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Executive Summary

An engineer requires specific personal, social and professional competencies. Some of these
competencies are not being fully developed by the traditional teaching/learning methods.
Problem Based Learning (PBL), especially when supported by Virtual Leamairghments

(VLE) has been demonstrated to successfully develop those competenniesyncasesThis

report collects and synthesizes exemplary cases and contextualizes the use of urban simulators
as a VLE to support PBL in Enginedanirayder to allowa precise environmergpecification for

the eCity platform.

The first part of the report is about educational games and the analysis of existing initiatives
and solutions related to theieducationaluse. A domain study about educational games
focused orthe identification of best practices has been carried twguide the development

of the eCity proposals. A summary table with all the reviewed projects and their main features
is included.

The second part is focused on the design of PBL environmesthdsibeen approached taking

into account both pedagogical and technical point of \@ewk description of the main
principles and ideas underlying PBL is included to sustain the development of the eCity PBL
proposal. In addition, we producedcaestionnaire administered to eCity partners to identify
their requirements and constraints. This part also includes the design of the evaluation
methodology that we will carry out in the project to check the benefits provided by the eCity
solutions.

Last,it is done a compilation of all the games that project partners have suggested for eCity
project so far. The objective of these games is to make npmeerful the learning in
engineering and similar fields. It should be noted that in actual state ofitttament games

are not totally completed yet, and not all of them will be performed. It will be necessary the
collaboration among all partners to set them out.
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1. Introduction

1.1. Reminder of the context

The difficulty that secondary education students have with Mathematics and other Science
topics is a widespread problem in Europe as stated by several international comparative
studies like PISA or TIMMS. This prevents these students to follow a technical academic path
like Engineering. This is not due to lesser skills of these youngsteradsily due to wrong
teaching strategies. We cannot forget that this generation is the-tgteration” or "digital
natives": they quickly absorb information in shorter chunks, they expect instant responses and
feedback and they want to be active in thkdarning.

Problembased learning (PBL) is a leargentred educational pedagogy in which students
develop their ability to go through a problem solving process, usually based ofifeeal
situations. Engineering is one of the areas where PBL is a validinig alternative and
reportedly the benefits for engineering students are considerable improvements in critical,
lateral and creative thinking, problem solving skills, group collaboration and communication
skills. In a convergent path, games and simafetican be instantiated for learning as they
involve mental and physical stimulation and develop practical skihey force the player to
decide, to choose, to define priorities, to solve problems, etc.

The main objective of the eCITY project is to giesidevelop and validate a pedagogical
methodology, supported by an online, collaborative, -dgvelopment simulation engine
(Simcity like) that stimulates the integration and continuous exploitation of Problem Based
Learning in engineering schools bat,the same time, fosterthe interest in Engineering in
secondary school students.

Thisreport presents the result of work packagett@at handled the specification, design and
development of the PBL virtual learning environment and the pedagogical metgdo
associated with this. Therefore it includes the conceptual aspects but also the technical
aspects related to the platform.

1.2. Scope of the task
TheWP3 activities along the first months were:

1 Analysis of existing best practice in other projects, Europaad international
projects.

1 Analysis of existing tools and associated copyright issues.

1 Definition of the pedagogical methodology and possible models of use of the eCity
platform.

1 Design of the PBL environment.

91 Design of exemplary problem cases.

! Simcity is a muHplayercity management game whethe player carcontrol a single city or up to 16
cites at once each with different specializationsMore information available at:
http://www.simcity.com/
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1 Design othe product evaluation methodology.

WP3 has a close relatioriphwith all eCity work packages but it is meant to provide the basis
for work package 4, development of the platform and problems, and work package 5,
implementation and test.

1.3. Structure of thedocument
Besides this introductory chaptehis document is arrangeat follows

1 Chapter2: The objective of this chapter is to define the pedagogical methodology and
the possible use models of the eCity platform.

1 Chapter 3: Presentthe results of amanalyss of related European and international
projects games and tools that can be used to support eCity platform development.
The gatherednformation presens trends that can beused in serious games and in
similar projects.

1 Chapter4: This chapter caistsin the presentationof potential problems thatcan be
implemented in eCity.

1 Chapters: Introduces thedesign ofthe product's evaluationrmethodology.

Four annexes complete the document contributing with more information:

1 AnnexA: Collecs all analysedorojects and their main characteristics.
1 AnnexB: Summary table with adlnalysedorojects.
T AnnexC:Full description of the potential problems

Finally, the document includes bibliographical references.

1.4. Structure Map

Ch = Chapter
An = Annex
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2. Virtual Learning Environmen ts for Problem Based Learning in
Engineering

¢tKS hET2NR RAOQOGAZ2YyI NE RSTAySa aSy3aaySSNE +a
contrive, devise") and ingenium ("clevernesgl)]. Therefore an engineer is a creative
practitioner that mixes scientific and testtal knowledge withingeniousto develop efficient

(effective but with minimum resourcesolutions for problems and projects. Engineers link

scientific discoveries to their applications to human needs through new technological
solutions.Theyanalyseproblems, conduct and narrow researamalysecriteria, propose and

select solutions and take decisions. Engineers weight different design choices and select the
option that best matches the problem requiremeri®. Engineers identify, understand, and

interpret the constraints in order to produce an efficient redal, [3].

In recent years criticism regarding engineering education hasrgand it has it been pointed

[4], [5], [6] that higher education coursesif in providing engineer graduates with critical skills
such as: the ability to work in muldisciplinary teams; the ability to lead a team; the ability to
communicate effectively; the capacity to retain important knowledge and to have a solid
mathemati@l and science reasoning; the ability to adapt to new and different problems; the
capability toanalysethose problems and to find solutions by using solid problem solving
strategies; to be effective long life learnef4], [5], [6], [7]. As previously stated, these are the
core skills and competences expected in a professional engineer. Therefore new pedagogical
methodologies must be introduced in engineering edimatto ensure that future graduates
have those skills. The sooner future engineers get in contact withlifegbroblem solving
issues, the bette[3].

But in fact thisissue is not exclusive for Engineering: one of the major objectives of the
Bologna Process was to improve the competences and skills of gradiyed@sing at student
centredlearning[8]. And the Europe 2020 strategy proposes a closer collaboration among all
the stakeholders towards the development of sustainable innovd8n

2.1. Problem Based Learning

Problembased learning (PBL) is a learsentred and an applicatiororiented pedagogical
methodology in which students are assessed on theilitalio go through a problem solving
process, usually based on rdif¢ situations. Engineering is one of the areas where PBL is a
valid learning alternative/complement to the traditional learning methods. Some auflifis

[11], [4], [12],[13], [14]confirmed in their studies the benefits of PBL fogerering students
considerable improvements in critical, lateral and creative thirkimgblem solving strategies
intrinsic motivation group collaboration communication skillsentrepreneurshipskills and
collaboration with society and regional despment. According to Kolmos, President of the
European Society for Engineering Education and Professor at Aalborg University, the
implementation of innovative learning methods such as PBL in engineering education may be
NEIFNRSR da G0KSRHEDBHESRY QFINPEBRI YT G[3]. NBIj dzA NB
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From the engineering point of view, the interdisciplinary perspective that PBL proposes plays
an important role since most innovation and rdi#¢ problem solving are based on cross
discplinary, interdisciplinary and collaborative knowled8é [14].

There are several examples and experiences that use PBL, such as the ones at Maastricht
University, Victoria University and Université Catholique de d&ioup]. A study from the
engineering magazine Nyhedsmagasinet Ingenigi&h judged and compared competences

and skills between graduates from Aalborg University (AAU) and the Technical University of
Denmark (DTU). The study showed a significant higher competence by AAU grtaated

with PBL)in disciplines such as project and people management, contact and working
relations, innovative and creative skills, knowledge of business and overall education quality.

It has been suggestdd], [5], [7], [11], [14}that European higher education institutions should
O2yaARSNI GakKATOAY3I (G2 t.[] la (GKAa fStHmyAy3a YSi
SRdzOF A2y ¢ @ Ly iKSas$s atdzRASa Ad gl a I faz2
implementation/integration problems like the fact that PBL is more time and resource
consuming,in order for the learner to approachanalyseand develop a problem solving

strategy. AOO2 NRAY3A (2 (GKS alyYS [dziK2N&ER>X SIOK Sy3aAy
RSOARS AT t.[ A& Ay FEAIAYyYSyd o6A0GK [bBild NI NBalL)
GF1Ay3 Ay | 002dzyld GKFEG at.[ OFy 6S AyO2NLERNI G
level, such as in courses orunits 8fdzNkE S&é¢ +FyR (KI G aGKS SEGSyd 27
curriculum depends on financial and personnel resources as well as time constraints and the
NBIFRAYSaa 2F FI OdZ Gé FyR adi dedwbriihatéPBlL canibe A & (G K S
incorporatedwithin existing structures without much disruption as it can be implemented in a

variety of depth formg¢4].

S
S ¢

&
S

22.0", 80 DPEAOAO
Have distinguished the following phases in the development of a PBL activity:

1 Preparing students for PBL. The goal is to achieve that students find in PBL an
authentic learning experience. For that, is presentedlly what they can do and are
given the first observations.

1 Identify the problem. Students receive a brief introduction of the topic that will try and
is presented a real situation in which there is a particular problem. After discussion
and analysis thgshould identify and understand the problem. Then they should divide
the problem into smaller problems and define the relationships.

T Identify what students know and what they need to know. Students identify the main
issues related to the problem and deunpose, if they can, into subtopics. Through
questions, comments and giving advice, the tutor/trainer tells them what they know
and what they need to know.

I Set goals and learning plan. At this stage students should make the learning plan and
decide what thé goals are. For that they can do:

0 Understand and identify the relationships between the prerequisites. Set up
and break down the learning goals and objectives.
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0 Establish a set of learning actions coordinated to achieve the objectives. If
students work ingroups, they may distributed tasks and define which is the
task of each one.

1 Learning knowledge. It ain®& supporing students in data collection, the acquisition
of knowledge and understanding of the new information and how it affects in
problem's resolution. According to the learning plan, students individually or in groups
collect information in books, web sites andyaother resources, take notes and can
even make recordings. With all that information they meet up with other students to
transmit it to them. They may even write reports at the same time that they advance
in the process. Throughout this process studesdaa count on the help of the tutor if
they deem necessary. He can lead them, guide them, help them, etc.

T Apply knowledge. Students discuss the problem and suggest hypotheses and
approximate solutions. They can have to tell to the tutor their oral or writte
provisional solutions. If there are differences, they can discuss possible solutions and
get to a consensus. If the solution is not adequate, they start the process again from
the beginning trying to reach the optimal solution.

9 Evaluation. In this stagine benefits and consequences of each possible solution are
evaluated. This requires to evaluate the generated solutions and their compliance with
the conditions of the problem, in addition to evaluate the acquired knowledge. To
reach the solution, studestmust continually make decisions. The correct path in the
moment of take decisions will do that they obtain the right solution or not.

2.3. Virtual Learning Environments for PBL

Most PBL courses and activities still rely mainly on traditional -tiadace acivities.
Nevertheless it has been suggested that Virtual Learning Environments (VLE) enhance the PBL
experience and effectivene$§$0], [16] [17], [18], [19] [20], [21]

A VLE is an online (frequently Web 2.0 based) education platform that models conventional
realworld education by integrating a set of equivalent virtual cgrteefor contents, lectures,
tests, assignments, classes, classrooms and other academic resftef23] These tools
have the potential to increase the communication between a larger number of educational
actors[24], [20], [25] [22], [23] The definition of VLE encompasses a large number of different
types of learning platforms:

1 A Computer Supported Collaborative Learning (CSCL) system is a groupware
application system that enables geaghically separated stakeholders to conduct
synchronous and asynchronous PBL activid$ Such a system manages a collection
of shared information objects and communication channels through which users can
interact with each other. It usually supports ra@he presetiation and manipulation
of that shared information so that users can seaktime operationsinducechanges
to that information[26], [23].

1 In GameBased Learning, games and simulations are instantiated for learning as they
involve mental andohysical stimulation and develop practical skilthey force the
player to decide, to choose, to define priorities, to solve probl¢@d. Games can
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also be social environments, sometimes involving large distributed communities. They
imply selflearning abilities (players are often required to seek out information to
master the game itself), allow transfer of learning from other realities and are
inherently experiential with the engagement of multiple sen$2g]. These virtual
learning environments are specifically designed to chabgbavioursand impart
knowledge and are widely used in traigisituationg28], [29] [25], [27]

1 A wiki is a social tool that allows users to modify, edit or delete its content via a web
browser using a simplifiethark-up language or a rickext editor. Wikis are typically
created collaboratively by multiple usef30]. Wikis also provide history pages that
allow users to monitor the changes made to the content pages. They are relatively
easy todeploy and to use and this makes them patrticularly useful in an educational
setting. Students can concentrate on learning and collaborating rather than developing
a new technical competency, and teachers can monitor individual contributions to the
collabomtive effort[30].

