming knowledge/robotics

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. |. Adamchuk, Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.

In order to follow a list of commands, without someone steering a robot on each step, a robot
must be...

A) ...controlled by a remote.

B) ...computerized.

C) ...programmed.

D) ...trained.

A programming “loop”...
A) ...starts the program code
B) ...stops the program code
C) ...turns the robot off
D) ...repeats some program steps or code

A computer program is/are that tell(s) the computer to do something.
A) sensors
B) code
C) lights
D) robots

What helps a robot to explore its environment?
A) Tires
B) Sensors
C) LCD panels
D) Mechanical arms

What is a computer program?
A) Computer-created text
B) The hardware that controls a computer
C) Instructions or steps written so a computer understands
D) Language that is built into a robot

When writing a computer program, a switch block or if/then/else statement is used to...
A) ...ask a question.
B) ...stop the program.
C) ...speed up the program.
D) ...repeatthe code
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Use the picture of the obstacle course to answer following questions. The dashed Ime(s) shows the
path of the robot. The solid line is black electrical tape, the black rectangles indicate obstacles.

T,
N e,
N e
\ "~ C
\‘ ..-' E
LY
. .
\ (1
()
4 \ D
.
-,

Which sensor is the best to get the robot between points A and C?

A) Light
B) Sound
C) Touch

D) Ultrasonic

On which point on the image above the robot does the following
Repeat 4 times: [Forward one tire rotation; robot turn ninety degrees right]

A) PointB
B) PointD
C) PointE
D) PointF

Which sensor would be LEAST likely to complete the challenge shown in the picture?

A) Light

B) Sound
C) Touch
D) Rotation

REPUBLIC OF SLOVENIA
MINISTRY OF ECONOMIC DEVELOPMENT

AND TECHNOLOGY

University of Maribor
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What will the robot do when the program shown in the picture above is downloaded and run?

A) Move forward

B) Nothing

C) Move backwards

D) Turn for 360 degrees

A B C
O 23 CB 1 23 OB
Q_
e’ @ S icke @
O tes 4 teo

The LEGO program in the picture above has some mistakes. The robot should do:
1. Move forward

2. Detect the touch sensor being pressed
3. Move backward

Which programming block in the picture above is wrong?

A) A
B) B
C) C

D) BothAandC

7 ?:1 1
A B
- 1
<
c R D.

Take alook at the four pictures above
program from the previous question?
A) A
B) B
C)C
D) D

. Which block should be used instead in order to fix the
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Take a look at the picture above. What is the programming mistake?
The robot should:

1. Move forward until the light sensor detects a dark line.

2. Stop.

A) The light sensor’s threshold value is too high.

B) The light sensor’s threshold value is too low.

C) The move blocks do not control the same motors.

D) The second move block should be set to move backward two rotations.

What is the mistake in the picture above?
The robot should:

1. Repeat four times

2. Move forward one rotation

3. Make aright 90° turn

A) The motor block is set for the wrong motor.

B) The move block is set to go backwards.

C) This program does not need a loop block.

D) Theloop block is set to repeat over and over again.

A)

@J/ /'/ ﬂ

C) D)

Take a look at the 4 pictures above. Which program will correct the mistake from the previous
guestion?

A)A

B) B

C)C

D)D
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Computer science

References: Beaver Computing Challenge;
University of Waterloo, Beaver Computing Challenge (2012, 2013).
Austrian Computer Society (OCG), Biber der Informatik (2012, 2013).
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Take a look at the picture above. A sailor takes her boat on the lake with islands. Her aim is to sail to
the flag by programming the boat’s autopilot. The autopilot commands the boat to sail along the
dashed lines. In one step, the boat moves from a point to the nearest point along a dashed line in one
of eight different directions. For example, the command 1 N means take 1 step in the northern
direction, and the command 2 NE means take 2 steps diagonally in the northeastern direction. Each
point is a small black circle on the map. The 8 different directions (N, NE, E, SE, S, SW, W, NW) are
also shown in the picture above.
(Explanation of the letters in the picture: N...North, NE...North-East, E...East, SE...Sout-East,
S...South, SW...South-West, W...West, NW...North-West)

Which of the following routes to the flag avoids the islands using the smallest number of
steps?
Possible answers:

A) 5NW

B) 2NW,2W, 1N, 1w, 2N

C) 2NW,3N,3W

D) 2NW,2W,1NW,2N

University of Maribor
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Rotating puzzle

1 = 2 4

~— 90

3
6 5 6
O- 006

1 3
2
7 8 9

5

4 ==
7

Robot Alan plays a new game. If he presses one of the buttons A, B, C or D, the four numbers
adjacent to the button will be rotated clockwise as shown in the picture above on the left. The result of
pressing the button A is shown in the picture above on the right.

8

Starting from the picture above on the left, robot Alan pressed four buttons in the order of
D, C, B, B.

Where is the number 4 after Alan pressed the buttons?

Please take a look at the 4 pictures below for possible answers:

A) A
B) B
) 5
4
] |
00, 00
_ | 4
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Autonomous robot
A robot is programmed to find a target (the green field marked with X) on a map of square fields (take
a look at the image below). The robot has its movements programmed as follows:
e The robot moves straight forward until it reaches an obstacle (black field) or the edge of the
map.
e When reaching an obstacle or the edge of the map, the robot turns right by 90 degrees.
e When the robot moves out of a field, the field becomes a black obstacle.
The arrows on the maps below show the starting position as well as the starting direction of the robot.

On which of the 4 maps shown in the image below does the robot NOT eventually reach the
target (green field marked with X)?

A) A
B) B
C) C
D) D

A) B)

D)

Glasses

VYTV A

There are 5 empty glasses on a table as shown in the picture above. One is facing down and four are
facing up.
Flipping a glass changes it from facing up to facing down, or from facing down to facing up.

In one turn, you must flip exactly three different glasses. The glasses which are flipped do not need to
be adjacent.

What is the minimum number of turns to make all glasses facing up?

Graz-
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Possible Answers:
A) 2turns
B) 3turns
C) 5turns
D) itis not possible to make all glasses facing up

Text machine

0%

A Glue machine (+) takes two pieces of text and puts one after the other. An example is shown in the
left picture above.

A Reverse machine (<) takes one piece of text and puts the characters in reverse order. An example
is shown in the right picture above.

Two Glue machines and one Reverse machine are combined to create the Combined machine
shown in the picture below. The Combined machine takes three pieces of text (in the grey ovals) and
after processing them, gives one piece of final text (in the bottom-most oval).

Which three pieces of text will produce the final text INFORMATION when given to the
Combined machine, in the order specified?

A) FNI AMRO NOIT
B) AMR OFNI NOIT
C) AMR OFNI TION
D) INF ORMA TION
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Bebrocarina
A bebrocarina is a musical instrument with the following features:
e |t can play only 6 different tones.
e The tones can be arranged from lowest to highest
e After having played one tone, it is possible to play only the same tone, the next higher tone (if
it exists) or the next lower tone (if it exists).

