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Abstract

Motivating and fostering student engagement in their education can present
considerable challenges, particularly within online learning environments. Educational
Robotics has exhibited a multitude of benefits within the educational setting, encompassing
not only the facilitation of teaching but also the development of various abilities such as
creativity, problem-solving, and teamwork. In recent years, numerous methodologies have
been developed, leveraging technological advancements to enhance the pedagogical
process and augment students' aptitude for acquiring knowledge. Two educational
approaches that have gained attention in recent years are game-based learning and
gamification. These pedagogical approaches seek to optimize the learning experience by
integrating game elements and concepts.

Learning to code has become increasingly important in the digital age.
Technology's widespread usage made coding a desirable ability. It helps people understand
and shape the digital world, offering many personal and professional growth opportunities.
People are realizing the importance of teaching the next generation computational thinking
and computer skills. Programmers are needed in software engineering, data analysis,
academia, and many other fields of science. This demand has led to programming concepts
being taught in most modern engineering programs. There is also agreement that Robotics
Engineering programs should include software engineering.

This dissertation introduces an innovative, freely accessible teaching platform that
aims to enhance the learning of Python programming and essential concepts in robotics. A
novel Python programming framework was developed according to the Platform's
requirements, allowing users to manage a robot remotely via the Internet. The adaptability
of this framework allows for its possible utilisation with any robotic system capable of
executing Python code. The robot can be operated through Python code or by using Blocky,
a client-side open-source JavaScript library designed to develop block-based visual
programming. The Platform can be used with any programming language Blockly supports
with modest adjustments.

Literary sources influence the teaching approach utilised in the Platform and has

resemblances to analogous endeavors, particularly with those that utilise virtual robotics.
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However, a significant distinction exists in the Platform, which allows users to remote
control an actual robot, facilitating a more creative, engaging, and pleasurable educational
experience.

One of the objectives of this dissertation was to utilise the benefits of robotics inside
the educational setting. Among these benefits is fostering creativity and innovation, as well
as promoting computational thinking. This educational tool integrates elements of both
game-based learning and gamification. Implementing this methodology amplifies the
learner's satisfaction and active engagement in the pedagogical process while strengthening
the comprehension of the fundamental concepts being taught. Furthermore, the
employment of both Blockly and Python allows users to develop coding abilities in two
separate coding environments, hence facilitating their familiarity and proficiency in the
programming language being taught. Moreover, the Platform has the potential to be utilised
in e-learning or blended learning environments, as well as in conventional classroom
settings.

Among this dissertation's objectives is to evaluate the impact of employing the
Platform in conjunction with two robots. The results of the conducted surveys indicate that
the Platform intrigues its users and has a favourable influence on their views towards
programming and robotics. Moreover, it exhibits a significant positive influence on their

understanding of programming.
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TitAog

Avantoén [MAatedppoag yio expadnon mtpoypappotiopov pe yprion Pourort

Iepiinyn

H mopakivnon kot n evOappuven g GLUIETONNG TOV LAONTOV TNV EKTOLOEVTIKY
Jtdtkacion Uropel Vo TOPOVGLAGEL CNUOVTIKEG TPOKANGELS, OWHTEPO GE JLUOTKTVLOKE
nepipdAlovta pabnong. H Exmadevtikn Poumotikn €xet mopovoidost po mAndopo
TAEOVEKTNUATOV OTOV YPNOCLUOTOEITOL EVTOG TOV EKTOUOEVTIKOD TEPPAALOVTOS, TTOV
mepAapPavel 0yt Lovo ™ S1ELKOAVLVOT) TG SOAGKUAMAG AALE Kat TNV avaTTLEn SPOp®V
KOVOTNTOV OGS 1 ONULOVPYIKOTNTA, 1] ETIAVOT) TPOPANUAT®V Kot 1) Opodikn epyacio. Ta
tehevtaio ypovia, €xovv avamtuydel moAvdapiOueg pebBodoroyiec, mov a&lomolovv Tig
TEXVOAOYIKES €CEAIEEIC e OTOYO TNV EVIGYLOTN TNG TOWAYMYIKNG OlodIKaGIog Kol NG
wKavOTNTOG TOV HodnTdvV vo amoktohv yvdor. AVO Topadelypato EKTOUOEVTIKMV
TPOCEYYIGEWV OV £YOVV KEPIIGEL TNV TPOGOYN Ta TEAeLTain Ypdvia elvan n pabnon pe
Baon to moyvidl Kot 1 oy vidtomoinon. AvTEg ol T yWYIKEG TPOGEYYICELS EMOIDKOVY
va BEATIOTOMONCGOVY TN HOONCIOKN EUTELPIO EVOMUATMOVOVTAG GTOLYEI0 Kol EVVOIEG TOV
O VIO100.

H expdbnon mpoypappatiopod yivetor 6A0 KOl O CMUOVTIKY] GTNV YNOLOKN
emoyn. H evpeia yprion g texvoroyiag £Kove TOV TPOYPOUUATIGUO EMOLUNTO TPOGOHV.
Bonbd tovg avBpdmovg vor Katavonocovy Kot Vo SIHOPPDOGOVY TOV YNelokd KOGUO,
TPOGPEPOVTAG TOAAEC EVKOUPIEC YO TPOCMMIKY KOl emOyyeAHatiKy] oavamntvén. Ot
dvBpomotr cuvvewdntomoobv TN onuocios ™G OSwackaAiog TG EMOUEVNG  YEVIAG
VTOAOYIOTIKNG OKEYNG Kot 0£E0TNTOV LTOAOYIGTAOV. XPedlovTal TPOYPOUUATIOTEG OTN
HUNYOVIKTY) AOYIGUIKOV, TNV aVAAVOT) OE00UEVMV, GTOV OKOONUOTKO YDPO Kol GE TOALOVG
GAAOVC TOUELG TNG EMOTAUNG. AVTH 1] aaiTnoN £XEL OONYNOEL GTO VO SLOACKOVTOL EVVOIEG
TPOYPOUUATICHOD OTO  TEPIGCOTEPO  GLYYPOVO  TPOYPAUUOTO GYOADV  UNYOVIKOV
TANPoeopknG. Emiong elvat kowvmdg amodektd OTL T0 TPOYPALLLLOTO, POUTOTIKNG UNYOVIKNAG

Ba Tpémetl va mepAapBavouy Kot Uyovikn AOYIoUIKoD.



Avt 1 owTpin ewodyst o Kovotopo, eievbepa mposfaciun mAateopuo
dackaMag mov oToyXeVEL Vo BEATIOGEL TNV eKUdBNoN TOL TPOYpaLpaTiopod Python ko
Bacikdv evvoldv otr pourotikn. 'Eva véo mlaicto mpoypappaticpod Python avamtdybnke
COUPMOVO HE TIG ONOUTNACES TNG TAATQOPUOS, EMTPEMOVIONS OTOVG YPNOTES VO
Swyepilovron éva poundt €& amootdoews pEcm tov Atdiktvov. H mpocappootikdtnTa
ovToV TOL TAOLGIOV EMTPEMEL TNV THAV YPNOT TOV LE OTOLOONTOTE POUTOTIKO GUGTN LA
wKavo va ekteréoct Kodka Python. O ypiomng pmopel va xepiotel To poundt Hécm g
ypong koduco Python 1§ pésm tov Blocky, pag BifAiobnkng JavaScript avorytod KddKa
amd TNV TAELPA TOL TWEAATN TOL £xel oxedOTEL Yo TV avdmTtuln  omTIKoD
TPOYPAUUOTIGHOV OV Paciletal 6 umAok. Me Hikpég TPOGAPUOYES, | TAUTPOPLLO UTOPET
va ypnoiponombet e 0moladmoTe YAMGGH TPOYPOUUATIGHOD TOL VTosTnpiletot amd To
Blockly.

BipAoypapikég mnyég ennpealovv ™ S100KTIKN TPOCEYYIOT) TOV YPNCULOTOLEITAL
otV [TAateopua Ko Exel opoldTNTEG HE avAAOYEG TPOSTADELES, 101aiTEPA LE EKEIVEC TTOV
YPNOOTOOVV EIKOVIKY] POUTOTIKY|. 6TOGO, LRAPYEL LI CNUOVTIKY OLUKPIoN OTNV
[MAateoppa, N omoia EMTPENEL GTOVG YPNOTEG VAL EAEYXOVV OO ATOCTUCT EVOL TPAYLLOTIKO
POUTOT, SIEVKOAHVOVTAG L0l TTLO ONILLOVPYIKT], CUVAPTOCTIKN KO EDYAPIOTY| EKTALOEVTIKY)
eumepia.

‘Evag amd tovg otdxovg avtig e oTping frav vo aSlomomoel To 0QEAN TNg
POUTOTIKNG OTO EKTOOEVTIKO TTEPIPAALOV. MeTalh avtdv TV TAeoveKTNUATOV givor M
evBappuvon g OMUOVPYIKOTNTAS KOl TNG Kovotopiog, Kabdg kot n mpombnon g
VTOAOYIGTIKNG OKEYNG. AVTO TO EKTOLOEVTIKO EPYOAEID EVOOUATMOVEL OTOLYEIN TOGO NG
néonong mov Paciletor o6To Moy viol 660 kot ¢ mayvidtonoinone. H epapuoyn avtge g
pebodoroylag evioybet tov Pabud 1Kavomoinong koL TNV €vEPYO EUTAOKN TOL
EKTOOEVOUEVOL  OTNV  TOOOY®MYIKT  OldKacia, &vioyhoviag TNV Kotavonomn Tov
BepeMmdmv 10e®v mov dwdokovtatl. EmumAéov, n yprion t6co tov Blockly 600 ko g
Python mapéyet otovg yproteg v gvkapio vo avamrTiEOVY IKAVOTNTEG KMOKOTOINOoNG G
Vo Eeywplotd mePPAALOVTO K®OKOTOINGNC, OIEVKOAVVOVTAG £TGL TNV EE0IKEIMOT| KoL TNV
EMAPKELL TOLG OTN YADGGO TPOYPUUUATIOHOD Tov Owdoketal. EmmpocBitmg, n
mAateopuo. €xel T ovvatdTnTa va ypnoonmombel oe mepiPdAlovia NAEKTPOVIKNG

néonong M kg padnong, Kabmg Kot o€ cuUPatikés Tdéels.
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Meta&h tov otdymv avtng ¢ datpiPng ivor va aEloAoyNoEL TOV aVTIKTLTTO NG
YPNOMNG TG TAATPOPLLOG GE GLVOVACUO LE 0V0 POUTOT. To ATOTEAEGUATO TV EPEVVOV TOV
deEnynoav deiyvouv OTL 1| TAATEOPLO TPOKOAEL TO EVOLAPEPOV TV YPNOTAOV Kot £YEL
EVVOTKN EMPPON OTIG ATOYELS TOVGS Y10, TOV TPOYPOUUUATIOUO KoL T POUTOTIKY. EmmAdov,

EMOEIKVVEL ONUAVTIKT OETIKN EMIOPOAOT GTNV KATOVONOT) TOLG Y10 TOV TPOYPOLULATIGUO.
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Chapter 1. Introduction

The significance of incorporating coding education into the curriculum has
significantly increased in the modern age of digital advancements. The extensive
integration of technology has resulted in a significant demand for coding as a highly
desirable proficiency. Coding is a highly specialized skill that requires learning how to
produce code or instructions for computers or, in other words, providing computers with
explicit instructions on how to carry out a task. In order to be successful in computer
programming, you need to be able to think critically, figure out solutions to issues, and
apply computational thinking. Coding equips individuals with the necessary resources to
comprehend and influence the digital landscape, hence offering abundant opportunities for
personal and professional growth. With humanity's growing reliance on technology, the
demand for programmers has expanded across diverse sectors, encompassing software
engineering, data analysis, academics, and the arts [1].

The progression of technology in recent decades has yielded resolutions to technical
challenges that have obscured the progress of robotics. The progress in the field of robotics
and artificial intelligence has led to the creation of robots that have the potential to be
utilised across various domains of daily life, including but not limited to medicine [2],
teleoperation [3], tourism, hospitality [4], and entertainment [5].

Educational robotics is a specialised field within the subject of robotics that focuses
on utilising robots for educational purposes. The utilisation of Educational Robotics (ER)
in educational settings has been found to provide numerous advantages, including the
facilitation of teaching and the cultivation of a diverse set of skills, such as innovation,
problem-solving, and teamwork. ER can serve as a valuable educational tool across several
grade levels for the teaching of STEM disciplines, including Computer Science [6].
Moreover, the utilisation of robotic technologies in education has been found to enhance
student engagement and motivation, as students are able to observe the concrete outcomes
of their endeavours.

As a consequence of the global COVID-19 pandemic, educational institutions

across the globe were compelled to suspend in-person operations and transition to remote



learning platforms. Numerous students and educators had difficulties as a result of this
situation. However, it has also accelerated the implementation of e-learning and showcased
the approach's transformative possibilities in reshaping the education field [7].

E-learning, often known as distant learning, refers to a pedagogical approach that
only occurs through online platforms, eliminating the need for a conventional face-to-face
classroom environment [8]. The rapid progression of technology has greatly aided the
implementation of distance learning. The course materials can be accessed by students at
their own convenience and from any location through the use of different electronic devices
[9]. The majority of the terminology commonly used in the field, such as online, web-
based, computer-based, or blended learning, all possess the capability to make use of a
computer that is connected to a network. When utilised appropriately, online learning can
enhance the quality of education by fostering greater engagement, stimulation, and
flexibility for individual learners [10].

On the other hand, blended learning is distinguished by incorporating conventional
classroom teaching approaches alongside digital coursework. Blended learning has gained
significant traction in the field of education due to its perceived ability to augment the
learning experience and maximise the utilisation of the classical classroom environment.

Gamification and game-based education are two educational methods that aim to
enhance the learning process by incorporating game elements and concepts. Despite
sharing similarities, game-based learning and gamification are separate concepts.
Gamification encompasses elements derived from gaming, such as score systems, badges,
and prizes, to motivate individuals to engage in repetitive or potentially monotonous
activities, such as homework. In contrast, game-based learning adopts a more holistic
strategy. This approach entails employing real games as pedagogical instruments,
incorporating fundamental game mechanics and concepts to enhance knowledge

acquisition.

1.1 Objectives
This dissertation presents a novel learning platform for Python programming that
integrates game-based and gamification features. The proposed Platform has considered

various learning theories, including Constructivism, Constructionism, Behaviourism,



Social Learning, and Cognitive Load theory. The suggested Platform has the potential to
serve as a tool for facilitating long-distance learning and being adaptable for usage in
blended learning environments or traditional classroom settings.

The main objectives and contributions of this dissertation are as follows:

e A novel teaching tool designed to facilitate the teaching of python programming
and fundamental principles of robotics.

e A novel python programming framework that enables users to remotely control a
robot through the Internet. The versatility of this framework enables its application
with any robot that can execute python code.

e A learning tool that incorporates features of game-based learning and gamification.
Adopting this approach enhances the learner's level of enjoyment and active
participation in the educational process, hence strengthening the fundamental
principles being taught.

e A free-to-use platform that can be used by anyone interested in learning Python
programming.

e A friendly and appealing user interface.

e An automated error feedback system

e An automated and anonymous system for gathering data that can be used to
improve the learning Platform.

e The conducted surveys indicate that the Platform elicits interest among users and
positively influences their attitudes towards programming and robotics.
Furthermore, it has a substantial favourable impact on their comprehension of
programming. The surveys analysis addressed the primary research inquiries as
follows:

RQ1: Does the Platform facilitate enhancing the survey participants' creativity and
motivation?

RQ2: How does the Platform influence survey participants' attitudes towards
programming and robotics?

RQ3: What is the impact of the Platform on the programming comprehension and
skills of the survey participants?

RQ4: Are the platform and framework utilised considered to be versatile?



1.2 Organization of the Dissertation

This dissertation is structured into a total of eight chapters. Chapter 1 offers an
introductory overview of the disciplines implicated in the subject matter. In this chapter,
the dissertation outlines its objectives and provides an overview of its organizational
structure.

Chapter 2 delves into the topic of educational robotics, whilst Chapter 3 analyses
the current state of integrating coding education in academia. Chapter 4 of the dissertation
discusses E-Learning and Blended Learning, while Chapter 5 elaborates upon Game-based
and Gamification teaching approaches.

Chapter 6 introduces the El Greco platform. The El Greco platform refers to the
integration of the robot named El Greco with the Platform discussed in this dissertation.
This chapter presents an analysis of the characteristics of the Platform and El Greco.
Additionally, the discussion at the end of the chapter focuses on the outcomes of the
conducted survey.

Chapter 7 is dedicated to the EDUV platform. EDUV is an underwater vehicle
integrated into the Platform proposed in this dissertation. Furthermore, Chapter 7 presents
the findings of the second survey conducted.

This dissertation concludes in Chapter 8, where a comparative analysis of the two
surveys is conducted. Additionally, the prospective directions for future work are

discussed.