1 A type of VLE that is rapidly increasing in interest is the NUgér Virtual Environment
(MUVE) or Virtual Worlg5]. It allows multiple participants to access virtual worlds
simultaneously, communicating with teammates via an instant messenger interface,
and to interact with digitatrtefacts Ay Of dzZRAyYy 3 (G KS dzaSNBRQ RAIAGI
as avatars. In general, MUVESs enable multiple simultaneous participai3ts] 1§32}

0 Access virtual contexts

0 Interact with digitalartefacts

o Gommunicate both with other participants and with compueased agents,
enacting collaborative learninactivities of various types

o0 Take part in experiences incorporatingnodelling and mentoring about
problems similar to those in real world contexts

Second Life is now the most common used MUVE in education (even at a tertianf3ayjel)
[34], although cases of PBL support in engineedagld not be found. Most of MUVESs are
currently directed to nortertiary education, maybe because of the bigger interest in games
like environments on that age by the usd29]. A good example is the River City Project
developed at Harvard University (USA) in which the studemiget back to the 19th century

and by working together in an online environment use their 21st century skills and technology
to address existing problen31].

Other example of a MUVE isGBDDLE a dynamic learning environment which links Second
Life and MOODLE[35]. Through the immersive gaphics and the improved interaction
capabilitiesit overcomes existing VLE limitations likihe lack of user bonding and the
motivation to use if35], [25], [31] Although MUV&can be varied educational environment
they aremostly seemas an adjunct to both faee-face and distance teaching (namely other
online applications)34].

Mixing PBL, games, simulations and virtual environments provides a Virtual Learning
Environment (VLE) where digitahtives feel comfortable because they are immersed in
technology, they can communicate and they are active.
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All these environments can greatly aid the integration and exploitation of PBL in engineering
education, engaging the learner in activities that giate the demands of real life professional
practice. However it is not easy to effectively implement a distance PBL approach. Some
limitations in the design can be appointed:

I Thestrategies for implementing PBLLES should support teachers in developind a
designing locally sustainable solutions to the challenges they face, while respecting
and maintaining the teachers' autonomy. Sometimes this is disregd283d[34]

1 Collaborative VLEs deeply rely on groymamics as social interaction is a key factor
for collaboration[23]. It is not guaranteed that just combining students into groups
and giving them all the tools they need, this will lead to effective group collaioorat
and collaborative learning.

1 One main inconvenience of thercant learning systems, resides in the low interaction
among the different tools, forcing the student to move among different environments,
hindering its concentratiofB36].

1 Lack of customization in aspects such as the rangg@ostible problems design,

SYGANRYYSYi(ds &0GdRSy(aQ [B7y Boma WESIZAdiaootLINE I NB & 2

specific and although they were designed essentially and are used with success in
some course or subject they could support a wider range of students if a higher level
of customization was provided.

1 The use of a VLE has to obligatorily motivate thelsti and the tutor presenting
them both clear perceptions and rdssiof improvement by using it.

Within the academic community, a number of wblased, eearning teaching platforms have
been proposed and developed to enhance the PBL experience. Theautiinspresents a
variety of existing PBYLE platforms worldwide, together with a brief description of the
different types of the platforms along and the conclusions based on their use. This supports
the conclusions about the level of importance, enhaneamand effectiveness of VLE
platforms on PBL.

2.4. Bestpractice in PBL through VLEs
Some exemplary cases of the use of VLE to support PBL have been put in place. That is the case
of the following projects and initiatives.

2.4.1. CROCODILE (CReative Open COoperativ®lIstributed Learning
Environment)

A relevant VLE that supports PBL, mainly due to its theory and concepts (one of the first to

introduce the concept of metaphors in VLES), was developed by Yongwy28iaf24], [38],

[39]. According to the author, CROCODILE was one of the first VLE to support scheduled,

synchronous PBL activities performed by a small group of adult learners and to emphasize the

role of mediation of cultural and social factors to promote those collaborative actijRigls

The developed environment consisted of four components: the virtual institute metaphor, the

PBLnet, the PBiprotocol, and he PBiplan[26].
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The virtual institute metaphor reflects parts of the culture used in traditional learning
environments enabling the ability of the users to be aware of learning contexts, to interact
with learning corexts, and to create and modify their learning environmentsis designed

and implemented to organize learning contexts, to support rich forms of social interaction, and
to facilitate orientation and tailoring of the virtual learning environmg@4]. The actors or
use's move from one location to another (virtual rooms) to find specific tools, resources and
other actors that would help them in the solving process.

PBLEnet provides a graphical knowledge representation language, which facilitates the pursuit
of mutual uncerstanding and the construction of shared knowledge. Therefore, it serves as a
guide during the collaborative problem learning and solving process by enabling students to
explore, to negotiate and to reflect about themselves and their shared knowlg@ége

PBLprotocol offers a rolebased and state dependent access control mechanism, which can
support situated roles. It represents how tutors, learners and experts are expected to behave
during the learning processbehavioursrestrictions.

PBLplan enables learning groups to define their own collaborative learning plans in a
computational form by defining actions and relations between act[@6$

2.4.2. Smart project, Moulinette and M@rod éléformation (MTF)

According to the authors (Kamoun N., Bousmahef al from the Doukkali University,
Morocco), problerbased learning can be divided in three main pha#€]. pre-project or
modelling phase, project or realization phase and ppsbject or evaluation phase. The
objective was to develop collaborative VLEs and tools that could support and provide
interactive tracking data and semantic reports €éach phase to all the actors, therefore
enhancing the effectiveness of the existing PBL sessions.

To enhance the PBL experience and effectiveness, in the first phase two VLEs were developed
SmartProject and Moulinette; being their objective to suppbteachers in thanodellingand
implementation of PBI17]. SmartProject is a multagent system to support online student
group projects where types of actors are definedethnicalteaching team (who defines the
projects and problems), student groups (one student is the manager and main spokesman of
the group) and tutor (who provides guidance and orientations). The objective of Moulinette is
to support content production folPBL sessions, making the task easier and faster through
contentmodellingbased on macro design.

¢CKS O2tftl 02N GABS [ 9 OFftftSR daXNRO ¢St SF2NNI G,
which puts in scene locations like in a real university and itsctiageis to support the second

phase¢ the project or realization phasgl7]. Tools that are integrated by MTF allow the

consultation of eearning contents, uploading of required documgnthe planning of the

learning events by using an additional agenda and the collaboration and communication

between users on MTF VLE (learesarner and learnetutor collaboration by forum, chat,

etc.).
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To support the third phase a muligent system daf SR dadzZ GA ! 3Sy i wSLR!
6al w{ué ol & LINRLZASR Ay 2NRSN G2 SEGNF OG NBES

various actors and to give semantic statistics and appreciations of the PBL $&8kion

Authors concluded that the developed environments played an important role in the
structuring and supporting of effective PBL sessions.

2.4.3. PBL Modelling through UML and XML

Pereira and Pinto from the Computer Engineering Dep. ofStee University of Feira de
Santana (UEFS) developed a PBL VLE whereasothaling of the PBL method using UML
diagrams and its mapping in XML schema based on the PBL tutorial sessions allowed the
implementation of an application that supports distancellaborative learning PBL tutorial
session$41], [19].

Once the tutorial session was opened by the tutor, students were able to access a virtual room
with a different level of usr permissions through a login box. Students could view general
information about the chosen session (such as the group, module, tutorial group, coordinator

YR &SONBUIFINEBOE UGUKS LINROESY YR (KS &atdzRSyidQa

F NJ Y S éontdirféd tiiie information registered by the members of the tutorial group such as
goals, hypothesis, doubts and evaluation of the tutorial session by the group members.

' Yy20KSNJ AYLRNIFYG FSFEGdzZNB gl a GKS aiddzi2NRa

orientations and guidance provided for problem solving by the tutor to the students along and
between tutorial sessions. The tutor could register problems and orientations on the platform
YR O2yadzZ G Fff GKS AyTF2NXI (A2 thelBridritadion S NB R
through all the important steps and goals.

The participants identified some advantages in using this approach: Students that assumed the
roles of secretary and coordinator could now effectively participate in the PBL tutorial session
due to the saved time in data recording process; Learners whapecial needs (e.g. deaf and
mute) could effectively participate in group discussions; Tutorial sessions were possible at
distance; As most students were from different cities and returned home on the weekend this
PBL VLE could allow them to carry outanplete tutorial session at distance. It was noticed

Yy AYLNRGSYSYyd Ay GKS fSIENYSNEQ Y20AQFdA2Y
Therefore the authors concluded that in order to support the PBL tutorial sessions, the PBL VLE
application was reommended19].

2.4.4. ProbSolv

The course of ENG1101 Engineering in the University of Southern Queensland uses a wiki
named ProbSoliB0], [42] The fact that 80% of the learners are-ofimpus students that are
taught at distance makes the implementation of virtual teams essential in order to solve the
proposed problems. A virtuakém is a team whose members share a common purpose or
goal, work interdependently and are generally physically isolated from the off3&is In
ENG1101 virtual teams work on specific projects that give them a shared purpose, and
members are linked only by communication technologies and tools (the ability to work in a VLE
has been recognized as important for future engineering as the technologies involving Web 2.0
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are becoming populafB0], [43] Wikis can add potential value to the success of a virtual team
performance[30], [44] [42].

Approximately two thirds of students have reported that the wiki was a positive influence on
their team work, and facilitators (observing their teams) have witnessed increased interaction
YR O2ftftlF02NF A2y o0SG6SSy GSIFY YSYofANAR NBadzZ A,

2.4.5. PBL for Electrical and Electronic Measurement

TheCl Odzf 1@ 2F 9Yy3IAAYSSNAYy3a FTNRBY (KS ! yAOBSNAAGE 2
that allowed the students of the course of Electrical and Electronic Measurements to perform

an unlimited number of virtual instruments measuremeftg An experimental laboratory is a

very important component of courses in Electrical and Electrbtgasurements and the web

based laboratory was a solution found to the limited number of existent measuring
workstations, the limited time that the students could use them, the availability of a tutor and

iKS &iGdzRSydaqQ ySSR (2 tinie SThedrequiréntent &FEaSsNIDA & S& |
instrumentation handsn can be satisfied by the possibility to perform virtual measurements

at any time by remotely accessing a library of experimental exercises accompanied with
theoretical explanations, step by step tngtions and other support documents. Another

important feature this VLE includes is the possibility of the student to perforrass#fssment.

Students must log into the VLE to access a structured ladder of virtual exercises simulated by
means of a Lab®W virtual instrument that would also grant the access to the real exercises
on laboratory if the minimum score was reached (otherwise they must work autonomously
and repeat the exercises). The fact that the students train freely and as many they want
without the fear of failure or damaging the equipment or being judged and evaluated as they
perform their experiments gives them a good indicator of their own current theoretical and
practical knowledge.

The results showed that the students were more motivatadh more active participation.

¢CKSNBE gl a | 3AINBIG AYLINROGSYSyid 2y GKS &aGdzRSYy
management, level of knowledge and effectiveness in the laboratory. Another positive aspect

was the fact that laboratory usage dropped ab&0R4[4].

2.4.6. Controlled Model Elevator

VLEs with access to real time remote experitaérquipment have a vital role to play in
education. A VLE was developed at the Educational Media Research Centre (EMRC) and ECE
Department at the University of Limerick to facilitate collaborative learning in a PBL
environment using an interactive and mete controlled model elevator that was made
available to electronic engineering studeipd$], [46]

The VLE was designed so the model elevator could meet the requirements of remote
experimental equipment along with the following criter{d6]: Modular design, sahe
different modular features of the elevator could provide challenging PBL exercises for learners;
A webbased system that allowed continuous access from any place; AosgHined open
source schematic editor for digital circuit design and modificati@ommunication between
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the schematic editor and the remote experimental equipment; Feedback from the remote
experimental equipment (Webcams were installed to view the systems reaction to user input);
Open Source technology was incorporated wherever jpesdo provide reusability and to
minimize project expenditure Moodle was chosen to be the interface that would assure the
interaction between the students, the teacher and the remote equipment presenting itself as
the front end of the projec{46].