This means that melodies can be represented using only three different symbols:
= means “the current tone must be the same as the previous tone”, and
- means “the current tone must be one lower than the previous tone”, and
+ means “the current tone must be one higher than the previous tone.”

For example, melody - + means “play 3 tones, the second tone is lower than the first one and the third
tone is higher than the second tone (i.e. the same as the first tone).”

For which of these melodies there is no starting tone that makes playing the melody possible?

Possible Answers:

A)+:::+:::+:::+:::+
B) I
C) ----- S+t HF Ao
D) --4+--+--=-+--
Arrows
before after
A B A B

—~ —~ —~
) ©) 2

The instruction A<-B changes a picture of boxes and arrows in the following way:
¢ The arrow which points out of the box labeled A is removed.
e Then, a new arrow out of the box labeled A is added. This new arrow points to the same box
as the arrow out of the box labeled B points to.
Take a look at the two pictures above for an example (before and after applying the instruction A<-B).

What sequence of instructions (performed in order) changes the ‘before’ picture to the ‘after’ picture in
the image below?

Possible answers: before after
A) X<Y, Y<-2Z, Z<X - -
B) X<-Z, Z<-X, Y<-H
C) Z<-Y, X<-Z, Y<-H p yd
D) Z<-X, X<Y, Y<-H x/ y . v ,
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Textual programming
Reference: D. Clark, Testing Programming Skills with Multiple Choice Questions., Informatics in Education 3 (2) (2004) 161-
178.
a = 2
b =2
c =4
If (a > b) Then
If (a > c) Then
m=1
Else
m= 2
End If
Else
If (c != 0) Then
m= 3
Else
m =4
End If
End If

What is the value of m after the code fragment above is executed? (note: ‘I=" means ‘unequal’)

A)
B)
C)
D)

ADNWPEF

y=1

Do While (y <= x)
y=y*2

Loop

If x is 8, what is the value of y after the code above is executed?

A) 8
B) 10
C) 12
D) 16
y=0
Do While (y < x)
y=y +7
Loop

Which is true after the code above is executed? Assume that x is >= 0. (nhote: only one statement
is correct)

A) y must be greater than x.
B) y may be equal x + 7.
C) y must be greater than 0.
D) y may be equal to x.

Ty

University of Maribor
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“statement 1”
For i = 0 to numItems - 2
data (i) = data(i+l)
Next i
“statement 2”

The array ‘data’ contains ‘numItems’ number of elements. The code above is intended to shift
the elements in the array ‘data’ to the left with wrap around.

That is to convert
738105

into

381057

In order for the code to execute correctly “statement 1” and “statement 2” should be (take a look at
image below for possible answers):

A)
temp = data (0)
data (0) = temp
B)
temp = data(0)
data (numItems-1) = temp
C)
temp = data (numItems-1)
data(0) = temp
D)

temp = data (numItems-1)
data (numItems-1) = temp

Mathematics and scientific investigation

References:

G. Nugent, B. S. Barker, N. Grandgenett, V. |I. Adamchuk, Impact of Robotics and Geospatial Technology Interventions on
Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska 42 (3) (2010) 391-
408.

OECD Programme for International Student Assessment 2006 (PISA) — Released items

I. L. Jomento-Cruz, Robotics as a Means of Increasing Student Achievement in Middle School Science, Master's thesis,
Louisiana State University (2010).

Wheel diameter =
38 cm

Use the picture of the car to answer following questions (remember that Pi is about 3.14)

Which math formula would help you know how far the car would go if the wheel turned one
time?
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A. H=r-d
B. C=m*d
C. A= (md)*(m*d)/4
D. K=d*s/4
Calculate the approximate distance traveled in four turns of the wheels.
A. 3,7 meter
B. 4,3 meter
C. 4,8 meter
D. 5,5 meter

How many rotations of the wheels are needed to go 76 meter?
A. 48 rotations
B. 56 rotations
C. 64rotations
D. 72 rotations

Your car can also be programmed to move by degrees of a circle. How many degrees would
you need to program your car to move 3 rotations?

A. 360
B. 720
C. 1080
D. 1440

Speed of aracing car

Speed (km/h)
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Starting line

The graph above (called a ‘speedgraph’) shows how the speed of a racing car varies along a flat 3
kilometer track during its second lap.

On which of the tracks shown in the picture below the racing car drove according to the
speedgraph figure above (the point in S indicates the starting line)?

A)

A
B) B S Xe
C) C
D) D
E) E
: s
E
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Earthquake

A documentary was broadcast about earthquakes and how often earthquakes occur. It included a
discussion about the predictability of earthquakes.

A geologist stated: “In the next twenty years, the chance that an earthquake will occur in Zed City is
two out of three”.

Which of the following best reflects the meaning of the geologist’s statement?

A) 2/3 x20=13.3, so between 13 and 14 years from now there will be an earthquake in Zed City

B) 2/3is more than 1/2, so you can be sure there will be an earthquake in Zed City at some time
during the next 20 years.

C) The likelihood that there will be an earthquake in Zed City at some time during the next 20
years is higher than the likelihood of no earthquake.

D) You cannot tell what will happen, because nobody can be sure when an earthquake will occur.

The ball experiment

Anna performed an experiment to study the effect of slope of a ramp on the speed of moving objects.
e She built three ramps from the same material, but with different slopes.
e She rolled a ball down each ramp.
e She measured the speed of the ball on each ramp.

What is the independent variable in this experiment?
(Note: In an experiment the dependent variable represents the effect, the independent variable
represents the cause)

A) the speed of the ball

B) the same material on all three ramps
C) the different slopes on the ramps
D) the type of balls used

The truck experiment

Take a look at the pictures above: Maria let the truck go at the top of each ramp and measured the
distance it traveled. Which of the following is most likely what she was trying to prove?

A) A toy truck will roll down a ramp held up with books.
B) A toy truck will move straight down a ramp whether the ramp is held up with one book or two
books.
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C) A toy truck will roll about twice as far coming off a two-book ramp than a one-book
ramp.
D) A toy truck on a one-book ramp has half the force of gravity as a truck on a two-book ramp.

Robot in sandy area
400 -

350 |
300

250 -

Millimeters per second

200 -+

150 -

100 +—

10 20 30 40 50 60 70 80 90 100

Power level %

A robot needs to run in a sandy area and the only advisable speed to use is 180 mm/sec to prevent
the robot from turning over. Based on the graph above, what power level will you recommend to set
the robot.

A) 65%
B) 50%
C) 70%
D) 85%

Climbing robot
A robot must climb a ramp that is 3 meters off the ground. Which of the ramps shown in the picture
below would require the LEAST amount of work (in terms of physical effort) by the robot?

A) A
B) B
C) C
D) D
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The distance vs. time graph above shows data collected as a robot moved across a level parking lot.
According to the graph, which of the following conclusions about the robot‘s motion is supported?

A) Therobot is accelerating.

B) The robot is stopping and starting.

C) The robot is traveling at a constant velocity.