Chapter 2. Educational Robotics

2.1 Introduction to Educational Robotics

Midway through the 20th century witnessed the birth of the scientific field of
robotics, which saw substantial development thanks to the work of researchers such as
George Devol and Joseph Engelberger, who created the very first industrial Robot in the
late 1950s [11]. These first robots established the groundwork for the technology that
would one day be utilised in educational institutions like schools and universities.

Seymour Papert later developed the LOGO programming language. LOGO is a
programming language developed in the 1960s by Seymour Papert and his colleagues at
the Massachusetts Institute of Technology (MIT). LOGO was developed to be
understandable by young students, and it pioneered the idea of employing a "turtle robot"
as a teaching aid in the education process. Using LOGO code, the turtle robot could move
around on the floor and draw whatever forms were instructed [12].

Seymour Papert expanded the Piaget Constructionism theory and suggested that
learning is more effective when students create specific objects of interest [13]. According
to research [14], children who program a robot to move can investigate spatial concepts,
problem-solving, measurement, geometry, and metacognitive processes. According to
Papert, educational robotics can help "externalize" students' thoughts and make
mathematical subjects "more open to reflection" [15].

In the 1980s, increasingly advanced robotics technology entered classrooms,
having progressed beyond the turtle. For the first time, students could use LEGO bricks to
construct working machines complete with gears, motors, and sensors while practising
their coding skills in the Logo programming language. LEGO MINDSTORMS is LEGO's
continuation of its robotics technology for students in grades K-12. Both official and
informal classrooms made use of these robots [16]. As an early example of educational
technology and robotics, MINDSTORMS had a significant impact and scalability when it
was released in 1998 and sold out in three months [17].

Robotics is a field of science that is bustling with activity. Developments in other
fields like engineering and computer science have allowed the dramatic advancements in

robotics that have taken place in recent years. These advancements resulted in robots that



can be used in everyday life. Robots nowadays have diverse applications; amongst others
are used in tourism, hospitality [4], teleoperation [3], [18], entertainment [5], [19],
medicine[2], [20] and elderly care [21].

Especially after the year 2000, researchers and teachers worldwide began
investigating the feasibility of utilising robots in the classroom. Research was done to
determine how using robots in the classroom will affect students' education and what
methods would be most effective. Because of their efforts, educational robotics is now an
official field of study [16].

Several studies have concluded that using robotics for education positively impacts
motivation, collaboration and computational thinking [22]. Robotics can not only be used
to teach robotics, but they are a tool of great value in science, mathematics, engineering,
technology and informatics learning [23]. Educational robotics are used primarily for
domain—specific learning subjects like science and technology [24], but they also can
enhance cognition and social skills [25]. Furthermore, new technology and robotics attract
young people, which is beneficial in the learning process [19]. Robots in education can
take up the role of tools, tutors or peer learners [26].

Educational robotics is a subset of Robotics in Education, a broad term that refers
to what robotics can do for students in the classroom. A categorization of Robotics in
Education can be accomplished by using the target user, the area of learning and how the
Robot is used in the learning process [24]. A more recent paper by Scaradozzi [27] uses
three kinds of categorization. The first one (Figure 1) categorized robotics in education
according to the formality or not of the learning environment, the impact on the school
curriculum, the integration of the robotics tools and the way the activities were evaluated.
Another categorization of Educational Robotics suggested by Scaradozzi is based on the
classification of the tools used (Figure 2). Finally, Scaradozzi proposes categorizing

Educational Robotics activities according to evaluation features (Figure 3)
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2.2 Educational Robotics and Learning Theories

Engaging in learning activities focuses on designing and constructing prototypes
that allow students to acquire significant knowledge. These activities facilitate students'
transition from a theoretical or abstract idea to a tangible or practical result [28]. Integrating
educational robotics into the pedagogical process can be achieved through diverse teaching
strategies, with one approach being prioritising robotics as a central component of
educational programs [29]. The second approach involves utilising robotics as an
educational tool [30], while the third approach entails using robotics to facilitate the
advancement of learning [31]. The initial two methodologies prioritize the construction and
programming of robots by utilising diverse components, sensors, and actuators.
Additionally, they involve coding instructions in compliance with the syntax of a
programming language [32]. The most current educational initiatives in educational
robotics encompass these two approaches. These initiatives make a valuable contribution
to education by developing teaching activities and providing laboratory courses [33]. The
third strategy involves the integration of robots as instructional resources within
educational environments. The utilisation of inquiry as a pedagogical approach has been
identified as an appropriate approach for improving the process of learning [34]. Moreover,
this particular approach considers the occurrence of errors as a valuable chance for learning
[35].

This section of the dissertation will examine some learning theories connected to

educational robotics.



2.2.1 Constructivism - Constructionism

According to Bravo and Forero [36], the primary source of material for educational
robotics may be found in the study of constructivism and constructionism theories. Jean
Piaget and John Dewey developed the theories of learning behind constructivism [37].
According to supporters of the constructivist approach to education, students should take
an active role in their education rather than merely receiving information. Furthermore,
students connect to what they already know to grasp new information better.
Constructivism argues that each learner, drawing on their own experiences, constructs their
own unique set of knowledge [38]. Through their interactions with others, students
constantly challenge these beliefs. Different people have different mental models of how
information is acquired and processed, shifting in this way the focus from the teacher to
the student, who then uses various resources to direct his or her education [39].

According to constructivism, Individuals construct knowledge by expanding on
their prior understanding and experiences. Constructivism can be used in educational
robotics by giving students more chances to learn through direct experience. Designing,
constructing, and programming robots provides students with a hands-on opportunity to
learn about and apply STEM disciplines while they tackle real-world challenges [40].
Constructivism fosters knowledge building through active student participation by
requiring students to work together, reflect, and revise their designs [41].

Seymour Papert expanded the Constructivism theory and suggested that learning is
more effective when students create specific objects of interest [13]. Educational robotics
has its roots in Seymour Papert's Constructionism learning theory and uses its basic
principles. As a learning tool, it helps students explore and find new ideas. These ideas are
tested on the Robot, and based on feedback from the robotic learning tool, children can
expand their ideas or adopt new ones. In this way, knowledge is built on real-world
experience, a fundamental principle of Constructionism [40]. As Papert claims, educational
robotics can help "externalize" students' thoughts and make mathematical subjects "more
open to reflection" [15]. Furthermore, Papert claims that an individual's level of knowledge
is directly proportional to their interaction with the subject of their research [42].

Individuals can attain this level of interaction because educational robotics provides the
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means for them to do so. Finally, research [14] shows that children who program a robot
to move can investigate spatial concepts, problem-solving, measurement, geometry, and

metacognitive processes.

2.2.2 Behaviorism and Social Learning Theory

Similar concepts underpin the behavioural learning theory and the social learning
theory. Both behavioural and social learning theories agree that social context influences
people's actions. On the other hand, the social learning theory argues that individuals'
thoughts and feelings also play a role in shaping their actions. Social learning theory argues
that despite what students or individuals may observe being done, their internal ideas
ultimately determine what kind of action response they exhibit [43].

Behaviourism does not focus on or even acknowledge the role of one's thoughts
when it comes to behaviours. The learner is regarded as an inactive subject who only reacts
to the various stimuli presented [44]. According to Skinner [45], a learner adapts his
behaviour based on whether or not he is provided with positive or negative reinforcement
by the instructor. Many aspects of behaviourist theory have been instrumental in
developing significant educational technologies [46].

According to the social learning theory, behaviour is more complicated than the
stimulus-and-response framework of behaviourism. It implies that pupils observe others'
actions and deliberately mimic them to learn. Peer pressure and the need to fit in are two
underlying emotions influencing behaviour [43].

In order to learn effectively, social interactions are highlighted as crucial in the
Social Learning Theory. Collaborative activities and group projects in educational robotics
can help students develop social skills. Together, groups may tackle problems, exchange
insights, and boost each other's knowledge. Learning, talking, and working together are all
enhanced by this method of interaction [25], [47], [48]. Teachers can also use elements of
competition or friendly challenges to increase student enthusiasm and participation. This
learning strategy is more commonly called gamification [43] and has attracted significant

interest from the academic community in recent years.
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2.2.3 Cognitive Load Theory

The primary concern of the Cognitive Load Theory is how the amount of mental
labour required of students while being educated can affect the results of those students'
education [49]. In the field of educational robotics, it is essential to consider the difficulty
of the tasks at hand and the mental strain they put on the pupils. Educators can facilitate
better learning by simplifying complex concepts and breaking them into smaller, more
manageable parts. They can provide students with scaffolding and detailed instructions to
help lead them through the learning process. Students can direct their mental resources
toward developing problem-solving skills and grasping essential ideas when they have an

effective strategy for properly regulating the cognitive load [50].

2.3. Educational Robotics Advantages

Educational robotics is a subfield of robotics that concentrates on using robots in
education. It integrates aspects of the science, technology, engineering, and mathematics
(STEM) curriculum with hands-on and interactive experiences that involve robots. This
activity aims to provide students with a playful and exciting approach to learning the
fundamentals of robotics, programming, and problem-solving. The main advantages of
educational robotics are:

e Educational robotics provides students with hands-on opportunities to interact with
robots, construct, program, and evaluate their creations. This method encourages
knowledge-creation skills, logical reasoning, and problem-solving abilities [51],
[52]. It has been shown that hands-on experience is essential for enhancing the
understanding of fundamental engineering concepts [53]. Learning robotics
challenges students to think critically, recognize issues, and create workable
solutions. To program their robots, they learn to deconstruct complex problems into
simpler ones and create step-by-step algorithms [48], [54], [55].

e Educational robotics fosters creativity and innovation. Students are encouraged to
think creatively, generate original solutions, and implement their knowledge
unconventionally [56], [57]. They can design and modify robots to complete

specific duties or solve real-world issues [22], [58].
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The STEM disciplines of science, technology, engineering, and mathematics are
integrated into robotics. Students gain knowledge of mechanics, electronics,
sensors, and programming as they design, construct, and operate robots [59].
Educational Robotics can also be used as a teaching resource for computer science
[6].

Collaborating and working as a team is common in educational Robotics. Students
are pushed to cooperate, exchange information, and take on a more significant role
in group projects. Because of this collaboration, their social abilities are improved
[25], [47], [48].

Programming robots requires computational thinking, a vital skill for the twenty-
first century [60]. Students are instructed in logical thinking, data analysis,
decision-making, and algorithmic problem-solving [61]. These abilities apply in
robotics and various fields outside of robotics. Students gain experience with real-
world uses of technology through participation in educational robotics. They can
investigate topics like automation, artificial intelligence, machine learning, and
autonomous systems, which are increasingly important and considered 21%-century
skills [62]. These skills are frequently associated with the accelerated development
of technology and the transforming nature of the workplace [63]. Students
interested in pursuing careers in science, engineering, technology, or related sectors
can benefit significantly from studying robotics. It gives them competitive technical
capabilities, critical thinking skills, and problem-solving aptitude [64].

Students are naturally drawn to robots [65], so introducing them in the classroom
is a great way to make studying exciting and interesting. It draws their attention,
stimulates their desire to learn, and encourages a constructive outlook on STEM
fields [66].

Educational robotics is a varied field that may be adapted to fit students with
varying learning requirements and abilities. It enables differentiated teaching,

allowing all students to participate and learn at their own pace [67].
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2.4. Educational Robotics Disadvantages

Educational robotics presents some disadvantages, but it is essential to keep in mind

that these drawbacks can be minimized or eliminated with the help of appropriate planning,

investments in resources and support, and an emphasis on educational practices that are

inclusive and equitable.

Educational robotic kits and equipment costs can be prohibitive for some
institutions and individuals [68]. Some educational institutions or individuals may
struggle to afford robotics hardware, software, and peripherals. In this way, access
to resources and technical support for educational robotics may be restricted.
Students and teachers can become frustrated when there is a lack of adequate
resources for guidance, training, and problem-solving, making the learning
experience less enjoyable [69].

Educational robotic kits are often limited in their capacities and functionalities,
which can frustrate students. Because of this limitation, students might be unable
to investigate more advanced ideas or applications in the real world, potentially
limiting their learning experiences [70].

Educational Robotics, like any technology tool, has the potential to be addictive to
students. When students depend more on technology to complete their tasks, they
risk developing an addiction to those tools [71].

Although robots improve the learning experience, they should not be viewed as a
replacement for human interaction. Too much reliance on these devices by
educators can result in educational violations that harm students more than benefit
them [72].

The field of robotics frequently uses advanced technologies such as computer
programming, electronic engineering, and mechanical engineering. If a student or
teacher does not have a firm basis in the STEM areas, they may have difficulty
understanding and using these ideas [73].

As with many other STEM fields, the field of robotics suffers from a lack of
diversity among its practitioners. There are a variety of social, cultural, and

systemic obstacles that may make it more difficult for students from
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underrepresented groups, such as girls and minorities, to participate in robotics
programs [73].

Designing, constructing, and programming robots can take significant time [74].
When time is limited, as it often is in educational settings, incorporating robotics
into the curriculum may require extensive planning and preparation from the
instructor.

Most robotics projects require cooperation and teamwork to complete. While this
may be advantageous for developing social and communication skills, it may also
present difficulties if there are disagreements within a group or if some students
dominate the project, leaving others with fewer opportunities to participate and

learn [75].
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Chapter 3. Learning to Code and Education

In today's digital age, the importance of teaching students how to code has increased
dramatically. The widespread adoption of technology made coding a highly sought-after
skill. Tt gives people the tools needed to make sense of and shape the digital environment,
providing numerous chances for personal and professional development. As humanity
increasingly depends on technology, programmers are needed in various industries, from
software engineering and data analysis to academia and the arts [1].

Coding is a highly specialized ability that involves learning how to create programs
that a computer can execute. Coding refers to writing code or computer instructions, or in
other words, just giving computers specific directions on how to do something. The ability
to think critically, solve problems, and use computational thinking is necessary for success
in computer programming. People are becoming more aware of how important it is to teach
the next generation how to think computationally and improve their computer skills [60].
This demand has led to the inclusion of programming fundamentals in the curricula of
nearly all modern engineering educational programs [76]. Furthermore, a widespread
agreement exists that software engineering should be incorporated into Robotics
Engineering curricula [77].

3.1 Advantages of incorporating coding into educational curricula
Several notable advantages are associated with integrating coding into educational

programs. These advantages can be briefly described as follows:

e Reasoning and solving problems are essential in coding [78]. This skill is valuable
in today's constantly developing technological landscape [79].

e The capacity to solve complex issues by decomposing them into smaller pieces and
applying appropriate methods is a characteristic of computational thinking, which
is an increasingly valuable ability in business and essential for gaining perspective
on the world [57].

e Creating code can be a creative activity. Students must apply their creativity when

finding coding solutions [57].
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e There is a rising need for skilled programmers. One can enter a wide variety of
fields after learning to code, including software engineering, data science, and web
design [1].

e Students often need to collaborate on coding tasks to find solutions to challenges.
Students can benefit from this by learning to work together and communicate more
effectively. Collaboration and communication are essential 21%' Century skills [79].

e The process of coding might provide difficulties, necessitating pupils to
demonstrate resilience when confronted with obstacles. This intervention has the
potential to facilitate the cultivation of students' determination capacity and foster
their ability to effectively navigate and overcome obstacles [80].

e Students learning to code should be able to express themselves simply and
concisely. Students can use this to improve their verbal and writing skills [81], [82].

e Acquiring coding skills is a valuable means of bridging the gap between theoretical
knowledge and practical application, thereby mitigating the inherent abstraction
often associated with STEM disciplines [83]. Students gain a sense of
accomplishment and self-assurance when they witness the outcome of their hard
work [84]. Furthermore, students develop a sense of ownership and pride in their
education when they design and develop their own programs or apps [85]. Students
develop a desire to succeed through this kind of teaching, which also inspires them

to follow their curiosities and discover new things throughout their lives [86].

3.2 Integration of Coding into Traditional and Non-Traditional Classroom
Environments

In the classroom, students can learn to code in various ways. Many new programs
and materials have been developed in response to the rising need for coding education.
Coding is no longer out of reach for potential learners of all ages because of free online
resources like Code.org, Scratch, and Blockly. Many schools have also begun offering
coding classes or incorporated coding into their already established curriculum [87]. People
wishing to switch careers or advance in them may also benefit from the intensive training

offered by coding boot camps and other forms of specialist coding academies.
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3.2.1 LOGO

LOGO was the first attempt to make coding easier to learn by young pupils. It is a
programming language designed specifically with novice programmers in mind. LOGO
users learn programming fundamentals by straightforward words and instructions rather
than memorizing theory or employing complicated programming techniques. LOGO is a
simple programming language for young students that allows the instruction of an object,
usually a turtle, to carry out a series of actions. LOGO's four main focuses are on helping
kids get solid foundations in the following areas: critical thinking and problem-solving;
communication; teamwork; inspiration and pioneering. Young users of LOGO can take an
active role in the design and construction process with LOGO [12], [42]. Figure 4 depicts
a modern LOGO setting [88].