From VLE log files and a post questionnaire it was found that most students used the VLE as a
reference tool rather than a learning tool, although from an overall perspective students were
satisfied with the VLE. The fadtat the VLE and its contents were available at all time and
from anywhere was a recognized advantage along with the possibility of keeping track of the

f SENYSNBRQ LINRPINBa@Mz. INIRSa yR t23Ay GAYSa

2.4.7. IMELS

An interactive and opeshell VLE that incorporates wdiased technology and adopts a
problembased learning approach to the teaching and learning of industrigineering was
developed at the Department of Industrial and Manufacturing Systems Engineering at
University of Hong Kong7], [37].

The main features of this VLE include: a flexible configuration and updating of content
materials through XMbased configuration files; a multimedia portfolio of industrial
engineering; an electronic kmvledge base; Virtual Enterprises; a virtual company suit that
presents the problem; tools that ease collaborative and group work such as chats and forums
and provides support for teachers and subject experts in answering students' queries online
and to hdp them to accomplish their learning objectives.

The objective of the system is to expose students to a learning environment which is seemingly

Fdz f 2F O2YLX SE OFasS LINRofSYa AyO2NLRIE SR Ay

professional traih y 3¢ ® ¢ KA & SELISNASYyOS Aa | OKASOGSR | yR

company concept where realistic scenarios, staff, dialogues and documentation use a
computeranimated form.

Another important feature of IMELS is the opsmell architecture desig which allows

different configurations, through acliei@® F 8 SR AY G SNFI OS GKIF G NHzya 2y

based repository, being the virtual companies capable of being dynamically configured to
cover and supply any problem the tutor wants to provittet, according to the authors, this
flexibility and efficient form of creating and supplying cases of study or problems can be
further enhanced to form an information portal for industrial engineering where even
GLINI OGAOAY 33 AY Rdza dubldalpdrtal fo@exchaie tieir ¥peridhceslmhéreag T
academics can use the material as realistic case studies in the teaching and learning of the
RAAOALI AySé o

The authors[37], A7INBFSNNBR GKFIG FTNRY daGKS LIRaradrgds
undertaken, it was found that the system also facilitates thamfation of a collaborative
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learning environment thereby creating learning communities in industrial engineering amongst
atdRSyGa¢ o

2.4.8. Nucleo

A VLE called Nucleo, developed at the Dept. of Software Engineering and Atrtificial Intelligence
at Complutense Univetyi of Madrid, encompasses a PBL framework that is staged in a 3D
immersive virtual world (a metaphor) where traditional mechanisms of multiplayer role
playing games are followef#8], [25]. Efforts on the framework resulted already in two
different applications (Mundo Nileo and Mare Nostrum) that were integrated under a
blended learning form in Spanish higher educa{#8i, [34]. It was intended to be used within

the context of a LMS (Learning Management SysteMpodle is being used to support the
development of Nucledearning scenarios in courses by combining bBniltools of the LMS

and specific plugns.

According to the authorg8], [25] Nucleo employs four main combined strategies to increase
the effectiveness of collaborative learning experience:

1 The context is a multiplayeole game staged in a virtual fantasy world to enhance
students' motivation and to create favourableatmosphere that lead to the creation
of an effective community of practice
I Formation of heterogeneous collaborative teams
1 Assignation of functional re&
1 58yFYAO NBO2yFAIdzNI GA2y 2F G4SFY&d FyR YSYo SN

Some results from the cases studies were already published by the aJgtirs[34] For

instance two diferent case studie$25] regarding computer programming courses (C++) at

university level wereanalysedwhere data concerning dreput levels, approval rates and

YNl & 6SNBE O2YLI NBR 0S06SSy aidadidiones wioz F2f f 2
continued with the traditional learning methodology. The statistical data showed with a level

of significance of 0.95, that the dragut levels were highly reduced among the participants in

both study cases (65.8% in the traditional apgddd I YR ddm: A GK bdzOf S2Q4&
and 72.3% versus 7.04% for the second) while the approval rate of students significantly raised

OmMy Im: GAUK GKS GNIRAGAZ2YL I LILINBF OK YR p Xy
versus 56,1% for the second

2.4.9. Conclusions

Engineers, who were traditionally shaped by experience in real life situations, are presently
expected to come ready from engineering higher education schools. Employers now seek
graduates that possess great lifelong learning skills, who know how to tacklesolve
problems in the realorld, who hold key/transferable skills such as communication, team
work, presentation and advanced digital literacy. Therefore the current education system may
need to be reformed as the traditional approach might be noglEmproductive to face the
challenge and keep to the change.
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In this introductory chapter of this report weresented some existent VLEs used to support

and enhance PBL experience and approach. According to what can be found in the literature

most of themare based on very specific cases and their objective is to address particular kind

2F LINRPO6fSyad wSIFNRAy3I GKS OlFrasSa asStSOGSR TN
conclusions VLEs can in fact improve PBL experience and effectiveness. It can ddhatgue

an accurate measurement supporting such conclusions would require wider experimentation

as most of the conclusions are based on (small to medium size) surveys, exams results data

(the most common) and perceptions. Questions have been raised abeuaghability of those

traditional exams to correctly assess the understanding level of a subject from a student.

Opinions are of combining peer amsglfassessmentreports, presentations and exams to a

Y2NB O2NNBOGfe& 2dzR3AAY A ls2Howedel theR @fi¢ried evaluatiom t A G A Sa
apparatus is a much more PBL related as its philosophy and learning approach are-student

centred and applicatiororiented whereas the process of learning includes self and peer
assessment, evaluation of the ability $elect helpful information to the group, levels of active

participation and a higher number of presentations and discussions to perform.
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3. Analysis of existing best practice s related to the use of games
in PBL and engineering education
A search of existing projectelated to eCitywas conductedo perform an analysis of best
practices about the use of games in PBL and engineering educ&hemain searchcriterion
wasthe useof games witheducationalpurposes. The analysis of the pregts was performed
taken into account directiongroposed bySquire [49] and Catalang50]. As a resulta
relatively largevariety of gamesvas found, fromcity simulators,e-health games, games to
teach programming, games to improve teaching practices, letppendix Athere is a brief
description of all theanalysedorojects. InAppendix Bsee chaptei?) there is a short summary
of the reviewed projects and their main characteristics.

3.1. Best practices

3.1.1. Academic knowledgeneededto play

One possible practice to folloim gamesds the use of academic knowledge as a tool to achieve
goals This means thato play the userwill need to have some previous knowledge and, in
addition, such knowledge must be exubed to move forward in the game itself. There is
therefore a kind of binomial fun / knowledge. Knowledge becomes a necessity to succeed in
the game, which will motivate the learning of it by students.

Usually this binomial relation fun /knowledge reflected inthe availability ofvarious levelsn
gamesandthe need to gradually acquit® go to the upper levelsFor example, in the case of
projects like KTS or HIPQBL], [52] (see section6.2), previous knowledge in a pattilar
branch ofmedicineis required.

Note that in some cases it is not necessary to have a certain initial knowledge, just enough
student's curiosity, and the game itself would fmough to provide or promotesuch
knowledge. For example, in the case dfcé [53] (see section6.6.6 is the game itself
responsible to provide students with the fundamental conceptsfimputerprogramming.

3.1.2. Sophisticated design techniques.

The availability of aattractive platform that changes the learning procést® an interesting

and motivating proces©O 'y A YLINRE @S t S| NJY S NA Q. TBeyeidle, LSNG S v
sophisticated design techniques is another best pracfideese techniques allow to provide
scenarios as close to reality as possible, with characters and situationscim tivé players can

feel reflected. The graphic qualities should be high and the system must respond quickly to
user actions.

If a student feels reflectedn avatars or feels that he/shéaces oncommon situatios in
his/her usual dayit is quite feasibleéhat he/she getanore interested with the game and fisd
a solution to problems. An example of this may be the simA[34Aproject (see section
6.4.7), whichreproducesclassroomexperiences similatio reality, also providing proximity and
comfort. Another good example mag ReMission[55] (see sectior6.1.2). This serious game,
which seeks that young cancer patients can know more about their disgmbeot feel fear of
the unknown has excellent graphics, that allow to see in detail cell walispurs, etc
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3.1.3. Multiple scenarios

Not all students have the same level of knowledge or cusiositd games usually include
multiple scenariogocused on different profileslike for example Climantid&6], CityOng57]

or CHERMUG&S]. In these systems thgamecan adapthe level of difficulty to the academic
levelof the students The choice of scenario can be used to study different concepts and adapt
to specific situations. In some casd® tplayerscan choose themselves the game scenario.
Furthermore,sometimesusersare allowed tocreate their own scenar& from scratchor by
modifyingan existing one

Awide variety of situations and scenarios can be used to maintain high level of commitment.
Sages can be used to achieve different learning objectives or multiple scenarios can be used
to achieve the same objdeks.In this waythe game can be reused in different contexts. For
example, in the case of Rdission[55] there are sixsets ofscenarios available. All of them,
even in the case of different scenaricae intended to achieve the same godb raise
awareness of the disease and encourage patients in their stru@glees should also include
variety of scenariognd random elements that prevent repetitiveness and too deterministic
flows. So playersannotpredict or anticipate the flow of events.

Most analysedgames provide multiple scenarios and even the ability to create their own
scenarios, as discussed aboa example of customizing models is SIMSE (see sdxiidh

and example of scenario development is eTrees (see se@tiof). Othergames do not have
different scenariodut multiple levels, such as EnerCit[&9].

3.1.4. Promotion of interest and creativity in players

Gamesshould produce interest and inspire creativity ilearners If the student is not
motivated learning will be more difficult. Games can raise the commitment of students to
become active. Furthermore, they can contribute to maintain the interest at a bigh Huring

the game sessi@and beyond.

It is also important to eliminate the cognitive load to maintain a high level of commitment and
careduring the different stages of the gam&he availability of severalamigation modes or

the complexity of the larning objectives can be considerable difficulties in players thabean
negatively affead intheir commitment and motivationQudents need toacquire knowledge
increasing the level of complexigradually.In any casebalance between fun and learning/
difficulty is neededThis meanshat the gamecan neitherbe a simple funy game without any
learning,nor only involvedifficult concepts without any incentive.

Related to thebest practices introduced iprevious sedbnsthe fact that some gamesnable
students to design their own scenarialsohelps to develop their creativity.

As an exampleRoboCode users are motivated by the competition, trying that their
programmed robot be the best of 480] (see sectiorb.6.5.
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3.1.5. The promotion of social interaction

Socialnteraction of playershould be promotedThis is an opportunity fostudentsto acquire
knowledge and improve skills suah to relate to others, to discuss and give opinions, to listen
and be heard, to speak front of an audienceto gather information, etc. This is achieved by
blogs, forums, wikis, discussions in the classroom, group work, etc.

Realtime communication tymally occursin faceto-face workshops orin web conference
where decisions are made collaboratively. However, these options are not the mosbsed
Asynchronous communicati@through emails, blogs and wilkdse more common Thesdools
minimize the problems associated to theonstraints of time and spacéecause the
distribution of participants in different countries and time zones.

Most games allow the possibility of playing in groups such as the caseMisBen[55]. In
EnerCitieg59]events and competitionsre organized in the community of playeis raise
motivation. A blog, discussion forums and even a guide for teacheesalso availableOther
examples such as CLASIHHR] and Alice[53], have also forums and blogs that facilitate and
promote social interaction.

3.1.6. Promoting the use of games

Another practice that should be performed is to promote the gam@smes shold be
promoted to the widest possible number of people and plackany advantagexan be
derived from this dissemination effortincluding improvements in the platforms themselves
because the increased usage and scdeenands it Some mechanismstpromote the use
are:speeches, organize events and meetirags] competitions.

Today, with the importance of social networks, it is highly recommended to use them as a tool
to promote the gameln fact, this was done by the majority the analysedorojects Anaher
interesting aspect is that somnteols, such as R#lission [55], (see sectior.1.2), are available

for usein mobile devicesand this provide an evergreater scope.

3.1.7. Communication on social networks

Currently social networks play an important role. Yla#low usto transmit information almost
immediately and reach even the most inaccessible places that look. Many anidlgsed
games allowsharinginformation on social networks and even some of thamplay games
directlyon its systemThe most widelysed networks are no doubt Facebook and Twitter.

Most of the projects reviewed have some form of communication and / or relationship with
social networks such RoboCo®], simAULAS4] o \VALERT62]. Thereare even casedike
EnerCitie459], (see sectiorB.2.2 which are available to play directly from them, in this case
from Facebook.

3.1.8. Multilingual and multiplatform
Theavailableof a gamean multiple languageandin multiple platforms is directly linked to the
promotion of its use ando social interaction.
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Multilingualism seeks to break the language barrier and the difficulties associated with
language, trying to providéhe same conditions to all users, whatever language they know.
The vast majority o&nalysedprojects are available in several languages. There are very few
cases in which they are availablejirst one language, English, such as inMR&sion[55] or
Gamestar Mechani{63]. For Torcg64], although it is available only iEnglish, manuals are
available in other languages.