D) The robot is moving through an obstacle course.
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III. Attitudes and interests

The following section asks for your attitudes and interests regarding science, technology and social
aspects. There are no ‘wrong’ or ‘right’ answers, in this section we are exclusively interested in your
personal opinion. For each question please tick one answer.

Science related attitudes and interests

Reference: B. J. Fraser, TOSRA: Test of Science-Related Attitudes, The Australian Council for Educational Research,
Hawthorn, Victoria, 1981.

I would prefer to find out why something happens by doing an experiment than by being
told.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| enjoy reading about things which disagree with my previous ideas.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Science lessons are fun.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I would like to belong to a science club.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would dislike being a scientist after | leave school.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Doing experiments is not as good as finding out information from teachers.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| dislike repeating experiments to check that | get the same results.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| dislike science lessons.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| get bored when watching science programs on TV at home.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

When | leave school, | would like to work with people who make discoveries in science.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would prefer to do experiments than to read about them.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| am curious about the world in which we live.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

School should have more science lessons each week
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I would like to be given a science book or a piece of scientific equipment as a present.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would dislike ajob in a science laboratory after | leave school.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
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| would rather agree with other people than do an experiment to find out for myself.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Finding out about new things is unimportant.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Science lessons bore me.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| dislike reading books about science during my holidays.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Working in a science laboratory would be an interesting way to earn a living.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would prefer to do my own experiments than to find out information from a teacher.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I like to listen to people whose opinions are different from mine.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Science is one of the most interesting schools subjects.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Iwould | like to do science experiments at home.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

A career in science would be dull and boring.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I would rather find out about things by asking an expert than by doing an experiment.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| find it boring to hear about new ideas.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Science lessons are a waste of time.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Talking to friends about science after school would be boring.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I would like to teach science when | leave school .
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would rather solve a problem by doing an experiment than be told the answer.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

In science experiments, | like to use new methods which | have not used before.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
| really enjoy going to science lessons.

Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would enjoy having ajob in a science laboratory during my school holidays.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

A job as a scientist would be boring.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
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It is better to ask the teacher the answer than to find it out by doing experiments.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| am unwilling to change my ideas when evidence shows that the ideas are poor.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

The material covered in science lessons is uninteresting.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Listening to talk about science on the radio would be boring.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

A job as a scientist would be interesting.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I would prefer to do an experiment on a topic than to read about it in science magazines.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

In science experiments, | report unexpected results as well as expected ones.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I look forward to science lessons.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I would enjoy visiting a science museum at the weekend.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would dislike becoming a scientist because it needs too much education.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

It is better to be told scientific facts than to find them out from experiments.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| dislike listening to other people's opinions.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would enjoy school more if there were no science lessons.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| dislike reading newspaper articles about science.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| would like to be a scientist when | leave school .
Strongly Agree Agree Uncertain Disagree Strongly Disagree

IV. Social-/softskills

Self-efficacy in robotics
Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. |. Adamchuk, Impact of Robotics and Geospatial Technology

Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.

I am confident that | can program a robot to move forward two wheel rotations (i.e. 720
degrees) and then stop.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| am certain that | can build a LEGO or similar robot by following design instructions.
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Strongly Agree Agree Uncertain Disagree Strongly Disagree

| am certain that | can fix the software program for a robot that does not behave as expected.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

| am confident that | can program a LEGO or similar robot to follow a black line using a light

sensor.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Problem solving skills

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. I. Adamchuk, Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska

42 (3) (2010) 391-408.

| use a step by step process to solve problems.

Strongly Agree Agree Uncertain Disagree Strongly Disagree
I make a plan before | start to solve a problem

Strongly Agree Agree Uncertain Disagree Strongly Disagree
I try new methods to solve a problem when a known method does not work.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
| carefully analyze a problem before | begin to develop a solution.

Strongly Agree Agree Uncertain Disagree Strongly Disagree
In order to solve a complex problem, | break it down into smaller steps.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
Teamwork

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. I. Adamchuk, Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska

42 (3) (2010) 391-408.

I like listening to others when trying to decide how to approach atask or problem.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

I like being part of a team that is trying to solve a problem.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

When working in teams, | ask my teammates for help when I run into a problem or don’t
understand something.

Strongly Agree Agree Uncertain Disagree Strongly Disagree
| like to work with others to complete projects.

Strongly Agree Agree Uncertain Disagree Strongly Disagree
Social skills

Reference: Social Skills: W. Hansen, R. McNeal, How D.A.R.E. works: An examination of program effects on
mediating variables., Health Education & Behavior 24 (2).

I know how to make friends with people of the opposite sex
Strongly Agree Agree Disagree Strongly Disagree

If lwant my friends to go along with me, | know what to say to them.
Strongly Agree Agree Disagree Strongly Disagree
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It is easy for me to make new friends.

Strongly Agree Agree Disagree Strongly Disagree

It is easy for me to ask my friends for favors and help when | need to.
Strongly Agree Agree Disagree Strongly Disagree
How hard or easy is it for you to get along with other people?

Very easy Pretty easy Pretty hard Very hard

Goal setting skills

Reference: Social Skills: W. Hansen, R. McNeal, How D.A.R.E. works: An examination of program effects on
mediating variables., Health Education & Behavior 24 (2).

How often do you work on goals that you have set for yourself?
Never Sometimes but not often Often All the time

Once | set a goal, | don’t give up until | achieve it.
Strongly Agree Agree Disagree Strongly Disagree

Whenever | do something, | always give it my best.
Strongly Agree Agree Disagree Strongly Disagree

| think about what | would like to be when | become an adult.
Never Sometimes but not often Often All the time

When | set a goal, | think about what | need to do to achieve that goal.
Never Sometimes but not often Often All the time

V. Feedback

Finally we would like to ask you to provide some feedback regarding this questionnaire.

Please rate the overall difficulty of the questions.
Too Easy Pretty Easy Exactly appropriate Pretty Difficult Too Difficult

Please rate the overall clarity of the questions.
Very clear Pretty Clear Exactly appropriate Pretty Unclear Very Unclear

Please rate whether or not the time for filling in the questionnaire was enough.
Absolutely enough Pretty Enough  Exactly appropriate Not Really Enough Absolutely not Enough

What do you think about the length (amount of questions + time required for filling in) of this

guestionnaire?
Way Too Short  Too Short Appropriate  Too Long Way Too Long

Do you have any further comments, feedback or suggestions?

Thank you very much for your help!
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I. Demographic / background information

My name is Martin Kandlhofer, I'm PhD student at Graz University of Technology in Austria. As part of
my research I'm conducting an evaluation investigating the impact of educational robotics on pupils' attitudes and
skills.

In order to collect valuable data for this research you will be asked to complete the following
guestionnaire, and again in about seven months time another questionnaire.

Please read the questions carefully and answer each of them honestly. There are no risks involved,
each questionnaire is completely anonymous. All collected data will be treated confidentially. The
participation is voluntarily; you can refuse to answer any question at any time and can withdraw
without any penalty. Of course you can skip questions if you consider them too difficult.