Type your code here... Bun

forward 170
left 130
right 150
forward 150

Figure 4: Logo environment of Turtle Academy [88].
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3.2.2 Block-Based Programming

When it comes to introducing students to programming and computer science,
block-based programming is quickly becoming the method of choice [89]. It has become a
standard feature of the computer science curriculum thanks to the popularity of tools like
Scratch and events like the Hour of Code hosted by Code.org. Many significant aspects of
block-based programming set it apart from traditional text-based programming. Block-
based programming utilises puzzle-styled blocks interconnected to each other, forming a

list of blocks. Each block has a distinct functionality and corresponding colour.

3.2.3 Scratch

Scratch is a free programming language that allows users to create their own
interactive stories, animations, digital games and stories [90]. Specifically, it features a
scene in which the player produces "objects" (heroes and backgrounds) by picking them
from a preexisting series or making their own. Depending on the user's predetermined
behaviour, the scene's objects can engage in conversations with one another or with the
user directly. The behaviour of the objects is achieved by dragging elements that imitate
actions-commands, which refer to each object individually. Figure 5 exhibits the interface

of scratch [91].
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Figure 5: The interface of Scratch. [91]
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3.2.4 Blockly

Blockly [92] is a client-side open-source JavaScript library for developing block-
based visual programming and can be found in various platforms that teach computer
programming. A scripting language like Python may be represented more comprehensibly
using Blockly. In research, Blockly was used as a teaching tool to facilitate programming
learning of a microcontroller called "M5Stack" [93]. By working with M5Stack devices,
students may quickly get experience with Blockly Programming and then apply their
newfound skills to the Internet by utilising the MQTT Protocol offered by the M5Stack
graphical user interface. Students reported more comfort and enjoyment with programming

after taking this approach. Figure 6 presents the Blockly interface [92].

Logic set (CTTED to | 6D [Python _~|  [English -
Loops ] , :
repeat (NS | | e | 60
Math — L it - Count = None
Text CERI SRR Hello Worldl B2
i =4 Count -~ il | g Count = 1
Lists . n while Count <= 3:
Colour — print('Hello World!")
Count = Count + 1
Variables
Functions
Figure 6: The Blockly interface [92].

Guido van Rossum developed Python, which was initially made publicly available
in 1991. Over the years, Python's popularity has increased dramatically, making it one of
the most popular languages for applications in web development, data analysis, artificial
intelligence, automation, scripting, and many other areas. Python is a powerful and

versatile language [94].

The Python programming language is highly suitable for educational purposes

mainly for the following reasons.
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Python has been shown to help facilitate programming concept comprehension
within a constructivist educational framework, particularly when used in the
context of game-based learning. Using Python as a programming language in a
game-based environment can dramatically improve programming concept
acquisition [26].

Python's straightforward syntax and robust capabilities render it appropriate for
programmers of all skill levels. For this reason, it is highly recommended for use
by beginners in computer science [95].

Python's inherent flexibility renders it extremely useful for various applications,
encompassing data analysis, web development, and robotic process automation.
Consequently, Python appears as a versatile programming language that effectively
introduces students to several domains within the field of computer science [96],
[97].

Python is an open-source programming language, meaning anybody can download
and use it without cost [98]. For this reason, it is a fantastic choice for education
because institutions and schools are financially constrained.

Python has a large and productive community of users and programmers. As a
result, there is a wealth of resources accessible to help those learning Python.
Python's extensive standard library includes many useful pre-built modules and
functions that save time and help students get started with programming right away.
Learners are able to see immediate benefits, keeping them engaged and interested.
Thanks to the popularity of the language, tutorials, manuals, and online courses are
just some of the many instructional resources available for Python. The wealth of
available resources is invaluable to students as they embark on their coding
adventures [98].

The Python language's interpreted nature allows instantaneous feedback during
program execution. It is far simpler for students to spot and fix errors in their code
when they can immediately view the results of their efforts [99].

Python's support for object-oriented programming is a significant advantage.

Teaching Object-Oriented Programming in Python helps students understand
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fundamental software engineering principles [100] used in many contemporary

programming languages.

e Python works well with various platforms and tools, like Raspberry Pi and
microcontrollers. All the major robotics boards (Raspberry Pi, Arduino, Lego) may
now be programmed in Python. Because of this interoperability, students can use
what they learn in Python for things like creating robots and Internet of Things
devices [94], [101].

e Python has visual programming tools like Scratch or Blockly, which offer a drag-
and-drop interface, making it accessible to younger learners and those who are new
to coding. These resources are great for beginners since they ease you into computer
programming [89].

In secondary schools, Python is frequently used to teach students computer
programming basics [102], [103]. Advanced programming ideas, such as data analysis and
machine learning, are first introduced to students in higher education through Python [104].
People who like to study at their own pace can also learn Python through one of the many

online classes that are available.
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Chapter 4. E-learning and Blended Learning

E-learning, or distance learning, is a kind of teaching and learning that occurs
entirely online, bypassing traditional classroom settings [8]. Rapid advances in technology
have facilitated distance learning. Students can access the course materials from any
location at their own pace using various electronic devices [9]. Most of the terminology
(such as online, web-based, computer-based, or blended learning) share the capacity to
utilise a network-connected computer. Online learning can potentially increase education
quality when used correctly, making classes more engaging, stimulating, and flexible for
each learner [10]. In other words, the focus of the teaching shifts more toward the students.

The development of online courses is an essential component of the digitalization
of education because it enables educational institutions to fulfil the requirements of more
recent forms of education, such as long-distance learning while overcoming the space-time
constraints of traditional offline modes of teaching [105]. According to a study, there is no
distinguishable difference in the learning outcomes that occur in a regular classroom
compared to those that occur in an online classroom [106]. Despite this, the most essential
aspect that contributes to students' success in online education is their level of motivation.
Another study [107] highlights the factors influencing students' academic success in online
education. In particular, when thinking about how the students conduct themselves, the
only variables that have a significant effect are their levels of motivation and the setting
they are in. The findings of this study indicate that behaviour factors such as the
characteristics of the teachers, levels of student motivation, and organizational structures
all appear to boost student performance. Similarly, the findings of a study [108] indicate
that each service quality category has a positive association with the levels of motivation
and overall satisfaction experienced by the students. In other words, there is a positive
association between the level of motivation that students have and the academic
achievement they achieve.

Blended learning is characterized by integrating traditional classroom teaching
methods with digital courses. Blended learning is experiencing a rise in popularity as
educators increasingly recognize its capacity to enhance education and optimize students'

in-class time. Regarding this matter, a survey conducted after the completion of the course
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on "Data Structures and Algorithms" indicated that students not only expressed satisfaction
with the teaching methodology employed but also demonstrated exceptional performance
[109]. Additionally, it is noteworthy to add that there was a substantial decrease in the
dropout rate, possibly due to the satisfaction students experienced with the assistance
provided by their educators and the educational system. Another example, as described by
[110], involved implementing a blended classroom approach in the context of the course
"Principles of Chemical Engineering". This study demonstrated that using micro-videos
and a blended approach of online and offline learning resulted in a notable enhancement in
learning efficacy, as observed by the student's independent study. Blended learning
encompasses using advanced educational technologies and digital resources while
redefining students' learning ideologies and instructors' teaching methodologies [111].
Schools and institutions worldwide were forced to close their doors and turn to
online learning due to the COVID-19 pandemic. Many students and educators struggled
because of this, but it has also expedited the adoption of e-learning and demonstrated the

potential of this approach to radically alter the educational landscape [7].
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Chapter 5. Gamification — Game-based Learning

Gamification and game-based learning are two educational strategies that
endeavour to augment learning by using game elements and principles. Although they
exhibit similarities, game-based learning and gamification are distinct concepts. While
gamification incorporates certain parts of gaming, such as score systems, badges, and
rewards, to motivate individuals to engage in repetitive or potentially monotonous tasks
like homework, game-based learning takes a more comprehensive approach. It involves
utilising actual games as educational tools, integrating core game mechanics and principles
to facilitate learning [112]. Thus, game-based learning goes beyond superficial incentives
and engages learners in interactive and immersive gaming experiences, directly
contributing to their educational development. The primary objective is to cultivate
intrinsic motivation and foster a flow state in which the player acquires knowledge and
skills without conscious awareness, as their attention is directed towards the act of playing
[112].

Both methodologies have demonstrated favourable impacts on educational
achievements; nevertheless, their efficacy depends upon various conditions. When
deciding which teaching approach to follow, educators should seriously consider the
individual learning objectives and the needs of their learners. In the remainder of this

chapter, both approaches will be discussed.

5.1 Gamification

Gamification refers to using game-like elements and techniques in non-gaming
contexts to enhance user engagement and motivation [113]. In recent years, educators have
grown to accept the potential of gamification as a tool for enhancing the learning
experience. Through the incorporation of gamification aspects inside educational
environments, educators possess the ability to cultivate dynamic and engaging learning
experiences that engage pupils and facilitate the development of a deeper understanding of
complex concepts. Utilising this tool can enhance student motivation and retention,

facilitate cooperation and teamwork, and individualize the learning experience [114].
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Learning theories, such as behaviourism, constructivism, and cognitive load theory,
provide a framework for a better understanding of how gamification can support learning
and engagement. By incorporating these theories into the design of educational games,
educators can create more effective and engaging learning experiences [115].

Some common gamification techniques include using points, badges, and levels,
creating challenges and quests, using leaderboards and competition [116], and using social
features to share their progress. Social features can include forums, chat rooms, and social
media integration [117].

Gamification is a relatively new field, and there is still much research on its
effectiveness. However, the evidence to date suggests that gamification can be a powerful
tool for improving learning outcomes. It has been successfully applied in various fields,
including marketing, work organizations, health, and environmental initiatives [8].

Gamification in education, specifically in the context of learning to code, has
gained significant attention in recent years. The traditional approach to learning to code
can be intimidating and discouraging for many students, leading to disengagement and
hindered progress [118]. Gamification offers a powerful solution to this challenge,
transforming the process of learning to code into an exciting and empowering journey for
students of all ages. By incorporating game elements and mechanics, gamified coding
platforms foster creativity, motivation, engagement, and critical thinking, while providing
goal-oriented learning coupled with immediate feedback and personalized learning
experiences. The gamification approach offers collaborative learning opportunities and
ensures that students develop a love for coding, embrace challenges, and continue to pursue
knowledge [119], [120].

Overall, gamification is a promising approach to improving learning outcomes. By
harnessing the inherent appeal of games, educators can create immersive, interactive, and
personalized learning experiences that enhance students' academic performance and foster
a love for learning. As technology continues to evolve, the potential for gamification in
education remains limitless, opening doors to new and exciting possibilities for the future
of learning. Nevertheless, to maximize its effectiveness, gamification should be tailored to

the specific needs and preferences of the learners and the educational context [121].
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5.2 Game-Based

The concept of game-based learning entails incorporating educational content and
objectives within the framework of games or game-like activities [122]. In contrast to
conventional teaching approaches characterized by passive information transmission,
game-based learning fosters active engagement, problem-solving abilities, critical thinking
skills, and collaborative interactions among learners [123][124]. Educational games
encompass various genres, from digital video games and applications [125] to traditional
board games, card games, and immersive role-playing activities [126]. Whatever the
medium employed, the basic principles of game-based education exhibit a consistent
nature, namely the cultivation of active engagement, the enhancement of educational
achievements, and the stimulation of intrinsic drive [112].

Numerous factors contribute to the efficacy of game-based teaching. To begin with,
it might be argued that games possess a natural element of motivation. A combination of
challenges, rewards, and a sense of accomplishment can effectively maintain student
engagement. Furthermore, games frequently include an interactive nature, enabling
learners to actively engage in acquiring knowledge. This can facilitate enhanced
comprehension and long-term retention of the acquired knowledge. Furthermore, games
have the potential to replicate real-life scenarios, facilitating in this way the cultivation of
problem-solving abilities and critical thinking among learners [127]. Game-based
education has the potential to serve as an effective teaching tool for a diverse range of
academic disciplines, encompassing Mathematics, Science, History, Language, and the
Arts [128].

The traditional methods of coding education can occasionally present challenges
that result in decreased motivation and a sense of discouragement, particularly for novices
in the field [118]. Game-based education presents a compelling and effective alternative
for teaching coding, combining gaming principles with programming concepts [129].
Games can attract and motivate individuals, hence facilitating the maintenance of
concentration and motivation among learners. Furthermore, games provide an interactive
feature that enables learners to engage in coding exercises inside a secure and encouraging
setting. Numerous studies have demonstrated that the integration of game-based

approaches in educational settings may produce positive results in the field of coding
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education. The aforementioned outcomes include cognitive, behavioural, and emotional
aspects. Moreover, the effectiveness of game-based teaching in the field of coding can be
influenced by various aspects, including the particular game or platform employed, the
teaching approach implemented, and the individual characteristics of the learners [130].
Game-based coding platforms provide a secure and controlled setting for individuals to
explore and experiment with coding principles. Coding education has incorporated a range
of game-based platforms and tools. These platforms offer learners prompt feedback and

reward their progress through gamified prizes [112].
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Chapter 6. The EL Greco Platform

6.1 Introduction

The El Greco Platform allows potential learners to remotely operate El Greco, a
social humanoid robot that is affordable, easily constructed, and suitable for educational
purposes. El Greco can execute several tasks, including combined movements, engaging
in social interactions across multiple languages, and online information retrieval. The
robot's capabilities can be programmed by the direct input of Python code or by utilising
the Blockly library, which incorporates an editor within an application that visually

portrays coding principles as interconnected blocks.

6.2 Related Work

Similar to Blockly, Scratch is a block-based programming language that enables
users to generate animations, video games, and digital storytelling [90]. Although the
Scratch coding environment has widespread success, the El Greco platform presents a
number of distinct advantages due to its use of a real robot for teaching the Python
programming language.

Blockly has been employed in various computer programming educational
platforms. One example is BlockPy [131], a platform specifically designed for Python that
offers a variety of compelling features. These features include guided feedback on the code
output, CORGIS integration [132], and the ability to generate line graphs, scatter plots, and
histograms. Additionally, a Python to Blocks translation option [133] can be used to turn
written Python code into Blockly blocks.

While our work is closely connected to BlockPy, one of our objectives was to
leverage the advantages of robotics in the educational context. Reeborg's World [134]
affected the development of the El Greco Platform. Reeborg's World offers an offline
version that is also an internet version and successor of RUR-PLE [135], a desktop
application. Its construction aimed to facilitate the acquisition of programming skills
among novices while providing an enjoyable experience. For teachers, this tool proves to
be beneficial in computer programming teaching. It focuses primarily on Python, but

JavaScript is supported as well. Reeborg is a virtual robot that can be controlled using
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Python or JavaScript. It can transform into different robotic shapes and navigate inside a
virtual environment that includes a variety of objects capable of interacting with both the
robot and each other. As an example, it is possible to generate a tile containing water, which
has the potential to submerge Reeborg. Reeborg possesses the capability to recognize the
presence of certain tiles and effectively employ a bridge tile in order to bypass them. In
this manner, individuals can generate complex labyrinths or even Sokoban puzzles [136]
with predetermined objectives. One of the notable features of Reeborg's World is its step-
by-step execution mode for Python code, which demonstrates a high level of precision.

Our approach to Python was inspired and presented similarities to Reeborg's World
and other projects of a similar nature [137], [138]. However, the key feature of the El Greco
platform is that users may operate a real robot from a distance, making education more
imaginative, engaging, and enjoyable.

Several robotic kits permit the programming of an educational robot using Python
and Blockly [139]-[143]. USB, Bluetooth, or a wireless network are typically utilised to
connect the user interface to the robot. The previously mentioned robotic tools contribute
significantly to learning, but the El Greco platform employs a social humanoid robot.
Compared to other types of educational robotics, this significantly enhances the learner's
creativity, interest, and enjoyment. In addition, the El Greco platform employs the Internet
and, more specifically, a web page to facilitate the user's interaction with the robot.
Consequently, the El Greco platform enables anyone interested in learning Python to do so
while operating a robot. In most instances, purchasing an educational robot with the same
capabilities as El Greco is prohibitively expensive.

The basis of our work is rooted in a pre-existing educational platform [144]
developed by the Aegean Robotics Team. In order to enhance the platform, a brief survey
was conducted. Two questionnaires were administered, one prior to the platform's
utilisation and another after its utilisation. A total of 15 children responded to both
questionnaires, with one child from the first grade, five from the second grade, and nine
from the third grade of the lyceum. The primary objective of the initial study was to assess
the participants' existing computer programming abilities and their level of interest in
utilising robots within an educational setting. The results indicated that most participants,

precisely 65.5%, reported lacking prior programming knowledge. Furthermore, a
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significant proportion, 79.3%, expressed confidence in the potential of robotics to enhance
their learning experience. Additionally, a substantial percentage, 75.9%, believed that
robotics could be a valuable tool for educational purposes. Moreover, a significant majority
of individuals, precisely 69%, express a desire to have unrestricted access to the platform

regardless of time or location (Figure 7).

