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Preface

These proceedings represent the work of researchers participating in the 9th European Conference on Games-Based Learning, which is being
hosted this year by Nord-Trondelag University College, Steinkjer, Norway, on the 8-9 October 2015.

The Conference has become a key platform for individuals to present their research findings, display their work in progress and discuss con-
ceptual advances in many different areas and specialties within Games-Based Learning. It also offers the opportunity for like-minded individu-
als to meet, discuss and share knowledge.

ECGBL continues to evolve and develop, and the wide range of papers and topics will ensure an interesting two-day conference. In addition to
the main streams of the conference, there are mini tracks focusing on the areas of the design of multiplayer/collaborative serious games, ap-
plied Games and gamification, the teacher's role in game-based learning, games for STEM (Science, Technology, Engineering, Mathematics)
learning, assessment of digital game-based learning and pervasive and ubiquitous gaming for learning.

In addition to the presentations of research we are delighted to host the third year of the Serious Game competition, which provides an oppor-
tunity for educational game designers and creators to participate in the conference and demonstrate their game design and development skills
in an international competition. This competition is again sponsored by SEGAN — Serious Games Network. With an initial submission of more
than 60 games, 28 finalists will present their games at the conference. Prizes will be awarded to the games judged to demonstrate the best
quality and originality of game play itself and the positioning and articulation of the game’s contribution to the educational domain.

With an initial submission of 190 abstracts, after the double blind peer review process, there are75 research papers, 15 PhD research papers, 4
Non Academic papers and 8 work-in-progress papers published in these Conference Proceedings. These papers represent research from more
than 40 countries, including Australia, Austria, Belgium, Brazil, Bulgaria, Canada, Czech Republic, , Denmark, Finland, France, Germany, Greece,
Hungary, Ireland, , Israel, , Italy, Japan, Malaysia, Norway, Portugal, Russia, Saudi Arabia, Slovakia, Slovenia, South Africa, Spain, Sweden, Swit-
zerland, Taiwan/ROC, The Netherlands, The Netherlands, United Arab Emirates, UK and USA

We hope that you have an enjoyable conference and that it fulfills your expectations.

Robin Munkvold and Line Kolas
October 2015

vi
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Dr Karen Neville (University College Cork, Ireland); Dr Darren Nixon (Leeds Beckett University, UK); Hugo Nordseth (Nord-
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Esbjerg, Denmark); Alexander Pfeiffer (Danube University Krems, Austria); Trygve Plohn ( Nord-Trondelag University College,
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Norway); Elias Pimenidis (University of West of England, UK); Prof. Selwyn Piramuthu (University of Florida, Gainesville, USA);
Prof. Dr. Maja Pivec (FH JOANNEUM University of Applied Sciences, Austria); Dr Audrone Poskiene (Kaunas University of Tech-
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Catalunya, Spain); Assistant Professo Manthos Santorineos (School of Fine Arts in Athens, Greece); Dr Daniyar Sapargaliyev (Al-
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Greece); Dr Etienne Schneider (University for Information Science & Technology Saint Paul, Macedonia); Dr. Olga Shabalina (Vo-
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Biographies
ECGBL Conference Director

Professor Thomas M Connolly is the original instigator of this conference in 2007, Thomas Connolly is a
Professor in the School of Computing at the University of the West of Scotland, having managed the De-
partment of Computing and Information Systems for several years. Thomas worked for over 15 years in
industry as a Manager and Technical Director in international software houses before entering academia.
His specialisms are games-based learning, online learning and database systems. He has developed three
fully online MSc programmes and developed and leads the undergraduate BSc Computer Games Technol-
ogy programme. He is co-author of the highly successful academic textbooks Database Systems (now in its
4" edition) and Database Solutions (in its 2" edition). He is a reviewer for several international journals and has been on the
committee for various international conferences. He is a member of CPHC (Council of Professors and Heads of Computing) and
member of the Higher Education Academy.

Conference Chair

Robin Munkvold has his education from the field of information technology and has, for the last 12 years,
been working within projects related to ICT and pedagogy. During these years, he has published a book
titled “Online learning” and has been coauthor of many papers within the themes of ICT and pedagogy.
Robin was central in the building of the curriculum Games and entertainment technology at the Nord-
Trondelag University College and has the latest years been Program Director as well as Dean within the
University College.

Programme Chair

Dr Line Kolas has her PhD in the field of information technology, focusing on e-learning and educational
technology. She has since 1999 taken part in a number of national and international R&D projects. The pro-
jects have resulted in a variety of publications: scientific papers / articles, reports, newspaper chronicles
etc. As associate professor at the Nord-Trondelag University College, Line is teaching at the study pro-
grammes of “ICT for teachers” and “Games and entertainment technology”.

Keynote Speakers

Prof Alf Inge Wang is currently working at the department of computer and information science at the
Norwegian University of Science and Technology (NTNU) where he teaches courses on programming, soft-
ware architecture, mobile application development and game development. He received his PhD in soft-
ware engineering in 2001. His research interests are game development, game concept development,
computer support for mobile collaborative work, peer-to-peer computing, software architecture, and soft-
ware engineering education. He has published more than 50 scientific papers including several papers on
games and game technologies. He has also been organizing several conferences and workshops on com-
puter games (Conference on Entertainment Systems, CoGames, etc) and is the chair of JoinGame (Norwegian resource network
on game research and development). He is also responsible for the development of a research and education program within
computer/video games at the university (NTNU). Has previous experience from game development on Commodore 64, Amiga,
and Java game development. Alf is one of the main resources behind the development and implementation of the system Ka-
hoot! (https://getkahoot.com/ - a game based classroom response system).

Dr David Williamson Shaffer is a Professor of Learning Science at the University of Wisconsin-Madison and a
Game Scientist at the Wisconsin Center for Education Research, where his work focuses on using games and
simulations to develop and assess complex thinking skills. His areas of expertise include game development,
learning analytics, quantitative ethnography, localization and customization of learning technologies, and
automated mentoring. Dr Shaffer's M.S. and Ph.D. are from the Media Laboratory at the Massachusetts
Institute of Technology, and he has taught grades 4-12 in the United States and abroad, including two years
working with the Asian Development Bank and US Peace Corps in Nepal. Dr. Shaffer was a 2008-2009 Euro-
pean Union Marie Curie Fellow and was awarded a 2014-15 Fellowship from the European Institute for Advanced Study.




Mini-track Chairs

Anissa All works as a junior researcher at IBBT-MICT (Ghent University). Since January 2013, Anissa is working
on a PhD through an IWT grant (Flemish agency for Innovation by Science and Technology). In this PhD re-
search, she will develop a standardized procedure to assess effectiveness of digital game-based learning aimed
at cognitive learning outcomes.

Dr. Sylvester Arnab is a Senior Research Fellow, co-leading research at the Disruptive Media Learning Lab,

building on his R&D experience at the Serious Games Institute, UK. His research focuses on the potential of

games science (serious games, gamification) and the pervasive approach to learning and gaming. To date Syl-

vester has over 50 academic publications. He has also keynoted at events related to serious games, gamifica-

tion and technology-enhanced learning. Sylvester is a founding member of the Serious Games Society (seri-

ousgamessociety.org/) and Health 2.0 Birmingham. He is also involved in the UK satellite hub for Games for
Health Europe.

Ricardo José Vieira Baptista is currently a Digital Media PhD Student at UT Austin|Portugal Program - Inter-
national Collaboratory for Emerging Technologies, at University of Porto, researching training and certifica-
tion in serious games and game-based learning. He is a researcher at INESC TEC and GILT with several partici-
| nrations in European projects and he developed Funchal 500, a Role Play Game (RPG) to celebrate the 500
m veers of the city of Funchal.

Dr Stefan Gobel holds a PhD in computer science and has long-term experience in Graphic Information Sys-
tems, Interactive Digital Storytelling, Edutainment applications and Serious Games. After five years work as
researcher at Fraunhofer Institute for Computer Graphics, from 2002 to 2008 he was heading the Digital Story-
telling group at the Computer Graphics Center in Darmstadt. In late 2008 he moved to TUD and is heading the
prospering Serious Gaming group at the Multimedia Communications Lab.

Dr Thorkild Hanghgj is an Associate Professor at Aalborg University. He has more than 10 years of experience
researching GBL in formal educational settings in number of countries. Thorkild has researched the important
role of the teacher in relation to a broad range of different games such as The Power Game (ICT-supported
debate game), Global Conflicts (serious game) and Minecraft (sandbox game). Moreover, he has also re-
searched the use of Problem-Based Game Design in teacher education. He has recently received a large grant
on the use of digital games and game-based teaching methods for the purpose of helping students in learning
difficulties within the subjects Danish and Mathematics.

» Silje H. Hommedal research focuses on perceptions of computer games in relation to gender. In her thesis
% that she defended in 2014, she focuses on how young women and men perceives different computer games
B as masculine or feminine and in what ways they use these perceptions in their construction of identity. The
purpose of the research was to give knowledge on how gender and computer games are intertwined and af-
fects each other. The doctoral thesis was written at The Department of Linguistic, Literary and Aesthetic Stud-
ies at the University of Bergen.

Dr Daire O Broin holds a Ph.D. in Computer Science from Trinity College Dublin, which focused on approaches
to developing the conditions of flow. He has been a lecturer at IT Carlow since 2008, where he teaches on the
Computer Games Development programme. His research interests include increasing engagement and intrin-
sic motivation in games and learning.

Dr Kimmo Oksanen is a project researcher at the Finnish Institute for Educational Research, University of Jy-
vaskyla. His thesis was about supporting collaborative learning and evaluating learners’ experiences in serious
games. His current research interests include collaborative learning, game design, and game experience.
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Prof. DI Dr Maja Pivec research interests are in the field of affective and emotional aspects of human-
computer interaction, with emphasis on game design, game-based learning and innovative learning ap-
proaches, and different aspects of e-learning. She is editor and co-editor of four book publications in the area
of innovative learning approaches and guest editor on several special journal issues on Game-Based Learning.
Her research work is published and presented at more than 100 international conferences and publications.

Dr Neil Peirce holds a degree in Computer Science, a Masters in Multimedia Systems and a PhD from Trinity
College Dublin (TCD). He is currently a research fellow in the Knowledge and Data Engineering Group at TCD.
Neil’s PhD research focused on the personalisation of learning experiences within educational video games
and he is member of the Serious Games Society.

Christian Reuter is a PhD candidate at the Multimedia Communication Lab, TU Darmstadt. He is researching
authoring support for creating multiplayer (serious) games, including the use of appropriate game design pat-
terns based on player interactions, formal analysis to detect game design or implementation errors and rapid
prototyping support.

Dr. JoZe Rugelj is Associate Professor of Computer Science in Education at the University of Ljubljana and a
head of the Chair for compuer science didcatics at the Faculty of Education. His main research areas include
use of ICT in education, cognitive aspects of multimedia support for learning, serious games in education,
and innovative approaches to teaching computer science. He has actively participated in 7 European and 4
national projects on e-learning and serious games. He published the results of his research activites in 11
papers published in international scientific journals, 58 papers in conference proceedings and 13 chapters in

scientific monographies. His papers have been cited 41 times in Wos ans SCOPUS.

Jordi Torrent after obtaining a degree in Philosophy at the University of Barcelona, Mr. Torrent followed
graduate studies in Paris at the Sorbonne University (Film Esthetics) and at the Ecole Pratique des Hautes
Etudes (Anthropology Filmmaking). From 1985 to 1990 he was Media Curator at Exit Art, New York. He was
Media Educator Consultant for the Department of Education of New York City, where Mr. Torrent created
Media Literacy Education. From 2004-2008 he was co-director of “Overseas Conversations”, a series of inter-
national conferences focusing on youth, media and education. He co-edited, among other publications, the

book ”Mapplng Media Education Policies in the World”, published by Columbia University. Currently Mr. Torrent manages the
Media and Information Literacy initiatives at the United Nations Alliance of Civilizations (UNAOC).

2
| |

Dr Carlos Vaz de Carvalho has a PhD in Information Systems and Technology. He is a Professor at the Engi-
neering School of the Porto Polytechnic (ISEP) and the Director of the R&D group GILT - Graphics, Interaction
and Learning Technologies until 2014. He was e-Learning Director (2001-2005) of ISEP and Director of the
Distance Learning Unit of the Porto Polytechnic (1997-2000). He has published over 130 references on the
subject including several books. He coordinated nine European Projects on the use of technology and games

for learning.

Viktor Wendel is a PhD candidate at the Multimedia Communications Lab, Technische Universtitat Darm-
stadt. His research interests include Game Mastering and automatic adaptation of collaborative multiplayer
Serious Games based on player, learner, and interaction models and multiplayer Serious Game design. Fur-
ther, he is an editor of ACM SIGMM Records.
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Biographies of Presenting Authors

Azita lliya Abdul Jabbar Prior to pursuing her PhD at Waterford Institute of Technology (WIT), Ireland, she was involved in
eLearning project management and courseware design. Her interest in information and instructional design has led her to re-
search and learn more about methods of teaching and learning, specifically in game-based learning.

Dr. Anna-Sofia Alklind Taylor studies the roles of instructors and how they can be facilitated within instructor-led game-based
training environments. A core argument within her research is that serious games, as artefacts used for learning and training,
cannot fully replace the instructors’ tasks, but must rather be designed to facilitate the various activities of the instructors

Ana Cristina Almeida, Assistant Professor at the Faculty of Psychology and Educational Sciences, University of Coimbra (Portu-
gal). Ana has had her PhD since 2004 in Educational Psychology (Cognition as Problem Solving). Research interests on promoting
learning and development. Have some published and disseminated work. Coordinates a research and intervention platform
based on games: Active Learning Community Project (CAAtivas).

Nafisa Awwal specialises in the design, development and implementation of web-based educational assessments, reporting and
other forms of data collection tools. She is involved indeveloping system architecture for traditional and innovative, individual
and collaborative assessments for students in multiple languages. Her research also includes data management, analysis, and
item writing.