The questionnaire is completely anonymous; no one will know who responded to any of the questions;

Your participation is essential for this scientific investigation. Each questionnaire is important!
Thank you very much for your help!
Martin Kandlhofer

1)This question will be used to match the survey now with the survey in seven months time.
Therefore please construct a new word by applying the following rules in the given order:

1. write down the first two letters of your mother’s first name

2. write down the first two letters of your first name

3. write down the first two letters of your father’s first name

4. write down the last two numbers of the year of your birth

Example:
your mother’'s name: Maria

your name: Robert

your father’s name: John
your year of birth: 1996
Result: MaR0J096

2) Do you take part in a robotics course, an optional robotics subject, arobotics workshop, a
robotics project, a robotics club or another robotics related activity this year?

e Yes

e No

3) Have you ever been involved in robotics activities before?

e Yes
e No
4) How old are you?
(9, 10, 11, 12)
5) Gender:
o female
e male

6) Name of your school:
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II. Technical Skills

The following section deals with the technical aspects and skills. The questions you will be
asked can be answered just by ticking one out of four possible answers. For each of this
multiple-choice questions there is exact one correct answer. Of course you can skip questions
if you consider them too difficult.

You can switch between the questions using buttons below in order to check or revise your
previous answers.

References: Beaver Computing Challenge;
University of Waterloo, Beaver Computing Challenge (2012, 2013).
Austrian Computer Society (OCG), Biber der Informatik (2012, 2013).

Concept of Graphs/Data Structures in Computer Science

7) In the forest
(Beaver Computing Challenge 2013; easy)

Look at the picture above:
Rupert walks through the forest. At the end of his journey he meets the dog.

At which of the tree rows below Rupert passed by?
A)
B)
C)
D
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Principles of automata / computer programs

8) Ice Cream Machine
(Beaver Computing Challenge 2013; easy)

This special ice cream machine produces cornets with 4 scoops of ice cream.
The machine does this in a systematical (sorted) way.
The picture above (from left to right) shows the 3 of the cornets produced by this machine.

Which of the cornets in the picture below will be produced next?
A)
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Principles of algorithms

9) Falling Robot
(Beaver Computing Challenge 2012; medium)

| || AlB|C|D

Look at the picture above:

The robot walks through a maze standing at right angles. In doing so, he falls from one platform to the
next platform on level below. After landing on that platform the robot changes its walking direction.
Finally, the robot will land on one of the bottom boxes.

If you consider the right picture above, in which box the robot will finally land?
A) Box A
B) Box B
C)Box C
D) Box D
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Concepts of programming languages and programs

10) At the schoolyard
(Beaver Computing Challenge 2013, medium)

Workshop

t
&

Look at the picture above:

The children are playing robot at the schoolyard. Jeremy acts as robot and only understands the
following three commands:

Ahead!

Left!

Right!

If the children say Ahead! Jeremy walks ahead until he hits a building.
If the children say Left! Jeremy turns left.
If the children say Right! Jeremy turns right.

Jeremy is standing at one corner of the schoolyard as shown in the picture above. He is looking
towards the workshop. The children now want him to move behind the bush.

Which sequence of commands the children have to call in order to move Jimmy behind the
bush?

A) Ahead! Right! Ahead! Left! Ahead! Right! Ahead! Left! Ahead!
B) Right! Ahead! Left! Ahead! Left! Ahead!

C) Right! Ahead! Left! Ahead! Right! Ahead! Right! Ahead!

C) Ahead! Right! Ahead! Left! Ahead! Left! Ahead! Left! Ahead!
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Data structures in computer science (trees)

11) New bikes:
(Beaver Computing Challenge 2012; hard)

3\\4 5\\4
AN A

e i il o g

B ¥ 8 9 9 10 8
In Bebras-City people like to paint their bikes very colorful. But the government decided regulations
how to assemble the bikes using numbered parts.

The picture above shows from which colored parts a bike may be assembled.
You start from the top with the two wheels, then you decide for the next part following the pointed
lines, and so on.

Which of the bikes in the picture below does NOT follow the regulations of the government?
A)
B)
C)
D)
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III. Attitudes and Interests

The following section asks for your attitudes and interests. There are no ‘wrong’ or ‘right’ answers,
in this section we are exclusively interested in your personal opinion. For each question please tick
one answer.

Social Skills

Social Skills: (Hansen, W.B., & McNeal, R.B. How D.A.R.E. works: An examination of program effects
on mediating variables. Health Education & Behavior. 1997; 24(2): 165-176.)

12) I know how to make friends with other children.
Strongly Agree Agree Disagree Strongly Disagree

13) If I want my friends to go along with me, | know what to say to them.
Strongly Agree Agree Disagree Strongly Disagree

14) It is easy for me to make new friends.
Strongly Agree Agree Disagree Strongly Disagree

15) It is easy for me to ask my friends for favors and help when | need to.
Strongly Agree Agree Disagree Strongly Disagree

16) How hard or easy is it for you to get along with other people?
Very easy Pretty easy Pretty hard Very hard
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Personal interests
based on PISA 2009 Questionnaire for pupils

17) How interested are you in each of the following activities (interested means you like doing
those things)?

neither
interested
very somewhat nor somewhat very
interested interested uninterested | uninterested | uninterested

Working with machines or technical
equipment

Investigating how things work

Doing things where creativity and
imagination are important

Adding new parts to a computer

Joining an acting or music group

Learning a foreign language

Establishing contacts, starting a
conversation with other people

Developing a computer program

Drawing, painting pictures
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IV. Feedback

Finally we would like to ask you to provide some feedback regarding this questionnaire.

18) Please rate the overall difficulty of the questions.
Too Easy Pretty Easy Exactly appropriate Pretty Difficult Too Difficult

19) Do you have any further comments, feedback or suggestions?

To finalize this questionnaire please click on the ‘Done’ button below.

Thank you very much for your help!
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Evaluating the Impact of Educational Robotics

Student Questionnaire

Main Study Stage Il
2014/2015

English Version
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I. Demographic / background information

My name is Martin Kandlhofer, I'm PhD student at Graz University of Technology in Austria. As part of
my research I'm conducting an evaluation investigating the impact of educational robotics on pupils' attitudes and
skills.

In order to collect valuable data for this research you will be asked to complete the following
guestionnaire, and again in about seven months time another questionnaire.

Please read the questions carefully and answer each of them honestly. There are no risks involved,
each questionnaire is completely anonymous. All collected data will be treated confidentially. The
participation is voluntarily; you can refuse to answer any question at any time and can withdraw
without any penalty. Of course you can skip questions if you consider them too difficult.