Would you like to have Do you think that robotics can
access to the platform at help you in your lessons?
anytime and from
everywhere?
W YES
W YES = NO
mNO

Figure 7: Findings of the first questionnaire
The second questionnaire focused on utilising El Greco and the student's

interactions with the robot and its programming interface. The survey findings indicate that
the platform had the capacity to facilitate the integration of STEM education. The level of
acceptance demonstrated by the pupils towards the platform was exceedingly positive.
Most participants, precisely 86.2%, had a positive sentiment towards the event, while
65.5% indicated a strong interest in utilising it again (Figure 8) [144].
The El Greco platform can be considered an enhanced version of the previously

described platform. The enhancements to the platform above are:

e The direct execution of Python code is facilitated using Brython [16].

e Examining code for mistakes and providing correction messages to the user.

e The process of executing code in a step-by-step manner.

Was the platform interesting?
Would you use it again?

m YES
W YES

mNO
mNO

enjoy the platform?

Figure 8: Findings of the second questionnaire
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Implementing a reservation system for the utilisation of the El Greco robot.

The utilisation of an administrator application designed to facilitate remote
management of reservations and other related tasks.

The El Greco adventure mode.

Improvement of the Website's user interface and visual aesthetics.

Website fundamentals such as registration, verification, a Python tutorial, and
profile construction.

Automatic creation of log files that collect information anonymously about the
user's performance and interaction with the webpage and the robot. The provided

information has the potential to be utilised for enhancing the platform.

The subsequent sections will provide a more comprehensive analysis of these topics.

6.3 The humanoid robot EL. Greco

The primary objectives behind the creation of the humanoid robot known as El Greco

(Figure 9) encompassed the following aspects:

The development of a cost-effective humanoid robot.

A humanoid that utilises pre-existing knowledge while also integrating innovative
components.

Suitable for implementation in educational and tourism contexts.

The incorporation of artificial intelligent systems that include extensibility and

versatility, enabling their use across various applications [145].

=
.-

e —

P

Figure 9: The robot named El Greco
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The humanoid robot is often regarded as a highly desirable and effective choice in
the field of education. The avoidance of the Uncanny Valley phenomenon is crucial in this
context. The concept of the Uncanny Valley refers to the condition of exhibiting a high
level of resemblance to humans. The presence of high similarity between humans and
virtual humans has been seen to elicit feelings of anxiety and discomfort in human
individuals during their interactions [146]. To address this concern, while designing a
humanoid robot intended for children, a commonly employed strategy to mitigate the
Uncanny Valley phenomenon involves imposing constraints on its range of motion and
imposing substantial limitations on its hardware capabilities [147]. Moreover, the high
expense of humanoid robots renders them unsuitable for widespread implementation in
educational settings.

The design of El Greco incorporates all the aforementioned factors. El Greco
exhibits anthropomorphic characteristics. The robot's appearance has been intentionally
crafted to resemble a mechanical child between the ages of five and six. The robot can
convey emotions through imitating facial expressions, including but not limited to
happiness, sadness, agreement, disagreement, surprise, and drowsiness. Additionally, El
Greco demonstrates proficiency in the execution of winks and blinks. The movements of
the eyelids and eyebrows significantly influence nonverbal communication between
individuals and serve a crucial function in the expression of emotions [148]. El Greco
possesses the ability to engage in communication in Greek as well as 160 other languages.
Additionally, El Greco can do tasks such as greeting individuals, identifying and
comprehending spoken language, recognizing faces, and accurately determining the
location of an individual within a group of people. El Greco can access information from
the Internet relating to many subjects, such as weather conditions, news updates, and other
relevant topics. The programming language used exclusively for the development of El
Greco is Python. The code development process conformed to the component-based
methodology, which is known for its ability to expedite development, enhance code
maintenance and upgrades, and facilitate system extension. The El Greco movement is
accomplished by utilising 25 servomotors of diverse specifications, resulting in a total of
25 degrees of freedom. The utilisation of complex servo motors was implemented in a

comparable manner, mirroring the approach employed by Team Hector in their work on
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Jonny 05 [149]. Furthermore, EI Greco movement capabilities drew inspiration from the
design principles employed in the development of the Robot CHIMP [150].

The key elements of El Greco's arrangement (Figure 10) that hold the most
significant importance are identified as follows [145]

(1) The GpioZero library [22] was utilised to create low-level functions that
facilitate the connection between the hardware and the high-level functions
of the code. High-level functions facilitate the mobility of El Greco.

(i1) The functionality of image recognition relies on the OpenCV library [151].

(i11) E1 Greco possesses the capability of speech recognition through the
utilisation of the Google Speech Recognition API [152] with the assistance
of the Python speech recognition library [153].

(iv) Additionally, El Greco exhibits proficiency in multiple languages. This is
achieved by utilising the Google Text-to-Speech API [154] via gTTS [155]
and Google Translate [156].

(v) The robot can also access and retrieve useful data from the Internet. The
extraction of this data is achieved by utilising Lxml [157] and Feedparser

[158], which are employed for parsing Atom and RSS feeds.

Python speech
recognition library Google Speech
Recognition API
High Level Speech g

Movement Recognition
Functions
EL Greco's Low Level Communications Google Translate
Hardware Functions Operations Service
GpioZero Multilingual
Image
Recognition Speech Google
OpenCv Capability gTTS
upbrary Text-to-Speech APl
Retrieve
Information
Over the
Internet
Lxml &
Feedparser

Figure 10: El Greco component diagram.

38



6.4 The El Greco Platform
6.4.1 The El Greco Platform Technical Set Up

Prospective learners can use the El Greco Platform to acquire proficiency in the
Python programming language through the remote operation of the humanoid robot El
Greco, which is facilitated by utilising the Blockly library or directly inputting Python
code. The platform consists of four essential components: the server, the Website, the
Robot El Greco, and the playroom.

The primary configuration of the server includes XAMPP [159], Nimble Streamer
[160], and OBS Studio [161]. XAMPP is a complete software package that serves as a
solution stack for web server functionality. Apache server, a part of the software package
XAMPP, was chosen as the primary server for the Website, while MySql serves as the
database for the El Greco platform. The database encompasses several components,
including log-in credentials, user profiles, and a detailed account of El Greco's adventure
necessary files, which will be further discussed in subsequent sections of this dissertation.
The Platform utilises live-stream content that is recorded, encoded, and transmitted through
OBS Studio in SLDP [162] format, a streaming protocol that relies on web sockets. This
content includes auditory and visual elements and is delivered on the Website using Nimble
Streamer, which functions as a supplementary server when required. The live stream is
played using the HTMLS5 SLDP Player [163]. PHPMailer [164] automates Website email
requirements. Phpseclib [165] establishes Secure Shell (SSH) connections between the
Website, the server, and El Greco as part of the server configuration. WiFi technology

facilitates connecting El Greco and the server (Figure 11).
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Figure 11: View of the Hardware employed for the needs of the El Greco platform.
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The Website has been constructed utilising a combination of HTML, PHP, CSS,
Javascript, Python, and Codemirror [166], a JavaScript-based text editor specifically
designed for browser usage. In addition, Google's Javascript library Blockly [92] and
Brython, a Python-to-Javascript compiler, were used. Brython was developed to substitute
Javascript with Python as the scripting language for web browsers. The majority of the
components and their corresponding dependencies of the El Greco platform are illustrated

in Figure 12.

. HTML . MySql = Livestream . Blockly v?;gm L HTML
— css — = Content [ Brython User is — CcSss
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Platform
Figure 12: El Greco Platform component diagram.
The Playroom is a designated area intended to safeguard the robot from potential falls or

collisions with the walls in the event of erroneous commands. The playground has a
diameter of 1.60 metres and is characterized by a flat surface free of obstructions that may
impede the robot's manoeuvrability. The Playroom and the robot are located in the Robotics
Lab at Aegean University. The user can access the Playroom through live streaming

(Figure 13).
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Figure 13: Live streaming from EIl Greco playroom.

6.4.2 Website's main features

The following section will provide an overview and analysis of the primary
functionalities of the Website, as illustrated in Figure 14. The initial webpage displayed to
the user provides a range of options, including logging in, registering, recovering forgotten
passwords, communicating with the site administrators, and accessing information about
El Greco and the robotics team affiliated with the University of the Aegean. As part of the
registration procedure, individuals are required to generate a profile. The mandatory data
for establishing a profile includes a username, age, gender, and educational level. Users
can provide their name, surname, photo, and a brief statement concerning why they like to
use robots.

This data is collected to obtain anonymized statistical information regarding the
Website's users to enhance its performance. Additionally, an automatic log file system was
developed to document data related to user engagements with the platform. The existing
body of literature indicates that in self-regulated e-learning settings, this information can
be utilised to monitor pedagogical indicators, including the user's performance and
motivation [24], [167]. By employing Web mining methodologies, it is possible to gather

significant data related to the user's real-time performance, preferences, and behaviours.
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This information can be utilised to enhance the learning process [168]. According to
relative research [169], log files have been identified as a more appropriate and effective
method for evaluating future user performance in an e-learning setting compared to data
obtained from online questionnaires. Several factors are observed in El Greco Adventure,
including the success rate, the time required to complete a level, the use of the tutorial, and
the number of clicks the user performs during their attempt to finish a level. The
combination of this information and a user's profile will serve as a helpful assessment of
pedagogical indicators and the level of engagement. This assessment aims to evaluate the
necessary improvements required for the Website to enhance its efficiency and integration
within the educational process and overall learning experience.

An integral component of the registration procedure involves implementing an
automated email response system to communicate with the user. The response includes a
hyperlink leading to the profile creation page, where the password is encoded using the

MDS5 algorithm. The provided hyperlink possesses a single-use functionality.
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Figure 14: El Greco website use case diagram
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Upon completing a successful registration process, the user can access the website
by logging in. The primary webpage of the Website is the "Game Types" page, which
features the El Greco Main Platform and El Greco Adventure options. These options will
be further examined and analyzed in subsequent sections of this dissertation. This web page
and its associated website pages offer various options accessible through the top menu bar.
These options include information about El Greco, the university's robotics team, a Python
tutorial, a contact form, and a user profile. The user profile allows individuals to modify
optional information fields, the “level of education field”, and review completed levels of
the El Greco adventure.

Upon logging in to the Website, users can access the booking service through the
top menu on the Website. In order to remotely access and operate the robot inside
its playground, the user must schedule a session. Due to the lack of total accuracy in the
movements of El Greco, it is considered essential to have a supervisor present during
sessions. Therefore, it was necessary to restrict the hours and dates available for booking.
The standard session duration is set at thirty minutes; however, users can request additional
time for the session using a comment area provided in the booking form. The presence of
a booking session results in distinct modifications to the Website's interface to facilitate
the booking process. One notable feature is the presence of a countdown timer positioned
in the upper section of the webpage. This timer functions by counting down to the
beginning of a session, provided that a session has been scheduled for the current day.
Additionally, the timer displays the remaining session duration during an ongoing session.
Furthermore, admission to the El Greco Playroom is only granted to users during specified
session times. Consequently, the El Greco website can effectively oversee the environment
and allocate resources to foster and enhance creativity.

A remote management application (Figure 15) was developed to manage the
Website, focusing on the booking service. It should be acknowledged that fail-safes were
implemented in order to mitigate the occurrence of double bookings. Regarding
administrators, these safety measures are applicable at the beginning and during a session.
However, when a user submits a session request, just the start time and date of the session
are compared to the start time and duration of all sessions already scheduled for the

requested date.
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Part of the registration process is the automated email response to the user. A link
with an md5-coded password to the profile creation page is included in the response. This
link can be used only once. In this way, and with the limitation of one user registration per
valid email account and the prohibition of using the same username, we can assure the
safety of our users and the diversity and quality of the data gathered for the statistical

analysis of the pedagogical performance of the platform.
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Figure 15: Administrator’s application use case diagram.

6.4.3 Game Types
The El Greco Platform includes two distinct game categories: the El Greco main
platform and the El Greco Adventure. Both platforms utilise Google's block programming
framework Blockly, enabling users to employ a drag-and-drop interface for constructing
programs that can subsequently be translated into several programming languages,
including JavaScript, Python, PHP, Lua, and Dart (Figure 16). Currently, the El Greco
Platform exclusively employs Blockly for Python. Blockly includes a set of pre-existing

blocks but allows developers to create their own blocks. This option was employed to
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create the El Greco functions utilised to remotely control the Robot El Greco (Figure 17).

Currently, the El Greco functions are as follows:

Demo: El Greco demonstrates its capabilities.

e Salute: The user is greeted by El Greco.

e Dance: El Greco manoeuvres like it is dancing.

e Wait for: El Greco waits for a given number of seconds.

e Walk for: El Greco engages in the forward movement for a given number of
seconds.

e Turn right: El Greco turns right for a given number of seconds.

e Turn left: El Greco turns left for a given number of seconds.
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Figure 16: The Blockly interface.
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45



The Website can accept programs developed using the Blockly visual programming
language or by the direct input of Python code using the keyboard. The execution of the
code differs depending on the program's method of creation and whether the user is in a
booking session.

Blockly provides users with two options for executing code. One approach involves
utilising the try-catch commands, while another approach involves employing the
JavaScript interpreter built by Neil Fraser [170]. According to the information provided by
Google, the second option effectively executes the code. This is the reason why it was
chosen for implementation on the Website when Blockly is utilised for code integration.
Blocky actively safeguards the process of code creation by actively preventing compile-
time errors. The webpage experienced crashes due to runtime issues caused by unhandled
exceptions thrown by the JavaScript interpreter in response to such failures. Within the El
Greco Platform, these exceptions are identified and utilised to generate guided feedback
for the user, aiding them in rectifying errors present in the code. A Blockly trap was created
using the recommended method outlined on the official Blockly website [171] for dealing
with infinite loops. In the event that a line of code is executed in excess of 1000 iterations,
the execution process is terminated, and a suitable notice is presented to the user.

The manual insertion of code involves the utilisation of Brython, a Python-to-
Javascript compiler enabling the execution of Python code within a web browser without
necessitating the use of plugins or server-side support. The choice of this strategy was
motivated by its numerous advantages. The primary advantage is in the enhanced speed of
code execution, as the round trip to the server would significantly reduce this efficiency.
Brython does code inspection to identify faults in debug mode, presenting them precisely.
The errors mentioned above are collected and transcribed into appropriate messages that
are subsequently presented to the user to correct the code. When utilising Brython for
execution, a straightforward mechanism is employed to handle infinite loops by limiting
the number of lines of code-generated output. If that limit is passed, the execution is halted,
preventing the Website's imminent crash that would otherwise occur when endless loops
are conducted.

One crucial aspect of the Website's feedback feature is its ability to execute the

code in a step-by-step manner (Figure 18). Additionally, it offers the functionality to
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navigate through the code both forwards and backwards. Accordingly, it can be
assumed that the El Greco Platform can offer valuable feedback to users, thereby
enhancing the efficacy of the educational process. The design of the step-by-step execution
mode and the incorporation of an infinite loop trap in the manual Python insertion process
were influenced by the website Reeborg's World, created by Andre Roberge. Modifications
were made to the highlight.py module in Reeborg's World for Python execution and the
highlight block function in Neil Frazer's Js interpreter for Blockly execution to

accommodate the Platform's requirements.
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Figure 18: Step by Step execution activity diagram.
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It is important to note that outside of a booking session, the El Greco functions are
automatically declared and injected into the user's code as Python print commands. For
instance, the El Greco dance function outputs the message "El Greco Dance!" During a
session, the code written by the user can be submitted for execution to EL Greco after being
examined for flaws and the inclusion of El Greco functions. A Python script is generated
to serve as the program if an El Greco function is present. Subsequently, an SSH connection
is established with the assistance of the Phpsec library, enabling El Greco to receive and
run the aforementioned script. In the event that the generated code lacks an El Greco

function, the user will be notified appropriately, and no further action will be taken.

6.4.4 Main Platform

El Greco main platform is a web page, which contains three primary sections. The
interface consists of two main components: the Blockly and code areas (Figure 19). The
Blockly area allows users to generate code by utilising Blockly blocks. On the other hand,
the code area is a text area implemented with Codemirror, enabling users to input Python
code either through keyboard input or by utilising a button that converts the code from
Blockly blocks into Python code. The third and final section of the webpage displays live-

streaming video footage captured from El Greco's playground, as depicted in Figure 13.
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The visibility of this window is restricted to instances where the user is engaged in a
booking session and can remotely manipulate the actions of El Greco.

Additionally, the interface provides a range of buttons that allow the user to perform
several actions. These actions include executing code from the code area or Blockly blocks,
converting Blockly blocks code into Python code, executing code generated using either
aforementioned method utilising El Greco, and stepping through the code as it is being

executed. The El Greco Main Platform use case diagram is shown in Figure 20.
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Figure 20: El Greco Main Platform use case diagram.