In addition,it is also interesting that the games are available for multiple platforms increasing
in this way theopportunities of use Of the studied projects most are available for Windows,
Linux andMac OS XFurthermore, it is more frequent to find games availafile mobile
devices, such as Rsission[55].

3.1.9. Games development

Depending on who and where they are intended to be used, the development of games varies.
In case of younger students the development effort is usually focusedttraction and
simplicity based on collaboratianin the case ofiniversity studentsthe goal is to acquire
complex knowledgén a simpler wayDifferent cases can be distinguished:

T SGSC{B5], (see sectio®.6.2), produced agameplayorientedto people with learning
disability.

T CLASHB1], (see sectior6.6.3, allows teacherdo adaptthe game andhe scenarios
to professionalsprimary or secondargtudents of primay.

3.1.10.Facilitate learning tasks

Another best practice that can be considered is tfeilitation oflearning tasks. This may be
implemented initially asan informative phase that serves to draw the attention of students
and explain the rules and the objectis/éo be achieved. During the game the tutors/educators
can provide help andjuidance to the learnersOnce the game ended discussions can be
organized to consolidate learning, or even the evaluation itself can help.

Many times it is required that certaiproject stakeholders, such as educators and expfeotrs
outsidein the project are involvedo provide appropriateinformation andguidance A good
example is the case of eTref6], where it is made availablematerial, assessment tools,
scenarios, etdn CHERMU(®8] students are guided by peers and teachers.

3.1.11.Evaluaion

A proper evaluation is key tget a good result in projects. Among other things, evaluation
provides information about the most troubled part€ontrarily, italsoallows to identify the
most successful parts, which provides guidance to follow tha pgth in development of the
platform. Due to the great importance of this best practsaetion5.3is devoted to this issue.

Some examples are the SGSCC pr¢¢&d, whichgivesa highrelevanceto the evaluationand
HIPON52], where evaluatioimnvolvesiCT specialists.
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3.2. Games with a urban simulator and educational perspective

Urban simulation is intended to model the development of an urban area, reflecting the most
important features that conditions/fosters that development. Urban simulators are used in the
most diverse contexts and environments, from professional urban pignand sociological
studies to games. In the context of the eCity project urban simulation is used as a game
environment that supports the setup and resolution of problems and challenges to be used in
the context ofPBL Therefore it was important to anadg existing urban simulation games and
platforms for the development of urban simulation to assess their suitability for the project
objectives.

As mentioned before, the analysis of urban simulation games was limited to games that were
developed or can be used with an educational perspective. This allowed restricting the analysis
to a set of games with special characteristics that make them fitHis purpose instead of
doing an analysis of an extended range of games.

3.2.1. SimCity and Sim@y Edu

SimCity is an operended citybuilding computer and console video game series. In SimCity,
the player is given the task of founding and developing awitjle maintaining the happiness

of the citizens and keeping a stable budget. The player must define zones, each having limits
on the kind of development that can occur there. Development of the zones is not performed
directly by the player, but happens wheertain conditions are met, such as power supply,
adequate transport links or acceptable tax level. The residential zones, in green, provide
housing; the commercial zones, in blue, provide shops and offices; and the industrial zones, in
yellow, provide &ctories, laboratories and farms. There are three different densities in the
game: low density for small buildings, medium density for low to-sméd buildings, and high
density for anything up to large tower blocks.

SimCity EDU is a special versioniofC3ty designed to teach STEM (Science, Technology and
Mathematics) in classrooms. Educators are able to use SimCity EDU with virtual lesson plans
and other games that adhere to U.S. Common Core standards of teaching, which are standards
to provide a consitent approach towards effective college and career preparations.

o

- g
Try SimCityEDU for Free!

Sign up for a free single user license today

Figure 1. A screen shot from SimCity.

2 hitp://www.simcityedu.org/
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3.2.2. EnerCities

EnerCitiesis an educational game about energy;foaded by the European Commission. The

game is about energy soces and the balance between people, planet and profie

EnerCities game starts with a small village and a small piece of land to build on.-#drag

drop interface lets players build structures (e.g. residential and industrial areas, renewable /
non-renewable energy sources, green zonés expand the city (se&igure4). The gamer

needs to balance people, planet and profit while supplying the growing city with sufficient
electricity, implementing energy conservation and CO2 emission measures and minimizing
F2aaAf FdzSt dzaSo® 9F OK LI I @SNRa RSOAAA2Y AYyTFi dzS:
done well, players receive more potential city space to expand their city and to utilize extra
available game options. The game allows players to executaadesteategies and see the

results of their actions on the long term. The duration of the game is approximate#b 15
YAYydziSa>X RSLISYRAYy3I 2y (KS LI IFe&SNRa aidNlrdiSarSao

The EnerCities projefb9] aims to provide an-earning game for young people to experience

the implications of the use of energy. In addition to the game, it offers a blog for
communication and learng among students, and a guidance document for teachers to
develop methodologies for inclusion of the game in the class. The discussion forum EnerCities
project is available at the following URiitp://w ww.enercities.eu/community/ As curiosity

and novelty, the game is available on Facebook.

At higher, to inspire and motivate students and schools, 6 regional events, 4 game
competitions, 1 community platform and 1 final conference was organized.

As a techital requirement for using EnerCities, which is a 3D game, you need to have dhstalle
Unity Web Player (available http://unity3d.com/). Moreover, it is a fit to play in teams with
a low budget.

Figure 2. A screen shot from EnerCities.

% http://www.enercities.eu/
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3.2.3. ElectroCity

ElectroCit§ is an online computer game that lets players manage their own virtual towns and
cities and also teaches players all about energy, sustainability and environmental
management. Players are given complete control over a small town within New Zealand so
that they can build stuff, destroy stuff, and even leave stuff alone. The game starts with a
YIEGdzNI £ SY@ANRYYSYyld YR f2¢ LRLzZIFIGA2Y | YR

GAYR FINY tfFr28SNBR (GKSy ySSR (2 ol tllinp&xt GKS

Citizens need electricity and jobs, but they also love their clean green image. So the player gets
to decide whether that forest should be made into a national park or logged and turned into
analuminiumsmelter.

ElectroCity - pon'tlet the power go fo your head!

—/-—-.\— SCREENS [QUICK KEY]
— —
FOREST Ix]
Asour
Log this forest 50
I

Figure 3 A screen shot from ElectroCity.

3.2.4. EfficienCity

EfficienCityis a virtual town that proposes to simulate the conditions that allow to have lower
greenhouse gas emissions, a more secure energy supply, cheaper electricity and heating bills
and a whole nevattitude towards energy.

Figure 4 A screen shot from EfficienCity.

* http://www.electrocity.co.nz/
® hitp://www.greenpeace.org.uk/efficiencity/

Page28of111

z

5 K
o)

S
A


http://www.electrocity.co.nz/
http://www.greenpeace.org.uk/efficiencity/

543573LLP1-20131-PTKA3KA3MP

3.2.5. EnergyVille

Energyvilld is an interactive energy game developed by The Economist Group. The game
challenges players to power a virtual city through 2030 and keep the economic, environmental
and security impacts low in the choices they make. There is a lot of information torexplo

the game and it allows students, teachers or anyone who's interested in learning more about
the complexities of energy management and how energy affects cities and the lives of their
inhabitants.

Ba
el ]
L

LT y
Wik gt
)
.'}',m' i 1R
',m"{ iy Wiicou
"| 10

- " (LT
{ )¢ ull
b
= g
g -

sl
o |11
"oy

Figure 5, A screen shot from EnergyVille.

3.2.6. EcoVille

Ecovillé is an interactive game which involves building a sustainable energy community that is
constrained by resource, pollution and budget limits. It is possible for individual classes to use
this game or to take part in an inteational competition. The Ecoville competition rewards the
class that builds the town that best respects the environment (e.g. reduced energy
consumption, maximum use of renewable energies, efficient waste management). The town
should emit the least greemuse gases possible while still offering the services expected of a
21st century city. The contestants should respect the commitment taken by European Union at
Kyoto to reduce its greenhouse gas emissions by 8 % by on the perio@@0P&ompared to

the 1990's level. The winning class will be the class that best integrates the objectives of
sustainable use of resources into its town.

EcoVille seems to have been currently discontinued.

3.2.7. City One

In CityOn& an IBM game, users experience some of the compleklems facing cities. They
can implement changes and understand the results in terms of how various technology
solutions can help revolutionize industries within a municipality.

® hitp://www.energyville.com/
" http://ww.ecovillelejeu.com/GB/
8 http://www -01.ibm.com/software/solutions/soa/innov8/cityone/
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‘cityone

Real World Game,
Real World Impact.

Level-Up Serious Games @ IBM

Figure 6. A screen shot from Cityone.

CityOnealso demonstrates the advantages of having a more instrumented, interconnected
and intelligent world.

Players can quickly see the improvements that are making are reflected in profitability,
customer satisfaction and environmental objectives. After playiag compare your scores
with other players in the global leaderboardske other serious games CityOewgpects users

win in imagination, interconnectivity, sensitivity, vision and agility, among others.

In order to play you need to register at the followit/RL:

https://www14.software.ibm.com/webapp/iwm/web/signup.do?source=swiyone

3.2.1. envKids
ENVKIDSaims at raisng awareness on environmental sustainability and climate change
mitigation activities among elementary school youngsters through-agggopriate online
educational activities. ENVKIDS does not aim to compete with existing environmental
education curriculalnstead, it aims to provide valesdding online tools that complement
existing practices and promote collaboration among European schools. At the same time the
F OGAGAGASE LINRPY23S OKAfRNBYyQaQ L/ ¢ &alAftao

Figure 7. A screen shot from envKids.

® http://lohmpro.org/envkids/
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3.3. Analysis of existingdevelopment and supporttools

Thissectionprovides & analysis of existing toofer the development ofligital games. There
are many tools available to carry out projects like eCity. In addition, thergrieavariety of
technologiesJavaScript, HTML5, 3D and, iulti-platform, collaborative tools, sound editors,
etc. There are also proper tools for graphic design or simulation engines

Below some projectthat are irteresting for the case of eCigre analygd. Some of them are
serious games netorks where collaboration and exchange is facilitated, and where many
interesting resources are available. Othamgolvea similar theme to eCity that can facilitate
development.

3.3.1. Serious Games Network: SEGAN

The main objective of SEGABI] is to create a community of serious games in which
combine theory, research and practice of different Europwstnativesin this field.The goal is

to facilitate theexchangeof ideas and experiences relatéd serious games. This netwoik
supported by virtual tools and events, increasing the visibility and awareness of the benefits
that these games have in learning process

The purposes of the project are broad avatried from the creation of socialonline portal to

the creation ofa European partnership, through the development of a repository with
products and projects related to serious gameaw develophg reference documents.
Information and assistance by and for teachers, developers and reseaisliechided

The games are vailable at http://seriousgamesnet.eu/gamesin the website there are
available several resources: games, articles, items for games, resources and engines for games
and more. The most interesting for this §ea would be the elements for games resources

and gaming engines. Due to the large amoohtresources available in SEGANnot vey
appropriate to list them all. It ibetter to providedirect access to its website in order to obtain
direct informationof each one. They are availablehittp://seriousgamesnet.eu/tools

3.3.2. Games and Learning Alliance: GALA

GALA[68] is a scientific community that brings together users, researchers, developers and
educators It seeks topromote serious games in education. It aims to organize and coordinate
research and disseminatvents to communicatéessons learned, best practices and tools. It
also seeks to promote innovation and knowledge transfer through dialogue.

GALA has a qualiplan to provide a common platforthat ensuresa consistent approach by
partners and facilitate the exchange of information. In addition GALA tries to define a solid
framework for project supervision and management.
® 3

GA LA

omhrigh ity S il

Figure 8. Logo of Gala.
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3.3.3. eAdventure

EAdventure[69] is a research project that seeks to facilitate the integration of educational
games and simulations based on games in educaliprocess especially in Virtual Learning
Environments (VLE). It develop® educational games with special emphasis oneadure
type games. Teachemre facilitatedthe process of creating games in orderdive a truly
educational value. Gamesan be modified easily tadapt them to specificteaching and
educationalneeds.

The project is basically a game editor and a gangree.Gamescan be creatindgpy means of a
graphicaleditor or by going directly to the source documents using the XML markup language.
The game engine is the program responsible for executing previously created games. Both
tools are written in Java and distributed in a fully integrated way.