The questionnaire is completely anonymous; no one will know who responded to any of the questions;

Your participation is essential for this scientific investigation. Each questionnaire is important!
Thank you very much for your help!
Martin Kandlhofer

1)This question will be used to match the survey now with the survey in seven months time.
Therefore please construct a new word by applying the following rules in the given order:

1. write down the first two letters of your mother’s first name

2. write down the first two letters of your first name

3. write down the first two letters of your father’s first name

4. write down the last two numbers of the year of your birth

Example:
your mother’'s name: Maria

your name: Robert

your father’s name: John
your year of birth: 1996
Result: MaR0J096

2) Do you take part in a robotics course, an optional robotics subject, arobotics workshop, a
robotics project, a robotics club or another robotics related activity this year?

e Yes

e No

3) If you answered the previous question with ‘Yes’ please specify where you take partin a
robotics activity (multiple answers are possible):

e inschool
e at home
e ataclub
e other (please specify):

4) Do you plan to participate in a robotics competition in 2015?
e Yes
e No

5) If you answered the previous question with ‘yes’ please specify in which robotics
competition/discipline you are planning to participate:

. » Investing in your future @  REPUBLIC OF SLOVENIA Das Land Y s
Operation part financed by the European Union &=/ MINISTRY OF ECONOMIC DEVELOPMENT M = 3 &
TR TORAL ' SHOLRKTON European Regional Development Fund ' Steiermark 76, ¢
EILUN®

AND TECHNOLOGY University of Maribor



Ty

RoboCupJunior Dance
RoboCupJunior Rescue A
RoboCupJunior Rescue B
RoboCupJunior Soccer

CoSpace

FIRST Lego League (FLL)

FIRST Robotics Competition (FRC)
Other (please specify):

6) Have you ever been involved in one or more of the following robotics activities before?
(Note: multiple answers are possible)

Yes, robotics competition

Yes, robotics club

Yes, robotics camp

Yes, robotics workshop

Yes, other robotics activities

No, I've never been in touch with robotics before

No, I've never been involved in any robotics activities before

If yes, please specify:

7) Are you familiar with the following programming types?
e graphical programming (e.g. LEGO NXT, EV3, LabView,...)

e textual programming (e.g. Basic, C, C++, Java, C#, NXC, Python,...)
e both graphical AND textual programming
e none

8) Your age:

(9, 10, 11, 12, 13, 14, 15, 16, 17, 18,19)
9) Your gender:

e female
e male

10) Type of your school (e.g. gymnasium, technical school,...):

11) Name of your school:

12) Your country:

13) Please select your year in your current school (e.g. if you are for your first year in your
current school tick 1; if you are for you second year, tick 2; ...):
(1, 2, 8, 4,5 6,7, 8,910, 11)

14) What is your native language?

L T Ivesting in your future | REPUBLIC OF SLOVENIA g
s I ’- A Operation part financed by the European Union E MINISTRY OF ECONOMIC DEVELOPMENT M Da.s Lan d W z
EUROPEAN TERRITORIAL 'umv'[»hm oN European Regional Development Fund e Steiermark g 4
ELun®

AND TECHNOLOGY University of Maribor



Ty

II. Technical Skills

The following section deals with the technical aspects and skills. The questions you will be
asked can be answered just by ticking one out of four possible answers. For each of this
multiple-choice questions there is exact one correct answer. Of course you can skip questions
if you consider them too difficult.

You can switch between the questions using buttons below in order to check or revise your
previous answers.

General robotics/programming knowledge

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. |. Adamchuk, Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.

15) In order to follow a list of commands, without someone steering a robot on each step, a
robot must be...

A) ...controlled by a remote.

B) ...computerized.

C) ...programmed.

D) ...trained.

16) A programming “loop”...
A) ...starts the program code
B) ...stops the program code
C) ...turns the robot off
D) ...repeats some program steps or code

17) A computer program is/are that tell(s) the computer to do something.

A) sensors
B) code
C) lights
D) robots

18) What helps a robot to explore its environment?
A) Tires
B) Sensors
C) LCD panels
D) Mechanical arms

19) What is a computer program?
A) Computer-created text
B) The hardware that controls a computer
C) Instructions or steps written so a computer understands
D) Language thatis built into a robot

20) When writing a computer program, a switch block or if/then/else statement is used to...
A) ...ask a question.
B) ...stop the program.
C) ...speed up the program.
D) ...repeatthe code
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Use the picture of the obstacle course to answer following questions. The dashed line(s) shows the
path of the robot. The solid line is black electrical tape, the black rectangles indicate obstacles.

- -,
R & E
LY 1 }
“ ..
) D
.
F

21) Which sensor is the best to get the robot between points A and C?

A) Light
B) Sound
C) Touch

D) Ultrasonic

22) On which point on the image above the robot does the following:
Repeat 4 times: [Forward one tire rotation; robot turn ninety degrees right]

A) PointB
B) PointD
C) PointE
D) PointF

23) Which sensor would be LEAST likely to complete the challenge shown in the picture?

A) Light

B) Sound
C) Touch
D) Rotation
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Graphical programming

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. |. Adamchuk, Impact of Robotics and Geospatial Technology

Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.
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24) The LEGO program in the picture above has some mistakes. The robot should do:
1. Move forward

2. Detect the touch sensor being pressed
3. Move backward

Which programming block in the picture above is wrong?

A A
B) B
Cc) C

D) BothAandC

25) Take a look at the four pictures above. Which block should be used instead in order to fix
the program from the previous question?

A) A

B)B

Cc)C

D) D

Q' o %8 wm, s i
EOkE c:“jﬁ oY @
@) £ = g 2 S

26) Take alook at the picture above. What is the programming mistake?
The robot should:

1. Move forward until the light sensor detects a dark line.
2. Stop.
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A) The light sensor’s threshold value is too high.

B) The light sensor’s threshold value is too low.

C) The move blocks do not control the same motors.

D) The second move block should be set to move backward two rotations.

27) What is the mistake in the picture above?
The robot should:

1. Repeat four times

2. Move forward one rotation

3. Make aright 90° turn

A) The motor block is set for the wrong motor.

B) The move block is set to go backwards.

C) This program does not need a loop block.

D) Theloop block is set to repeat over and over again.

b
A)
@J/ J/ ' ijr
) D)

28) Take alook at the 4 pictures above. Which program will correct the mistake from the
previous question?

A) A

B) B

C)C

D)D
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Computer science

References: Beaver Computing Challenge;
University of Waterloo, Beaver Computing Challenge (2012, 2013).

Austrian Computer Society (OCG), Biber der Informatik (2012, 2013).

29) Boat navigation
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Take a look at the picture above. A sailor takes her boat on the lake with islands. Her aim is to sail to
the flag by programming the boat’s autopilot. The autopilot commands the boat to sail along the
dashed lines. In one step, the boat moves from a point to the nearest point along a dashed line in one
of eight different directions. For example, the command 1 N means take 1 step in the northern
direction, and the command 2 NE means take 2 steps diagonally in the northeastern direction. Each
point is a small black circle on the map. The 8 different directions (N, NE, E, SE, S, SW, W, NW) are

also shown in the picture above.