6.4.5 El Greco Adventure

The El Greco Adventure is an interactive game that challenges users to solve
particular Python programming tasks that include the remote-control capabilities of the El
Greco robot. The game consists of a total of eight levels. Each level is centered around a
primary subject, such as using variables. The user is given objectives related to the main
topic and is expected to carry them out; for instance, they may be requested to generate and
compare two variables. Based on the analysis results, El Greco moves differently each
time.

Moreover, the El Greco Adventure levels are designed in a flexible manner that
minimizes the imposition of constraints. In an El Greco Adventure level, for example, the
user is required to direct El Greco along a square route. This task can be accomplished by

employing the El Greco function of executing a series of four consecutive turns, either to
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the right or left, for an equal duration of time. In this way, the Platform demonstrates the
capacity to effectively engage learners by providing challenging opportunities that are not
constrained by limits.

Ultimately, as demonstrated in the previous example, the design of the El Greco
Adventure levels is intended to foster the expansion of one's understanding and proficiency
in the fields of mathematics and geometry. Therefore, the Platform offers learners the
chance to acquire knowledge from diverse fields of expertise. The use case diagram

depicting the El Greco adventures mode is presented in Figure 21.
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Figure 21: The El Greco Adventure use case diagram..

The term "toolbox" refers to the set of blocks that are accessible through the Blockly
platform and can be customized to suit specific needs. While El Greco's main platform
utilises the basic toolbox comprising of all the available Blockly blocks, El Greco
Adventure employs configurable toolboxes tailored to the skill level needed to complete
the level. By actively managing the resources involved in the educational process,
newcomers can significantly benefit. When users choose either the El Greco Adventure

option from the game types page or utilise the option provided on their Profile page to
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replay a previously completed level, they are subsequently sent to an initial animated scene
(Figure 22). In this scene, El Greco is shown moving over the game map. Upon El Greco's
arrival at the specified level, the user is offered a description outlining the level's objective.
Subsequently, the user can either commence playing or navigate back to the game types or
profile page. Upon completing all levels in El Greco Adventure, the introductory interface
undergoes a modification, granting the player the ability to manipulate El Greco's
movements through keyboard controls. Consequently, the user gains the freedom to select
any desired level by utilising this newly acquired functionality.
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Figure 22: El Greco Adventure introduction screen.

The "El Greco Adventure" webpage is accessed following the introductory screen.
The design closely resembles the main platform of El Greco, with the inclusion of two
additional buttons. The purpose of these buttons is to verify the accuracy of the code input
by the user and determine its ability to effectively fulfil the required task to progress to the
next level.

The code entered by the user undergoes a two-stage inspection process. During the
initial phase, the code undergoes scrutiny based on the outcomes produced by the code
using JavaScript pattern matching.

Following the completion of the initial phase of code evaluation performed by the

Platform, a subsequent stage is undertaken, involving the comparison of syntax. Inspecting
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syntax errors at compile-time occurs earlier, as elaborated in section 6.2.3 of this
dissertation. The syntactical comparison process involves comparing code against a regular
expression representing the expected solution at a given level. This comparison is
facilitated through the utilisation of JavaScript pattern matching. However, it is essential
to note that, at this point, the comparison is performed on the code itself rather than its
output. The website administrator and the requirements of the given level determine the
amount of strictness or tolerance in this inspection.

Upon the completion of the two-stage code inspection process, the user is promptly
notified through the utilisation of a pop-up window. The potential results of the inspection
can be categorized as follows: (i) accurate, (ii) incorrect in terms of the output, (iii)
incorrect solely in terms of the syntactical inspection, or (iv) incorrect in both aspects. This
practice is implemented because many programs may yield identical outputs although
utilising distinct or additional commands [172]. The administrator-designer of the level
determines the degree of strictness or tolerance in the comparison. As a result, the El Greco
website offers feedback and acknowledgement to foster motivation towards learning.
Figure 23 displays the activity diagram illustrating the check against the solution process.

The El Greco platform, notably the El Greco Adventures mode, can be seen in a
game-based learning and gamification scope. The essential idea underpinning gamification
is that games' naturally enjoyable qualities can be harnessed in the educational process
[173], whereas game-based learning requires actual games as pedagogical tools [122].
Gamification is distinguished from game-based learning by the fact that gamification does
not involve the use of actual games as pedagogical instruments. Game-based learning and
gamification approaches seek to excite and engage students in the learning process [112].
There is evidence that incorporating aspects of game design into engineering education can
boost student motivation and encourage successful completion of classes [174].
Implementing this strategy can potentially increase the amount of satisfaction and active
involvement in the learning process, ultimately resulting in a more robust understanding of
the knowledge being taught. The field of engineering studies makes substantial use of

gamification and game-based learning paradigms [175].

52



Js Interpreter

Infinite Loop
Trap

Check Against
Solution

[Inserted Via Blockly]

[Manual Insertion]

Infinite Loop

Trap

[N ot Enabled] [Not Enabled]

[No Errors]

Interpreter
exception
or Infinite
loop
detection

Advice on
Rectifying

From Xml
Solution

Js Interpreter

[No Errors]

— Code Output < o
W #1 2 =
2 - L
i, >
Depending =
xecute Dependin
s Blockly code onEBeryhor?

debugger
output or
Infinite loop

detection

Code

[Success]

Code Output
#2

[Failure]

Success
Message

(Code Result)

Comparison Of Cutputs

#1 & #2

(Pattern Matching)

(Code Result)

Failure
Message

[Success]

[Failure]

Advice on
Recrifying

Code

Code Comparison To A Regular
Expression Of The Solution
Of The Level (Pattern Matching)

Success
Message
(Syntactical)

Failure
Message
(Syntactical)

Code Result
Syntactical
Message

Display
Message

Figure 23: Check against solution activity diagram.

53



6.5 The El Greco survey

6.5.1 Study Design

The survey was carried out utilising two questionnaires. Prior to utilising the
platform, the participants completed the first questionnaire. The initial section of the
questionnaire utilised the Computer Attitude Questionnaire V5.22 [176], specifically
focusing on three of its subscales. The first subscale, F1, assessed the participants'
perception of the importance of computers. The second subscale, F2, measured the
enjoyment the sample experienced when using computers. Lastly, the third subscale, F7,
gauged the extent of anxiety induced by computer usage. The second section of the initial
questionnaire incorporated inquiries derived from the SCAPA questionnaire [177] to assess
the participants' attitudes and beliefs about programming. The third section of the first
questionnaire evaluated the participants' attitudes towards robotics. This section included
items derived from the 4-H Robotics and GPS/GIS Interest Questionnaire [178]. The final
section of the initial questionnaire was designed to evaluate the participants' proficiency in
Python and Blockly. Four Likert-type questions about code-related matters were utilised
to accomplish this purpose. Two were relevant to the Blockly environment, while the
remaining two applied to written Python code.

The second questionnaire was designed to evaluate the impact of the El Greco
website on participants' views towards programming and robotics. It incorporated several
questions from the initial questionnaire, and an additional section specifically focused on
the Platform. The participants completed the questionnaire after they utilised the Platform.
Before utilising the Website, users were given a brief tutorial on Blockly and the Python
programming language. The individuals engaged in collaborative interactions with the
Platform in groups of two. The decision to implement this technique is based on the benefits
that are linked to the practice of small-group teaching [179]. Amongst them is better self-
directed learning, a crucial part of the online learning method [180].

It must be noted that the findings of every Likert-type question were processed in
such a way that a higher score indicated a more favourable outcome. The processes

involved in the survey's design are depicted in Figure 24.
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Figure 24: Processes involved in the El Greco platform survey’s design.

6.5.2 Participants and Preliminary Findings

The survey was conducted among a total of 116 lyceum and gymnasium students

in Greece. There were 52 male individuals and 64 female individuals within the age range

of 13 to 18. The age and grade distribution of the participants are depicted in Figures 25

and 26, respectively.
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Figure 25: Age distribution of the sample.
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The participants reported utilising a computer for a duration ranging from two to
fifteen years, with an average duration of 5.92 years. The weekly use of computers ranged
from 0 to 25 hours, averaging 11.68 hours. Based on these data, it can be inferred that the
sample population utilises computers in their daily activities, regardless of the specific type
of computer.

The participants' perception of the importance and enjoyment of computer usage
was assessed using the F1, F2, and F7 subscales of the Computer Attitude Questionnaire
V5.22. The data collected from the sample indicates that the average score for computer
importance was 3.7931, the average score for computer enjoyment was 3.8549, and the
average score for computer anxiety was 2.3017. The comprehensive score is presented in
Table 1. Based on these data, it can be inferred that the participants hold the belief that
computers play a significant role in their day-to-day activities. They derive pleasure from

utilising them without feeling anxious.

Table 1:Descriptive statistics of the F1, F2 and F7 subscale of the Computer Attitude Questionnaire V5.22 for the El
Greco platform survey.

N Min Max Mean Std. Deviation

CAQF1 116 2.00 5.00 3.7931 0.80506
CAQF2 116 2.17 5.00 3.8549 0.62188
CAQF7 116 1.00 5.00 2.3017 0.89898

In order to assess the participants' attitudes towards programming, Likert-type
questions were employed. The inquiries were derived from the SCAPA questionnaire and

its corresponding subscales. The obtained mean score of 3.1401 in self-reported
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programming understanding supports the hypothesis that the population possesses limited
familiarity with fundamental programming principles. Additionally, the data analysis
revealed a mean value of 3.2155 for the beliefs regarding programming costs. This
indicates that the sampled individuals perceive that programming does not entail significant
cost. Moreover, the average score of 3.1293 on the programming intrinsic value belief scale
suggests that the individuals do not exhibit strong positive or negative attitudes towards
programming. The mean of 3.1466 in programming attainment value belief also led us to
this conclusion.

However, it can be concluded from the data that the sample tends to be persistent
in programming activities and leans to believe in the utility of programming, as evidenced
by the slightly higher mean score in programming utility value belief (3.4368) and
programming persistence (3.3405). These assumptions are further supported by the
standard deviation observed in each subscale. Table 2 displays the detailed descriptive

statistics relating to the subscales.

Table 2: Descriptive statistics of the SCARPA subscales used in the first questionnaire of the El Greco platform survey.

N Min Max Mean  Std. Deviation

Self-reported programming

understanding 116 2.00 5.00 3.1401 0.60008
Programming cost belief 116 1.33 5.00 3.2155 0.72266
Programming intrinsic value belief 116 2.00 5.00 3.1293 0.72867
Programming attainment value belief 116 2.00 5.00 3.1466 0.76048
Programming utility value belief 116 2.00 5.00 3.4368 0.73084
Programming persistence 116 1.50 5.00 3.3405 0.84339

The first questionnaire also included two open-ended questions regarding the
respondents' attitudes towards robotics. Based on the responses provided by the
participants, it can be assumed that the sample population has not extensively engaged in
the field of robotics. Nevertheless, a widely accepted belief among many participants is
that robotics requires complex programming and construction procedures. Moreover, the
findings indicate that the participants are intrigued by robots and their utilisation.

The subsequent portion of the initial questionnaire was designed to further explore
the participants' attitudes towards robotics, drawing inspiration from the 4-H Robotics and
GPS/GIS Interest Questionnaire. The average score in this questionnaire section was

3.1379, with a standard deviation of 0.54327. Based on the information at hand, it can be
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inferred that the surveyed individuals possess a restricted level of familiarity with robotics.
However, it is noteworthy that the responses to the query "I like learning new technologies
like Robotics" exhibited a mean score of 4.02, accompanied by a standard deviation of
0.844. This discovery suggests that the participants are interested in robots.

The following section of the first questionnaire assessed Blockly and Python
expertise. Table 3 displays the findings. The results support the assumption that most

participants are unfamiliar with Blockly or Python.

Table 3: Descriptive statistics of former experience in Blockly and Python of the El Greco platform survey.

N Min Max Mean  Std. Deviation
I have heard of Python Programming 116 2 5 2.37 0.717
language
I can program in Python 116 2 4 2.33 0.615
I have heard of Blockly 116 2 5 2.30 0.675
I can program in Blockly 116 2 5 2.29 0.660

The assumption was further strengthened by the four control programming
questions in the concluding section of the initial questionnaire. The sample had to interpret
the results of the execution of four short and relatively basic programs. Two questions were
implemented using the Blockly environment, while the remaining two were implemented
through Python code. The subsequent section of this dissertation will present the responses
provided by participants and their corresponding percentages compared to the results
obtained after utilising the El Greco platform.

The initial questionnaire analysis indicated that most participants had a satisfactory
level of computer proficiency; however, their exposure and proficiency in robotics and
programming were rather limited. These aforementioned attributes render them suitable
candidates for assessing the pedagogical advantages of the El Greco platform concerning

Python learning and the level of joy experienced throughout the learning journey.

6.5.3 analysis of the second questionnaire.

A brief introduction to the platform and the Python programming language was
made prior to the usage of the platform. Following that, the second questionnaire was
answered. It was conceived in such a manner as to investigate the efficacy of the El Greco

platform in the context of the learning procedure. The participants worked in pairs to use
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the Platform for approximately half an hour. The limitations of the platform, which were
stated before, along with the size of the sample, prevented more extended testing periods.
This questionnaire repeated a few of the questions of the first questionnaire. In
order to study how the platform affected the beliefs of the participants, a paired-sample t-
test was conducted. The outcomes are presented in Tables 4 and 5, respectively.
According to the data in the Tables, every result demonstrates a statistically
significant and beneficial effect. It is reasonable to conclude that the participants'
perceptions of programming and robotics were improved due to their interaction with the

FE1 Greco Platform.

Table 4: The dependent t-test analysis of the beliefs of the sample about programming after and before the use of the El
Greco platform.

Programming is 0.828 1.015 0.094 0.641 1.014 8779  0.000
tiresome

I like programming 0.603 0.745 0.069 0.467 0.740 8.729  0.000

I want to make an effort
to be good in 0.233 0.817 0.076 0.083 0.383 3.069 0.003
programming



Table 5: The dependent t-test analysis of the beliefs of the sample about robotics after and before the use of the El
Greco platform.

I like learning about
new technologies like 0.284 0.630 0.058 0.169 0.400 4.865  0.000
Robotics

It's important to me to
learn the basic 0.440 0.636 0.059 0.323 0.557 7.440  0.000
rinciples of Robotics

I am certain that i can

program a robot to 1.052 0.811 0.075 0.903 1.201 13.962  0.000
move forward and sto

I think i can solve
practical issues using
Robotics and
rogrammin

0.586 0.723 0.067 0.453 0.719 8.731 0.000

I want to find a job in
robotics and 0.595 0.722 0.067 0.462 0.728 8.873  0.000
programming

The subsequent section of the second questionnaire had Likert-scale questions
related to the attitudes held by the participants about the El Greco Platform. The questions
were written to establish a positive correlation between a higher score and a more robust
level of belief in the platform being evaluated. The mean of the overall score was 3.9178,
with a standard deviation of 0.55505. Based on the obtained results, it can be inferred that
the El Greco platform had a user-friendly interface and positively influenced the
participants' attitudes towards programming and robotics. One of the questions asked
related to the influence performed by El Greco Adventures on the sample. The calculated
mean for this question was 4.27, while the standard deviation was 0.762. These findings

provide evidence that the El Greco platform may be evaluated from a gamification and a

60



game-based learning standpoint. This observation strengthens the notion that the El Greco
Platform benefited the level of enthusiasm and engagement in the educational process
while enhancing the comprehension of the taught subjects.

This questionnaire section also included two open-ended questions regarding the
participants' preferences or criticisms of the Platform. Further examination reveals that
most participants expressed a favourable disposition towards the Platform, particularly for
the Robot element. Additional frequently mentioned replies indicated that the participants
positively perceived the Website's aesthetic appeal and found it convenient to operate the
robot remotely. On the other hand, many individuals believed that there ought to be an
increased variety of robotic functions and additional levels within the El Greco Adventure
game. It is imperative to acknowledge that a notable proportion of the sample, precisely
25.2%, had no concerns or issues with the Platform.

Tables 6 to 9 present the percentages of responses to the four control questions

regarding programming before and after utilising the El Greco Platform.

Table 6: The difference in percentages to the answers for the first Blockly program.
Lty il Percent  pjfference
(Before) (After)
Correct 29.3 81.9 52.6
Wrong 0 2.6 2.6
Do not
70.7 15.5 -55.2
know

Table 7: The difference in percentages to the answers for the second Blockly program.

Percent Percent Difference
(Before) (After)
Correct 9.5 75.9 66.4
Wrong 11.2 8.6 -2.6
Do not 79.3 15.5 -63.8
Kknow
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Table 8: The difference in percentages to the answers for the first Python program.