Sanna-Mari Ayrdamo is a PhD candidate in the Department of Art and Culture Studies, University of Jyvaskyla, Finland. Her main
research interests concern narrative learning game design and the multidisciplinary field of narrative theories. In her current
research, she focuses on the question of how to utilize narrative to support learning in computer games.

Tyler Baron is a full time PhD student at Arizona State University in Arizona in the United States. He has just completed his first
year in the Simulation, Modeling and Cognitive Science PhD program there. His research interests are game based learning , se-
rious games and simulations.

Dr. Bob Barrett is a full professor for the School of Business at the American Public University in Charles Town, West Virginia,
USA. He lectures both nationally and internationally on the topics of Intellectual Capital, Human Capital, Knowledge Manage-
ment, HRD Forensics, and Human Resource Management, Disabilities in the Workplace, e-Portfolios, and e-Learning.

Dr Matthew Bates Matthew is a lecturer in multimedia applications and computer-assisted learning at Nottingham Trent Uni-
versity in the UK. His research interests include the positioning of games-based learning applications which encourage collabora-
tive learning through the construction of new materials.

Michael Bedek, MSc., graduated from the University of Graz in 2009 in psychology. Since then, he has been working at the
Knowledge Technologies Institute of the Graz University of Technology. Currently, he is working on his PhD thesis which is about
the application of Formal Concept Analysis for learner modelling and adaptive recommender systems.

Bjorn Berg Marklund’s research focuses on examining how the practical realities of formal educational settings change the way
games need to be designed and developed in order to be useful as educational tools. For games to have educational value in
formal educational settings, they need to be integrated into them, not superimposed on top of them.

Alexey Bezgodov, PhD, head of the Scientific Visualization Department at eScience Research Institute of ITMO University, Russia.
The main interests are computer games technology, computer graphics and scientific visualization.

Natasha Boskic teaches graduate courses in the Master’s of Educational Technology program. She obtained her PhD from the
University of British Columbia, Vancouver. Her research was on ethics in alternate reality games. She also manages the Educa-
tional Technology Support unit in the Faculty of Education at UBC. Her interests are in creating engaging learning spaces.

Liz Boyle is a reader in psychology at the University of the West of Scotland. Recently her main research interests have been in
learning and motivation in e-learning, digital games and social media where she has published journal and conference papers,
edited books and book chapters. She is currently project coordinator of the Erasmus + YOUTHYES project.

Cyril Brom is an assistant professor at Faculty of Mathematics and Physics of Charles University in Prague. His research interest

is in serious games, modelling behaviour and episodic memory of virtual human-like characters, in level of detail Al, and in com-
putational biology.
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Sophie Callies is a PhD student in cognitive computer sciences at University of Québec at Montréal (UQAM), Canada. Her thesis
is in the field of serious games and their design. Her research interests are serious games, video games, game design, educa-
tional design, gamification, and cognitive sciences.

Tracey Cassells graduated from IT Carlow with a B.Sc(Hons) in Computer Games Development and is currently enrolled as a
Masters student. Her research interests are in gamification and the effect of game elements on student engagement.

Fabio Chiarello is a Physicist/researcher, IFN-CNR Rome (Institute for Photonics and Nanotechnologies of Italian National Re-
search Council). Scientific interests: superconducting devices and detectors, quantum computing and macroscopic quantum
phenomena, terahertz technologies, micro and nano-systems. Expertise: devices design, ultra low noise and low temperature
electric measurements, simulations and modeling, data analysis. Active in scientific dissemination with conferences, develop-
ment of didactic board-games and exhibitions/laboratories for science festivals, author of a book (Italian) on Quantum Mechan-
ics and Quantum Computing for general public.

Ming-Hung Chu is a master student in the Institute of Creative Industries Design at National Cheng Kung University. He is an ex-
perienced teacher in industrial high school for 28 years. His expertise is in engineering graphics, computer 3-D modeling, crea-
tive design, new he design a serious game help students to master the orthographic projection learning.

Constantos Elias holds a Diploma in Electrical and Electronic Engineering from NTUA, Athens. Over 25 years experience in top
Greek Information Technology companies, accustomed in multicultural / multinational environments, managing both commer-
cial and research projects. Is recently involved in Business Process Management projects and development / deployment of cus-
tom gamification projects for international clients.

Larry J. Crockett is Profess of Computer Science at Augsburg College, Minneapolis, MN, USA. He took his Ph.D. from the Univer-
sity of Minnesota and has published three books, including Universal Assembly Language and The Turing Test and the Frame
Problem. He directed the Honors Program for 16 years. Currently he teaches "Game Programming on the Web" as a senior ex-
perimental course.

Helga Dis IsfoldSigurdardottir received B.A. in social Anthropology, M.A. in Educational Program Evaluation from The University
of Iceland. Currently a PhD candidate/research fellow at Nord-Trgndelag University College in Steinkjer, Norway and The Nor-
wegian University of Science and Technology in Trondheim, her research focus is DGBL with a Science and Technology Studies
approach.

Viktor Dobrovolny is a student of New Media Studies atFaculty of Arts of Charles University in Prague. His main study interest-
sare serious games and structure and transfer of knowledge. He assists in research on learning effects of serious games since
2012.

Ronald Dyer Lecturer, Project Management with experience across financial service, education, agriculture and energy focused
organizational transformation initiatives. Worked on IT integration projects at Goldman Sachs, Citi-Bank and Inter-American De-
velopment Bank. Research includes individual/institutional performance utilizing technology innovation. Attended Grenoble
Ecole de Management, France, researching Serious Games for Technology, Innovation & Change towards Doctorate in Business
Administration. MBA in Project Management Henley Graduate School of Business University of Reading, UK;undergraduate de-
gree Wilfrid Laurier University, Canada in Business Administration.

Stine Ejsing-Duun is interested in the relation between technology, perception and cognition. Her ambition is to describe how
technologies allow us to transcend ourselves. Her research has been connected to games, play and playful processes in various
areas. Her present studies are within the fields of learning and art.

Dr Panagiotis Fotaris is a lecturer at University of East London and Programme Leader of the BSc (Hons) in Digital Media Design.
His research interests include gamification, learning analytics, and Technology Enhanced Learning. He is also a member of the
emotionUX usability lab team who explores user experiences from cognitive, emotional and affective perspectives.

Laura Freina is a research fellow at the Italian National Research Council where she is involved in the design and development of
solutions to support personal independence for people with mild intellectual disabilities. In the last months, she has developed a
Virtual Reality based Serious Game in support of the acquisition of basic spatial skills.

Regina Friess is Professor for Media Conception, since 2011, at the Digital Media Department of the University of Furtwangen,

Germany. Before she was Lecturer for interactive media at the University of Arts in Berlin. She worked as graphic designer, 3D-
modeler and as concept developer since 1993. Her academic interest focusses on interactive narration in audiovisual media.
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Toru Fujimoto is an assistant professor at the Center for Research and Development of Higher Education, The University of To-
kyo. He completed his graduate study at the Pennsylvania State University (Ph.D. in Instructional Systems). His research focus is
on the design of learning environments using digital games and social media.

Andrea Gauthier is a biomedical communicatorfrom Toronto,Canada. Her education includes a bachelor of applied arts in Scien-
tific Illustration and a Master of Science in Biomedical Communications. She is pursuing a PhD in medical sciences at the Univer-
sity of Toronto where she is investigating how the game design influences students’ understanding of molecular systems.

Valerie Priscilla Goby, PhD, is a Professor at the College of Business, Zayed University, Dubai, UAE. She has published widely in
business and education related areas, is on the editorial board of Journal of Business and Technical Communication, and Busi-
ness and Professional Communication Quarterly, and deputy editor of Learning and Teaching in Higher Education: Gulf Perspec-
tives.

Anthi Gousiou is a PhD candidate at the Department of Cultural Technology and Communication, University of the Aegean. She
holds a Bsc degree in Computer Science and a Msc in Computer Science from National and Kapodistrian University of Athens,
Greece. Her research interests include game-based learning, gamification, use of ICT in education. She works as a Computer Sci-
ence teacher in Secondary Education.

Jacob Habgood has a decade of experience working in the UK videogame industry and is now Senior Lecturer in Game Develop-
ment at Sheffield Hallam University where he teaches PlayStation 4 programming. His research interests focus on effectively
harnessing the motivational power of games for learning, as well as the affective motivational components of digital games
themselves.

Paul Hollins is Director of the institute of Educational Cybernetics at the University of Bolton. Paul has been undertaking re-
search into digital games and Learning for over a decade and has published extensively in the domain . Prior to returning to aca-
demia Paul worked for an International games Publisher responsible for licensing.

Ellen Houmgller is a master of Art in Modern Culture, Copenhagen Universityand Master in Lifelong learning and Adult Educa-
tion. Aarhus University. Lecturer, Lillebaelt Academy for Professional Higher Education, department of It and Media, Odense,
Denmark. | have special focus on e-learning and lifelong learning. | have done several courses in various subjects within strategic
communication and management.

Robyn Hromek works as an educational psychologist in Sydney schools Australia and is an Honorary Associate of The University
of Sydney. She has a Masters Degree in Educational Psychology. Robyn has developed a series of psycho-educational
boardgames to teach social and emotional skills to young people and is currently writing therapeutic comics.

Dr. Hans Hummel is associate professor at the Welten institute of the Open University of the Netherlands (OUNL). Hans held the
Chair on “Workplace learning and ICT” (2009-2014) at NHL University of Applied Science, lead the EMERGO project developing
an approach and toolkit for serious games (Comenius Award, 2008), and acted as (co) author of 100+ refereed articles.

Sharon Hu has a longstanding interest in developing best practices for the hybrid learning environment and the use of multime-
dia in teaching and learning. Some projects Sharon has worked on include the use of collaborative annotation in online lecture
videos, the development of a MOOC, and the inclusion of gamification to motivate and engage students

Jennifer Jenson is Professor of Pedagogy and Technology in the Faculty of Education and Director of the Institute for Research
on Learning Technologies at York University, Canada. She has published widely on education, technology, gender, design and
development of digital games, and technology policies and policy practices in K-12 schooling.

Bjarki bor Jonsson got his Masters in Digital Games: Theory and Design from Brunel University, London. He has been developing
new video game related courses in The Comprehensive College/Comprehensive Secondary School at Armdli and The Trollaskagi
Upper-Secondary School where he currently is a teacher. Bjarki was a jury member for the Nordic Game Awards in 2014 and
2015.

Ronit Kampf, Ph.D., is a lecturer in the Department of Communication and the Program in Research of Child and Youth Culture
at Tel-AvivUniversity. Her research interests focus on serious games and learning, particularly in the context of the Israeli-
Palestinian conflict. She is a member of the Games for Peace initiative.

Aous Karoui is a PhD student at the University of Maine since October 2014. He received his master in “studying complex sys-
tems: natural and artificial cognition” from EcolePratique des Hautes Etudesin Parisin June 2014. His research interests are re-
lated to mobile technology, serious games and Human Machine Interaction.
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Wijnand Kieft is teacher at a secondary vocational training centre with 5000 students. As coordinator at the Foundation for
Practice-based Learning (SPL) in Amersfoort he is responsible for the developing of career building programs, programs for busi-
ness skills and higher education preparation. His master thesis dealt with the use of the serious game Future = Now.

Andreas Lieberoth is an appliedgame psychology researcherat the Interacting Minds Centre, Aarhus University, and an associat-
ed researcher and game designer at the Centre for Community Driven Research (CODER). His Ph.D. was in cognitive and educa-
tional psychology. He has (co-)designed several games, both digital and analogue. His academic work centers on the social and
cognitive psychology of gaming, especially in the context of player psychometrics, game based learning, citizen cyberscience and
experimental studies of gamification.

Jordi Linares-Pellicer has a PhD in Computer Graphics. And is a lecturer and researcher at Universitat Politécnica de Valéncia in
Spain. Currently leader of VertexLit research group focused on interactive technologies, games, serious games, virtual and aug-
mented reality.

Gerrit Lochmann, has a master’s degree in computer science and is working as a computer scientist at the Institute for Compu-
tational Visualistics of the University of Koblenz, Germany. His research interests cover the field of interaction within virtual en-
vironments as well as optimization methods for real time computer graphics.

Heide Lukosch is an Assistant Professor, Delft University of Technology, part of Multi-Actor Systems Department. Research fo-
cused on analyzing how organizations and their members, understood as interacting systems in a modern, complex society, use
different media like games, simulations and virtual environmentsto enhance awareness/communication processes. PhD from
Fernuniversitat Hagen, Germany (study in media sociology). Interested in link between social/technical perspective on complex
systems.

Rikke Magnussen is an associate professor at ResearchlLab: ICT and Design for Learning, Department of Communication, Aalborg
University. Her main research interest is how intelligent or game-based technology can open for new types of collaborative sci-
ence practice and innovation processes to change science education in school and science learning in in-formal settings outside
school.

Emanuela Marchetti PhD Student in Learning and Interaction Design, Aalborg University . Lecturer, Lillebaelt Academy for Pro-
fessional Higher Education, department of It and Media, Odense, Denmark. | have a master degree in It Product Design from the
University of Southern Denmark with specialization in user centred design and design anthropology. My PhD is about e-learning
in the museum to support the practice of guided tours targeted at primary school pupils. | am also working on parallel projects
on e-learning and user centred design methods.

Maria Margoudi is a Pedagogue, specialized in Digital Technologies in Education. She has a Master on Digital Technologies in
Education from the National University of Athens (NUOA) and a Bachelor on Philosophy, Pedagogy and Phycology from the same
institution. Currently she is a Scientific Assistant at Federal Polytechnic Institution of Lausanne (EPFL), Switzerland.

Giada Marinensi is researcherat Link Campus University, Department of Digital Administration and Social Innovation Cen-
tre(DASIC), and shecoordinates the research team specialized in Education and Hybridlearning. Herfields of scientificinterest are
new technologies and methods in teaching/learning processsuchasserious games, mobile learning and interactive storytelling.