(Explanation of the letters in the picture: N...North, NE...North-East, E...East, SE...Sout-East,

S...South, SW...South-West, W...West, NW...North-West)

Which of the following routes to the flag avoids the islands using the smallest number of

steps?
Possible answers:
A) 5NW
B) 2NW,2W, 1N, 1W, 2N
C) 2NW,3N,3W
D) 2NW,2W,1NW, 2N
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30) Rotating puzzle

1 = 2 4

~— 90

3
6 5 6
O- 006

1 3
2
7 8 9

5

4 ==
7

Robot Alan plays a new game. If he presses one of the buttons A, B, C or D, the four numbers
adjacent to the button will be rotated clockwise as shown in the picture above on the left. The result of
pressing the button A is shown in the picture above on the right.

8

Starting from the picture above on the left, robot Alan pressed four buttons in the order of
D, C, B, B.

Where is the number 4 after Alan pressed the buttons?

Please take a look at the 4 pictures below for possible answers:

A) A
B) B
) 5
4
] |
00, 00
_ | 4

University of Maribor
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31) Autonomous robot
A robot is programmed to find a target (the green field marked with X) on a map of square fields (take
a look at the image below). The robot has its movements programmed as follows:
e The robot moves straight forward until it reaches an obstacle (black field) or the edge of the
map.
e When reaching an obstacle or the edge of the map, the robot turns right by 90 degrees.

e When the robot moves out of a field, the field becomes an obstacle. Also the starting position
(red arrow) becomes an obstacle.

The arrows on the maps below show the starting position as well as the starting direction of the robot.

On which of the 4 maps shown in the image below does the robot NOT eventually reach the
target (green field marked with X)?

A) A
B) B
C) C
D) D

A) B)

C) L
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32) Glasses

VYTV A

There are 5 empty glasses on a table as shown in the picture above. One is facing down and four are
facing up.

Flipping a glass changes it from facing up to facing down, or from facing down to facing up.

In one turn, you must flip exactly three different glasses. The glasses which are flipped do not need to
be adjacent.

What is the minimum number of turns to make all glasses facing up?

Possible Answers:
A) 2turns
B) 3turns
C) 5turns
D) itis not possible to make all glasses facing up
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33) Text machine

20

A Glue machine (+) takes two pieces of text and puts one after the other. An example is shown in the
left picture above.

A Reverse machine (<) takes one piece of text and puts the characters in reverse order. An example
is shown in the right picture above.

Two Glue machines and one Reverse machine are combined to create the Combined machine
shown in the picture below. The Combined machine takes three pieces of text (in the grey ovals) and
after processing them, gives one piece of final text (in the bottom-most oval).

Which three pieces of text will produce the final text INFORMATION when given to the
Combined machine, in the order specified?

A) FNI AMRO NOIT
B) AMR OFNI NOIT
C) AMR OFNI TION
D) INF ORMA TION

TERRITORIAL AND TECHNOLOGY University of Maribor
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34) Bebrocarina
A bebrocarina is a musical instrument with the following features:
e |t can play only 6 different tones.
e The tones can be arranged from lowest to highest
e After having played one tone, it is possible to play only the same tone, the next higher tone (if
it exists) or the next lower tone (if it exists).

This means that melodies can be represented using only three different symbols:
= means “the current tone must be the same as the previous tone”, and
- means “the current tone must be one lower than the previous tone”, and
+ means “the current tone must be one higher than the previous tone.”

For example, melody - + means “play 3 tones, the second tone is lower than the first one and the third
tone is higher than the second tone (i.e. the same as the first tone).”

For which of these melodies there is no starting tone that makes playing the melody possible?

Possible Answers:

A)+:::+:::+:::+:::+
B) I

C) ----- S+t HF Ao

D) --4+--+--=-+--

35) River inspection

A B

Beavers want to explore the system of rivers in the image above. At least one beaver has to swim
along each river.

Due to the heavy current, beavers can only swim downstream and they can only do one trip

from A to B. So the beavers start at A, and meet at B.

What is the minimum number of beavers needed to explore the system of rivers?

Possible Answers:
A) 3
B) 4
C)5
D)6
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36) Arrows

before after
A B A B

~ ~ -
Dl Cc D C

The instruction A<-B changes a picture of boxes and arrows in the following way:
¢ The arrow which points out of the box labeled A is removed.
e Then, a new arrow out of the box labeled A is added. This new arrow points to the same box
as the arrow out of the box labeled B points to.
Take a look at the two pictures above for an example (before and after applying the instruction A<-B).

What sequence of instructions (performed in order) changes the ‘before’ picture to the ‘after’ picture in
the image below?

Possible answers: before after
A) X<-Y, Y<-Z, Z<-X o -
B) X<-Z, Z<-X, Y<H
C) Z<-Y, X<-Z, Y<-H p yd
D) Z<-X, X<-Y, Y<-H x/ % v4 x/ Y 7
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Textual programming
Reference: D. Clark, Testing Programming Skills with Multiple Choice Questions., Informatics in Education 3 (2) (2004) 161-
178.
a = 2
b =2
c =4
If (a > b) Then
If (a > c) Then
m=1
Else
m= 2
End If
Else
If (¢ != 0) Then
m = 3
Else
m =4
End If
End If

37) What is the value of m after the code fragment above is executed? (note: ‘!I=" means

‘unequal’)
A 1
B) 3
C) 2
D) 4
y=1
Do While (y <= x)
y=y*2
Loop

38) If x is 8, what is the value of y after the code above is executed?

A) 8
B) 10
C) 12
D) 16
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“statement 1”

For i = 0 to numItems - 2
data (i) = data(i+l)

Next i

“statement 2”

39) The array ‘data’ contains ‘numItems’ number of elements. The code above is intended to
shift the elements in the array ‘data’ to the left with wrap around.

That is to convert
738105

into

381057

In order for the code to execute correctly “statement 1” and “statement 2” should be (take a
look at image below for possible answers):

A)
temp = data(0)
data (0) = temp
B)
temp = data(0)
data (numItems-1) = temp
C)
temp = data (numItems-1)
data (0) = temp
D)

temp = data (numItems-1)
data (numItems-1) = temp
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Mathematics

References:

G. Nugent, B. S. Barker, N. Grandgenett, V. |. Adamchuk, Impact of Robotics and Geospatial Technology Interventions on
Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska 42 (3) (2010) 391-
408.

Items ‘Speed of a racing car’ and ‘Earthquake’: OECD Programme for International Student Assessment 2006 (PISA) —
Released items

Wheel diameter =
38 cm (15 Inch)

Use the picture of the car to answer following questions (remember that Pi is about 3.14)

40) Which math formula would help you know how far the car would go if the wheel turned one

time?
A. H=r-d
B. C=m*d
C. A= (md)*(m*d)/4
D. K=d*s/4

41) Calculate the approximate distance traveled in four turns of the wheels.
3,7 meter (12 feet)
. 4,3 meter (14 feet)
C. 4,8 meter (16 feet)
D. 5,5 meter (18 feet)

w >

42) How many rotations of the wheels are needed to go 76 meter (250 feet)?
A. 48 rotations
B. 56 rotations
C. 64rotations
D. 72 rotations

43) Your car can also be programmed to move by degrees of a circle. How many degrees
would you need to program your car to move 3 rotations?