Percent Percent Difference
(Before) (After)
Correct 1.7 25 233
Wrong 16.4 31.9 17.5
Do not 81.9 43.1 -38.8
Kknow

Table 9: The difference in percentages to the answers for the second Python program.

Percent Percent

Difference
(Before) (After)
Correct 233 70.7 47.4
Wrong 0.9 0.9 0
Do not 75.9 28.4 475
know

A significant rise in correct responses, particularly concerning the Blockly code, is
evident. However, there was also a significant increase in the correct answers for the
Python questions, particularly for the second Python program. Moreover, prior to utilising

the platform, most participants preferred responding with "I do not know" rather than
attempting to provide a solution to the given question. The occurrence of this event had a
considerable decrease following the utilisation of the platform. This observation is further
illustrated by the Python program inquiries, which may be inferred to have posed greater
difficulty for the participants in the study. Additionally, there has been an observable rise
in incorrect responses to the first Python question and an increase in accurate responses.
Based on this observation, it may be inferred that the participants, subsequent to utilising

the platform, exhibited increased confidence in their programming abilities and decided to

attempt to answer the question rather than responding with "I do not know."

6.6 Discussion

The El Greco Platform serves as a valuable educational resource for individuals of
varying programming proficiency, encompassing young pupils and adults. Basic
programming principles are integrated into the curriculum of nearly all modern engineering

educational programs. This learning tool has the potential to be utilised in several
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educational settings, including distant or blended learning environments, as well as
traditional classroom settings. The platform is a cost-free system that operates on a
novel Python programming framework, enabling users to manipulate a robot through the
Internet remotely. The platform offers feedback and acknowledgement through an error
feedback system for programming and an interface that is user-friendly and interesting.
The El Greco adventures present a stimulating challenge to users, fostering knowledge
acquisition from several areas of expertise.

The El Greco platform, particularly the El Greco Adventures mode, can be
observed within game-based learning and gamification contexts. A fact that may
potentially augment the level of satisfaction and active involvement in the educational
process, hence solidifying the comprehension and retention of the material being taught.

Based on the survey results, it can be concluded that the El Greco Platform
generated significant interest among the study participants and positively influenced their
attitudes towards programming and robotics. Moreover, it had a significant influence on
their comprehension of programming and served as an inspiration for their pursuit of

additional avenues to enhance their expertise in robotics and programming.
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Chapter 7. The EDUV Platform

7.1 Introduction

Despite the presence of several types of vehicles, such as those designed for ground,
aerial, and maritime use, the current educational underwater vehicles are constrained in
their capabilities and serve as learning tools for mechanics, control systems, and
hydrodynamics [181]-[183]. Students can acquire programming skills by utilising the
EDUV Platform, which enables them to operate an underwater vehicle remotely. The
EDUV platform has been developed to use the EDUV (Educational Underwater Vehicle)
underwater vehicle [184]. EDUYV is illustrated in Figure 27.

Figure 27: The EDUV underwater robot.
This educational platform offers two distinct approaches to learning programming;:

first, students can utilise the Blockly library to assist them in managing the underwater
vehicle; alternatively, they can directly input Python code into a coding environment. In

this way, the process of acquiring knowledge is rendered more captivating and enjoyable.

7.2 Related Work

Autonomous and remotely operated underwater vehicles (AUVs and ROVs,
respectively) have been recognized as valuable tools in the field of education [185]. The
study in [186] involved the development of a functional underwater glider with the primary
purpose of serving as a platform for oceanographic research and educational activities. The

glider known as Bumblebee is capable of being operated by a limited crew without the
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need of heavy equipment. Bumblebees possess autonomous emergency systems and
communication mechanisms. The utilisation of this underwater vehicle holds potential for
conducting Al experimentation and developing navigation algorithms, even in the absence
of specialized hardware knowledge. In the context of education, the utilisation of a cost-
effective and functional AUV is highly ideal [187]. The system comprises of two distinct
types of AUV testbeds, a very accurate ultrasonic range system, a Long Baseline and Long-
Range Frequency (LBLF) coordinate detection system, and a Two-Frequency Shift Keying
(2FSK) ultrasound communication system. The involvement of undergraduate students in
the construction of this experimental system resulted in personal satisfaction and academic
advancement. Similarly, a team of students successfully developed an AUV platform
named "Lucky fin" by effectively integrating theoretical knowledge gained in the
classroom to their projects [188]. Students have the opportunity to construct and apply
diverse control algorithms, as well as carry out experiments aimed at determining and
analyzing hydrodynamic parameters of underwater vehicles. The platform is equipped with
a pair of testing tanks and a single underwater vehicle. The control card, user control
program interface, and manipulator's arm have been specifically built to facilitate depth
perception, directional control, target tracking, and object capture.

The pedagogical approach employed in the Eduv Platform draws inspiration from
literature and shares similarities with Reeborg's World and similar endeavors [134], [135]
that employed virtual robots. However, a notable differentiation lies in the EDUV Platform,
which enables users to remotely control an actual robot, thereby fostering a more

imaginative, captivating, and enjoyable learning experience.

7.3 The Underwater Robot EDUV

A significant proportion of underwater vehicles have a high cost and limited
capacity for customization. In contrast to conventional underwater vehicles, the design of
EDUV distinguishes itself by virtue of its adaptability, portability, and cost-effectiveness.
The fundamental objective of the EDUV is to achieve affordability and flexibility.
According to this perspective, the robot is constructed using easily replaced materials. Due
to this rationale, using PLA filament in 3D printing, which possesses water and humidity

resistance properties, emerges as the most optimal approach for addressing the constraints.
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The sketch was created using the Autodesk Fusion360 CAD Software. The
designed components exhibit high interchangeability, facilitating rapid construction,
replacement, and modification of the 3D-printed body. The vehicle's tiny size facilitates
convenient transportation and manipulation by a single person. The dimensions in Figure
28 are presented as 376x300x87 mm (width x length x height), and it weighs 1.5 kg when
its ballast tanks are empty. Furthermore, as depicted in Figure 28, the structure consists of
three primary components: the central cylinder, referred to as "P2," and the ballast tanks,
denoted as "P1" and "P3." Furthermore, the system is outfitted with a total of six thrusters,
with four of them being grouped in a vertical configuration denoted as Motors M1-4,
forming a square shape. The remaining two thrusters, known as Motors M5-6, facilitate
surge. In order to improve the stability of the horizontal axis and prevent roll motion, two

fins are affixed to the front-facing horizontal motors (Figure 28, denoted as F1-F2).
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Figure 28: EDUV schematics
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The term "mobility" relates to the ability of a robot to navigate its environment
without constraints, while mobility analysis involves examining how this movement is
decomposed into its constituent components. It is important to fully comprehend the
vehicle's capabilities, encompassing its strengths and weaknesses. The vehicle's thruster
arrangement enables it to possess five Degrees of Freedom and execute the following

movements, as depicted in Figure 29:

e The translational-surge motion is achieved through the utilisation of two thrusters
that are horizontally aligned. These thrusters enable linear longitudinal movement,
allowing for forward and backward motion.

e The translational-heave capability is achieved using four vertically oriented
thrusters, enabling a linear vertical upward or downward motion.

e Translational sway refers to a linear transverse motion along the Y axis. While the
vehicle cannot execute this movement, it can be approximated by combining
translational and rotational motions. For instance, a combination of movement in
the roll axis and vertical motion.

e The rotational manoeuvre, known as a roll, involves the lateral tilting of a vehicle
along its longitudinal (X) axis, utilising the four vertical thrusters at its disposal.

e The robot can perform rotational-pitch movement by utilising its four vertical
thrusters. This enables the robot to spin along its Y-axis upward or downward.

e The rotational-yaw motion of the vehicle involves the rotation around its vertical
(Z) axis, which is achieved through its two horizontal motors.

Furthermore, it has been observed that fins actively contribute to the stability and
movement of the robot. Two fins are affixed to the horizontal motors, positioned in a
forward-facing orientation. Essentially, the presence of forward-facing horizontal fins
reduces the ease of roll and enhances stability. The application environment necessitates
stability as a crucial factor, mainly due to the involvement of students in programming

activities.
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Figure 29. The movement of EDUV in its 3-dimensional enviroment

The vehicle was subjected to testing in a marine environment within a depth range
of 0 to 5 meters. It was paramount to evaluate the vehicle's stability and its rotational and
two translational motions. The experimental evaluation of EDUV encompassed various
rotating motions and surge at a depth of approximately 0.5 meters. The heave motion was
also examined within a 0 to 1 meter depth range. The vehicle was equipped with the IMU
MPU-6050 to conduct these measurements. The observed results were consistent with
expectations, as the robotic system demonstrated high accuracy and swiftness in its
response to roll, pitch, yaw, surge, and heave inputs. To be more precise, the vehicle
exhibits a velocity of 0.6 m/s when undergoing surge translational motion and 0.35 m/s
during heave translational motion. The vehicle can rotate at angular velocities of 59 degrees

per second for roll, 53.7 degrees per second for pitch, and 68.6 degrees per second for yaw.

The mobility of the robot is dependent on six direct current (DC) motors, which are
regulated by twelve miniature relays. The motors exhibit a characteristic of 800 revolutions
per minute per volt, with a maximum efficiency current of 0.74 amperes when powered by
a 3-cell battery. The battery cells in question are lithium-polymer (Li-Poly) cells with a
rated capacity of 2700mAh and an output voltage of 11.1 volts. The motors are supplied
with power from the battery via the relays, operating within a voltage range of 9.6 to 12.6
Volts, with a nominal rating of 11.1 Volts. On the other hand, the single-board computer
and camera are powered by a direct current step-down converter, which is connected to the
battery and produces a stable output of five volts. The instructions for controlling the
vehicle are derived from a cost-effective microcontroller, which was essential for
overseeing the movement of the motors. Specifically, the device in question is a Raspberry
Pi 4 Model B equipped with 2GB of RAM. The Raspberry Pi single-board computer is

utilised to establish a connection between a submersible camera and a surface device,
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enabling the transmission of visual feedback. One crucial aspect of the suggested
underwater vehicle is its affordability. The overall cost of the robot exhibits fluctuation
around 160 Euros. Table 10 contains the components of the robot along with their

respective pricing.

Table 10: EDUV’s Components Prices

DC Motors 6 36,00 €
Mini relays 6 6,00 €
Raspberry Pi 4 Model B 2GB 1 50,00 €
LiPo Battery 2700mAh 11.1V 1 21,00 €
DC Step down to 5v 3A 1 2,00 €
Camera 1 11,00 €
Propellers 6 4,00 €
PLA 3D filament (in Kg) 1 19,00 €
Cables etc. (approximately) - 10,00 €
Total 159,00 €
7.4 The EDUYV Platform

7.4.1 The EDUV Platform Set Up

The Platform’s set up mimics the set up used for the El Greco Platform presented
in section 6.3.1 of the dissertation. One notable distinction is in the utilisation of the inbuilt
camera of the EDUV Platform (Figure 30), whereas El Greco platform relies on an external
camera that captures a panoramic view of the robot (Figure 13). One more distinction lies
in the connectivity method employed by the server in the El Greco Platform, which utilises
an ethernet connection to access the Internet. Conversely, in the EDUV platform, the server
is established on a laptop that connects to the Internet via a mobile phone, utilising cellular

data. The commands are compiled in the Raspberry Pi, which serves as the central control

Figure 30: Live streaming from EDUV’s onboard camera
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unit for controlling the movement of the underwater vehicle. The Raspberry Pi and the
laptop are wirelessly connected to the access point through Wi-Fi. A client computer

connected to the internet lets platform users browse the website (Figure 31).
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Figure 31:View of the Hardware employed for the needs of the EDUV platform.

EDUV

7.4.2 The EDUYV Platform’s Features

The EDUV Platform only employs the main platform of the El Greco Platform's
website. The primary factor influencing this choice was the constraints imposed by the
deployment environment of EDUV (Figure 32). Due to the absence of visual cues in an
open sea setting, a game such as El Greco Adventures may lack the essential visual
information required for comprehending the robot's activities. The required modifications

were made to assist the implementation of EDUV. However, it should be noted that the

Figure 32: EDUV’s Deployment
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EDUYV platform is identical to the El Greco main platform, as described in section 6.3.2 of

this dissertation.

The most significant modification to the original platform involved incorporating
EDUV movements. The EDUV platform provides support for the following moving

commands (Figure 33):

e Forward for n seconds: The vehicle exhibits surge translational motion and
undergoes forward movement for n seconds.

e Backwards for n seconds: The vehicle executes a surge translational motion,
resulting in a backward movement for a specified period of time.

e Emerge for n seconds: During a specified duration of n seconds, the vehicle
executes a heave translation motion, resulting in an upward movement.

e Dive for n seconds: The vehicle does a heave translational action, descending in a
downward direction.

e Turn Right for n seconds: The vehicle executes a yaw rotational motion and
undergoes a right turn for a duration of n seconds.

e Turn Left for n seconds: The vehicle engages in yaw rotational motion and executes
a left turn for a duration of n seconds.

e Turn Up for n seconds: The vehicle executes a pitch rotational motion and
undergoes an upward turn for a duration of n seconds.

e Turn Down for n seconds: The vehicle executes a pitch rotational motion and
undergoes a downward turn for a duration of n seconds.

e Roll Right for n seconds: The vehicle engages in a roll rotational action, executing
a rightward roll for a duration of n seconds.

e Roll Left for n seconds: The vehicle executes a roll rotational motion by rolling to
the left for a duration of n seconds.
The commands mentioned above have been implemented using the Python

programming language, with each command representing a distinct function within the
underwater vehicle. These functions are executed by the Raspberry Pi single-board

computer, situated on the surface and connected to the motors through a waterproof cable
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for power transmission. Furthermore, the operator must reset the vehicle to its initial

location following each test.

Welcome to EDUV Platform"

I Logic Forward For B Seconds 1 from demonstration import demanstration
I Loops
I Math T B s J #This is python code - example
I Text -
I Lists 5 #move forward for 2 seconds
Emerge For. [£) Seconds
I Color & forward(2)
I Variables .
Dive For: [ Seconds
I Functions

EDUV Movement "5 nignt For | Seconds

Tum_Left For: [J Seconds
Tum_Up For. [@ Seconds

Tumn_Down For: ) Seconds

Roll_Right For: £ Seconds

Roll_Left For: [ Seconds

Figure 33: The EDUV Platform’s code area and Blockly area illustrating the EDUV’s Movement Functions.

7.5 THE EDUYV Survey

7.5.1 Study Design

The study design adhered to the study's logic on the El Greco platform, as outlined
in section 7.4.1 of this dissertation. Specific questions were modified or omitted, while
others were included. This was done in response to criticisms about the El Greco Platform
survey's lengthy questionnaire. The primary distinction is in utilising three Blockly-based
programming questions and one Python-based programming question, in contrast to the
arrangement seen in the El Greco platform survey, which consisted of two Blockly-based
programming questions and two Python-based programming questions. This approach was
preferred because the platform's main target audience consists of inexperienced users. It is

important to note that the results of each Likert-type question were analyzed in a manner
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where a higher score denoted a more positive outcome.

same as the El Greco Platform, illustrated in Figure 34.
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Figure 34: Processes involved in the EDUV platform survey’s design.

7.5.2 Participants and Preliminary Findings

The survey contained a sample of 112 individuals from Greece, consisting of sixty-
four males and forty-eight females, aged between 14 and 18 years. Figures 35 and 36
display the distribution of age and grade among the student population. It must be noted

that the sample differentiates in the El Greco Platform survey.
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Figure 35: Age distribution of the EDUV Platform survey.
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Figure 36: Grade distribution of the EDUV Platform survey.

Participants reported a range of computer usage experience, ranging from a
minimum of one year to a maximum of ten years, with a mean value of 4.43. Moreover,
the participants' average weekly computer usage, regardless of the type of computer,
amounts to 13.56 hours. The majority of the individuals utilise the computer for a duration
of 5 to 16 hours a week. Based on the findings, it can be inferred that the students
incorporate the usage of computers into their everyday routines.

The results obtained from questions associated with the Computer Attitude
Questionnaire V5.22 indicate that the sample had a mean score of 3.5938 in terms of the
perceived importance of computers, 3.9125 in terms of enjoyment derived from using
computers, and 2.1696 in terms of anxiety experienced when using computers. Based on
the findings, it is justifiable to infer that the participants saw computers as a significant
component of their daily routines, using them with enjoyment and minimal stress. The
descriptive statistics of the corresponding subscales of the Computer Attitude

Questionnaire are illustrated in Table 11.

Table 11: Descriptive statistics of the F1, F2 and F7 subscale of the Computer Attitude Questionnaire V5.22 for the
EDUYV Platform survey.