EAdventure is ailable for Windows, Mac OS X and Linux. There is also aptatfirm
version whose only requirement is that the system has Java installed.

The project is free software, can be used, redistributed, integrated into other projects and/or
modified under the LGPL (GNU Lesser General Public License Licesese)se(tion3.4.5.
EAdventure manuals have the Creative Commons license:bu{ttin-NonCommercial
NoDerivatives 3.0. Like a curiosity eAdventure appears in the SEGAN repository tools.

The main features include:

XML notation for describing adventures.

Customizable interfaces.

Support for adaptive learning scenarios in real time.

Ganes packaged with metadata standards.

Opensource game engine, written in Java and ability to deploy it as a standalone
application.

1 The platform includes an evaluation function.

= =4 —a —a A

In the latest eAdventure version, version 1.5, new features that provideeased power and
enhancements to the tool are added. It includes a new look, improved accessibility especially
for people with visual disabilities, increased the available languages, included a new
educational tool to facilitate the use and understangliof the SCORM standard, improved
user interfaces and process of creating games.

3.3.4. Micropolis
Micropolis® is a @rt of the original version of SimCity. The Micropolis simulation parameters
or rules are based on city planning and management, including:

1 HumanFactors: Residential space and amenities, availability of jobs, and quality of life.
1 Economic Factors: Land value, industrial and commercial space, unemployment,
internal and external markets, electric power, taxation, and funding for city services.

1% https://code.google.com/p/micropolis/
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1 Survial Factors: Strategies for dealing with disasters, crime, and pollution.
9 Political Factors: Public opinion, zoning, and keeping residents and businesses satisfied
with your city and your performance.

Existing tools provide users with the ability to plaay, but, zone, build, bulldoze, wone, and
manage a city.

1 Plan: Mapping systems give physical and demographic overviews of the entire city.

1 Layout: Design living and working areas, road and transit systems, and recreational
areas.

1 Zone: Set zoning boundas for parks, residential, commercial and industrial areas.

1 Build: Place roads, rails, airports, seaports, fire and police stations, sports stadiums,
and power plants.

1 Bulldoze: Clear forests for city growth, build landfill along waterways, clear and re
zone developed areas.

1 Manage: Using the mapping and graphing systems, gathé¢o-giate information on
traffic density, population trends, power grid status, pollution, crime, land value,
police and fire department efficiency, and cash flow. Set the taxaatl funding levels
for city services.

Figure 9. Screenshot of Micropolys.

This is the version of the cities' simulator SimCgge section3.2.1, released under free
software license GPL[30]. Basically is the created version of SimCity to OLPC, "One Laptop
Per Child program.”

The Micropolis' core has been rewritten with C++/Python and the code is divided into several
modules. In this projecit is used the Wingware Python IDHere existsalso an Android
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version and a Java version, for example. All available information such as Micropolis source
code, wiki and downloadable versions, are availabletigs://code.google.com/p/nicropolis/.

Micropolis presents additional terms under section 7 of the GNU GPL, available at
https://code.google.com/p/micropolis/wiki/License

3.3.5. OpenCity

OpenCity* is another 3D city simator where the user can build residential, commercial and
industrial zones, supply them with necessary goods and watch them gro@wpently the
user can build roads, electric lines, electric plant, trees and the three standard RCI zones.

Figure 10. Screenshot of OpenCity.

This is a cipuilding game under the license GRL]. Is available for multiple platforms and
allows only play in single player mode. To play it is necessary to download it. In the resources
section of the project website can be found UML diagrams, design documents and information
on other topics. Programmgnis done in C + + and using OpenGL and SDL library, the latter
under the GNU LGPL license.

3.4. Licensing issues

From the point of view of licenses it is interesting to know Creative Commonpi@Dsals
[72], and howthey differ from copyright and public domaif3], and the specific software
licenseqseeFigurell).

Copyright Creative Commons  Public domain

Figure 11. Relation among Copyright, Creative Commons licenses and Public Domain.

Notice that incase of serious games there is a combination between content educational
resources/contents and software. In this point appearslilemma: what is r&@ly what you
need to license? Wich has higher prioriy For that reason will discuss CC, that are used to
license educational resourceand software oriented licenses.

" hitp://vww.opencity.info/
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Furthermore, following the preliminary analysis of the projeitthas been observed that most
of those who are still developing, especially in their early stages, are not licensed and do not
have any reference to any license. In general the few who have licensed use the GNU GPL and

GNU LGPL.

3.4.1. Creative Commons

Creative Commons (CC) is a nonprofit initiative that offers fesesyto-use copyright licenses

to specify which rights to reserve and which rights to waive about a piece work. The licenses
provide a standardized way to give the public permission to share aadcaugeative work

dzy RSNJ O2yRAGAZ2Y A
The CC licenses are not an alternative to copyright. They work alongside copyright to enable a
person to modify the copyright terms. Nefiable1l shows the CC licenses in version 4.0.
Previous versions have been produced and many resources are available with them. For each

27

OK2A0OS FNRY

license type, a humareadable summary and a legal code is available.

This set of CC licenses is extended on the most reggristde by theopyright, prohibiting any
type of usage for the resources, and on the most permissive side by offering the resource to

the public domain

7able 1: Creative Commons licenses v4.

0KS RSTI dzt @

Can someone use it
commercially?

Can omeone create
new versions of it?

Attribution CC-BY

Attribution -
ShareAlike CC BY
SA

OC

but licensed
under CC B¥SA

Attribution -
NoDerivatives CC
BY-ND

©

Attribution -
NonCommercial CC
BY-NC

o

but licensed as
NonCommercial

Attribution -
NonCommerciat
ShareAlike CC BY
NG SA

o

but licensed as
CC BYNGSA

Attribution -
NonCommerciat
NoDerivs CCGNG
ND

000000

O

Page350f111

al



543573LLP1-20131-PTKA3KA3MP

3.4.2. How to License Materials

The goal of European OER Policy Prq@&R)s to support the adoption of OER policies in
Europe. It aims to promote the best practices and high standards ofGBeind OER
communities within the educational sphere. This project proposes licensing all educational
content poth textbooks and other educational materials, such as educational games) that is
being produced in Europe with public funding (both at European level and in member states)
under a free licenseQC BY or CC-BX). There exisome considerations for liosors and
licenses that should be taken into account before licensing a resource, such as:

1 Irrevocability.

1 The type of material. CC is appropriate for all types of content, except software and
hardware (in case of software specific licenses are recommendadh as Free
Software Foundation or Open Source Initiatigee sectior3.4.5).

9 If the resource includes rights held by othermsake sure to get the permission to
sublicense.

3.4.3. How to Attribute Creative Commons Licensed Materials

Accordingly to the previous section all Creative Commons licenses require that if we use a
licensed work we need to attribute the creator. This means thathave to acknowledge the
creator of the work we are using, as well as to provide any relevant copyright information.
There is a guid€r5] from the Australian CC section (licen€€ BY 3.0) that illustrates how to
attribute appropiately. The basic principles are:

Credit the creator.

Provide the title of the work.

Provide the URL where the work is hosted.

Indicate the type of license it is available under and provide a link to the license (so
others can find out the license terms).

1 Keep intact any copyright notice associated with the work.

= =4 4 A

3.4.4. Where to search licensed OER

OER are distributed across the Web. There are many services that can be used to find them,

but Google is a reference point. A general search with Google returnsawastints of

resources, most of which are not openly licensed for reuse. Instead you caBoasge

| RO yOSR a4SIHNOK® {ONRBff R2¢6y Ay | ROFIyOS &SI NOK
dza S &KFINBX 2NJ Y2RATE&é ® a2 NIER ia mBhYadtieRserides 8 = & 2 ¢
according to their type. For exampleslated to games

T Simulation and Animation: PhEittps://phet.colorado.edu/)[76].
9 Audio/music: Jamendo, Mixter, Free Music Achieve, SoundCloud.
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3.4.5. Specific licensedor software: GPL and LGPL licenses

In the case of software licensésis interesting to knowthe proposals of thd=ree Software
Foundation andbf the Open Source Initiative that are organizations dedicated to promoting
free software and open source, respectively.

Free Software FoundatiofiFSF)s a foundation that seeks to promote the development and
use of free software in all areas of computing. Aseaample the foundation develgpthe

GNU operating system. As the foundation itself says its missico igréserve, protect and
promote the freedom to use, study, copy, modify, and redistribute computer software, and to
defend the rights of free softwarusers[77], [78]

Open Source InitiativOSl)s anorganization dedicated to the promotion of open source. The
organization itself is defined aglbbal nonprofit organizationthat promotes and supports the
open source movement. Among other things, the organization maintain the Open Source
Definition anda list of licenses that comply with that definitiof79].

The FSFmovement is mainly focused on the moral and ethical aspects of software, and
technical excellence is secondary. In the cag@®imovement the priority is get the best code
from a technical point of view, sharing source code for get it.

Using the dénition that makes theFSFabout free software[80], licensed by Creative
Commons AttributiodNoDerivs 3.0 United States Lise (CC BMD 3.0 U.S)), it has that a
program is free software if the program's usees/b the four essential freedoms

1 The freedom to run the program geu wish, for any purpose (freedom 0).

1 The freedom to study how the program works, and change it so it does your
computing as you wish (freedom 1). Access to the source code is a precondition for
this.

1 The freedom to redistribute copies so you can helprymighbour(freedom 2).

1 The freedom to distribute copies of your modified versions to others (freedom 3). By
doing this you can give the whole community a chance to benefit from your changes.
Access to the source code is a precondition for this.

In the cae of open source, like free software, a program must meet certain requirements to
be considered open source. These requirements are consistent with the four freedoms of free
software. These requirements, following the definition of the organizaf®h] and under
Creative Commons Attribution 4.0 Internationaldrise (CC BY 4.0), are:

Free Redistribution

Source Code

Derived Works

Integrity of The Author's Source Code

No Discrimination Against Persons or Groups
No Discrimination Against FieldstErfideavour
Distribution of License

License Must Not Be Specific toraduct

© N g wDdh e
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9. License Must Not Restrict Other Software
10. License Must Be Technoloieutral

Both organizations have in their web pagetsligith all available licenses:

I FSHicenses are includedt: https://www.gnu.org/licenses/licensdist.html.
I OSl licensesare available athttp://opensource.org/licenses

GPL and LGHtenses are explained next in more detaglcausethey are used in most of the
reviewedprojects.

GPL license

GPL, acronym for General Public LicgB2¢ is aFSHicense that is used in the software world
and allows end users to freely use the software in addition to study it, copy it and modify it.
The main objective of using this license is to decthet the software is free softwarelt is a

free software license, copyleft and can be used with other licenses.

The full terms of the GPL license can be obtaiinech https://www.gnu.org/licenses/gpl.tml.

Some of its features are:

I Useof the GNU GPL requirgbat all improved versions that are published are free
software.

1 The GPL requires that the maker of a version put his name on it, in order to distinguish
it from other versions and to protect theeputation of others responsible for
maintaining the program.

1 The publication of any way to an improved version should made available to users the
modified source code, under the GPL.

1 The license requires that all copies include an appropriate note cropigight.

1 Every work must include a copy of the license, so that anyone who obtains a copy of
the program will know its rights.

LGPL license

LGPL, acronym for Lesser General Public Lig88%eis a license thas used in the world of
software that aims to guarantee the freedom to share and change software, ensuring that the
software is free for all users.

This is a copyleft license, compatible with GPL, and can be used along with other licenses. The
full termsof the LGPL license can be viewedchtips://www.gnu.org/licenses/Igpl.html

The main difference between the two licenses is that the LGPL license can be linked or used for
non-GPL program that mayelfree or not free software. Also, the LGPL license can convert any

LGPL code in GPL code, which facilitates a direct reuse of code LGPL in GPL code, for example.
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4. Definition of the pedagogical methodology and possible

models of use of the eCity platform
In this chapter a possible use model for PBL in eCity is proposed, following the pattern

suggested by Yongwu Mi§84].

4.1. Introduction

The objective of the eCity project is to design a-Béded educational platform, based on an
opensource citybuilding simulator/game and explore its simulatiemgine to support city
development problems that relate to math, science and engineering concepts. This platform
will be used for two different purposes: to motivate secondary students to an engineering
academic path and to scaffold learning for higher eation engineering students. And this will
happen simultaneously as students from both education levels will form heterogeneous
groups where theolder students can guide the younger ones in the finding of the correct
solution.

This project searches a neimnpovative, pedagogical methodology for the learning process in
engineering academic organizations that complements a motivational strategy for secondary
and vocational school students. The project follows a development methodology based on
educational cotent and application development.