Bertrand Marne received his PhD in Computer Science in 2014 from UPMC University in Paris. He is a teaching and research as-
sistant at UPMC and a member of LIP6 Laboratory. His research focuses on methodological and software tools for meta-design
in order to increase acceptability of serious games for teachers

Jean-Charles Marty is a associate professor-LIRIS laboratory (Lyon, France). Leading SICAL (Situated Interaction, Collaboration,
Adaptation and Learning) research team. Interests are observation of collaborative activities, through traces of these activities.
Results are applied to Technology Enhanced Learning, particularly to Game-Based Learning Environments. Several projects in
this field (Learning Adventure, Learning Games Factory, Serious Lab for Innovation, Pegase, Jen.lab, Janus). Organized Interna-
tional School on Game-Based Learning-France-2011 (gbl2011.univ-savoie.fr) and member of several conference committees or
editorial boards of journals in this field.

Morten Misfeldt PhD is Professor and Research manager for the ICT and Designs for Learning group at the Department for
Learning and Philosophy, Aalborg University in Copenhagen. He works with ICT and learning in mathematics education at several
levels. He also works with the design and use of educational games.

Tomas Moesgaard is currently a master student at Aalborg University Copenhagen, studying medialogy. He used the last two
semesters of the bachelor program as well as one on the masters, so far, to explore virtual reality and its application possibilities
for learning. Most of the work has been based around museum installations.

XVi



Gillian Morrison is a PhD candidate at Swinburne University, Melbourne, Australiawith a BSc from the Australian National Uni-
versity and a Masters in Creative Media from RMIT University. She has worked in digital production for over 15 years and cur-
rently serves as Board Chair for the Australian Network of Art and Technology.

Peter Murar works as a special assistant at the University of Ss. Cyril and Methodius in Trnava. He is focused on digital marketing
and in particular on content marketing and social media. Due to a variety of different circumstances, he has also turned his at-
tention on user experience which he had engaged earlier.

Sofia Mysirlaki is a PhD candidate in the Department of Digital Systems of University of Piraeus (Greece), in the research Area of
Technology-Enhanced Learning. She holds a Master of Science (Msc) in E-learning. Her research interests include Multi User Vir-
tual Environments (MUVEs) and Game Based Learning (GBL).

Dr Nitin Naik is a senior lecturer at DSCIS, Ministry of Defence, UK. He received the Ph.D. degree in Computer Science from
Aberystwyth University, UK. He also holds several academic qualifications: M.Tech., M.Sc., MBA, MSW, PGCTHE, B.Sc., Polytech-
nic (Electrical Engineering). His research focuses on game-based learning, systems security, artificial intelligence, and big data.
He has been awarded with an accolade of Senior Fellowship by HEA, UK.

Hugo Nordseth is associate professor in computer science at Nord-Trgndelag University College, Norway. He teach courses in
Game Design, ICT management and ICT for teachers including Game Based Learning. His research domain is use of technology in
teaching and education with emphasis on e-learning and use of video and digital games in schools.

Benedict O’Donnell studied astronomy at University College London and received a PhD in materials science from the Ecole
Polytechnique in France. He has since worked with the electricity supplier EDF and the International Energy Agency, and has
since founded an energy consultancy called Heliocentric Solutions that coordinates a the Prometeruse project — which teaches
school children about climate change.

Joseph Osunde is a PhD student with the eLearning team at the University of Greenwich, London, United Kingdom. His areas of
academic interest include elLearning systems, Human Computer Interface (HCI) modelling and representation, Artificial Intelli-
gent (Al) systems in relation to ‘computer -based learning systems’ and human factors such as gender.

Kristine @ygardslia is a PhD Candidate at the Norwegian University of Science and Technology (NTNU), Department of Educa-
tion. Her background is from studying and designing serious games, and she is currently working on her PhD research project
about the learning outcomes when elementary school students design their own computer games in the classroom.

Taima Pérez Degree in Graphic Design and European Master in Media Engineering for Education EUROMIM . Professional ex-
perience in graphic design,print publications and digital environments.. Conducted research projects at University of Poitiers
(France),Universidade Técnica de Lisboa UTL (Portugal) and Universidad Nacional de Educaciéon a Distancia UNED, Madrid
(Spain). Interned in de-learning department SCAD Savannah College of Art and Design, USAand Institut Frangais de I'éducation .
PHD student in Educational Sciences at ENS Lyon.

Trygve Plghn is a Research Scientist and a PhD Candidate at the Nord-Trgndelag University College (HiNT) and the Norwegian
University of Science and Technology (NTNU). His research and professional interest are within Pervasive Games, Serious Games
and Game Based Learning.

Waranya Poonnawat is a PhD student in the collaboration program between the University of the West of Scotland and Stuttgart
Media University. Her research deals with a framework of using Business Intelligence on top of Business Simulation Games.
Now, she bases in Germany to work on her research and give some lectures about Business Intelligence.

Liesa Reitz, is a Master of Education student of English and Ethics at the University of Koblenz, Germany. Her research interests
cover game-based and task-based language learning via Virtual Reality, intercultural communication training, cultural studies
and the construction of gender in modern media and their implementation in the language

Saganenko-Galina-My main research interests are empirical methodology, methods in Sociology, development with colleagues
the new reflexive technology based on open-ended questions and special computer program. For long time | have examined
contents and formats of current teaching, its low effectiveness. | have developed new educational principles, applied techniques
and educational games to transform education into enjoyable and effective activity.

Munir Salman is a PhD student interested in distributed research data management and social networking APIs. He holds Bache-

lor’s and Master’s degrees in Computer Science. He heads the IT department of the Munich Center for the Economics of Aging at
Max-Planck-Institute for social law and social policy. Munir lives with his family in Munich, Germany.

XVii



Eric Sanchez is an assistant professor at the ENS delyon, head of EducTice, aresearc hteam of the French Institute of Education
and adjunct professor at the University of Sherbrooke (Canada). His research focuses on the uses of games for educational
purposes. He is interested on behavioral and epistemic modellingand game design.

Guido Schmidt, is a master student of computer science with focus on graphics programming and image processing. He works as
a research assistant at the Workgroup of computer graphics at the Institue of Computational Visualistics of the University of
Koblenz.

Henrik Schgnau-Fog Assistant Professor, department of Architecture, Design and Media Technology, Aalborg University, Co-
penhagen and co-director of The Center of Applied Game Research. Research interests are game design and -development,
game enhanced learning models and games for learning, motivational factors and engagement in digital games and interactive
media, interactive storytelling, emergent narratives and purposive games. Teaches and supervises projects in fields of games,
animation and media technologies.

Dr lan Stewart is Lecturer in Commercial Management of Projects, Programme Manager of the MSc in Management of Projects
at the School of MACE, University of Manchester and a Fellow of the Higher Education Academy. He has extensive interdiscipli-
nary experience, contextualising business and management education for engineering, projectised and high technology envi-
ronments. lan has special interest in use of simulations in teaching practice-oriented subjects in very large class sizes of mostly
international students, especially the lecturer’s experience of these situations

Annalisa Terracina In 1998 graduated in astrophysics. From 1999 to 2012. Sshe worked as software engineer in different ICT
companies. In 2012 | resigned to accept a tenure as professor of physics in secondary high school. From November she is doing a
PhD on game based learning.

Georgios A. Triantafyllidis is an Assistant Professor in the Department of Medialogy at Aalborg University Copenhagen (Den-
mark). His current research interests are: image/video processing/analysis, intelligent systems and 2D/3D computer vision. )

Dr Anisa Vahed is senior lecturer at Durban University of Technology, who is currently advancing her research skills through the
Strengthening Health Care Systems project.Her other research interests include metallographic structure of newly developed
dental materials, and theteaching and learning through discipline-specific games to enable students’ access to, and acquisition
of, knowledge.

Rajiv Vaid Basaiawmoit from the Aarhus University Centre for Entrepreneurship and Innovation works with student led innova-
tion and entrepreneurship while also engaging in university-industry interactions. He combines a rather interdisciplinary back-
ground with a PhD in Biophysics, a Masters in Biotechnology and an MBA in sustainability. He also works with gamification, en-
trepreneurship education and open innovation concepts

Andrea Valente has a PhD in Computer Science. Associate Professor, The Maersk Mc-Kinney Moller Institute, University of
Southern Denmark. | have a Computer Science master degree with specialization in computer graphics and formal methods. My
PhD at Torino University (Italy) was about formal languages and type systems. Currently | work on e-learning and knowledge
management at the University of Southern Denmark (SDU).

Stephanie van Hove holds a Bachelor degree in Communication Management and a Master degree in Communication Sciences
(New Media & Society, Ghent University, 2014). Her Master thesis focused on mobile dependency using both quantitative and
qualitative data. Currently she is working on EduTab, which addresses the implementation of tablet apps in an educational con-
text.

Herre van Oostendorp is Associate Professor Human-Media Interaction at the Department of Information and Computing Sci-
ences, Utrecht University. He is working on the area of cognitive learning principles in serious games and developing a computa-
tional cognitive model of web-navigation.

Ellen Vanderhoven is a senior researcher at the Media and ICT research group of iMinds, Ghent University. In 2014, she finished
her Ph.d.in Educational Sciencesat the department of Education at Ghent University. Ellen specializes in research about educa-
tional design, concerning both education about technology (media literacy) and technology for education (educational technolo-

gy)-
Iro Voulgari, PhD, is a member of the teaching personnel of the Faculty of Early Childhood Education at the University of Athens,

and a researcher at the Department of Educational Sciences and Early Childhood Education at the University of Patras. Her aca-
demic interests involve game-based learning, and the social aspects of multi-player games.

Xviii



Charlotte LeerkeWeitze is a PhD-fellow, IT-Learning-Design-lab,Department of Learning and Philosophy, Aalborg University, Co-
penhagen. She is interested in design of learning games and in the development and measurement of students’ and teachers’
motivation and engagement in learning situations.

Thomas Wernbacher works at Danube University in Krems, Austria and as a freelance media psychologist. After finishing his
Master of Science in Media Psychology at the Karl-Franzens-University Graz, he studied Applied Game Studies at the Danube
University Krems. Currently his field of expertise covers gamification, game design &usability.

Thomas Westin’s research interest concerns inclusion in digital culture. More specifically, he has done research about how to
transform education for excluded pupils who also are gamers, and how to make games accessible for gamers with impairments.
He is teaching game development and has contributed to award winning game accessibility guidelines and accessibility in games.

Jason Wong is Senior Lecturer at KDU University College, Malaysia. He received a B.S degree in Information System Engineering
from Campbell University and M.S.C in Computer Game Technology from Liverpool John Moores University, UK. He has been
teaching game programming related subject for over 10 years and actively involve in game related research projects. His current
research involves using computer game as learning tool for learning object-oriented programming in tertiary level.

David Wortley is the author of “Gadgets to God”, a historical perspective of mankind’s changing relationship with technology

over the last 60 years and a vision of the future impact of disruptive communications technologies on business and society. He is
CEO and Founder of GAETSS (www.gaetss.com),

Xix






Serious Game Framework Focusing on Industrial Training:
Application to Steel Industry

Hamza Abed?, Philippe Pernelle?, Thibault Carron?, Chokri Benamar3, Marwene Kechiche*
and Patrick Baert*

1LIP6, UPMC, Paris, France

2DISP, University of Lyon 1, Villeurbanne, France
3REGIM, ENI, Sfax, Tunisie

4ENISE, Saint-etienne, France
hamza.abed@etu.upmc.fr
philippe.pernelle@univ-lyon1.fr
thibault.carron@lip6.fr

chokri.benamar@enis.rnu.tn
marwene.kechiche@enise.fr

patrick.baert@enise.fr

Abstract: Serious games are growing more and more in the context of lifelong training and initial education. They cover
several areas (human science, engineering science, life science, ...) that are used for industrial or academic purposes.
However, some fields induce specific issues. Thus, in the industrial area, the constraints inherent to the activity impact the
development of a scenario and implementation of a serious gaming environment. Indeed, the objective of the industry
training must both lead to the acquisition of knowledge and the transfer of skills. Moreover, the actual validation of these
skills is paramount especially if their uses are located on an industrial site, where there are often risks associated with the
security of persons and equipment. In many industries, some regulatory constraints impose an obligation of means for the
training of staff. In the sector of production, the proliferation of interim requires inevitably targeted training. Finally, it should
be noted that even for permanent staff, alternation and fragmentation of training periods seriously complicate the deep
learning task. Finally, we can wonder if the serious game can bring relevant answers to specific problems of training in an
industrial context? This article offers some answers to this question. Thus, in this work, we propose a serious game scripting
framework adapted to the industrial context. This scripting framework is structured around two approaches: the first defines
a global framework for scheduling a fun or playful scenario. Moreover, this framework allows to take into account the phases
of availability of learners while maintaining motivation. The second approach defines an immersive framework for validating
acquired and security compliance that is based on two complementary purposes: Use of alternate observation activities
(games / real) and an immersive simulation (Virtual Reality) for security. In partnership with a company in the steel industry,
we have developed a prototype of serious game in order to implement this scripting framework. The prototype is based on
a generic game platform, on a tablet with use of RFID tag, and with an immersive virtual reality Head-Mounted-Display (HMD
type Oculus®). In this article we will present the actions realized in the context of a professional activity related to the
manipulation of a bridge crane.

Keywords: serious games, formatting, virtual reality, interaction

1. Introduction

Continuous training methods are different from methods used in initial training. However, many pedagogical
innovations are used in both contexts. Serious games are a good example of a new pedagogical approach that
we find in initial training as well as in enterprises. Their principal objective is to increase the attention of learners
using playful workings (Alvarez & Djaouti, 2010).

Therefore, even in professional training context, motivation remains a real engine for learning (Sauvé et al.,
2007). The game enhances learning through personal engagement and emotions that it generates : “motivation
creates favourable conditions for learning having positive impact on cognitive learning, emotional and
psychomotor (...), the game motivates learner, structures and consolidates knowledge, it favours problems
solving and influences behaviour”

For many, the training context in enterprises induces new constraints and supplementary difficulties. Those
difficulties that we will specify in the next paragraph can be offset by an adapted approach of a serious game
construction. Therefore, the proposed approach in this article is mainly based on immersive effects of 3D serious
games in order to be able to avoid or to overcome the associated constraints or difficulties.
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2. Serious games and training in enterprise

Continuous training of staff throughout their professional activities is an important issue for enterprises due to
many reasons. First of all, trained workers can thus adapt themselves easily and increase their polyvalence within
the company. It is also one of many factors that allows them to improve their employability. However, in
industrial companies, technologies evolution (processes, products, production machines) requires the
implementation of adapted trainings for all of concerned personal.