N Min Max Mean Std. Deviation

CAQF1 112 1.50 5.00 3.5938 1.08123
CAQF2 112 2.00 5.00 3.9125 0.83214
CAQF7 112 1.00 4.50 2.1696 1.09986
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The analysis of the SCAPA questionnaire related questions reveals that the sample
population had an average score of 3.0537 on self-reported programming understanding.
This finding suggests that most study participants are unfamiliar with computer
programming. Furthermore, it is noteworthy that the sample exhibited a mean score of
2.4286 concerning their belief regarding programming cost. This finding suggests a general
consensus among the participants that programming does not entail a substantial cost.
Furthermore, based on the obtained mean score of 2.9464 for the belief in the intrinsic
value of programming, it may be concluded that the students' attitudes towards
programming are not particularly strong in either a positive or negative direction. In
accordance with this assumption, we were also directed by the mean of 2.5268 in
programming utility value belief and by the mean of 2.8929 in programming compliance.
Most importantly, the observed data suggests that the group has a tendency for persistence
in programming assignments, as evidenced by the marginally elevated average score of
3.6964. The standard deviation of each scale provides empirical evidence in support of the
theories that have been previously expressed. These standard deviations are presented in

Table 12.
Table 12: Descriptive statistics of the SCARPA subscales related to the EDUV Platform.

Min Max Mean STD
Self-reported
programming 1.00 5.00 3.0357 0.91709
understanding

Programming
intrinsic value 1.00 5.00 2.9464 1.18997
belief

Programming
utility value 1.00 5.00 2.5268 1.09429
belief

Programming

. 1.00 5.00 2.4286 1.03727
cost belief

P .
rogramiing 3.00 500  3.6964 076922
persistence
P .
rogramming 100 500 28929  1.13389
compliance

The subsequent section of the first questionnaire was based on the 4-H Robotics
and GPS/GIS Interest Questionnaire to gain further insight into the participants' beliefs

regarding robotics. The observed mean score for this survey section was 2.5306, with a
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corresponding standard deviation of 0.89624. Based on these findings, it can be inferred
that the sampled individuals possess limited prior knowledge of robotics and do not hold
strong opinions on the subject matter. Furthermore, the respondents indicated that they had
prior lessons in programming, with an average rating of 3.54 on a scale of 1 to 5 and a
standard deviation of 1.138. The initial questionnaire included a set of questions aimed at
assessing participants' prior knowledge of Python and Blockly. These questions are

presented in Table 13.
Table 13: Descriptive statistics of former experience in Blockly and Python related to the EDUYV Platform survey.

Min Max Mean STD

I can program in

Python 100 >0 90 1180
I have heard of

Blockly Ho0 >0 09 1A
I can program in 1.00 5.00 264 1.361

Blockly
These findings provide evidence that most participants had a restricted

understanding of Python and Blockly. This notion was reinforced by the four programming
questions in the last section of the initial questionnaire. The participants were instructed to
analyze the outcomes of running four concise and comparatively uncomplicated programs.
Specifically, three programs were coded using the Blockly platform, while the other one
was coded in Python. The following section of this dissertation will present the replies
submitted by the participants and their associated percentages compared to the results
obtained after utilising the EDUV platform.

In summary, according to the findings of the initial questionnaire, most of
the participants demonstrate a level of familiarity with computers, while their
understanding of robotics and computer programming is deemed insufficient. Due to these
features, they serve as optimal candidates for assessing the pedagogical effectiveness of
the EDUV platform, specifically concerning the acquisition of programming skills and

overall satisfaction with the learning experience.
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7.5.3 Analysis of the second questionnaire.

Following a brief introduction to the platform, the Python programming language,
and the utilisation of the platform, the second questionnaire was filled out. The purpose of
its creation was to examine the benefits of utilising the EDUV Platform within the realm
of education. The participants spent around 30 minutes engaging with the website in pairs.

A paired-sample t-test was used to examine the Platform's impact on the
participants' beliefs. The statistical significance of all the data is evident in Table 14,
suggesting that the participants' initial beliefs about programming were positively
influenced following their utilisation of the EDUV platform. Based on the calculated mean
and T values, it can be inferred that the platform exerted a statistically significant
favourable influence on the participants. This is further corroborated by the Sig. Values,

which are observed to be at a significantly low level.

Table 14: The dependent t-test analysis of the beliefs of the sample about programming, based on the SCAPA and 4-
H Robotics and GPS/GIS Interest questionnaires prior to and after the use of the EDUV Platform.

Paired Differences

Std Std. E 95% Confidence Interval ; S(12g

: - EITOT of the Difference o

Al Deviation Mean tailed)

Lower Upper

Self-reported

PIOBIAMMING 1y 30804  0.76301  0.07210 1.16517 145090  18.143 4410

understanding
(SCAPA)

Programming

mmgzllcievfalue 102679 076181 007198  0.88414 116943 14264 4510
(SCAPA)

Programming

““lgéiglue 0.70982  0.67663  0.06394 058313 083651  11.102  107°
(SCAPA)

Programming 3.9510"
cost belief 0.64286 0.78105 0.07380 0.78910 0.49661 8.711 s
(SCAPA)

Programming 1.4910-
persistence 0.43750 0.54988 0.05196 0.33454 0.54046 8.420 s
(SCAPA)

Programming 31510

compliance 0.87500 0.85028 0.08034 0.71579 1.03421 10.891 "o

(SCAPA)

Pair L4H =" 33163 058517 005529 144120 122207 24083 ©9L10
4H after
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Additionally, the paired sample T-test findings indicated that the EDUV Platform
positively impacted participants' perceptions of robotics, enhancing their motivation to
actively seek opportunities for advancing their knowledge in this field. The t score for the
questionnaire relating to 4-H has the highest value; however, the Sig. value is the lowest.
This discovery allows us to infer that the EDUV platform significantly influenced the

participants' attitudes regarding robotics.

Tables 15 through 18 illustrate the percentages of participants' responses to the four

control questions related to programming before and after using the EDUV Platform.

Table 15: The difference in percentages to the answers for the first Blockly program related to the EDUV Platform.
survey.

Percent Percent

Difference
(Before) (After)
Correct 42.0 92.0 50.0
b
Don’t 39.3 18 375
know
Wrong 18.7 6.2 -12.5

Table 16: The difference in percentages to the answers for the second Blockly program related to the EDUV Platform.

survey.
Percent Percent  pifference
(Before) (After)
Correct 37.5 92.9 55.4
Don’t
on 42,9 1.8 411
know
Wrong 19.6 53 -14.3
Table 17: The difference in percentages to the answers for the second Blockly program related to the EDUV Platform
survey.
Percent Percent Difference
(Before) (After)
Correct 36.6 80.4 43.8
Don’t
on 50.9 3.6 473
know
Wrong 12.5 16.0 3.5
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Table 18: The difference in percentages to the answers for the Python program related to the EDUV Platform survey.

Percent Percent

Difference
(Before) (After)
Correct 13.4 67.0 53.6
b
Don’t 73.2 13.4 -59.8
know
Wrong 13.4 19.6 6.2

According to the data presented in Tables 15 - 18, it is evident that there has been
a notable increase in the frequency of accurate responses observed in both the Python and
Blockly environments. Moreover, subsequent to the utilisation of the EDUV platform,
there was a significant decrease in the frequency of “Do not know” responses. The Python
programming question, which was presumably more difficult for the participants, serves
as more evidence to support this observation. To clarify further, the observed percentages
of accurate responses exhibit an upward trend, precisely measuring 50.0%, 55.4%, 43.8%,
and 53.6% across the four code questions, respectively. Nevertheless, the Python question
exhibited fewer correct answers, amounting to 67%. In all instances of programming
examples, the participants demonstrated improved performance compared to their initial

exposure to this programming framework.

7.6 Discussion

The task of fostering student motivation and dedication towards their education
might pose difficulties, particularly when the educational delivery is conducted through
online platforms. Robotics enables the manifestation of students' creative and innovative
abilities. Using educational robotics transforms the traditional pedagogy framework,
redirecting attention towards the student and emphasizing collaborative learning. This
section of the dissertation presented an underwater vehicle designed for use in education
through an online platform without limiting its possible utilisation in blended or traditional
classroom environments. The primary objective of this vehicle is to foster creativity and
enhance student involvement. Additionally, the underwater vehicle is very adaptable and
cost-effective.

Based on the data mentioned earlier, it can be concluded that the EDUV platform
successfully captivated the survey participants and positively influenced their attitudes

towards robotics and programming. Participants made full use of the platform to enhance
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their understanding of programming. Furthermore, this fact served as a catalyst for them to
actively seek out further opportunities to enhance their proficiency in programming and
robotics. The utilisation of both Blockly and Python offers the advantage of enabling users
to familiarize themselves with and acquire coding skills in two distinct coding

environments.
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Chapter 8. Conclusions and Future Work

8.1 Comparative Analysis of the Surveys Contacted
The collected survey samples exhibit variations in age and grade, as depicted in

Figures 37 and 38.

EDUV FREQUENCY El Greco FREQUENCY

AGE AGE

Figure 37: Age distribution of the surveys.
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An independent t-test was performed to examine variations in computer usage over
previous years and the number of hours spent using a computer weekly. The results of this
analysis are presented in Table 19. Based on these findings, it may be inferred that the

samples exhibited a significant differentiation in weakly computer usage.

Table 19: Independent t-test scores for computer usage.

Mean Difference t SIG
Years (average) 1.49 4.503 0.000
Weekly (average) -1.880 -1,992 0.48

Additionally, an independent t-test was conducted to examine whether the sample
had similar attitudes towards programming before utilising the platforms, as measured by
the Computer Attitude Questionnaire V5.22 subscales. The results are presented in Table
20. These results suggest that the samples demonstrate comparable attitudes and

perspectives about programming.

Table 20: Independent t-test scores on the Computer Attitude Questionnaire V5.22 subscales before using the platforms.

Mean Difference t SIG
CAQF1 0.197 1.558 0.199
CAQF2 -0.058 -0.590 0.556
CAQF7 0.132 0.991 0.323

Additionally, a comparison of attitudes prior to using the platforms, measured by
the SCAPA questionnaire subscales and the 4-H Robotics and GPS/GIS Interest
questionnaire, was carried out employing an independent t-test. The findings are presented
in Table 21. On the basis of these data, we can assume that the samples hold similar beliefs
regarding their understanding of programming and programming's intrinsic value. On the
other hand, participants of the EI GRECO believed more strongly that programming is
useful and does not entail significant costs. Additionally, they hold positive views on
robotics. Nevertheless, EDUV's survey participants demonstrate a higher level of

persistence in programming activities.

84



Table 21: Independent t-test scores on the SCAPA and 4H questionnaires before using the platforms.

Self-reported programming understandin,
P Prog & & 0.104 1.013  0.312

i SCAPAi

Programming intrinsic value belief (SCAPA 0.183 1.394 0.161

Programming persistence (SCAPA -0.356 -3.331  0.001

In order to assess the similarity of prior knowledge in Python and Blockly among

the samples, an independent t-test was conducted. The findings are presented in Table 22.
Based on the aforementioned data, it can be argued that the El Greco survey participants
had a higher proficiency level in Python and Blockly. However, this assumption is
inconsistent with the data collected prior to using the platforms, as EDUV's survey sample
exhibited a higher score on accurate responses. These findings are based on the four

programming questions included at the end of the first questionnaire and are presented in

Tables 22 and 23.

Table 22: Independent t-test scores of former experience to Blockly and Python

I can iroiram in Pihon 0.370 3.014 0.003

I can program in Blockly 0.142 -2.457 0.015

Table 23: The percentages of the answers to the Blockly programming questions.

R —
19.4 38.7

Correct . . -19.3
Do not 75 44.4 30.6
know
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Table 24: The percentages of the answers to the Python programming questions

El Greco EDUV

Percent Percent Difference
Correct 12.5 13.4 -0.9
Wrong 8.6 13.4 -4.8
D t
ono 78.9 732 5.7
know

The findings presented above support the notion that the samples of the conducted
surveys differ from one another to some degree; nonetheless, participants shared a common
view of programming, and as it was argued in the previous chapters of this dissertation,
both samples' exposure to robots and expertise in programming was very limited. Because
of these characteristics, they are good candidates for a study into the pedagogical merits of
the platforms concerning programming education and the degree of pleasure that can be
attained throughout the education process.

Regarding evaluating the platforms' influence on the participants, an independent
t-test was conducted to compare the means of the SCAPA questionnaire subscales and the
4-H Robotics and GPS/GIS Interest questionnaire before and after using the Platform. The
results of this analysis are presented in Table 25. The data presented provide evidence that
compared to the El Greco Platform, the EDUV Platform has a more significant positive
effect on individuals' beliefs regarding the inherent worth of programming, their
compliance with programming tasks, and their perception of Robotics. This discovery can
be attributed to the nature of EDUV, which is more intriguing than El Greco due to the
deployment environment. It is important to note that before utilising the Platform, the El
Greco survey sample demonstrated a comparatively elevated score in the 4H section of the
Questionnaire. This observation is supported by the fact that the 4H score exhibits the most
significant difference in mean values.

On the other hand, it is evident that those who participated in the surveys
demonstrated similar convictions regarding the belief in programming costs after utilising

the platforms.
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Table 25: Independent t-test scores of the beliefs of the samples about programming and robotics after and before the
use of the platforms.

Programming cost belief (SCAPA 0.137 1.158 0.248

Programming compliance (SCAPA -0.642 -5.815 0.000

An analysis of the data presented in Tables 26 and 27 allows for an assessment of
the relative impact of the platforms on Blockly and Python programming skills. The
findings indicate that in terms of Blockly skills, the El Greco platform had a more
advantageous effect on participants, as evidenced by their higher number of correct
answers and a notable decrease in the frequency of the "I do not know" response compared
to the EDUV participants. In contrast, the participants in the EDUV sample demonstrated
an enhanced comprehension of Python after they utilised the platform, which was also
evidenced by a substantial rise in the number of accurate responses and a noteworthy

decline in the frequency of selecting the "I do not know" option.

Table 26: Comparative analysis of the Blocly programming tasks related to the platforms.

“

Correct 59.5 49.73 9.77
Do not know -59,5 -41.97 -17.56

Table 27: Comparative analysis of the Python programming tasks related to the platforms

EDUV

Correct 35.35 53.6 -19.3

Do not
-43.15 -59.8 16.65
know
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8.2 Discussion

As previously mentioned in the preceding section of this dissertation, the surveyed
samples exhibit variations, although they are both appropriate choices for assessing the
pedagogical advantages of the platforms in the context of programming education.
Furthermore, as elaborated in sections 6.4 and 7.4 of this dissertation, both platforms
stimulated substantial interest among the participants of the studies and had a beneficial
impact on their attitudes towards programming and robotics. Furthermore,
they substantially impacted their understanding of programming and acted as a catalyst for

exploring further options to augment their proficiency in robotics and programming.

These surveys exhibit a shared susceptibility. Both surveys employ anonymous
questionnaires, preventing the tracking of the effect of these platforms to every individual
of the sample. Additionally, a post-intervention survey was not conducted to assess the

long-term sustainability of the platforms' impact.

Regarding the research questions of this dissertation, we can conclude the

following:

RQ1: Does the Platform facilitate enhancing the survey participants' creativity and

motivation?

The examination of the collected data indicates that it is possible to deduce that the
Platform intrigues the learners and promotes their creative thinking. Moreover, using
the platforms encouraged the exploration of additional avenues to enhance their expertise
in robotics and programming. Furthermore, the El Greco platform, particularly the El
Greco Adventures mode, can be seen from the game-based learning and gamification
perspective. This factor can potentially enhance the joy and active engagement in the

educational process.

RQ2: How does the Platform influence survey participants' attitudes towards

programming and robotics?

Based on the results obtained from the conducted surveys, it can be concluded that
the participants' initial attitudes and preconceptions about programming and robots

experienced positive transformations following their engagement with both platforms. The
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EDUV platform, in particular, produced an extensive and favourable influence on the
sample's attitudes towards robotics. One potential rationale is that the inherent

characteristics of EDUV render it appealing for the individuals participating.

RQ3: What is the impact of the Platform on the programming comprehension and

skills of the survey participants?

The findings suggest that the El Greco platform had a more favourable impact on
participants' Blockly skills in comparison to the EDUV participants. On the other hand, the
individuals involved in the EDUV study had an improved understanding of Python after
using the platforms. However, both platforms positively impacted their understanding of

programming and overall coding abilities.

RQ4: Are the Platform and framework utilised considered to be versatile?

The integration of El Greco and EDUV with the Platform was accomplished
effortlessly. The Platform received minimal modifications to facilitate the respective
functionalities of the robots. Based on this fact, it can be argued that the employed Platform
and framework exhibit versatility. It is conceivable to argue that the utilisation of the

framework is compatible with any robotic system capable of executing Python scripts.

8.3 Future Work

Future work involves achieving full autonomy in both the booking service and the
deployment of the robots. In the context of the El Greco Platform, it is essential to
implement modifications to the El Greco playground and enhance its movement precision,
hence eliminating the need for a supervisor during sessions. This objective can be achieved
by utilising a new, similar, yet enhanced robot. Concerning the EDUV, it is imperative to
consider the robot's deployment at a pool to mitigate the impact of weather conditions and
assess its capacity for unsupervised operation. This application may be beneficial for
educational institutions with a pool.