Methodology is composed by two different complementary approaches:

1 It will be the engineering students themselves that will develop new challenges and
problems. This way they will be directly applying the concepts leamtetligher
education.

1 They will be solving the set of probledeveloped challenges plus the new ones with
the support of secondary/vocational students. By doing this they will scaffold their
engineering learning and develop other skills like leadershipumrevork and
collaboration.

Main features of the pedagogical methodology:

1 Motivational methodology: in secondary and vocational schools, eCity platform will be
a complementary activity for students to develop their interests and motivation
towards engineerig.

1 Multidisciplinary approach (for different engineering areas).

Combination of secondary and higher education students.

1 Problem solving collaborative approach that allows students from different countries
to work together in a problem.

1 Problems can be afigured and customized by teachers for specific issues or even to
represent real local situations.

1 New problems can be created by other users.

1 Includes reputation points for problem solving allowing the establishment of rankings,
promoting a healthy compéion.

E ]
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from the game beginnings.

1 Problems or challenges can be fed into the platform as homework, teamwork,
curricular activities, extrgurricular competitions, big amall projects, etc. PBL can be
incorporated within existing structures with little disruption as it can be implemented
in a variety of forms.

42. 2 A1 AOGAT O 0", 60 AEAOAAOAOEOOEAO A& O
To identify the requirements for the implementation of virtual PBL emment, important
features of PBL ar@nalysedaccording to the stage and literature.

4.2.1. Rich forms of social interaction.

Traditionally the students receive knowledge passively and individually through a series of
units that teachers explain. The commurtioa exists primarily from teacher to student and

not in the other direction or through cooperation among students. PBL, in contrast,
incorporates collaborative teams to solve problems. Thus the interaction between students
and the teamwork are promotediiproving in this way interpersonal skills of students.

In PBL the students are the active agents in charge of the whole process of learning. Teachers
and others who may be involved act as facilitators in the learning process. New forms of
communication aneatollaboration appear.

4.2.2. Problem's structure.

Usually to solve a problem it will be necessary to merge knowledge from various disciplines. In
this learning process, the more the students deepen, the more questions they will have. They
must identify what theyneed to know, what the problem really is about and what information
should be collected. They will learn how to build hypotheses and possible solutions. Through
collaborative reasoning processes they can identify inconsistent knowledge, discover the
missing knowledge and build shared knowledge.

4.2.3. Roles

In traditional learning, roles are stable and the function of each one often does not change
even if the situation changes. In PBL the responsibilities of students and teachers change if the
situation changes.

Students' roles in PBL:

1 Seekers and problem solvers: students anticipate, expl@malyse and solve
problems. They can investigate the causes from multiple perspectives and propose
hypothesis and solutions.

1 Planners and producers: students can plan aw®sign methods and strategies to
resolve issues or problems which result is an original process or product.

1 Initiators: students initiate, coordinate and facilitate the realization of collective tasks,
anticipating obstacles and obtaining the support tfers to achieve results.
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1 Executants and actors: students apply their skills, information, ideas, tools and
technologies to achieve to complete an individual or group task.

1 Communicators and negotiators: students can express their ideas, information,
feelings, concerns and so on to others clearly so that they can understand and accept
them. Students work collaboratively falfil the tasks and objectives.

1 Explorers and partners: they explore the physical world, materials, technology, to
collect the infomation they need. Also they interact with others and contribute their
efforts to the collaborative work.

4.2.4. Teachers' roles in PBL

In PBL the teacher changes the main role to be a simple facilitator of information. The possible
teachers' roles are [83]:

9 Faciitator: provides rich environments, experiences and activities for learning in an
innovative way, using authentic tasks, knowledge and shared responsibility, etc.

1 Guide: in a collaborative class, the teacher is responsible for mediatinghaddlling
He/She also helps the students indicating solving strategies, relating new information
acquired with the prior knowledge, etc.

1 CoLearner and Cinvestigator: the teachers, along with the students, participate in
the research process with professionals. Thwigh the help of technology, they can
switch roles and students can become teachers of teachers.

4.2.5. Seltdirected learning

The students are the ones who take charge of their learning. They define learning goals and
know what problems are meaningful to thernthey break down their ultimate goal into
secondary objectives that are reached them gradually. Students may, individually or in teams,
share all or part of the information and knowledge acquired. They are responsible for building
shared knowledge.

4.3. Possibleuse model

eCity aims at being integrated into a clear pedagogical methodology, PBL oriented, to ensure
that maximum relevance is given to the learning process, and not the technology. This
pedagogical methodology includes a full and complex procedgsiris svith the teacher in the

early work stages and ends with the students fully engagedesalfiating and interacting.

The following sections provide in detail, step by step, a proposed methodology.

4.3.1. Who will use it?
The eCity platform can be used by students or teachers. Depending on whether the user is the
teacher or the student, the way to use it will change.

In the teacher's case, eCity will be used as a supporting tool during the classes. Previously,
before teacling the subject, the teacher should organize the subjects and classes, and see how
he/she can integrate eCity in the classroom. The teacher probably have to make use of the
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facilities provided by eCity for creating new problems or to adapt existing anesich a way

that with the problems can be used to achieve the desired goals and fit them into a particular
theme. Once the teacher has organized the subjects, eCity problems and the time when using
them, he/she simply has to pull it off. The teacher wik the platform to mentor and guide
students in the pursuit of knowledge with more easily and effectiveness than using the
traditional method.

In the students' case, students can use eCity because a teacher request it or by choice. If the
teacher proposedthe game the student might have to play alone or in groups, in the
classroom or at home itself. In case he/she decides play, it will be his/her decision the how,
when, where wants to play. We also distinguish the type of student, whether it is a student
from secondary, vocational schools or higher education engineering schools. The larger will be
the educational level, the more difficult will be the problems and it will be needed a greater
involvement and commitment for achieve the solution.

4.3.2. Where will it be used?
According to what was explained in the previous section the possible places of use are
basically two: the classroom and elsewhere outside the classroom.

Outside the classroom, the teacher:

1 Prepares and organizes classes and subjects.

1 Look for priolems that are best suited, for this purpose he/she may have to create
new problems or modify an existing one.

T Analyseshe results and reacts to them, reinforcing a concept for example.

In the classroom, the teacher:

E]

Presents and teaches the subject, anttoduces eCity.

Indicates briefly how students have to use the platform and solves a small test
problem (when students have never used the tool before).

Indicates how and when students can use eCity.

Solves doubts.

Makes search patterns.

Guide during tk acquiring information's process.

Help to relate new concepts with those already known.

1 Participates in the evaluation process.

=

= =4 —a —a A

In the classroom, the student:

1 Receives and processes information provided by the teacher.

Has a first contact with eCity (onfit is the first time he/she use it).

1 If the teacher decides, the student begins to use the platform and to solve the
problem, alone or in groups.

9 Asks the teacher and can be oriented and/or directed in case he/she need it.

|
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1
1

Interacts with peers.
Selfevaluates and evaluates other students.

Outside the classroom, the student:

1
1
1

Tries to solve the problem.
Searches information.
If he/she uses eCity without anybody, can experiment and mark his/her objectives.

4.3.3. How will it be used?

In this section the mst important thing is to define how the students will use the platform. In
the case of teachers it is quite clear with the previous two sections, they can do it alone or
collaborating with other teachers.

For students, they may work individually or in gosu

1

Individually. From home or directly from the classroom, the student has to face lonely
to problem resolution. He/She needs to make the whole process only with the help of
the teacher, which will be available to guide and orient. The student must fgenti
what is the real problem, break it down into smaller problems and try to go looking for
solutions gradually. The student should also seek information and learn to relate this
new information with what he/she already knows.

In groups. The choice of groupork usually begins in the classroom, where the
teacher divides the class into teams to work with eCity. Teams should be between 5
and 7 members to have a meaningful use. Within each group, students identify the
problem, divide the work, pose possible saeios and solutions in its earliest stages
and seek information. Then they meet up again to gather all the information, debate
and reach consensus. If they fail to reach the solution, they would repeat the process.
Additionally, during the process of fimgd) the solution or at the end of the problem,
they can share what they learned and how they have done with other classmates, thus
increasing the interaction.

Within the groups each student will have a role to determine its involvement in solving the
problem:

1 Leader: he/she is responsible for leading the group, making decisions where is

necessary and end discussions when he/she sees it appropriate. The leader must
ensure compliance with work and foster an atmosphere of collaboration. He/She
develops an ov&ll project plan.

Devil's Advocate: member of the group that has to question all reviews and
suggestions. He/She facilitates the debate.

Secretary: person responsible for reporting the results of the team. Besides he/she
files, documents and organizel the information that the group has.
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1 Other group members: take individual notes, search for information, trying to
successfully make their assigned activity, participate in discussions, and work by and
for the team.

Sometimes there may be a member tutoréntor, that is a student in advanced courses that
does similar functions to the teacher but being closer to the students. Even sometimes could
act as leader, although is more interesting that this role is occupied by another group member.
In the case ofte devil's advocate, secretary, and tutor/mentor only can exist a member with
that role, but it is not required that it exists.

Usually the students themselves are who assign roles in such a way that everyone does the job
best known and where he/she feaisore comfortable. At other times it is the professor who
does, seeking that all students perform all roles, not only the easier and better roles that they
know.

4.3.4. How will it be evaluated?

The evaluation may be made by the teacher or the students, ordoyrdbination of the two.

The teacher can make an overall evaluation taking into account the outcomes of the game,
how good they are, how long the students needed to reach the solution, etc. He/She can also
consider the working with other colleagues, colladtion, support, the existence of
leadership's attitudes, or even how many times he/she has had to intervene. Furthermore the
teacher can also make a written, oral or test directly with eCity, to evaluate knowledge
acquired by the student.

If the studenttakes the evaluation it can be a selfaluation, a comprehensive evaluation of

the system or even he/she evaluates their peers. With the-ealuation the objective is to

get the student to be selfritical and to think about what he/she did well and atthe/she has

done wrong. In the case of the overall evaluation of the system a general student perception
of eCity is searched. The peer evaluation is a subjective assessment where often it is more
important the competition, or cronyism, that acting fairl
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4.4. eCity Problems Summary Table

During the development of the Specification work package (WP3) that started in the Porto meeting, partners proposed ehd sgfirof problems to
be fitted into the simulation engine. Not all these problems are suitable for integration in the engirmeebettheless the have been included, as they

can later be used teupport PBIin different forms.

Title Summary
The traffic signs in our city are truly lacking. Due to a sudden raise in the public infrastructure budget, the citydeaideakto
improve the city by starting everything from the ground up and redesigning the signs network.

Road Signs You are tasked with designing a new network of traffic signs all around the city, in order to optimizefticeatmd preserve
public safety, 2 dz@ prdvided with a map of the current traffic signs and a count of how many signs the city hall currer]
in stock.

The traffic lights in our city are truly lacking. Many citizens are complaining about the many traffieyanity experiences. Th
, : city hall has decided to tackle the situation by redefining all the timing for all the traffic lights downtown.
Traffic lights : o - . - :
management You are tasked with designing the new timings and determine how the traffic lights will now work, on a per hou

,2dzQf f 60S LINRPGARSR gAGK | Y lbéedavbdand aisS with alziwduiBtigniof tiieNybidafcar Gaf
per day in our city.

Protection against
earthquakes

The area of the city will be near a fault zone. The player will select the correct place by evaluating various factoes
expected earthquake gratitude, history of earthquakes in the area, soil types and combinations, nearness to the fault 2
decide on the type of construction, materials to be used for construction, maybe even the type of concrete to be used
construction, number of floors for buildings etc. There maybshaeological, naturaksources and other factors affecting co
and results. For example building the city on a strong ground may be cheaper but it can be far to natural resourcesth@n
hand building the city near water resources and a fertile land will be financially beneficial but the player will havstitoct
stronger buildings and that will be more expensive. The player can also plan earthawakenessising activities for the
people in the city, which will reduce the number of dead or injured people in a possible earthquake. During the playilitf
be an earthquake simulation at an unexpected time and results will be seen. The aim is to provide the correct balance
an economic and social development of a city and the life guarantee of its inhabitants. This problem may be benefidlg
engineering departments and also it will be very useful to make secondary school students, especially living at plaaet
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zones like Turkey, conscious about earthquakes.

Facebook wants to extend th&hatsAppfunctionalities in our city. The company wants to improve their functionalities tryin
provide a good responsme taking into account the number of present and future clients and also the increase in g
needs.