Our work is concentrated in industrial sector. In this context, we can identify specific issues.

= Availability: Trainings must be performed within work hours, but the staff availability is often constrained
by production needs or by company activities. In this case, the lack of availability implies splitting training
sessions.

= Heterogeneity: In industrial context, learners in the context of companies have usually different levels and
initial trainings. This generates a strong heterogeneity.

= Validation of know-how: The training in the industrial environment can be truthfully linked to the direct or
indirect know-how (use of a special production machine). The use of specialized equipments requires
effective validation of expertise. Besides in certain industrial activities, the use of specific equipments can
be subject to regulatory constraints.

= Security: Some industrial equipment may be dangerous. It is necessary to take into account safety
precautions or teach specific security guidelines.

In this article, we propose a “Game centric” approach that can take into account those different problematic
issues. Serious games are software applications that use playful assets such as competition, rewards or simply
curiosity to catalyze the learners' attention and facilitate their learning (Dondlinger, 2007). So they are often
used to increase the motivation of learning sessions in education (Kelle, 2011). The same approach is used in
companies to offer lifelong training for employees.

Among the many serious games developed in recent years we can for example mention, Laboratorium of
Epidemiology (Ney, 2010), used to train students in medical fields and to enable them to find solutions to avoid
the spread of nosocomial infections in hospitals, Prog&Play (Muratet, 2012), used to teach the basics of
computer programming and many other serious games (Michaud, 2008), designed to teach business skills in
many fields such as financial transaction mechanisms, handling and use of complex machines, industrial
productivity, data security ...

3. Approach for serious games in the industrial environments

In this paper, we propose a specific approach to build up games allowing to solve the previously mentioned
problems. The following table (Table 1) shows the potential improvements of a serious game considering the
industrial constraints.

Table 1: benefits of a serious game in an industrial context

Identified constraints serious games benefits

the personnel’s availability
maintain the motivational aspect despite of the length of
the traineeship

sectioning and partitioning the learning

process
heterogeneity among students able to create alternatives or specific quests in a playful
scenario
knowledge validation immersion and simulator integration

Moreover, an important element to consider while creating a serious game scenario is the respect of the balance
established between playful and serious/learning aspects. Several debates are held in the community at this
level (Ritterfeld, 2009), certain authors emphasized the playful aspects for motivational reasons (Prensky, 2001),
others promote educational aspects by slightly “gameful" and generally significant (Michael, 2006). In the
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industrial context, this balance is particularly important for the serious game acceptance when key issues are
concerned. Overall, the proposed constructional approach is based on:

= Defining the sessions granularity

= Using immersive aspects

3.1 Game sequencing and granularity

In the different experiments that we already carried out, the game time was based on deadlines set by teachers
(Pernelle et al 2012). In the context of enterprise training, time is basically defined as a critical resource because
of the restricted availability of staff on a long duration. Therefore, we did define a module representing the
minimal game granularity as an indivisible sequence of play with the following properties:

= duration is predetermined and should be known in advance

= a module must allow to acquire a measurable or evaluable skill or know-how or it must validate a skill or
know-how

For example, in the industrial experiment that we present at the end of this article, the game granularity is fixed
to period of 30 minutes which was acceptable for the company.

3.2 Validation context of acquired knowledge

The urgent need of assets’ validation represents a key point in the industrial context. In fact, the skills and
expertise can be submitted to either regulatory or security constraints (Environment hazardous, heavy
equipment, special machine, ...). Knowledge validation is performed by explicit evaluation mechanism (quizzes,
MCQ, ...) that are generally and essentially theoretical. Nevertheless, as part of this paper, we also propose an
extremely immersive context of serious game enabling implicit assessment following two methods:

=  Avalidation based on uses and traces
= Avalidation based on simulation

The assessment based on uses and traces permits to isolate the player’s actions or interactions that are able to
intervene appropriately as practical factor to induce knowledge acquirement. The system implemented uses all
significant traces: game traces (interactions, movement, etc.) and business activity traces (thanks to traced
business information systems). The aim of these traces is to improve the user monitoring for individual actions
but also and especially during interactions and business activity (Marty et al 2012).

Moreover, in industrial context, it is important to be as close as possible to reality therefore we focused on
simulation. The simulation allows representing the real behaviour of a process or equipment. In our context of
serious games, they are able to simulate as faithfully as possible, the behaviour of industrial equipment. To do
this, we should associate serious game with massive immersion to improve the results.

For immersion and interaction we have to appeal to virtual reality (VR). VR has been defined by the concept of
dimension I® (Interaction-Immersion-Imagination) (Burdea et al 1993). VR requires some human-machine
interaction between interactive virtual environments systems and users. We can use different type of sensory-
motors to interact with virtual environments (VE). Basically, we have used the visual rendering and 3D displays
system to submerge operators in the virtual world. It provides the ability to view a virtual environment and
interact with it in real time. VR has used typically in design and manufacturing (Brey 2008).

The most important role of virtual reality in serious game is the engagement of player’s mind via sensory
simulation (Jeffries 2005) (Galarneau 2007). With virtual reality techniques, we can provide methods for
increasing the presence of player in the virtual environment. This presence allows the player to better be aware
of his environment and to project their natural interactions. Most applications of virtual reality rely on two
indispensable pillars: 3D visualization that allows the operator to immerse into the scene and interactions that
are generally used to give players a feeling of presence in the virtual environment by manipulating virtual
objects. So if we have the notion of presence and interaction inside the virtual world, we can develop simulations
based on a visual, interactive feedback.
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4. Application context to industrial enterprises

4.1 Context and scenario

The context of our application is as part of steel enterprises. It is essential for this company to form the
permanent and temporary staff for handling steel plates with a bridge crane. Initially, such training consisted in
one presentation session, followed by an observation session of 10 days.

As part of the implementation of our serious games, we re-organized the training into 20 sessions of 30 minute.
Each sequence is built on the principles set out in subsection 3.1. The following figure (Fig.1) shows the four
blocks (localisation, resources and scenarization) of a session.

"
e S Lt
rp— soglemnsizn ot -
i e quam s
warpenai
e
- v
Alaiey 11
l aliasgn 3 de at
tan vime azzmncs
Flager i plassd
ytegorey
L e
et
[u B3 =
— Voo Frke
A
Bhils - Raieagin + 542w apan
] Ky B

Stages of Serious Game

Figure 1: Extract of playful scenario

The serious game is built on the Learning Adventure environment which is described in the following paragraph.
This serious game is a 3D game MMORPG type. Besides the construction process of sequences, we add some
very immersive activities through virtual reality (paragraph 3.2) (Fig.10). Finally, the player will use a 3D game
environment and a virtual reality environment.

4.2 Game environment

Learning Adventure (L.A.) is a generic Serious Game environment based on a role-play approach (Baptista et al
2008). The players, represented by their own avatars, can move through the environment, performing a
sequence of sub activities in order to acquire knowledge. This environment is generic in the sense that the
teacher can adapt the environment before the session by setting pre-requisites between sub activities and by
providing different resources (documents, videos, quizzes) linked to the course. The Non-Playable Characters
(NPCs) give objectives and we have modeled an industrial site from the actual architectural plans in order to
ensure the players’ immersion, especially for the employees of the company. The following figure (Figure 2)
shows the L.A. interface composed of a menu, a mini-map indicating the objectives and indicators.

The following figure (Figure 3) illustrates the recovery mechanism for the pedagogical resources (document,
video, test): the objects are stored in the player's “bag” so it can be accessed at any time.

The following figure (Figure 4) shows the player in the hydraulic press in front of the modeled bridge crane just
before accessing to the virtual reality part.
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Figure 4: The player in the hydraulic press building

4.3 lllustration with the modelling and use of a virtual environment

The virtual environment is an artificial environment that exists only in the numerical model and can present a
real or imaginary environment or a mixed version between the two. Users (real), represented by their avatars
(user selected his own virtual appearance) can interact with the virtual environment according to well-defined
laws.
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4.3.1 Modelling and visualisation

Before modelling, a tour of the factory was carried out for taking dimensions of objects and to understand the
culture of the profession of a bridge operator and straighten of sheets. We took photos and videos that serve as
reference for modelling the scene.

First, we identify the main parts of the mechanisms that exist in the plant. We noted that there were three main
parts: the press machine, the bridge (for transport) and the hall of the plant.

Second, the objects that belong to the same equivalence class were modelled in a single model. It avoids making
assembly of the parts that are not important in the 3D software (CATIA®). Furthermore, the standard elements
including screws, nuts or seals are not modelled because their size is negligible compared to the other elements.
After finishing to model parts in CATIA, we assemble them using the link graph. So we have a part tree that
shows the main parts with its subparts. This tree must be strictly kept because it is important for the next step:
make the relevant animations in the game engine.

Figure 5: 3D modelling of the hydraulic press

Figure 6: 3D modelling of the bridge crane

4.3.2 Data transfer and model integration in game engine

The data transfer problem between the computer-assisted design software and the game engine (Unity) is a
known problem. Several approaches are available and diagrams are defined to convert data without any loss of
information but concretely, this loss is always present and approaches are specific to the context of a definite
use.

In our context of use, the virtual environment is modeled with CATIA (CAD type modeling software). Then a
conversion to the FBX format is needed for use in Unity. The goal is to move from CAD to Unity without data loss
and effectively without faces duplication problems and finally without loss of materials. We tried several
combinations and we set an optimal path for these types of conversions as shown in the figure 7.
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Figure 7: Optimal chain for 3D data conversion.

4.3.3 Interaction with virtual environments

The 3D visualization device will be a HMD type Oculus Rift. On a recent computer with 1080p resolution, we can
have a display stream with a respectable frame rate (> 30 frames/s). For more complex scenes with a lot of
interactions, we can possibly reduce the rate of frames per second. On such device and thanks to a gyroscope,
we can detect the orientation of the head. With head orientation, we can perform a head tracking in real time.
It is thus possible to obtain a 360° vision of the scene.

Figure 8: Using a 3D visualization device (Oculus Rift)

For operator tracking, we use the Kinect® motion-type V2 sensor, which allows to track the operator in an area
of half a circle of 3 meters radius. This sensor detects the person in front of the Kinect and makes a
skeletonization of the individual, identifies the set of transformations and movements produced by the latter
and projects them into the virtual environment. With Kinect, we track the entire body except the head, which is
tracked by the gyroscope of the oculus. In our case, the Kinect V2 can provide an acceptable level of accuracy
on movements tracking but it revealed sometimes unstable concerning small movements and occasionally the
hands were jumping in all directions... Luckily, in our context, the accuracy is not crucial. Our goal was to
strengthen the physical presence of the operator in the virtual environment and thus to provide a way to achieve
know-how exercises with the most effective manner in terms of skills transfer.
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Figure 9: Using a Kinect to detect gestures for commanding lifting devices

The aim of the game is to give the employees another kind of formation technics. This approach does not require
direct interaction with virtual elements. However tangible interfaces were created. Tangible interfaces are
represented by the control box to manipulate the deck and the press dashboard. The expected interaction is
simply based on the laws of normal physics. We categorize the needed interactions in two categories:

= Static interactions between virtual elements
= Dynamic Interactions between virtual elements or avatars (NPC).

For static interactions, we do not define constraints or physical laws. This type of interaction is the simplest.
These interactions are typically used in remote parts of the stage where we have a visual feedback without
having to visit these places.

Dynamic interactions are more complex: For instance, interactions between the sheet and the bridge are based
on the basic principles of physics (rigid-body for the steel sheets and the bridge). The bridge must carry the sheet
from position A to another position B. This operation and its movements during the bridge is submitted under
the pseudo-physical effect when we increase the effect of “pseudo-balan” (balance effect). Using physics allows
us both to optimize the program and maintain an acceptable frame per second (FPS) rate and secondly to
exaggerate and/or control this phenomenon for learning purposes. The second kind of interaction is the
interaction between two sheets. Interactions between sheets are not very important in this game because the
operator will carry and move a single sheet and shall put it on the press or in the oven or on another sheet. For
the moment, we chose to automatically activate the appearance of shims for storage sheets but another learning
session will be dedicated to this expertise (the aim is to correct the possible binding of a sheet thanks to a good
choice and placement of shims).
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Figure 10: playful scenario with game steps and virtual reality steps
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5. Conclusion

In this article, we showed the interest of serious games in the field of professional training to tackle specific
issues: availibility, safety, know-how assessment and heterogeneity. They maintain the same motivation even if
the training is fragmented due to the unavailability of staff. Moreover, it is very useful for some dangerous
phases to simulate a process or an equipment (here a 2t hydraulic press and a bridge crane for massive steel
sheets). To achieve this goal, we used innovative virtual reality technologies integrated into a serious gaming
environment to be able to evaluate know-how with simulation aspect. Virtual reality can be used to increase the
level of immersion, the notion of presence in the virtual environment and isolates/protects the operator. We
add some sway effect to attract the attention of players and to validate his expertisewith also use tangible
interfaces (Bridge Control levers we could spend handling skills).

We also show that the tracking is very important first, to increase the level of presence and the interactions level
and second, to be able to assess the learning progression.

However, we observe sometimes some difficulties concerning the effective tracking: if the tracking is not stable
it is preferable to remove it from the scene and to replace it with a simple navigation methods (buttons mouse
and keyboard...). As a matter of fact, if the tracking is not stable, it may return contradictories information that
can disrupt the field of vision and may reduce the immersion level and the quality of learning.

Among the current perpectives, it is possible to improve two aspects: the first concerns the immersion by adding
a multi-dimensional sound environment. the second concerns the integration Game/Virtual Reality which could
be reinforced in particular by a common trace generation and the Exchange of information or indicators in both
environments.