Moreover, it is necessary that additional Adventure levels and novel functions be
developed in order to enhance the educational experience by fostering creativity, increasing

engagement, and promoting enjoyment. In addition, a potentially intriguing strategy for
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ground-based robots like El Greco would be the establishment of playrooms resembling
the virtual environments found in Reeborg's World. Also, using many robots to enable
simultaneous and multiple-user interaction with a robot is an appealing possibility.
Finally, with more widespread use of the Platform, data mining techniques can
collect information from the files gathered from the automatic log file system. This

information has the potential to be exploited for the improvement of the Platform.
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Apprendix

1. User Profile Questionnaire for the El Greco Platform survey

User Profile Questionnaire

This questionnaire sesks to evaluate views on issues concerning:

1. The use and utility of the computer,

2 Computer Programming,

3. Robaotics.

The questionnaire consists of a total of three (3) parts. Filling in the gquestionnaire is done
anonymoushy. The answers you will give are confidential and will not be used as a criterion
for your evaluation.

1. Demographics

Sex*

O Man
O Worman

Grade *

O & Gymmasium
O B Gymnasium
O C Gymmasium
D A Lyceum
(O Blyceum

O C Lyceum



2. Views on computer use

How many years have you been using a computer? *

How many hours a week do you use a computer? *

For each of the adjacent statements circle the number that represents your
response according to the scale: 1= “Strongly Disagree”, 2= "Disagree”, 3=
“MNeither Agree nor Disagree”, 4= "Agree”, 5=" Strongly Agree”.

1 like using a
cOompuUter.

I get tired of
using a
computer.

I feel
comfortable
using a
computer.

Using a
computer
presents
great
difficulties.

I really like
playing
computer
games

I can learn

using a
computer.

I like
computer
lessons more
than the
classroom.

Strongly Disagree Diisagree

O

O
O O
O O
O O
O O
O O

111

Meither

Agree Agree

Disagree
O O
O O
O O
O O
O O
O O
o O

Strongly
Agree



3. Views on Programming

For each of the adjacent statements circle the number that represents your
response acconding to the scale: 1= “Strongly Disagree”, 2= "Disagres”, 3=
“Meither Agree nor Disagree”, 4= “Agree”, 5= " Strongly Agree".

Neither

Strongly Disagree Dizagree Agree Agree Strongly
ru:.rr Agree
Dizagree

| can explain

what computer O O O o

programming
means.

O

I have been
taught
programiming.

| can program a
computer.

Programming is
tiresome

Programming
scares me

I like
programming

Programming
leszons are
enjoyable.

O O O O O O
O O O O O O
O O O O O O
o O O O O O
O O O O O O

IS IMPorant 1o
me to be good in
programming

O
O
O
o
O

Computer
programming will

help me in my O O O O D

daily life.

Computer

prograrmiming will

help me find a job

after | graduate

e O O o O O
school/university.

Computer
programming will
be useful in my

school/university O O O O O

parformance.
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In order 1o get
good at
programming |

will need to be D

less involved in
other activities.

| want 1o make an
effort to be good

in programming

When

programming D

gets difficult |

give up.

4. Views on Robotics

What do you like in robotics?

What you do not like in robotics?

For each of the adjacent statements circle the number that represents your
response according to the scale: 1= “Strongly Disagree”, 2= "Disagree”, 3=
“Meither Agree nor Disagree”, 4= “Agree”, 5= * Strongly Agree”.

ALOPUOVIBATIOAUTO A LPLIVGS

I like learning

about new

technologies D
like Robotics

It’s important
1o me to leamn O
Robotics

It's important

to me to leamn O
1o program a

robot

OoTE
ZupHp . EupHpLI W
OoTE Fukpuve AmohuTa
A LapLovee
O O O O
O O O O
O O @) O
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It's important
to me to leam
the basic
principles of
Robotics

I am certain
that i can
program a
robot to move
forward and
S1Op

| am certain
that i can fix
the software
of a robot that
malfunctions

| think i can
solve practical
issues using
Robotics and
programrming

| think robotics
and
programiming
will help 1o
lead a
successful life

| want 1o find &
job in robotics
and
programming

| have heard of

Python

Programming
language

| can program

in Python

| have heard of
Blockly

| can program
in Blockhy

| can program
in Blockly
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If the Blockly code in the photo below is executed. What will El Greco do? *

(set CEBto | €D
set (B to | [
SR - ] CE3
do Qum Left For: #3 Seconds

else

Tum Right For: §J Seconds |

O It will move forward.
O nwill urn lefr.
(O it will trn right.

O | do not kmow

If the Blockly code in the photo below is executed. What will El Greco do? *

set EXD to

() if

do Salute
—

else

It will move forward.
It will salute.

It will demonstrate it skills {Demo).

OO0O0O0

1 do not know.
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If the Python code in the picture below is executed. What will El Greco do

5a=1
b b =0
7 ifa< b

(=]

from go_forward_seconds import go_forward_scconds

(4=}

qo_forward_scconds(-50,50,2)

10 else:

1 from go_forsard_seconds import qo_forsward_seconds
12 go_ftorward_seconds(50,-50,4)

13

It will move forward.
It will turn left.

It will turn right.

00 0O

1 do not kmow.

If the Python code in the picture below is executed. What will El Greco do

4a = True

5 if a == True:

B from salute mport salute
7 salute()

8 else:

9 from demo import demo
10 derol)

It will mowe forward
It will salute.

It will demonstrate it skills {Demao).

0000

I do not know.
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2. Questionnaire after using the El Greco Platform

Questionnaire about the El Greco
programming learning platform

This guestionnaire seek to evaluate views on the El Greco programming leaming platform
and programming in robotics. The guestionnaire consists of 3 sections. Filling in the
guestionnaire is done anonymously. The answers you will give are confidential and will not
be used as a criterion for your evaluation.

1. Views on Robotics and Programming
Here it is evaluated if after using the platform you changed your views on topics related to
robotics and programming

For each of the adjacent statements circle the number that represents your
response according to the scale: 1= “Strongly Disagree”™, 2= “Disagree”, 3=
“Meither Agree nor Disagree”, 4="Agree", 5=" Strongly Agrees”

Meither

Strongly Disagree Disagree Agree Agree Strongly
nes Agree
DMisagree

1 like learming

tecnnologies O O O O O

like Robotics

t's important

to me to leam ] (] O O O

Robotics

It"s important
to me to leamn

the basic ] O O O 5

principles of
Robotics

H's important

@ progeam e O © o o o
robot
I am certain C} O D D D

that i can
program a
robot to mowve
forward and

v

| am certain
that i cam fix
the software

of a robot that
malfunctions O O D O D
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| think i can
solve practical
issues using

Robotics and O O O O O

programiming

| think robotics
and

programiming
will help to

lead a O O O O O

successful life

| want to find a
job in robotics
and

programiming CI O O O O

Programming
is tiresome

Programming
scares me

I like
programiming

It's importamt
0 Me 10 0e
good in

programming O O O O O

| want to make
an effort to be
good in

programming O O O O O

2. View on El Greco Platform

For each of the adjacent statements circle the number that represents your
response according to the scale: 1= "Strongly Disagree”, 2= "Disagree”, 3=
“Neither Agree nor Disagree”, 4="Agree”, 5= " Strongly Agree”

Meither

Strongly Diisagree Disagree Agree Agree Strongly
nor Agree
Disagree

I think the

handling of the O O O O O

platform is easy.
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| can easily
explain to others
how the platform
works.

| liked El Greco
Adventures.

| would like to
complete El
Greco
Adventures.

It helped me
understand the
science of
robotics better.

It helped me to
understand the
concept of
TG
better.

It made me think
about what | will
do in terms of
work after |
graduate from
school funiversity.

It made me feel
like | can perform
better im
programming and
robotics.

ht made me want
to uze platforms
similar to EL
Greco’s.

Using the
platform
encourages me
to learn
programming and
robotics.

Using the
platform helps
me learn robotics
and programming
more efficiently.
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I believe | can

gain knowledge
IN roDOTICS ana

programming.

| want to
continue learning
about robotics
and

programiming.

O O O O

What did you like about the El Greco's platform?

What didn't you like about the El Greco's platform?

W

If the Blockly code in the photo below is executed. What will EI Greco do?

set ER to

oD B oD
do l...Iurn Left For: ) Seconds

else | Tum Right For: [F) Seconds §
O It will move forward.
(O nowill turn left.

(O 1 will turn right.

O I do not know.
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s

If the Blockly code in the photo below is executed. What will El Greco do?

it will mowve forward.
It will salute.

It will demonstrate it skills (Demao).

O0O0O0

I do not know.

.

If the Python code in the picture below is executed. What will El Greco do?

a—-1
Bb=0
if a < b

-l & W

[4=]

from go_foreward_scconds import go_forsard_seconds

4=}

go_fonaard_secondsi(-50,50,2)

10 else:

1 from go_foreward_seconds import qo_forward_seconds
12 go_forward_scconds(S0,-50,4)

13

it will mowe forward.
It weill turn left.

It will turn right.

00O

I do not know.

121



£

[f the Python code in the picture below is executed. What will El Greco do?
3
4 a=Te
5 if a == Truer
6 from salute import salute
7 salute()
o else:
9 from demo import demo
10 demol)
1

D It will move forward.
O It will salute.
O It will demonstrate it skills (Demo).

() 1donot know.
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3. User profile Questionnaire for the EDUV Platform survey

User Profile Questionnaire

This questionnaire seeks to evaluate views on issues concerning:

1. The use and utility of the computer,

2. Computer Programming,

3. Robotics.

The questionnaire consists of a total of three (3) parts. Filling in the guestionnaire is done
anonymously. The answers you will give are confidential and will not be used as a criterion

for your evaluation.

1. Demographics

Sex *

O Man
O Woman

Grade *

O A Gymmasium
O B Gymnasium
(O CGymnasium
(O ALyceum
(O Blyceum

(O CLyceum
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2. Computer knowledgefviews

W

How many years have you been using a computer?

How many hours a week do you use a computer? *

For each of the adjacent statements circle the number that represents your
answer according fo the scale: 1 = “Strongly Disagree”, 2 = “Disagree”, 3 =
“Meither Agree nor Disagree”, 4 = “Agree”, 5 = “Strongly Agree”.

1. 1 like using O O O O O

a computer.

2.1 get tired of

using a O O O O o

Computer.

3. Ifind it

difficult to use O O @) O O

& compute

4. 1 like playing

computer O D O O O

games

5. 1leamn using O O O O o

a computer

6. | prefer

online claszes O O O O C:'

Over in-person
classes
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3. Knowledge related to programming

For each of the adjacent statements circle the number that represents your
answer according to the scale: 1 = “Strongly Disagree®, 2 = “Disagree”, 3 =
“MNeither Agree nor Disagree”, 4 = “Agree”, 5 = “Strongly Agres™.

1.1 can explain

what computer O O O O

programming
means.

2_ | have been

taught O O O O

programinming.

3. | can program

in some O O O O

programming
language

4.1 like O O O O

programiming.

5. Programming

lessons are O O O D

enjoyable.

6. Computer

prograrmming will

help me in my O O O O
daily life.

7. Computer
programming will
help me find a job
after | graduate

from O O O O

schoolfuniversity.

&.To get good at
programming |
will need to do

less of other
activities. O O O O

9_ I want 1o make
an effort to learn

programinming. O O O O

10. When
programinming
becomes difficult

I give up. O O O ]

| give up.
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4. Views on Robotics

For each of the adjacent statements circle the number that represents your
answer according to the scale: 1 = “Strongly Disagree”, 2 = “Disagree”, 3 =
“Meither Agree nor Disagree”, 4 = “Agree”, 5 = “Strongly Agree”™.

1.1 like to learn
new

technologies O O O @)

such as
robotics.

2 his
important for
me to

understand
basic principles D O D O
of building and

operating
Robots

3 his
important for

me to leamn to O O ] @)

program a
robot.

4_I'm pretiy O O O O

sure | can
program a rebot
to mowve
forward and
then stop.

5. I'm confident
that | can fix a
bot's code that
isn't behaving

as it should. O O O O‘

6. | think | can
solve practical
problemns using
robotics and

programiming. O O O O

7. 1 would like to
find work
related to
robotics and

programiming. O O O O

9_ 1 know the
Blockly

development
environment.

10. 1 can
program in the
Blockly
development

environment. O D O O
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If the Blockly code in the photo below is executed. What will EDUY do? 1: twill *
move forward. 2: It will perform a triangle move 3 It will perform a square move 4:
it will make circles 5: | don't know

ANSWER O o) O O O

If the Blockly code in the photo below is executed. What will EDUY do? 1: twill
move forward for 10 seconds 2: It will move forward and then back 3: It won't do
anything 4: | don't know

ANSWER O O O O
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If the Blockly code in the photo below is executed. What will EDUY do? 1: twill  *
move forward and then back 2: It will move forward 3: t won't do anything 4: 1
don't know

set EXRS to @B
set 38 to f )
set 358 to ; =3
change B3 by

=) " X3 €53 CED

do Forward For: [f[*) Seconds

x| if

do LE}ECKWBF(’S For: [} Seconds

ANSWER O O O O

I If the Python code in the picture below is executed. What will EDUY do? 1: It will *
emerge and move forward 2 It will emerge 3: It will move forward 4: It won't do
anything 5: | don't know

1 from movement amport”

2 x = 10

32 af x<==10:

3 crmerge(10)

S5 af (x-10)=>=0:

(S forn~ard(s)

1 2 3 a 5

ANSWER @) O O O O
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4. Questionnaire after using the EDUV Platform

Questionnaire after using the EDUV
platform

Ouestionnaire of opinions on the EDUV programming leaming platform and programming
in robotics.

Filling in the guesticnnaire is done ancnymeously. The answers you will give are confidential
and will not be used as a criterion for your evaluation.

1. Knowledge related to programming

For each of the adjacent statements circle the number that represents your
answer according to the scale: 1 = “Strongly Disagree”™, 2 = “Disagree™, 3 =
“Meither Agree nor Disagree”™, 4 = “Agree”, 5 = “Strongly Agrea™.

1 2 3 4 =3

1. 1 can explain

what computer

Arogramming o o < o O
means.

Z. | can program

insome

rrogramming O O @) O (@)
language

3. 1like O O O O O

programming.

4. Programming

lessons are O O O O O

enjoyable.

5. Computer
programming will
help me in my
daily life.

6. Computer O O O O O

programming will
help me find a job
after | graduate

0
0
0
0
0

from
school/university.

7. To get good at
programiming |

willneed to do O O O O O

less of other
activities.

8. | want to make

an effort to learn O O D O D

programiming.

9. When

programming O O O {:} O’

becomes difficult
| give up.
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2. Views on Robhotics

For each of the adjacent statements circle the number that represents your
answer according to the scale: 1 = “Strongly Disagree”, 2 = “Disagree”, 3 =
“Meither Agree nor Disagree™, 4 = “Agree”, § = “Strongly Agree™.

1 2 3 4

1. 1 like to learn

new

technologies O O O O
such as

robotics.

2 ltis

important for

me o

understand

basic principles D D D D
of building and

operating

Robots.

3 ltis

important for

me to learn to O O O O
program a

robot.

4. I'm pretty O O O O

sure | can
program a robot
to move
forward and
then stop.

5. I'm confident
that | can fix a
bots code that
isnt behaving

as it should. -] ) -] -]

&. I think | can
solve practical
problems using
robotics and

programming. I::) O O O

T Il would like to
find work
related to
robotics and

programming. O O O O

8. | know how to
program in
Fython.

. | know the
Blockly
development

envircnment. O O O O

10.1 can
program in the
Blockly
development

envircnment. O O O I::‘l-
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If the Blockly code in the photo below is executed. What will EDUY do? 1: twill *
move forward. 2: It will perform a triangle move 3: It will perform a square move 4:
it will make circles 5: | don't know

ANSWER O O O O O

If the Blockly code in the photo below is executed. What will EDUY do? 1: It will
move forward for 10 seconds 2: it will move forward and then bhack 3: It won't do

anything 4: | don't know

ANSWER B €y O O
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If the Blockly code in the photo below is executed. What will EDUY do? 12 It wiill
move forward and then back 2: It will move foreward 3: It won't do anything 4: 1
don't know

set EXEB to

set IR to
setCEB to | E3
change 358 by

) CE3 G CED

do Forward For: [f[*) Seconds

AMSWER O O (@] O

If the Python code in the picture below is executed. What will EDIUY do? 1: I will
emerge and move forward 2: It will emerge 3: it will move forward 4: It won't do
anything 5: | don't know

1 from movement amport”

2 x = 10

3 if x<=10:

% | cmerge(10)

5 if (x-10)=>=0:

6 forward(s)

1 2 3 4 5

ANSWER O O O O O
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