Cloud They need to decide how mgrservers to deploy, where these servers (memory, computing) are going to be located, th
Infrastructure for | and capacity among the servers, the energy sources, the needs for redundant systems, backup issues, wifi connectian
WhatsApp Servers O2 YYdzy A OF (A 2 y a dtior; gfci SyylFaQ RAAGNROG
The students could use a game/simulation application to deploy the different elements on a map. The application shol
the evolution of the solution in time, taking into account thehaviourof the system when the population increases, in cas
some system breakdowns, natural disasters, etc.
The problem involves the need to provide bus services to attend university students, andcotleetive K12, high school
students and public in general. Each one of these users has different timetables and travels.
Buses to the The objective of the problem is to optimize the use of buses, supporting all people with the minimum number of buses. \
University and: to reduce the carbon faprint, the number of buses and drivers. Nevertheless, if not enough buses are provided, the peo
Beyond use their own cars and the pollution will increase.

The game/simulation application will show a particular city with some schools and roads. Studedtsordecide the routeg
the number of buses, the timetables, etc. The application will calculate the number of cars needed, the pollution proituce

Emergency service
of public cleaning
city roads in case
of snow storm.

In case of severe snow storm, to establish:

a) The selection of the most convenient product to prevent freezing of the pavement

b) The distribution of the cleaning materials in the city to minimize transport and optimize ragimha

Theoptions ofanti-freeang materials can bea) Sand; b) Water; c) Salt ; d) anti freezing liquids. Option b) can be exclude
case of low temperature water would produce a crystalline and dangerous ice layer. The choice of option a) rather thaa
based m environmental reasons. The same applies to option d).

High levels of
pollution in the
city surrounds
farms.

How to select/use the fertilizer that provides a better balance between investment, effectiveness and sustain
Management of the undergumnd water deposits?
The result is not immediate.
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Dimensioning
energy furniture

Dimensioning an energy furniture for a house, a school, a factory or a shopping center are all important matters foica
engineer or for a electric technician. Wheameone decides to build a building he needs to know how many watt he ned
provide the correct energy to the buildings.

This problem wants helping students to developing the knowledge and the competences useful to approach and solve
and compéx electric cases here following:

A domestic house

A factory that produce small wood objects

A school with 1500 students and 60 classes

A shopping center with 50 shops

Students have to indicate how many Watt these buildings need to absolve their function.

arONPRE
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The city needs a supply of energy from different sources. The recent prospections in the area have found a natural g4

that might provide enough energy to cover up to 20% of the city regular consumption. The analysis reflects a me

content of sulphurcontaining compounds mainly SH2, OCS, CS2, and also CO2, that makes the gas unsuitable in th

conditions.

Gas purification involves the removal of the impurities from the gas streams.

The primary operation of gas purification processesagalty falls into one of the following categories:
1. Absorption into a liquid.

Purification of a a) Basic solution

natural gas field b) Organic solvents
2. Adsorption on a solid

3. Permeation through a membrane

4. Chemical conversion to another compound
The student will have to study thepntent of the impurities in the gas and the highest limit of each contaminant that is all
in the delivered gas. S/he will have to search the process or processes that can bring the level of contaminants to th
values.
Part 1l. Optional and fdmigher education
How to distribute gas to the whole city. This task will include the design of the pipeline and pump selection. The stu
choose the pipeline material and diameter, in order to obtain the energetic requirements of gas pumping asd th® more|
appropriate pump. It could be included the calculations of investment and operation of pipeline and pump.
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Wind Farm
Location
(Optimization)
Problem¢ Random
Choice? Your Loss

This is a good example of how important optimization problemsiareeal life. The understanding of optimization problg
solving techniques like linear programming is a key aspect of an engineer oriented st
hy GKS F2tt2¢6Ay3 SEFYLXS (GKS 2LIAYLFE &2t dzi A 2 ydomly dhdosing
A+B+C+Dresultsonagpd o0dz2RISG 2F eTtcT]H

Example Due to E.U. regulations and environmental and sustainability concerns the city has to start producing ener

renewable sources. This implies in this phase the installation of at1€a#W on wind farms. The maximum allocated budgg
ETYN| @
Wind probabilities studies as economical ones shown the following suitable places for installing the wind farms.

Place A B C D E F G H I

Suitable Capacity (MW) | 2.2 4.4 1.1 5.2 15 15 2.2 48 |10

Cost (k) 100 244 22 401 88 84 101 302 |52

Due to environmental and city planning issues A aageBnutually exclusive choices

Which of the places should the city choose in order to minimize the total cost of installa
(Other possible question®Vhich of the places should the city choose in order to maxrtie total installed capacity®/hich of
the places should the city choose in order to minimize the total number of wind farms?)

CodelLiving City

The game presents a future city as a living entity that is able to control some of its public services. Particularlyarst
journeyed by automatic buses, taxis and other vehicles that are driven by automatic systems. Students will be red
progam these systems, so the vehicles move around the city according to their planned routes to serve the city inh
Students must model thdehaviourof these active elements by using programming sentences. This will bring thef
opportunity to expeiment with programming elements. For example, students will modeltbieaviourof a bus journeying it
route; or will create algorithms to make taxis to offer their services to the inhabitants of the city, etc.

MyMVNQO's Acces
Network
deployment

MyMVNOis a Mobile Virtual Network Operator company that has experienced a large increase of customers in recef
Being a virtual operator, the company lacks any access infrastructure. In other words, the company does not have itsssy
Network (AN) ad it has to pay to other providers for using their infrastructure. Therefore, MYMVNO intends to deploy i
infrastructure and it wants to perform som&mulations.The objective of the simulations is to verify that the company
deploy its own infra8 NHzOG dzZNBE KAt S YIFAydGFrAyAy3d aSNBAOS ljdzZ ftAdGe o
costs.
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Fertilizers

In the farmland that surrounds a city fertilizers are going to be used in a conscious way, careful with the environnigs
sense good care of the ratio of raw materials to add and mix has to be taken into account, fulfilling both legal and emétd
requirements and economic aspects. A score will be assigned based on the proximity of the proposed solution to the
GKIFG aldAaFAaSa GKS IABSYy aNBaldNrAydaéo

Formulation of a

Clinker

The Portland cement clinkers are mainly obtained by calcinatit temperatures between 1350450 °C of mixtures d
limestone and clays. It is a granular, hard gnely material. In its composition fall silicates, aluminates and ferrites of anhyd
calcium. Clinker is the main component of Portland cements.

Theraw materials used in the preparation of clinker are of two types:

i) Limestone rocks with high content of CaCO3 that by thermal decomposition originate the basic oxide CaO and
ii) Clays, sandstone and iron oxides by thermal decomposition generate aciies,o SiO2, AI203 and Fe2(
Starting from certain raw materials the main constituents of clinker are forn@adcium silicates Si02.3Ca0O and SiO2.2
calcium aluminate Al203.3Ca0, calcium ferrite Fe203.2Ca0O and calcium aluminoferrite Fe203.AI203.4Ca0.

Operation
industrial
activities.

of

The community needs to have an industrial base to generate jobs and provide needed consumer goods. This
installations of various types of industries, such as bakery, slaughter of animals, paint factory, memaujacture of cerami
products, vegetable processing plants, dairies, etc.

The student will propose the most suitable method to reduce the residues generated by the industry, so that they m
environmental requirements of the community. Otherwiseeth may be an administrative penalty or even a temporary clo
of the industry.

In the treatment of the industrial waste that will be generated, the regulations will be different if the industry isédstalan
industrial area, with services providdyy the community, or in a nearban area. In the last case these regulations wil
stricter.
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Building, setting up
and testing a Loca
Area Network

Actually only software with fee or electronic calculator are available for students that want to imfheiretheoretical and
professional skills in the networks building and setting up.
¢KS TFdzy RFYSydlf LINRLIRalFIfQa 321Kt Aa GKS RSOSt2LIYSyd 27
in the informatics sector to be applied in theal world. By playing redife situations students have to build a Local Netw
Area (LAN), set it up and test it using specific knowledge inside a simulated and protected work environment. Thar
proposal the game will consent students to selattleast 5 problems where different type e dimension of net, subnet
device have to functioning in a Local Network Area. Furthermore students will have the opportunity to set up new prob,
themselves and then try to solve them.

Create a network
of food banks for
social assistance tc
the population

The community welfare offices confirm that, at the present time, 3% of the population is in poverty. The aim is to crdg
banks to periodically distribute batches of food to the needy.

The projecthas to establish the needs to cover 50% of a balanced diet, based on a list of basic foedgatables, milk, wate
etc. For the population of children bellow one year specific foodhelprovided based on milk and etc

To simplify the problem, thedaily calorie intake and the carbohydrate/protein ratio inettsupplied batch will be fixed
Known population of the city and the storage capacity of the standard storages, the project can address the calculagi
number of required deposits and theistribution, location and details of food distributio@istributed food can come frorj
private donations or government subsidies. The entrance to the food bank supplies may vary ovér diiffierent summer ang
winter diets can be establishe@he projet can be combined with the creation of urban gardens in whichifmeme citizens
can grow some of their fresh foods, fruits and vegetables, legumes. Might involve setting the size of the lots and thertyp
in each season. This second version wdwdsuitable for an orientation of agricultural engineering and will require n
technical knowledge.

Network coverage

across the city
using  antennas
cables, hubs

Energy distribution
within  the city

neighbourhoods
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5. Design of the PBL environment
In this chapter the design of the PBL environment is introduced from a technical point of view.

The first section includes the main implementation requirements thatugh be taken into
account. These requirements, as well as the stages and characteristics presented in the
previous section, follow the scheme proposed by Yongwu M&4. Then, the general
conditions to consider are introduced.

5.1. Main implementation requirements

In order to support sociainteraction the eCity platform must implement a learning
environment as close as possible to a real environment. The Virtual Learning Environment
(VLE) should allow each users to know where it is, where to go, where to get the necessary
information, what pols can be used, etc. The VLE should enable users to customize it to
perform different types of tasks. It should also facilitate interaction and cooperation between
users.

The VLE should allow users to represent different types of information and intentiowould

be advisable that could guide the students to take the right path in finding the right solution. It
should facilitate the tasks to undecided people, should help to manage the acquired
knowledge, should facilitate reasoning, etc.

The VLE mustxelicitly define the roles and responsibilities that users can have during the
learning process. The main objective is to guide and controlb#teaviourof teachers and
students. It should allow users to define their own learning strategies and evetow tlem

to change them as the problem itself changes.

The VLE must provide a sdifected learning for users. This should allow users to define
actions and the relationships between them, should allow the allocation of resources and
should guide the usdhrough the process.

5.2. General issues

The analysis of existing similar tools madesections3.2 and 3.3 provides information about

the tools that could be used in the PBL environment's implementation from a technical point
of view. For the full design of PBL environment it & alecessary to consider other issues,
some of them already introduced in sectiBriLas best practices.

5.2.1. Graphic design aspects and simulation engine:

Regarding th graphic design, the PBL environment must present an attractive and realistic
aesthetic. When users access to the system they have to find a graphical environment as close
as possible to reality, that presents incentives that makes attractive. It mysbmnesquickly to

user actions and should facilitate interaction.
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In the field of graphic design and video games, there are many available tools. For example,
according tg85]:

1 Graphics engine: its basic functionality is providesadering engine for 2D and 3D
graphics, physics engine or collision detector, sounds, encrypting, animation, artificial
intelligence, networking, streaming, memory management and graph scene. Some
examples of graphics engines are SourceEngine, Rage, | Wngme3 or Ogre3D.
Ogre3D is open source but only a graphics engine. However, it works with other
libraries to create an engine with all the desired characteristics. It is possible to add
sound library, networking, input, collisions, etc.

1 Physics enginesimulates real situations like gravity environment, the clash between
characters, etc. Possible libraries are Ogre Bullet or PyOgreOde.

1 Sound: facilitates a perfect integration of music and audio. For example OgreAL.

1 Graphical user interface: @tan be wed for example CEGUtat is a free library that
allows the creation of windows and widgets for engines where this functionality is not
available natively. (Until version 0.4.1 is under LGPL license. Henceforth, since version
0.5, under MIT license whidh less restrictive.)

1 Design of scenarios and characters: the Blender program, that allows the creation of
3D models under GPL license, could be used.

5.3. Design of the product evaluation methodology

This chapter presents an appropriate methodology for thetye@roject evaluation. The
reasons that make necessary an evaluation are explained and possible evaluation patterns too.
Evaluation methodologies in similar European projectsaaralysedand finally an evaluation
methodology for this project is proposed.

5.3.1. Evaluation, main features

Why is evaluation necessary? The main reason is that it is the most important tool to improve
a product. The evaluation makes it possible to detect and correct weaknesses and to detect
the pros that can be enhanced.