A. 360
B. 720
C. 1080
D. 1440
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44) Speed of aracing car

Speed (km/h)
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Track distance (km)

Starting line

The graph above (called a ‘speedgraph’) shows how the speed of a racing car varies along a flat 3
kilometer track during its second lap.

On which of the tracks shown in the picture below the racing car drove according to the
speedgraph figure above (the point in S indicates the starting line)?

@@

Y
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45) Earthquake

A documentary was broadcast about earthquakes and how often earthquakes occur. It included a
discussion about the predictability of earthquakes.

A geologist stated: “In the next twenty years, the chance that an earthquake will occur in Zed City is
two out of three”.

Which of the following best reflects the meaning of the geologist’s statement?

A) 2/3 x20=13.3, so between 13 and 14 years from now there will be an earthquake in Zed City

B) 2/3is more than 1/2, so you can be sure there will be an earthquake in Zed City at some time
during the next 20 years.

C) The likelihood that there will be an earthquake in Zed City at some time during the next 20
years is higher than the likelihood of no earthquake.

D) You cannot tell what will happen, because nobody can be sure when an earthquake will occur.
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Science as an inquiry / Physical science

Reference: I. L. Jomento-Cruz, Robotics as a Means of Increasing Student Achievement in Middle School Science, Master's
thesis, Louisiana State University (2010).

46) The ball experiment

Anna performed an experiment to study the effect of slope of a ramp on the speed of moving objects.
e She built three ramps from the same material, but with different slopes.
e She rolled a ball down each ramp.

e She measured the speed of the ball on each ramp.

What is the independent variable in this experiment?

(Note: In an experiment the dependent variable represents the effect, the independent variable
represents the cause)

A) the speed of the ball

B) the same material on all three ramps
C) the different slopes on the ramps
D) the type of balls used

47) The truck experiment

Take a look at the pictures above: Maria let the truck go at the top of each ramp and measured the
distance it traveled. Which of the following is most likely what she was trying to prove?

A) A toy truck will roll down a ramp held up with books.

B) A toy truck will move straight down a ramp whether the ramp is held up with one book or two
books.
C)

A toy truck will roll about twice as far coming off a two-book ramp than a one-book
ramp.

D) A toy truck on a one-book ramp has half the force of gravity as a truck on a two-book ramp.

AND TECHNOLOGY
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Robot in sandy area
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A robot needs to run in a sandy area and the only advisable speed to use is 180 mm/sec to prevent
the robot from turning over. Based on the graph above, what power level will you recommend to set
the robot.

A) 65%
B) 50%
C) 70%
D) 85%
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49) Moving robot
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The distance vs. time graph above shows data collected as a robot moved across a level parking lot.
According to the graph, which of the following conclusions about the robot‘s motion is supported?

A) Therobot is accelerating.

B) The robot is stopping and starting.

C) The robot is traveling at a constant velocity.

D) The robot is moving through an obstacle course.

. - glvem"g in your future B REPUBLIC OF SLOVENIA Das Land
‘ peration part financed by the European Union &7 MINISTRY OF ECONOMIC DEVELOPMENT = 2
it X Tamoms ¥ Socsuuion European Regional Development Fund AND TECHNOLOGY Steiermark

B . 7s ®©
University of Maxibor Ten une



Ty

III. Attitudes and interests

The following section asks for your attitudes and interests regarding science, technology and social
aspects. There are no ‘wrong’ or ‘right’ answers, in this section we are exclusively interested in your
personal opinion. For each question please tick one answer.

Science related attitudes and interests

Reference: B. J. Fraser, TOSRA: Test of Science-Related Attitudes, The Australian Council for Educational Research,
Hawthorn, Victoria, 1981.

50) I would prefer to find out why something happens by doing an experiment than by being
told.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

51) Doing experiments is not as good as finding out information from teachers.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

52) Iwould prefer to do experiments than to read about them.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

53) Iwould rather agree with other people than do an experiment to find out for myself.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

54) Iwould prefer to do my own experiments than to find out information from a teacher.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

55) Iwould rather find out about things by asking an expert than by doing an experiment.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
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56) | would rather solve a problem by doing an experiment than be told the answer.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

57) It is better to ask the teacher the answer than to find it out by doing experiments.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

58) I would prefer to do an experiment on a topic than to read about it in science magazines.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

59) It is better to be told scientific facts than to find them out from experiments.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Self-efficacy in robotics

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. I. Adamchuk, Impact of Robotics and Geospatial Technology

Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.

60) | am confident that | can program a robot to move forward two wheel rotations (i.e. 720
degrees) and then stop.

Strongly Agree Agree Uncertain Disagree Strongly Disagree

61) | am certain that | can build a LEGO or similar robot by following design instructions.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

62) | am certain that | can fix the software program for a robot that does not behave as
expected.

Strongly Agree Agree Uncertain Disagree Strongly Disagree
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63) | am confident that | can program a LEGO or similar robot to follow a black line using a
light

sensor.

Strongly Agree Agree Uncertain Disagree Strongly Disagree

Problem solving skills

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. I. Adamchuk, Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.

64) | use a step by step process to solve problems.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

65) | make a plan before | start to solve a problem
Strongly Agree Agree Uncertain Disagree Strongly Disagree

66) | try new methods to solve a problem when a known method does not work.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

67) | carefully analyze a problem before | begin to develop a solution.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

68) In order to solve a complex problem, | break it down into smaller steps.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

Teamwork

Reference: G. Nugent, B. S. Barker, N. Grandgenett, V. I. Adamchuk, Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes, JRTE; Teacher Education Faculty Publications, University of Nebraska
42 (3) (2010) 391-408.

69) | like listening to others when trying to decide how to approach a task or problem.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

70) | like being part of a team that is trying to solve a problem.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

71) When working in teams, | ask my teammates for help when | run into a problem or don’t

understand something.
Strongly Agree Agree Uncertain Disagree Strongly Disagree

72) | like to work with others to complete projects.
Strongly Agree Agree Uncertain Disagree Strongly Disagree
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Social skills

Reference: Social Skills: W. Hansen, R. McNeal, How D.A.R.E. works: An examination of program effects on
mediating variables., Health Education & Behavior 24 (2).

73) | know how to make friends with people of the opposite sex
Strongly Agree Agree Disagree Strongly Disagree

74) If | want my friends to go along with me, | know what to say to them.
Strongly Agree Agree Disagree Strongly Disagree

75) It is easy for me to make new friends.
Strongly Agree Agree Disagree Strongly Disagree

76) It is easy for me to ask my friends for favors and help when | need to.
Strongly Agree Agree Disagree Strongly Disagree

77) How hard or easy is it for you to get along with other people?
Very easy Pretty easy Pretty hard Very hard

Goal setting skills

Reference: Social Skills: W. Hansen, R. McNeal, How D.A.R.E. works: An examination of program effects on
mediating variables., Health Education & Behavior 24 (2).