The last part but not the least is the possibility to make experiment some specific works and skills to other types
of employees of the company in order to facilit exchanges and understanding about a particular profession.
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Abstract: Online multiplayer educational games can be designed to promote collaboration and assess abilities of students
through their responses or actions within the game environment. This paper describes the design and integration process
for such games, prototypes of which have been developed as part of the ATC21S™ research study by the University of
Melbourne. HTML5 has been used in preference to other available technologies in creating the games to provide a consistent
experience for students across all browsers, platforms, and devices. The multiplayer component of the games was supported
with the use of the Web Socket application which enabled the communication protocol between the client and server to be
established. Canvas is used to create all animations and game objects. The paper will describe justification for the use of
additional technologies to facilitate the game flow and a positive user experience.

Keywords: game design, collaborative, HTMLS5, canvas, web socket

1. Introduction

The games discussed in this paper were designed as part of the Assessment and Teaching of 21t Century Skills
(ATC21S™) study. The games focus on collaborative problem solving; some of games were originally developed
by Zoanetti (2010) for single student use in computer based problem solving. The development of online games
for learning has progressed rapidly in recent years. Marchetti (2014) advocates the need for digital games that
can be altered to allow students to play and express themselves during their learning. For example, the design
and integration of the application SimApps within GameScapes is described by Amresh (2014) and presents a
novel method of integrating rich narrative based storytelling within short repetitive game play procedure to
encourage student learning and improve retention.

Due to serve multiple purposes, web based games made by developers are currently highly interactive and for
this developers need to include animations, video stream, music and other forms of multimedia into web based
games. Until now there have been limited tools available for use, such as Flash or Silverlight, Flex or JavaScript.
However, these options can take a lot of time to integrate and increase the complexity of development. With
the emergence of HTMLS it is possible to embed video and audio, high quality drawings, charts and animation
and other rich content without using any plugins and third party programs as the functionality is built into the
browser. Canvas, an element of HTML5, has been used to enable interactive dynamic bitmapping, drawing,
animation, and simulations. The Canvas element allows for an easy transition from plain to dynamic web pages
that are applicable to mobile devices, perhaps why it is popular with developers. In Crockett’s (2014) paper the
use of HTML5 with Canvas for game development with user impression is described in detail, as it has advantages
over using Flash applications. Due to the benefits outlined above HTML5 was the application of choice for
development of online educational games for the ATC21S™ study in order to provide a consistent experience
for students across all browsers, platforms, and devices.

The games designed in this study were multiplayer allowing two students’ to interact by sharing resources and
communicate through an embedded chat box. This facility can be used to assess abilities of students through
their responses or actions within the game environment. Multiplayer games can use networking technology to
allow game play from separate locations, and even over a greater distance. The multiplayer component of the
games is supported by HTML5 and Web Socket, which dictates the full communication network that operates
through a single socket over the Web. To integrate multiplayer use Masuch’s (2005) paper has a focus on
teaching collaborative game design within a specific platform referred to as OpenCroquet. A general outline of
the game design process, the structure of digital games and the requirements for the use of OpenCroquet as a
platform for collaborative game design is described.

Selected technologies were used in ATC21S™ to facilitate game flow and a positive user experience. The design
and integration process for this is described in this paper.
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2. Game design

2.1 Platform

The games, or tasks, were intended for international use and were translated into several languages. The
language settings of the content are not dependent upon browser language detection, but upon the users’
preferred language which can be pre-selected. If the preferred language is not supported by the system then
the games are presented in English. The multiplayer architecture is hosted on a remote server and includes
several components including Linux, Apache HTTP Server, MySQL and PHP (Awwal et al. 2015). The database is
presented as a relational structure and the application packages are configured to support the various target
languages and output the resultant game view at the client’s end.

The application 'Node.js' has been used to create a cross-platform runtime environment. It is specifically useful
for real-time web applications, as in this study, since it employs ‘push technology’ over Web Socket allowing
both students and the server to communicate freely and at efficient speed. The event-driven architecture
employed by Node.js allows for good scalability due to the non-blocking of input-output communication of its
application programming interface. It contains a built-in library which allows applications to act as a Web server
without requiring additional software.

The games are used in educational settings, and most commonly in schools, where internet connections can be
unstable and present problems for working in online environments. To reduce the impact of these factors on
game play, if a student encounters a technical problem, closes their window, refreshes or presses the back
button on their browser the system will allow both students to re-enter the game at the same state that they
left. Both students can move, together, through the pages of the game in a linear fashion. On completion of one
game the students are redirected to the game dashboard with the option to select another game.

2.2 Game engine

The multiplayer game structure is presented in Figure 1. The collaborative environment followed some essential
steps to give users access to the games. Students log into the system using unique logins, and each pair is
connected by a unique team code. On successful login, the student arrives at a virtual room, referred to as the
‘Game Lobby’ and is presented with a selection of games. Once students select a game they are provided with
options to select a role, A or B, which, unknown to them, provides alternate views of the game. After selection
of their role they are moved through to the ‘Game Room’ on the basis of predefined rules such as the correct
combination of unique task identifiers. The first student to enter the ‘Game Room’ is informed that the room is
waiting for their pre-assigned partner to join them. The second student of an assigned pair enters the virtual
‘Game Room’ created by the first student.

- | P Game Lobby
Student Login i_ -

DBMS Server

» Game Rooms
Student Login

<

i i VR

Tasky Taskiwad |l s Task; Task;
Student B Student A Student B Student A

Figure 1: Multiplayer game structure (Adapted from Awwal et al. 2015)
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2.3 Game design

Each game in the ATC21S™ project presents an embedded ‘chat box’ to enable both students to communicate
via text during game play. While paired under a session, students can collaborate or operate between
themselves within the game. During game play every action (selection, movement and clicks) and
communication completed by each student is captured in a log file in a time linear structure. It is important that
every event is captured in the database as each action and communication, even if ineffective for collaborative
problem solving, is used to interpret the students’ performance and experience in the game. Each game is
presented similarly, with the content and context varying. An instruction stem is presented first, followed by a
problem, with each game varying in length from 1 to 8 pages taking 5 to 25 minutes each. Many of the games
present asymmetrical perspectives, providing different information and resources to each student, thereby
increasing their need for collaboration. Sharing resources and information between each student’s screen or
through the chat box is critical in building the students’ understanding of the problem and ultimately solving it.
The games also vary in difficulty level; some require less collaboration but are cognitively more difficult, while
others are cognitively easier but require efficient collaboration to solve (Care et al. 2015). Students are
encouraged to complete a minimum of three games, to allow for sufficient data to be captured for assessment
purposes. The games are generally presented in increasing complexity, with the easiest game presented first,
and the most difficult last.

HTML5 has been used to develop the games. HTMLS is very suitable for online game development for many
reasons, but the most significant reason is the Canvas element, a 2D graphics application programming interface
(API). HTMLS allows cross-compatibility with all of the major web browsers, including Firefox, Internet Explorer,
Chrome and Safari which provides ultimate flexibility to the user. HTML5 also provides good support for audio
and video, reducing the dependability or need for third-party plugins. HTML5 enables the storage of structured
data, in place of cookies, using functionalities ‘sessionStorage’ and localStorage’ (Geary 2012). This is especially
useful in environments where the internet may be unstable and where data cannot be transferred to the
permanent database immediately.

The multiplayer components of the games are supported with the use of the Web Socket application. Web
Socket allows for a bi-directional instantaneous communication between servers and clients. It employs a
JavaScript interface to enable the communication between students allowing for resource sharing of graphical
or textual information, promoting in-game collaborations. The Web Socket allows interaction between the
students and the server possible, facilitating real-time communication. This connection enables information and
messages to be sent back and forth between the server and the client browser without restricting information
flow. This presents opportunities for each student to interact with the objects or resources presented to them.
When an action is completed by the student, the game sends a message through the Web Socket to the server,
and the server then sends that message to the other client, the other student, or partner to inform them of the
action.

A common functionality across the games is the dragging and dropping of objects or resources within and
between student screens. For this functionality Phaser has been used, which is a graphics library based on
Canvas. It runs faster than Canvas on computers or browsers, using Web Graphics Library (WebGL) and has a
wide range of animation options. Phaser offers a variety of canvas scaling options so that the game can be
adapted for any screen size or resolution, and can be supported on all major devices and browsers.

In Figure 2, a portion of the 'Oil transfer algorithm' from the game 'Olive oil' is presented to describe how HTMLS5,
Phaser, and WebSocket have provided the functionality behind such game mechanics. In order to achieve the
objective of the game which is to fill a jar with four litres of olive oil, the students must work out what resources
are available and are needed to solve the problem. Both students are presented with different resources;
Student A has a three litre jar, olive oil tank, transfer pipe and bucket; Student B has a five litre jar, transfer pipe
and bucket. Without knowing what is available to the other, the pair have to recognise that Student A must fill
their jar at the tank and place it under the transfer pipe so that Student B can accept the oil from the pipe. Until
this point, Student B cannot complete any meaningful actions and is dependent on the actions and interactions
of Student A. Both students need to explore and navigate the game space together until they can place four
litres in Student B’s jar. Figure 3 presents the game with Student A’s screen view on the left, and Student B’s
screen view on the right.
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Phaser.page.game = new Phaser.Game(&60,440,Phaser.CANVAS,'canvas');
// Creates a game domain to play the task with the size
var main_state = {
preload: function()
{
// Change the background color of the game
page.game.stage.backgroundColor = "#ffffff';
// Load the tank sprite
page.game.load.image('oiltank’, 'assets/tank_v2.png');

2
create: function()

// set up the jar in the specific coordinates.
page.jar_A = this.game.add.sprite(Xcoord, Ycoord, 'jar');
// Enable input detection, then it's possible be dragged.
page.jar_A.inputEnabled = true;
page.jar_A.input.enableDrag();
//Handle drag and drop
page.jar_A.events.onDragStart.add(dragStartA, this);
page.jar_A.events.onDragStop.add(dragEndA, this);
socket.emit('oilTransfer', {'oilAmountA": page.oilAmountA, 'transferStatus': 1});
}
k

Figure 2: Qil transfer algorithm in 'Olive Oil' game
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Figure 3: Student A’s screen view on the left and Student B’s screen view on the right

The first line of the algorithm in Figure 2 creates a game domain using Phaser with Canvas embedded within, to
draw or move the different objects for the game in that domain. ‘Preload:function’ is used to define the
background setting of the page and also to load up the required image for the game. ‘Create:function’ is used
to allow the objects and images to be dragged and dropped and enables other functions of the games to achieve
the desired solution in the game. Different actions are captured by using the function ‘onDragStop.add
(dragEndaA, this)’ based on the selection of the objects and the coordinates of the dropping area of the selected
objects. For example when a student selects the empty jar and drops it on top of the area of the bucket, then
this function enables and calls subsequent sub-functions such as ‘Throw-oil-to-bucket’. In a similar way all other
actions occur between students through functionalities that are defined to perform those activities. Using
'socket.emit' command in the algorithm, Student A sends request to Student B to transfer oil through server.
Once Student B acknowledge to the request of Student A, then the requested amount of oil is transferred to
Student B.

3. Conclusion and future

A key criterion of the ATC21S™ project is to develop interactive games that use synchronous communications to
provide support for a collaborative process. HTML5 has been gaining momentum over Flash in creating such
applications. Unlike Flash, HTMLS5 is supported by all devices (such as Apple iPads) and is not constrained by
licensing limits for the use of additional server based software. It can accommodate synchronous communication
among thousands of users and thus allow for scalability on the level required by most projects. HTML5’s Canvas
element provides an accessible technology that supports game development. To design multiplayer games that
demand collaboration over single player functionality is not easy. However, as new technologies such as HTML5
with Canvas and Web Socket have shown such development is possible while ensuring consistent game flow and
a positive user experience.
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Abstract: The development of serious games has increased remarkably in recent years. Serious games provide motivation,
dynamism and attractiveness and as a result, they have been integrated more and more into e-learning practices. This
integration involves the creation of adapted and entertaining scenarios resulting from the gamification of learning processes
and potentially of industrial processes. These game-based scenarios are generally executed thanks to a serious game
environment but they should also be integrated more broadly into general learning paths. The creation and integration of
serious games represent an expensive process in terms of time and funding. A conventionally simplified approach consisted
in using standards. Many standards exist for pedagogical scenarios. Unfortunately there are almost none defined for
gamification and/or game-based scenario integration in order to reuse their elements. In this article, we propose a
contribution that offers a suitable design and smooth integration of game-based scenarios into learning environments by
(re)using existing standards and an engineering model-driven approach. Specifically, we use the methodology proposed by
the OMG MDA. Several e-learning standards have been proposed, such as LOM, SCORM and IMS-LD. LOM is a standard used
for describing interoperable and reusable learning objects in order to be able to exchange information. These standards are
not capable of representing all of the dimensions of serious games as they neglect the fun aspects such as the type of the
game, motivation and the integration of games in e-learning environments. However, several studies propose metadata
schemes based on the LOM standard to describe serious games (LOMFR-SG, SG-LOM). From these two approaches, we
propose a generic enriched description of metadata for serious games in order to characterize a generic meta-model. This
meta-model represents an independent level of abstraction. Then, according to MDA, we propose a meta-model suitable for
our generic Learning Adventure platform, as well as the Claroline Connect one (LMS). Our contribution permits a smooth
integration of serious games in e-learning environments. We propose the use of MDA to facilitate the implementation of
generic concepts within an existing Serious game platform and e-learning environment.

Keywords: game-based learning, MDA, serious game

1. Introduction

Currently gamers all around the world invest 3 billion hours a week playing online video games (Wish and
Mahleb, 2013). This tremendous “waste” of time could be reoriented to better purposes. Especially since games
solicit intense concentration and deep focus from their users, which leads them to grasp their content more
efficiently. Recent studies (Trevifio-Guzman and Pomales-Garcia 2014) and statistics have shown the
effectiveness of educational serious games in terms of motivating and engaging students in the learning process.
So the time reserved for video games could be redirected to help the students learn relatively boring fields of
study. Also, an industrial benefit could arise from the use of serious games. This benefit comes from providing
the industries’” employees and operators with a flexible and realistic virtual environment adapted to their own
pace. This process is very profitable for industries as it spares them the expense (equipment, resources) usually
expected with training. It also provides them with higher-quality learning, which leads to better long-term
productivity. Generally, serious games enhance the level of concentration and interest by providing curiosity,
beauty, fantasy, fun, and social recognition, prompting and challenging the learner to dig deeper into the game
and gain the maximum knowledge.