When a projetis being evaluated, a basic and simple guide that provides the information
sought can be followed. A possible guide could be:

T 9t 102N 0SS | fA&al0 6AGK S@OFfdzr A2y ONRGSNRI f
1 Regular monitoring according to the work plan.
1 Make séf-evaluations of work done.
1 Evaluate the generated and collected documents during the project. Assessing aspects
such as coherence, relevance, management, etc.
1 Use peer evaluation where a group of students is evaluated by other students using a
criteria seet that is provided and made public.
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1 The evaluation plan identifies the essential elements of the project and the impact
that they have on project's success.

It is important to do an internal and an external evaluation, because the internal evaluation
may be conditioned by excessive contact with the project and the knowledge of it.

An important aspect is the usddols. It is important to combine quantitative and qualitative
methodologies. Quantitative aspects show a general overview and the qualitatipec
serve to go in depth in the causes of success and failure.

5.3.2. Analysis of existing projects

It has done a small review with evaluation methods used in other European projects. Taking
into account the results of such a review, we have produced an ei@umethod for eCity,
discussed in the next section.

SGSCC project
In the case of SGSCC project, there are available online two questionnaires, one of them for
the stakeholders and the other one for the beneficiaries:

9 Stakeholdershttp://games4competence.eu/stakeholdeiguestionnaire/
 Beneficiarieshttp://games4competence.eu/beneficiarieguestionnaire/

Both questionnaires seek to know the opinions of involved stakeholders and beneficiaries of
educational computer games. The questions are divided into several groups depending on
their subject. There are, for example, questions that seek stemographic dataguestions
related to educational games and others that aim to find out the computer skills that the users
have.

CHERMUG project

In this case we can consider in our analysis the variation of practical study cases of CHERMUG
project. Depending on the subjec and studies, previous levels of knowledge, where
executions take place, the educational purpose or the number of players, among others, one
or other results are obtained.

SImAULA project
The simAULA project uses an evaluation methodology that approggnalhat eCity searches
and we will use it as a guide for the design of the methodology of this project.

SIimSE project
The evaluation process in Simse project was carried out by four studies that have provided
information about its operation and how to impve it. The four studies were:

1 Pilot study where 28 students played with SimSE for a few hours and in the end they
completed a survey about their experience.

Pageb40f111


http://games4competence.eu/stakeholders-questionnaire/
http://games4competence.eu/beneficiaries-questionnaire/

543573LLP1-20131-PTKA3KA3MP

1 Assignment an extra credit in an introductory course in software engineering at UC
Irvine where tudents had to play Simse and answer correctly some questions.

I Comparative study using pre and post test in students who played SimSE, students
who have used textbooks and students who have gone to conferences.

i Observational study of students that play iSimSE in an environment one by one
and later interview about their experience.

5.3.3. Evaluation methodology

ECity, like many other projects and initiatives, basically aims to improve the educational
process. It intended that users acquire knowledge, skilts atitudes in a fun, engaging and
motivating way. However it may happen that the main objective is not achieved, which is the
mere learning, and the whole process will be only a game. To control this possible deviation
and to ensure an adequate end forigC has a special role the evaluation process. With the
evaluation we can know if the student has learned or not, if the platform is right or need
improvement, and even if tutors have performed their duties properly.

In the case of eCity project we wilse the same methodology used in the simAULA project
[54] but adapted to our case.

The complete methodology, with the tools and when and whplis it, is summarized below

Table 2: Evaluation methodology

WHAT / Indicators HOW WHEN WHO WHOM

Students data

General data

Experience with ICT Questionnaire | Previously to the test | Experts
Experience with Virtual worlds Users
Digital literacy Tutors

Interest for technologies in
education

Expectancies with eCity

Overall usefulness
Efficiency (time) Questionnaire | Pretest Experts (staff) | Users
Global evaluation

Learning outcomes Interview Final assessment

ReGame
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Time consuming

Satisfaction

Technology

Graphic design

No mistakes

Close to reality

Multimedia: enough, quality, etc.
Realism of media

Networks, speed

Access, rooms

Transparency

Questionnaire

Interview

Observation

Computer data

Continuous

Final assessment

Experts Users

Pedagogical aspects
Useful to learn

User support

Close to reality

As a complement (sense)
Practical

Representative / realistic

situations

Structure and objectives of the
game

Promotes metacognition
Feedback
Repetition

Value of tutors/machine

assessment

Questionnaire

Interview

Focus Group

Computer data

Final assessment

Experts Users

Tutors

Usability
No mistakes
Learning curve

Support given by the app

Questionnaire

Observation

Pretest

Continuous

Experts Users
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How fast actions can be executed
Clarity

Similarities with other apps

Computer data

Final assessment

Engagement (games)
Level of focusement

Involvement with the

experience
Realism
Usefulness
Practical
Regame

Learning curve

Questionnaire

Observation

Continuous

Experts Users

Sense of presence
Naturality
Compelling

Involvement  with the

experience

Level of focusement

Questionnaire

Continuous

Experts Users

Learning
Adequacy of scenarios

Adequacy of contents and

objectives

Self assessment

Questionnaire

Interview

Focus group

Continuous

Final assessment

Experts Users

Tutors

COLUMNS:

1 WHAT / INDICATORS: Premises, aspects to be evaluated.
1 HOW: Evaluation technique.
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1
1
1

WHEN: Stage in the process whdre tool will be applied.
WHO: Evaluator that will apply the evaluation tool.
WHOM: The 'object’ that will be evaluated (mainly students)

On the WHAT/INDICATORS column there are six categories of data: students, public services in
general, technology, pedmgical aspects, usability and learning outcomes.

To evaluate these indicators, tools of HOW column are used. The WHEN column is used to
specify the moment when you have to apply the evaluation tool. The WHO column specifies
the evaluator. And WHOM columefers to the goal that has been applied the evaluation.

Categories for indicators

1

Students data. It will gather information about the users just before the test. This data

is very important because, once compared with the rest of obtained data aftereste t

In this way, it will allovanalysebetter the achieved impact.

Overall usefulness. As a global category, we will measure it through efficiency, learning
outcomes and global satisfaction of the users.

TechnologyProposes indicators related to the tatbal aspects.

Pedagogy. Introduces the pedagogical elements and go in depth on how the
pedagogicastrategy behind eCity makes the application successful or not.

LAl oAfAGRD DAGSE AYF2NNIGAZ2Y Fo2dzi K24 A&
facilitationsare right.

Engagement. Focuses on the elements that make eCity an engaging platform.

Learning. This category is aimed to identify if eCity is useful to learn. The indicators of
GKA&E OF(S3I2NR |INB LINIfe Ffaz2 Aydgd&paNI G§SR
wants to make a difference between the pedagogical aspects and the learning as a
measurable and evaluable product.

Methods and techniques of evaluation

There is a mixture between quantitative and qualitative methods:

)l

Initial assessment questionnairdt. is mainly used to gather data from students. A
questionnaire will be delivered via email through Google Forms, which facilitates data
working. It would be nice, before providing the questionnaire, explain the project and
the evaluation process and ttg involve students.

Interviews. Questionnaires look to get an overview of the results but interviews seek
to obtain a more specific vision. There will be a sort of guide for interviewers but there
is not a strict direction to follow neither a template gfiestions to ask. The course and
direction of the interview are decided during the course of it.

Questionnaires. In addition to the initial questionnaire, which collected data about
students before their first contact with eCity, questionnaires will befgened a
posteriori. Google Forms will also be used and the responses mainly used Likert scales,
where 1 means "l disagree" and 5 to "strongly agree".
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)l

Focus Group. This technique, also qualitative, basically seeks interaction among
students. Thus, througinteraction and feedback, you can get different results than
those obtained with the interviews. It also provides facilities to the students to feel
freer to participate and contribute. The Focus Group would be occur after the
interviews to confirm or dey the results. Once the interviews have done and the
results haveanalysedvould be made a guide for these Focus Groups.

When do the assessments?

)l

Initial assessment questionnaire. Before to use eCity. The questionnaire will be
provided by personal of eCity

Interviews. After the students use eCity. Only a 10% will be evaluated and the
evaluation will be done by evaluators, that have to follow a guide.

Questionnaires. After to use eCity, the students will receive a questionnaire, given it by
evaluators.

Focws Group. After the students use eCity and some days later that interviews have
been done, Focus Group will be done.
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6. Annex A: Projects focused on educational games
6.1. General

6.1.1. Playmancer

Playmancel[86] is a collaborative project that brings together 8 partners from 6 different
countries and addresses the game to supplement the therapy of mental diseases. It was born
with the intention of promoting the use of new technologies in different treatments seeking
mental benefits that certify software as an complementary therapy.

Playmancer results, due to the modular architecture of nature and the commitment to follow
the Designfor-All philosophy, can be generalized to other serious games applications and user
communities.

6.1.2. Re-Mission and ReMission 2

This serious game pursuits that young cancer patients are aware of their disease and its
treatment [55]. The developers claim that this can contribute to improve the main treatments.

Realtime Associates, Inc has developed these galhisspossibldo playas asingle player or
multiplayer. ReMission 2 is also available for Android and iOS devices.

6.1.3. Climantica

This project seeks to raise awareness among young people about the importance of tackling
climate changd56]. The project started in 2006 and has four teams: teaching, graphic editing,
multimedia and scientific advice. It's $iaally a simulator of cities, in the style of SimCity, but

in this case the aim is the construction of an ecological population. It is primarily aimed at
secondary materials and modules of biology and geology departments, but it may also be of
interest to history and geography, physics and chemistry, technology and economics. It is
aimed at primary school but in a more playful and closer to the childhood fantasy framework.
It is available in three languages: Galician, Spanish and English.

In the web sitehttp://climantica.org/ all information and documentation is available. It is
possible to play directly Climantica online just accessing to the following link:
http://xogo.climantica.org/?locale=gl

The game is included within the CLIMATLANTIC project, whictabitegelopng strategies at
regional and local level to reduce the carbon footprint ire tRuropean AtlantidArea. The
project website ittp://www.climatlanticproject.eu/eng/index.php

6.1.4. Gamestar Mechanic

Gamestar Mechanif63] aims to help elementary students in learning to design games. It has
three fully integrated components:
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1 Play. Through an adventure game users learn the principles of design. As they progress
and karn, they gain 'sprites' that will help them to design and publish their own
games.

1 Design. When players get 'sprites’, they can access a design workshop where they can
create their own original games. The technique for creating those games is drag and
drop. Once designed players can post the games for others to play and review.

i Share. There is a community where players can post, review and collaborate on games
designed by other players, providing feedback. Also challenges and contests are
available.

There is a user guide for parents, a section for teachers (documentation, blog, etc.).

6.1.5. Torcs

The Open Racing Car Simulator (TORB3$})s a multiplatform racing simulator. It is suitable

for players interested in racing games, researchers, engineers and teachers. It has available a
variety of tracks and cars, and a sophisticated physical model. It supports diffiegmrit
devices, such as steering wheels, joysticks, etc.

At http://torcs.sourceforge.net/ and http://sourceforge.net/projects/torcs/ there is
informationrelated to the project files, wiki, etc.

6.2. Medicine

6.2.1. e-Learning serious game for surgical skills traming: Kheiron Training
System KT

Its main objective is to design, develop and validate a serious game aimed at medical students

and young surgeons to support training their psychomotor skills in minimally invasive surgery

(MIS)[51].

This game is based on existing training ta@ee Figure12). With the KTS project medical
students are expected to have an earlier surgical training. Similarly, novice surgeohe can
trained and specializeé without moving to specializedentres It also aimsat enablng students

to getaccess expert knowledge and tutoring.
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Figure 12. An outline of the operation of the KTS serious game.

6.2.2. E-modules on HistoPathology: avaluable online tool for students,
researchers and professionals. HIPON

Project aimed at medical students, pathologists and occupational training that seeks to teach

the proper way to treat the tissue samples and recognition of injury patt¢&d. It is

intended to convey learning through a web ftatn and taking advantage of technology

advances in the image. The ultimate goal is that end users think like a professional pathologist

and gain experience in the relationship of pathological data with other clinical information.

The main components of PIDN project are:

Virtual Portfoliowith update study cases

e-Modules on histopathology.

Online game.

Histo-book will be the tool for social intercommunication of all parties and act as
workspace

= =4 —a A

6.3. Information security

6.3.1. Virtual World for Awareness and Learnng on Information Security:
ALERT

V-ALERT62] is focused on developing a culture of information security. The main objective is
to provide a deep understanding of security threats and protective measures and actions.

To achieve the objective of the project a learning environment virtual world, 3DaVWMorld
Learning Environment, is used. This environment provides

1 Scenarios that present real life cases with information security risks.
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