78) How often do you work on goals that you have set for yourself?
Never Sometimes but not often Often All the time

79) Once | set a goal, | don’t give up until | achieve it.
Strongly Agree Agree Disagree Strongly Disagree

80) Whenever | do something, | always give it my best.
Strongly Agree Agree Disagree Strongly Disagree

81) | think about what | would like to be when | become an adult.
Never Sometimes but not often Often All the time

82) When | set a goal, | think about what | need to do to achieve that goal.
Never Sometimes but not often Often All the time
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Careers

83) Career interests: How interested are you in each of the fields below for possible future
careers?

very somewhat neither interested nor somewhat very
interested interested uninterested uninterested uninterested

Business, Finance

Engineering

Entertainment, Media

Computers

Science and Technology

Law

Sports

Math

Medicine, Healthcare

Education

Architecture, Arts, Design

Others:
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Teacher

Reference: Gruehn, S. (2000): Unterricht und schulisches Lernen. Waxmann: Miinster

84) Our teacher...

Strongly agree Agree Disagree Strongly disagree

... often organizes
the lessons in an
exciting way.

... can make even
dry learning
content really
interesting.

... sometimes really
can enthuse pupils.

... supports pupils
implementing their
own projects

... inspires pupils for
science/technology.
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Personal interests
Reference: PISA 2009 Questionnaire for pupils

85) How interested are you in each of the following activities?

Ty

very
interested

somewhat
interested

neither
interested
nor
uninterested

somewhat
uninterested

very
uninterested

equipment

Working with machines or technical

Investigating how things work

Doing things where creativity and
imagination are important

Adding new parts to a computer

longer time

Seeking a solution to a problem for a

Learning a foreign language

Establishing contacts, starting a
conversation with other people

Developing a computer program

Investigating the cause of a problem
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IV. Feedback

Finally we would like to ask you to provide some feedback regarding this questionnaire.

86) Please rate the overall difficulty of the questions.
Too Easy Pretty Easy Exactly appropriate Pretty Difficult Too Difficult

87) Please rate the overall clarity of the questions.
Very clear Pretty Clear Exactly appropriate Pretty Unclear Very Unclear

88) Please rate whether or not the time for filling in the questionnaire was enough.
Absolutely enough Pretty Enough  Exactly appropriate Not Really Enough Absolutely not Enough

89) What do you think about the length (amount of questions + time required for filling in) of

this questionnaire?
Way Too Short  Too Short Appropriate  Too Long Way Too Long

90) Do you have any further comments, feedback or suggestions?

To finalize this questionnaire please click on the ‘Done’ button below.

Thank you very much for your help!
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Subject: Re: Question regarding 'Impact of Robotics and Geospatial Technology
Interventions on Youth STEM Learning and Attitudes'

Date: Tue, 2 Jul 2013 15:39:05 +0000
From: Bradley Barker <bbarkerl@unl.edu>

To: Martin Kandlhofer <mkandlho@ist.tugraz.at>, Nealy Grandgenett
<ngrandgenett@unomaha.edu>, bbarker@unl.edu <bbarker@unl.edu>, Viacheslav Adamchuk
<vadamchuk2@unl.edu>

Hi Martin,

I have attached the instruments - the attitude questionnaire will probably

work better for your needs. Also, you may want to find a copy of our book

"Robotics in K-12 Education: A New Technology for Learning (2012)." Hershey,

Pennsylvania: IGI Global. Amy Eguchi from Bloomfield College has done a

lot of work in this area as well.

Good luck with your research,

Brad

Subject: Re: Question regarding thesis 'Robotics as a means of increasing student
achievement'

Date: Sat, 27 Jul 2013 22:31:34 -0500
From: Ingrid Cruz <ingridjomento@gmail.com>

To: mkandlho@ist.tugraz.at

Hello Sir,

I have received your inquiry to use some of the questions from my Master's thesis
for your dissertation and I would like to let you know that I'm giving you
permission to use them.

I am also currently working on my PhD in Math and Science Education at Southern
University and I'm considering to work on LEGO robotics again for my dissertation,
I'm hoping we can collaborate. I hope you're willing to share with me the testing
instrument you're developing and I can also invite you to review the online
robotics class that I'm trying to put together for this coming school year.

Well, I wish you all the best in your endeavor. Let me know how else I can be of
assistance.

INGRID CRUZ
Engineering Department Chair

Scotlandville Middle Pre-Engineering Magnet



2555 Desoto Drive,
Baton Rouge, LA 70807

(225) 775-7079

Subject: Re: Biber der Informatik

Date: Mon, 22 Sep 2014 15:18:46 +0200

From: Gerald Futschek <futschek@ifs.tuwien.ac.at>

To: Martin Kandlhofer <mkandlho@ist.tugraz.at>

Sg Herr Kandlhofer

Ja, sie konnen gerne die Aufgaben fiir wissenschaftliche oder paddagogische Zwecke
verwenden (aber nicht kommerziell) und bitte geben Sie immer dazu die Quelle "Biber
der Informatik" mit entsprechendem Wettbewerbsjahr an.

Aufgaben sind auf der Biber der Informatik Homepage der OCG.

mfG

Gerald Futschek

Subject: Re: Question regarding Beaver Computing Challenge
Date: Fri, 26 Jul 2013 13:13:37 +0000
From: J. P. Pretti <jpretti@uwaterloo.ca>

To: mkandlho@ist.tugraz.at mkandlho@ist.tugraz.at

Hello,

Thank you for inquiring and your interest in our Beaver Computing
Challenge. We have released these problems under an
Attribution-NonCommercial Creative Commons license
(http://creativecommons.org/licenses/by-nc/3.0/) so you are welcome to use
them as part of your research.

If you are able and willing, please send me any transcripts of your

finished work that you are comfortable sharing.

Thank you again for asking.



Sincerely,
J.P. Pretti
Centre for Education in Mathematics and Computing

University of Waterloo

Subject: RE: Question regarding article 'Testing Programming Skills with Multiple
Choice Questions'

Date: Sat, 27 Jul 2013 01:26:59 +0000
From: David.Clark <David.Clark@canberra.edu.au>

To: Martin Kandlhofer <mkandlho@ist.tugraz.at>

Hi Martin,

by all means. Go ahead.

I retired a few years ago, and am currently in Cairns but will be back in Canberra
in September where I will have access to my old files, so if I can be of any help
please feel free to contact me then.

cheers,

David
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THE FAMILY BOARDING SCHOOL

Confirmation of Stay

Official host institution: The Hill School; Pottstown, Pennsylvania, USA

Department: Engineering
Period of the stay: 11.04.2016 —07.05.2016

We hereby confirm the above mentioned period of the research stay of Mr. Martin Kandlhofer (as part of his PhD
programme).

Date: May 20, 2016

Signature: official Stamp:

/

717 East High Street ¢ Pottstown, Pennsylvania 19464-5791 + 610-326-1000 - www.thehill.org
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