Despite the growing trend of using serious games, the financial and time costs are still a major barrier to
overcome. Serious game development requires a vast investment in 3D environments which is a very costly
business (Slootmaker et al, 2014). Furthermore, the development and evaluation of didactical game scenarios is
a time consuming process that requires complex skills. These factors discourage industries and institutes from
using this new technology especially when they are unable to reuse its components such as resources or
scenarios. Also, these games may not be adapted to different platforms, which represent another obstacle. For
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example, industries using different platforms to run serious games are unable to exchange them because the
game components are not adapted to different platforms. This lack of interoperability prevents industries and
educational institutions from shifting from the use of a specific platform to execute serious games to that of
another one. Therefore, industries are reluctant or even unable to exploit the features and advantages of new
platforms.

Our contribution aims to tackle the problems of reusability and interoperability of serious games in order to
amortize their cost and encourage industries and institutes to invest in the serious game sector. This contribution
represents a model capable of properly representing a didactical scenario that includes serious game aspects.
This model is meant to make pedagogical and serious game scenarios reusable through a variety of platforms.
In the following chapter we will shed the light on the work and research that have been proposed in the same
area of interest and we will mention their limitations. The third chapter will detail our proposed model and point
out its major contribution. The following section will describe the phases of elaborating an operational process
interpreting our needs in a serious game context. Finally, we will conclude by discussing our work’s advantages
and limitations and possible improvements to it.

2. Related work

Early studies in the EIAH field were concerned with describing and standardizing e-learning meta-data schemas.
Many research studies (Grant, 2002) (Kelle et al, 2011) have proven that e-learning standards have the potential
to extend game design and enrich it with pedagogical elements. However these standards are still unable to
represent properly serious game design and cover all of its aspects. This limitation might be exceeded by
introducing new standards that are based on the existing ones and enriched by serious game specifications. The
following section presents the basic e-learning standards along with the different extensions that were made to
meet serious game requirements.

2.1 E-learning standards

Standards and norms are generally established to describe and index the content of an object and to make it
reusable and interoperable. In this context, several standards (Hendrix et al, 2013) have been developed to
describe real libraries such as AACR (Anglo-American Cataloguing Rules) and LCC (the Library of Congress
Classification). The concept of standardization has been exploited in the educational domain to describe e-
learning metadata. Those metadatas define the key elements used to describe e-learning courses. They are
assembled into a meta-model. A model represents a generated instance from the defined meta-model. These
concepts are interpreted by the emergence of e-learning standards such as IEEE Learning Object Metadata LOM
(IEEE LTSC, 2002). This norm is mainly designed to describe reusable independent learning objects and enable
their sharing and exchange between different establishments. It represents a set of metadata grouped into 9
categories and capable of describing resources in a scenario or learning path.

Another notable e-learning standard is the Sharable Content Object Reference Model SCORM (ADL, 2004). It
allows the packaging and aggregation of the learning units while specifying the means of communication
between the client and runtime environment. This aggregation is called SCO (Sharable Content Object) and it is
primarily used to organize pedagogical resources. Serious games can be packaged, integrated and deployed in
e-learning environments such as the SCORM package. However, they would not be properly presented, since
SCORM does not contain the appropriate fields and properties

Another commonly used standard is IMS-LD (IMS Global Learning Consortium, 2003). It represents a formal
description of pedagogical scenarios. This standard is derived from the IMS consortium whose fundamental task
is the standardization of all data exchanges within e-learning environments. This consortium has proposed a
number of standards. We can mention among them IMS CP (Content Packaging) which is the currently used
resource in Moodle. There is also the IMS Common Cartridge standard that will soon be integrated in Moodle
2.0 (Burgos et al, 2007). IMS-LD is a theatrical language that can characterize a course pathway or a scenario
progression using keywords such as (acts, play, roles and actors ...). It revolves around a learning unit that
assembles the whole of the scenario specification and contains the objectives, prerequisites, actors, educational
activities, the terms of implementation and use, the resources used and results and outputs obtained. The head
of this unit consists of a method that can be broken down into a set of plays executed in parallel. Each play is
divided into acts which will be executed sequentially. Each act includes a number of activities associated to a
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particular role; this association is called partition. An activity will be performed in an environment that includes
services and resources.
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Figure 1: IMS-LD schema (Thanos and Borri, 2007)

Serious games were presented using IMS-LD characteristics, but the proposed description remains incapable of
embracing all of the game aspects, as it neglects crucial aspects such as traces and graphical descriptions.

After specifying the basic e-learning standards representing the backbone of any further work, the following
subsections will identify the different extensions that have been elaborated based on e-learning standards.
These extensions aim to describe properly serious games which will promote their reusability and
interoperability.

2.2 Enrichments and customizations of e-learning standards

As the emergence of e-learning norms as internationally recognized standards effectively started with LOM, we
are going to start this section by mentioning the studies originating from this standard. One of the most
important refinements is called LOMFR-SG (Marfisi-Schottman, I., George, S., and Tarpin-Bernard, F., 2011) . It
is based on the norm LOMFR which is an extension of LOM. Aside from the descriptive fields offered by LOM,
LOMFR adds other elements such as the description of didactical activities (learning, collaborating and
observing). It also includes fields enabling the proper assessment of Learners’ skills. Although LOMFR provides
very enriching amendments, it remains unable to fully describe serious games. To cover this limitation, it was
extended. This extension resulted in LOMFR-SG, which added new attributes to describe the fun aspect of
serious games. The added elements of LOMFR-SG are divided into educational, functional and component
editors. LOMFR-SG has proved its efficiency in describing particular serious games. However, it remains unable
to capture serious games’ important characteristics such as rule specification and graphical description.

Among other customization efforts based on the standard LOM, we can mention SG-LOM (El Borji and Khaldi,
2014). Itis a collection of metadata describing and defining serious game components. In order to properly index
game objects, SG-LOM is built upon four main concepts. The first of these is gameplay and it includes game rules,
methods, scenes and time. The second one is storytelling and it embraces the activities’ sequencing and
organisation within a scenario. Game design is another important factor which focuses on a game’s technical
aspect. The final game pillar consists of its context which covers the target audience and the description of the
game environment. Despite the possible adaptation of SG-LOM to serious games, it still lacks important
information relevant to games, such as gameplay and graphical description. Furthermore, it does not improve
the game’s adaptability to learners’ progress, choices and results.
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Due to the unsatisfactory results, further studies were based on another norm which is SCORM. One of these
studies (Bisognin, Carron, and Marty, 2010) proposes a new standard called SGORM (Serious Game Object
Reference Model). It includes game requirements such as emerging technologies. SGORM provides a runtime
environment and a communication protocol. The SGORM protocol enables the exchange and integration of
external components in the running game. This integration allows learners’ skills to be tracked and evaluated.

The value of this work has been appreciated through its application in various experiments. However, these
applications have revealed some inadequacies, such as the lack of proper graphical adaptation. Moreover, this
work covers just one aspect, which is external objects, while we aim to generalize this approach to include all of
the game components and make them reusable and interoperable.

To establish this goal, more promising studies have emerged. One of these studies is MoPPLig (A Model For
Pedagogical Adaptation of Serious Game Scenarios). To provide a proper description of serious games, this new
model relied on a special framework as explained in (Marfisi-Schottman, 2013). This framework encompasses 6
facets covering all serious game aspects. These facets are composed of Educational objectives, domain
simulation, game simulation, problems faced, decorum (motivational factors) and finally the game conditions
and terms of use. The MoPPLiq model (Marne et al 2013) attempted to cover all of these aspects. It was
introduced as a model capable of illustrating activities adapted to the learner’s choices and reactions. The
learners’ results after the accomplishment of an activity can trigger the next one. This was achieved by
characterizing each activity by an input and output state along with a secondary goal. This model represents a
simplified version of IMS-LD, focusing mainly on the adaptive aspect of a scenario and neglecting other
important aspects such as graphical aspect and game context. (Hendrix et al, 2013), (Hendrix et al, 2013).

Other attempts were made to cover these limitations. One of these attempts is called IMS-LD-SG (Tran, George,
and Marfisi-Schottman, 2010). It consists of a new model based on the standard IMS-LD. It proposes to add a
higher level of specification named module. A play is composed of a set of modules. Each module is composed
of several acts. This structure allows a better sequencing of acts and activities. However, it fails to cover all of
the important aspects of serious games such as representing interactive activities, the graphical aspect and
players’ traceability. As mentioned previously, a wide variety of studies have been elaborated to offer a model
able to properly describe serious games. Such a model should be built on e-learning standards to facilitate its
integration into e-learning environments and to make it reusable and interoperable.

2.3 Discussion and limitations

As explained earlier, previous work and studies have generally failed to deliver an appropriate model to reach
our goal. We were able to identify the drawbacks of each research by exploring several studies (Tang,
Hanneghan, and Carter, 2013) related to game design and characteristics. These analyses enabled us to
determine the right criteria that should be considered when evaluating serious games. We concluded that an
adequate game design should meet the following requirements: elaborate a proper graphical description,
specify the game context, promote the adaptive and interactive aspects, determine the game rules and
conditions, and track the learners’ progress during the game.

The following table will illustrate these points. It will determine the compliance of each standard with the
specified requirements by mentioning the fields that have allowed this conformity. It will also reveal their
deficiencies.

Table 1: Characteristics of the different aforementioned propositions

Graphical Interactivity Adaptability Context Traceability Game play

description
LOMFR- - Interactive - Target - Score

SG resources public -Completion
- Didactical - Motivation rates
activities
SG-LOM - Multiplayer - Game type
value
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Graphical Interactivity Adaptability Context Traceability Game play
description
SGORM -Graphical -Collaborative - External - Widgets for -Scene
representation elements files traces specifications
MoPPLiqg - Input state - Learners’ - Properties and
- Output state choices conditions
- Secondary ( game rules,
objectives time)
IMS-LD- -Notification - Properties and
SG conditions

After evaluating the prior attempts to provide interoperable and reusable serious games, we will present our
solution. This solution aims to improve the previously mentioned weaknesses. The advantage of our work is that
it covers all of serious game aspects mentioned in the previous table (see Table 1).

3. Towards a new design model adapted to serious game concepts

The challenge faced in our study is to be able to use the previous work by choosing the adequate e-learning
standard as a starting point for our research. The following step consists in carefully specifying the right elements
to add, eliminate and alter in order to shape the right model. This model will be exploited later in order to form
an operational process for serious games to be able to be reused and integrated into different platforms. In our
research, we seek to define a metadata schema capable of appropriately scripting a serious game scenario or a
pedagogical course. In order to elaborate this schema, we chose to base our study on the particularities of the
IMS-LD standard, as it reflects the focus on the scenario. In this model, we address certain aspects mostly related
to serious games in order to properly describe the different game specifications. Several amendments
concerning IMS-LD elements should be established to fulfill this goal. We will present this model’s construction
by explaining its different phases

The first measure taken is to adjust IMS-LD elements to represent simultaneously both educational and game
objects. This simultaneity is established by defining the pedagogical aspect and the ludic aspect of the key
elements separately. As shown in figure 2, the class Activity is defined as pedagogical activity and ludic activity.
We applied the same concept to the classes Environment, Role, Context and Indicator.

A game scenario is composed of a variety of game objects such as characters and resources. These elements can
be simply described for educational purposes or expressed as graphical 3D objects referring to actions, directions
and motions. Graphics represent a very important factor in the game as they allow the definition of the game
components such as characters, resources, simulations and scenes. For this reason, the graphical aspect of the
game should be wrapped inside the model. It can be expressed by providing the characters, activities, context,
indicators, objects and environment with a class named attribute. The value of this class can be adapted to
describe the required graphical specifications.

Furthermore, in pedagogical courses, resources represent only physical or digital tools such as tests, URLs,
figures or videos. These are valid possibilities for serious games, but there are also other kinds of resources which
are other secondary characters in the game. This possibility is included in our model by establishing an
inheritance link between the ludic role class and scene objects.

The next phase of amendments focuses on exploiting the dynamic aspect of IMS-LD to adapt the educational
scenario to the learner’s performance. In order to set up this adaptability, we decided to use the MoPPLiqg aspect
and exploit its particularities. So, we adapted our work to include MoPPLiq design by associating to each activity,
an input and output states along with a particular objective. These changes are shown in figure 2 by
incorporating the classes’ state, input, output and objective. Also we specified the type of relationship linking
input and output states. This type solved the problem of the regular course of activities being interrupted by a
general activity or other factors. This interruption will be designed thanks to the type of relationship or link.

In addition, we can assign some conditions to reach a certain state, especially output states. Figure 2 presented
this concept by linking the class condition to the class state. The final phase of changes consists in adding new
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elements that were irrelevant to previous research. These elements cover both educational needs and game
requirements. However, they can be represented differently depending on the situation. The first element is the
context of a game or educational course. It is an important factor to consider in a learning path design as certain
studies (Benson and Samarawickrema, 2009) (Benson and Samarawickrema, 2007) consider it as a complex,
multifaceted, perspective-dependent concept. A context may be composed of different elements defining
learning, institutional and disciplinary characteristics. Its main role is to offer a realistic contextualised
environment. Such an environment enables the learner to better understand the situations. Moreover, it
permits the accurate assessment of the learner’s skills and progress in real world situations. As far as it concerns
serious games, the context can be broadened to include both the game simulation, containing game
particularities such as Front-end displays, dimensions, tempo, scores and rules, and the game presentation. As
proof of its strong influence in serious games, this element was included in Four-Dimensional Framework
(4DF)(Van Staalduinen and de Freitas, 2011), which was considered an efficient framework to design games.

The second element added to our model consists of Competencies and Performance indicators assembled to
track the learner’s activities.

The following model provides a conceptual approach to assemble traceable events indicating the learner’s
strategy. It will allow us to assess the learner’s skills not only through his/her results but also through his/her
behaviour. These indicators and results should be stored in a record representing the history of different
activities and interactions that took place during the game. This record is presented in figure 2 by the class
record. This class is linked to the classes result and indicator to assemble any information coming from them.
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Figure 2: Our proposed design model

The next step of our work is to transform our theoretical model into an operational efficient process. To
successfully establish this transformation, we have to make an important choice. It consists of determining the
more appropriate approach to structure our plan of action and determine the different steps of our process.

4. MDA approach

The chosen approach to realize our ideas is named MDE (model-driven engineering). But before exploring this
approach, we will present it and explain its mechanisms. MDE aims to raise the level of abstraction and automate
the development process by using executable model transformations.

The implementation of this specific approach is called Model Driven Architecture MDA (Brown, 2008). The basic
level of MDA is metamodels. The next level of abstraction is called Platform Independent Model (PIM). It is a
generative model compliant with the earlier defined metamodel. The final transformation generates a Platform
Specific Model (PSM) which describes a realistic application. This description is adapted to the specification of
the target platform or environment. The implementation of this approach requires the use of certain
frameworks. One of these is Eclipse Modeling Framework EMF. It facilitates the design of a structured
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metamodel which represents the bases of MDA implementations. There is also the Graphical Modeling
Framework GMF provides a runtime infrastructure to develop graphical editors. This editor provides a graphical
model compliant with a previously specified metamodel. Another framework is ATL Atlas Tranformation
Language. It is a model transformation language. It permits to generate the PSM model through setting up a
model to text transformation. The figure below illustrates the MDA approach and the frameworks employed

CIM PSM P Code

Computational Platform Platform
Independant Model Specific Model Independant Model
Meta-model EMF/GMF model : ATL transformation
Figure 5

Figure 3: MDA approach and included framework

We adapted this approach due to its promising potentials that suit our needs. These potentials include
portability, meaning that its functionalities can be easily migrated into new platforms. Also, MDA offers
improved productivity and time-to-market because by automating the development tasks, the developers and
architects can fully concentrate on the logic of the process. MDA facilitates the integration of the system into
other ones. With regard to the notions of testing and simulation, MDA is a very efficient method as models can
be directly tested against requirements and specified constraints, as well as against various infrastructures. They
can also simulate the behavior of the system theoretically using only the design, which enables the system to be
double-checked before realizing any unpredicted risky implementation. In the following section, we will detail
the implementation phases of our specific use case.

5. Use case implementation

One of the important steps in our work is to implement our model and be able to formally represent serious
games and e-learning courses based on its elements and specifications. For this reason, an authoring tool has
been created. The goal of this tool is to enable us to realize model-conformant concrete examples describing a
serious game scenario or a learning path.

This authoring tool has been developed to assist the participants involved, such as teachers or game designers,
in designing an adequate model. It allows them to easily express their specifications, without requiring a lot of
experience in the computing field.

The formal expressions of our basic metamodel are expressed thanks to EMF, as shown in figure 4. These
expressions correspond to the level CIM of the approach MDA. They will be transformed to another level of
abstraction. This transformation will enable the creation of concrete models compliant with the metamodel
developed using EMF. The generated models represent the PIM level of MDA approach. This metamodel will be
transformed using GMF to allow a graphical representation of its concepts. This representation will help game
designers and pedagogical instructors to set out their requirements using only the existing concepts. It will also
be used to design the scenario as elaborated in the following figure. This design represents the level PIM. Figure
4 represent the interpretation of our design in real world and its integration as a course in a claroline connect
platform

The developed serious game examples compliant with our model will be translated afterwards to a markup
language such as XML or json. This translation is established thanks to ATL and it represents the PSM level. This
transformation will translate the serious game example presented in the form of classes, relationships and
conditions into a recognized format. This will provide us with a package encapsulating all of the essential
elements that need to be integrated into e-learning environments. The generated file will encompass the
reusable element and it will be incorporated into a serious game platform. The required steps for this integration
are well organised by SGORM protocol. They start from creating the LG (Learning game) components that
correspond to the encapsulated elements. The next phase is to establish a communication between LGMS
(Learning Game Management System) and LGC provider (Learning Game Components provider) to build up the
specified components as external objects. Finally, a notification system will be established. It will notify other
servers of a new LG components’ authoring.
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Figure 4: A Claroline connect course scenario elaborated in our graphical editor

The next figure (Figure 5) will illustrate the interpretation of our design as a serious game. It will explain how
each element in the design represents a concrete element of a serious game.
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Figure 5: A serious game scenario represented in our generated editor

MDA architecture guided us through all of the development phases. We were also able to make use of all of its
particularities that exactly match our process requirements. Using this approach, we were able to fulfill our goal
and deploy our scenario in different platforms, making it a reusable and interoperable component. Moreover,
the ability to separate different concepts was very helpful in producing a consistent process, as each step was
well thought out.
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6. Conclusion and future work

This paper has presented us with an evolution of the IMS-LD standard realized to embrace serious games’
designs and highlight their various aspects. The model proposed harvests the different elements related to
serious games’ scenarios, presenting both the pedagogical and ludic aspects. These scenarios will be properly
designed using prescribed concepts, implemented thanks to an authoring tool specially developed to shape
serious games’ scenarios and encapsulated into a reusable package. We will adjust this package to be easily
integrated into a variety of platforms.

Despite the ability of this model to express most serious game elements and the potential of this process to
produce fruitful results that elaborate reusable and interoperable serious game scenarios, there are certain
inadequacies that need to be pointed out. Concerning the drawbacks, our proposed authoring tool is not
ergonomic enough to easily guide the game designer or teachers through the process. It will take them a certain
time of reflection to properly master this tool. There is also the problem of the emergence of new platforms
containing new features and advantages. In this case, the generated package should be updated and adjusted
to the new environment’s specifications.

The previously mentioned issues should be covered in the work to be carried out in the near future. An important
perspective of this tool is to build, based on its specifications, an adequate player able to execute and run the
serious game models and scenarios established in our tool. Consequently, further work may elaborate a
complete cycle for our work from design to execution, which will lead to a new environment specific to serious
games. This environment may include new characteristics and specific attributes concerning the core of serious
games.

As explained in introduction, we consider that a serious game will/must evolve and may be reused in other
context. The return of investment is important both for companies that elaborate the serious games and those
that use the serious games for employee training program.
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Abstract: Gamification has become a central focus in education and training due to its perceived potential to make learning
more motivating and engaging. The reason for this shift in focus is that, unlike traditional pen and paper assessments, those
presented in the form of games are not only designed and encoded with enjoyable game playing mechanisms, but is also
capable of capturing salient information about the problem solving processes that individuals use when they work through
a problem with another individual. The Assessment and Teaching of 21st Century Skills (ATC21S™) project focused its
research on assessing the processes with which a problem is solved in a collaborative environment. This paper draws on the
ATC21S™ study, outliningits approach to assessmentdesign and providing justifications for choices made to achieve
participant engagement and maintain a learning flow through a game mechanic that preserves learning outcomes. The game
design included false leads to encourage students to explore the space and learn through trial and error. These were part of
an instructional technique that allowsstudents to learn problem solving skills in steps or through patterns when one or more
of the steps are incorrect. This paper provides a consolidated view of the design process of the assessments used in
ATC21S™and shows that learning can occur through exploratory as well as collaborative participation in problem solving
within the game environment.

Keywords: learning, collaboration, problem solving, gamification, game design

1. Introduction

In today’s knowledge-based world, life-long learning skills such as problem solving, creativity, critical thinking,
communication and ability to collaborate in teams are becoming increasingly essential. The advances in
technology and changes in the organizational infrastructure have put an increased emphasis on teamwork within
the workforce. Workers need to be able to think creatively, solve problems and make decisions as a team.
Therefore, the development and enhancement of criticalthinking skills through a collaborative learning
environment is one of the primary goals of technology education. Learning approaches that provide
environments consisting of meaningful tasks need to be adopted in order to encourage acquisition of the skills
by learners through their experiences and interactions. Computer and web technologies can potentially support
the creation of such games and environments. The idea of game-based learning is to combine methods of
gaming and learning in order to take advantage of the motivation that is intrinsic to game-playing. Digital game-
based learning, a newly emerging medium, actively engages students in learning and elevates their higher order
thinking (Prensky 2001, Kiili 2005). Games can be viewed as systems that combine simulation, pedagogy and
entertainment to create engaging learning. These environments are tailored to provide learning activities and
the opportunity to collaborate, problem solve and apply critical thinking skills. With the addition of networks,
they become multi-user environments, allowing multiple perspectives, argumentation and collaborative
decision making. Measurement in collaborative games consists of observing, capturing, and summarizing
complex individual and team behaviours, from which researchers can make reasonable inferences about
learning processes and products. The steps each learner takes or retakes as they progress through the problem
space (discussions and interactions, learner-to-learner and learner-to-computer) provide opportunities for them
to monitor, evaluate, and adapt their learning during collaborative activities (Quintana et al. 2004). Moreover,
research indicates that collaborative games provide social interaction that generates valuable ideas and
discussion that improves learning attitudes and increases self-efficacy owing to the opportunities they provide
for organizing knowledge and sharing facilities embedded in the collaborative gaming environment (Dillenbourg
1999, Prensky 2001, Kiili 2005). This paper illustrates the design process of collaborative problem solving games
used in the ATC21S™ research and demonstratesthat the opportunity to learn can be embedded within the
game design.

2. Games in education

In the present century, use of computer games for various purposes has become widespread in the field of both
education and training. Educators believe that children learn best during play and games can give them that
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opportunity (Vygotsky 1978). Together with good game characteristics (such as goals, rules, interactivity,
feedback, challenges) and effective learning principles, well-designed digital games are able to motivate and
promote effective learning by providing opportunities for individuals to actively and critically experience,
practice, and reflect on their ideas in a problem-based context (Squire et al. 2003). Digital games have been
found to be helpful in improving spatial cognition, visual attentional processing, perceptual motor skills, and
problem solving skills (Johnson and Mayer 2010). To prepare individuals with abilities (critical thinking, problem
solving etc.) needed for the 21% century, learning through games as an approach has been advocated for
adoption in educational settings (O'Neil et al. 2003, Squire et al. 2003, Griffin et al. 2012). Many researchers
have argued that computer games can support teaching, and foster learning and cognitive development.
Educational games can present relevant, exploratory, emotive and engaging environments that include complex
challenges or puzzles to mediate learning outcomes (Prensky 2001, Masuch and Rueger 2005, Hamaldinen et al.
2006).

The design of popular games has been a focus of study for a number of educational researchers, who have
investigated how various aspects of game design might be appropriated, borrowed and repurposed for the
design of educational materials and learning (Chiu et al. 2001, Prensky 2001, Squire et al. 2003). The
ATC21S™project proposed ways of assessing 21t century skills and encouraged education systems to
incorporate these skills into teaching and learning to prepare students to be successful in the workforce and as
global citizens. It was realised that traditional assessments may not be suited to the measurement of many of
these skills. Hence, the goal was to develop new assessment approaches for those skills and to advise systems,
schools and teachers on the use of assessment data to help students develop higher order proficiencies. In this
study, the games consists of problems that are complex, ill-structured, and open-ended to foster flexible
thinking, support intrinsic motivation, and promote conjecture and argumentation.

3. Theoretical/development framework

The ATC21S™ project focused on the 21° century skill of collaborative problem solving (CPS) and explored the
development of digital forms of assessment to match the conceptualisation of this skill with available technology
(Griffin et al. 2012). CPS has been conceptualised as a complex skill that combines social and cognitive
competencies. It links critical thinking, problem solving, decision making and collaboration across five social or
cognitive skills; participation, perspective taking, social regulation, task regulation, and knowledge building
(Hesse et al. 2015). Within each of these skills are subskills which are evidenced by observable indicators of
actions or processes. The assessment tasks or games rely on and capture these actions or processes in order for
the measurement to reflect the construct.

The skills defined by CPS are pertinent to solving problems that are by definition complex, ill-structured and
ambiguous. Collaborative problem solving means working together and exchanging ideas to pursue a common
goal. Collaboration in this context requires active participation through searches for relevant information, joint
use of resources, shared evaluations and agreement on strategies and solution paths (Care and Griffin 2014).

Three of thefive skills involved in this conception of CPS are social: participation, perspective taking, and social
regulation. Participation is determined by an individual’s level of interaction and engagement with problems and
collaborators. Perspective taking highlights an individual’s abilityto understand and show awareness of others’
opinions. Social regulation consists inthe strategies for negotiation and initiative used by individuals in their
management of the problem space. One clear indicator of collaboration is communication that goes beyond
mere information exchange, emphasising an individual’s ability to account for others’ perspectives and to
provide responsive contributions (Care and Griffin 2014, Hesse et al. 2015). This indicates the presence of the
social skills. The two cognitive skills are the same as those exercised in individual problem solving: task regulation
and knowledge building. Task regulation indicates a student’s ability to analyse a problem, set goals, manage
resources and organise a problem space to explore and aggregate information in an ambiguous environment.
Knowledge building is underpinned by skills to plan, execute, reflect and monitor through identification and
formulation of connections as a consequence of collaboration (Care et al. 2015). The two hypothesised
components of CPS are not mutually exclusive.

In the Hesse et al.(2015)CPS framework as illustrated in Figure 1, the social component draws on literature from

social and organisational psychology while the cognitive component draws heavily on classical approaches to
individual problem solving. Research highlights that CPS in computer-based assessment environments includes
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the conceptualisation of collaborative learning, problem solving, and higher order capacities (O'Neil et al. 2003).
The ATC21S™ projectdesigned a series of web-based interactive tasks (games are referred to as tasks in this
case) in order to measure the subskills and processes characterised by collaborative problem solving. The task
design engaged dyads in collaborative problem solving activities while capturing the processes enacted by the
individuals to solve the tasks.

Collaborative problem solving ‘

l Social l Cognitive

Perspective Social Task Knowledge
taking regulation regulation building

Action re‘:‘::‘:swwee I Negotiation lm::::::;:m ::mg:
ness

nerctin l oed l s lm.‘:" e

lllesponsibilily l ?ng:é? Hypothesises
|0rganisation
I Goal setting

Figure 1: Framework for collaborative problem solving (adapted from Hesse et al. 2015)
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4. Game design procedure

The research and development process of ATC21STM followed a conventional approach to assessment design
by conceptualising constructs, establishing blueprints, and creating tasks. It took into account the guidelines of
game design and the principles of assessment, while introducingsome novel features in assessment design. Tasks
developed under this approach involved deliberate use of ambiguity, lack of explicit information, the
presentation of complex problems in stages, andthe provision of interaction protocols among the task
participants (Griffin et al. 2012). In the construction of the tasks, extensive use of a series of inductive and
deductive reasoning tasks was made (Griffin et al. 2013). Several human to human collaborative problem solving
tasks were designed and constructed. The purpose of the development was to identify ways to assess the skills
described in the framework while at the same time enhancing individuals' understanding of a collaborative
approach to support learning. Each task was developed independently of the others without any prior defined
template.

Given the theoretical framework of Hesse et al.(2015) and game design process described by Fullerton (2004),
the ATC21STM study highlighted the task design procedure in providing a task concept or scenario to sample
the skill set described, identifying the specific subskills inherent in the task through gameplay (specific ways in
which participants engage and interact with a game), and suggesting the contextual elements and game
mechanics (rules or methods conceived for interaction with the game state) relevant to completion of the task
for the target respondents or recipients (Care 2012). In this way, atask can be seen as a system in which
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individuals interact with a virtual environment governed by the game rules and game mechanics from which,
eventually, gameplay emerges. Elements such as participants, their roles, objectives, procedures, rules,
underlying game mechanics, resources, underlying conflicts, obstacles and an outcome guides it to function as
a game in an educational setting (Masuch and Rueger 2005, Fullerton 2008).
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— Task 1 —
— Prompt 2
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0 :
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X
®
=
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— Task N Prompt1
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Figure 2: Conceptual task draft

Task concept refers to what the task will look like to an individual and what cognitive processes individuals might
need to use to perform the task successfully. In summary, it is a sketching out of what will materialisefrom a
performance activity. The task scenario then needs to be described in detail and a series of prompts provided to
enable gameplay as explained in Figure 2. The drafting of the task concept in this instance wasundertakenin
collaboration with teachers, who wereasked to identify the relevance and appropriateness of the task to
students at different age and ability levels. The target population for these tasks ranged between 11 and 15
years.

Most problems in the real world do not simply have a correct or incorrect solution. TheATC21S™ tasks have
been designed to mirror this feature of the real world, allowing the problems to have multiple possible outcomes
or multiple possible routes in reaching outcomes. This extends the possibility of developing assessments or tasks
that encourage individuals to explore ideas previously considered incorrect or partially correct and thus facilitate
higher order thinking (Griffin 2014). A naive way of thinking about CPS task design is to imagine that all
participants will be active in the problem space and contribute to solving the puzzle. In some problem spaces,
however, it is possible for and individualto do all the work.To avoid this issue, it has been necessary to design
tasks thatrequire collaboration (Zagal et al. 2006, Zea et al. 2009). Tasks have been developed that parallel real
life scenarios,presenting problems that are ambiguous, require multiple resources (skills, knowledge, artefacts)
and the engagement of individuals who are dependent on one another for successful resolution of the
problem(Griffin and Care 2012, Griffinat al. 2012). Tasks were designed with either symmetrical or asymmetrical
views, i.e.,participants saw either identical or different screens, but in both cases they accessed or controlled
different information and resources, reflecting the nature of the real world problems for which the construct is
deemed relevant (Care and Griffin 2014).

The development of the ATC21S™ tasks focused on skills that are measurable, learnable and teachable, but that
are not personal attributes. An important aspect of task design is the question of whether skills of CPS can be
learned or taught, informed by the degree to which empirical evidence of increasing sophistication of the skills
occurs (Greiff et al. 2013, Care and Griffin 2014). The study necessitated initiation of innovative and rich forms
of assessment where task design itself would direct the nature and style of items and therefore measure the
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underlying dimensions. The aim was to develop prototype tasks (a mix of CPS task types) that can fill a variety
of purposes and functions. The prototypes are multimedia exemplars compiled in technology environments that
incorporate adaptability and unpredictability and increase assessment efficiency (Griffin et al. 2012). Crucially,
they also make students’ thinking visible and add value to assessment by facilitating learning.The blueprints for
the tasks provide guidance to test developers regarding the types of behaviours hypothesised to indicate the
subskills and demonstrate the different levels of performance quality.Advice is also provided on constructing a
layout comprising task scenarios, the context of each task that can lead to the creation of artefacts to act as
resources, and also on prompts in the problem space posed by the task itself.
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Figure 3: Screenshots from the Plant Growth task

The design method is best understood by reference to exemplar tasks from the ATC21S™ project. In Figure 3,
the Plant Growth task illustrates how learning is encapsulated within the task design. This task is presented in
two levels. It presents each of two problem solvers with control of one variable — temperature or light density —
to manipulate the daily growth of plants. The participants are allowed to view the choices made by their partners
(without access to their controls) and the effect of their selections on the plant growth. They are required to
observe if there is a consistent pattern of growth based on variations in light (very dark, quite dark, quite bright,
very bright) and temperature (10°, 20°, 30°, 40°) when applied together or in isolation. Participants are then
asked a question regarding the mechanism of their partner’s control, for which, at this level, exchange of
information is crucial. On the next level, the role of the individuals is to work independently to assess under
which conditions the plant grows fastest or slowest, and then use their understanding to position the planton
the grid provided.As exhibited in Figure 4, the task is divided into processes in which, following initial exploration,
problem solvers are required to go through stages to collect information, identify patterns, form rules, test rules,
generalise rules and test hypotheses. As this task was originally designed to assess cognitive skills, the
collaborative skills have been added tothe different game stages (Care et al. 2015).

In this example, both parties are required to find patterns, exchange information and generate rules about
bivariate relationships. The design of this task can facilitate individuals in learning to solve the problem without
any prior knowledge of the subject matter. The layout of the initial level allows participantsto find the best
conditions for plant growth by varying the temperature and the light density that each of them controls. This
involves both participants exploring patterns, sharing information, generating rules, and investigating cause and
effect. The task then tests the participants’ understanding of the rules governing their partner’s control. This
level operates as an exploration space for participants to learn and understand the problem space and the game
mechanics. The final level of the game tests the participants’ individual learning outcomes; that is, whether they
have understood the rules and are able to apply their learning in a different context. This requires both
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transferring the evidences gathered into relationships and demonstrating separately (where each is responsible
for different variables under varied conditions) what the final outcome of the game will be.
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Figure 4: Plant Growth task conceptual design outline

Another example, the Light Box task, as shown in Figure 5, demonstrates how learning can be depicted across
multiple tasks. This is another example of a multi-level (two-level) task.The aim is to fire the laser and hit the
target. In the initial level of this asymmetric prototype, each person from the dyad is to place one mirror in the
grid to help align the laser with the target. There are multiple arrangements of mirrors which will result in correct
alignments. Unlike the previous task, in this task individuals are unable to see changes made by their partner.
The alignment of the mirrors is revealed by the firing of the laser to check if it hits the target. In the identification
of one or more correct positions on the grid, collaboration is essential. The final level of the task mimics the
preceding level but with changed positions of both the laser and the target.It requires the participants to work
independently on the same problem without awareness of each other’s work, although it does reveal whether
theirsolutions match.

As with all tasks constructed for this study, individuals in the pair across do not have access to each other’s
screen. In this example the task features have been separated among participants so that tasks are not solvable
without a partner, to ensure the collaborative elements are incorporated in the design. The first level offers
individuals an opportunity to work together with aim of hitting the target and in the process explore patterns,
share information and generate rules about objects and alignments. It provides an investigation space to trial
options anddiscuss rules to determine the rules of mirror alignment and positions in order to hit the target. The
final level requires individual’s to reflect their understanding of the rules and able to demonstrate their learning
by applying their hypotheses independently. The ability of individuals to successfully demonstrate the possible
correct solution paths for the task indicates evidence of learning.

Using the design principles of gaming, puzzles designed for individuals were adapted to involve more
participants. In order for this to occur some of the following were incorporated, namely the need for
collaboration, solutions that require equal contribution by both participants, coordination of participants’
actions to promote communication and collaboration by organising user separation (every participant cannot
see and access the same things). Due to the design controls imposed in the CPS tasks, the collaborators cannot
see each other’s screen and are limited to sharing of information or resources through a few game elements
such as communication interface (chat messaging box) and some shared resources or space; hence,
collaboration is deemed critical to progress in the task. The communication interface provides a meansof
communication between participants, offering the opportunity to transfer knowledge and discuss strategies
while deepening their engagement. Communication is necessary to agree on the definition of the problem at
hand and for identification and agreement on a common goal.
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Figure 5: Screenshots from the Plant Growth task

As each individual brings their own prior expertise, knowledge and personal understanding of the game
mechanics, the tasks provide opportunity for them to offer unique contributions and to learn from one another,
overcomingany misconceptions they may have. In addition, the design and the game mechanics permit some
learning to transpire by informing the outcome of the trial and error processes so the individual is able to gain
understanding of own and partner’s perceptions and learn from their mistakes. This adaptation steers the
knowledge acquisition among the collaborators through a process from collecting evidence to performing
experiments (doing systematic and controlled observations) that permit testing of hypotheses with the learning
outcome of finding a solution to the problem (Griffin 2014).

Research indicates that game playing processes lead to improved performance in which technology acts as a
cognitive tool steering meaningful learning. Educational online games such as the ones developed for ATC21S™
offer participants ample opportunity for active engagement and experimentation, control and visualization of
concepts, and interactivity with digital educational content and with other humans — a variety of capabilities
that address individual and social dimensions of learning (Dillenbourg 1999, Hamaldinen et al. 2006). All of these
indicate that Vygotsky’s Zone of Proximal Development (ZPD) is the cognitive and social space resulting in
learning where potential development is determined through problem solving in collaboration with peers
(Vygotsky 1978).

5. Challenges and issues

Games have the potential to enhance learning by connecting game worlds and the real world to facilitate
collaborative problem solving. The importance of collaborative problem-solving ability has been addressed and
included as one of the future components of assessment in PISA (OECD 2003). Despite its benefits, the goals of
the games do not always align with the learning goals and the game’s features may distract individuals, affecting
them cognitively and physiologically. Some researchers believe that the creation of educational games which
incorporate learning outcomes into the game mechanic is yet to be achieved (Squire et al. 2003). For games to
be effective educational tools they need to optimise learning outcomes by offering ample opportunities to
construct and apply knowledge as well as to acquire and rehearse skills through active exploration within the
virtual environment and collaborative activity through appropriate multiplayer capabilities. It is crucial that
games used for educational purposes maintain gaming in the forestage, while meeting educational goals to
enhance and expedite learning. Often, poor design of the games involves tasks which are not useful for
increasing the students' progress, and so they are centred on simple “drill and practice” models (Squire et al.
2003). As a result, games can fail to integrate learning outcomes into their design and mechanics.To become
successful educational gamesthey must ensure that children learn what is intended (e.g., science, maths) and
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not just game-play techniques. With appropriate design of game tasks and mechanisms, collaboration among
participants can be promoted to enhance their engagement levels, their game exploration skills and their ability
to reflect on their experience to demonstrate improvement in their cognitive performance and problem solving
skills (Moreno-Ger et al. 2008). However, it is a difficult challenge for game design to successfully balance the
contribution and engagement from participants that is required in such collaborative environments (Manninen
2002).

An educational online game is not an effective learning medium on its own. The development of such games
should be guided by learning objectives, subject matter and assessment requirements. The design should be
such that the gameplay can combine the requirements of traditional single player games (fun, narration, and
immersion) with the challenges of multiplayer games (concurrent gaming, interaction). Design and
implementation of games is expensive, time-consuming, resource-demanding and challenging. Therefore, to
make the design of a collaborative game better facilitate learning, it is important to evaluate games empirically
and identify improvements, as was done in theATC21S™ study.

6. Conclusion

Designing collaborative learning games may be one way to respond to the needs of working life in the 21
century. The synthesis of empirical research presented here suggests that games can provide a rich experience
while individuals are engaged in complex decision making and the management of complex issues that might
resemble cognitive processes employed in the real world (Spires et al. 2008). The literature suggests that games
provide a valuable learning context in which the strategic management of complex problems can foster creative
thinking skills and show individuals how their decisions have dynamic outcomes (Chiu et al. 2001, Squire et al.
2003). The role of collaboration within learning environments has been researched over a number of years and
has been found to be particularly useful for learning to solve problems. Game design cannot ignore educational
objectives, which should be included within the game in an interesting manner. This paper has explained the
design process of CPS tasks that incorporate one of the 21st century skills and investigated the way learning can
be combined into game design in a collaborative environment. In these games, learners combine knowledge
from different areas to choose solutions or make decisions, and learn about the effects of their actions on the
outcome of the game. At their best, well-designed multiplayer games enable engagement, communication and
collaboration between individuals. Technology alone does very little to aid learning. Learning how the activities
are structured, and the degree to which they provide learning scaffolds.
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Abstract: Recently, Serious Games (SG) achieved a recognized position as a learning tool in several contexts. SG provide
constructive learning environments in which errors can be made without real life penalties and where students get instant
feedback from their actions when facing challenges. These challenges should be in accordance with the intended learning
goals and they should adapt and/or be repeated according to the learner’s level. This aspect is decisive in the acquisition of
knowledge, experience and professional skills through the simulation of different situations and contexts. The effectiveness
of competences’ training is directly related to the success in their acquisition but, above all, it is related to the ability to apply
them to successfully perform a given task. However, an optimal game design methodology for competence training is yet to
be created. This article presents a study that identifies the most appropriate game categories to develop specific skills and
competences. It considers a taxonomy with eight game categories (Action, Strategy, Playing, Sports, Management
Simulation, Adventure, Puzzle and Quiz) that were matched with the Education Competences and Educational Competency
Wheel. Analysing 116 serious games allowed identifying which categories were more efficient in the training of a specific
competence and therefore should be reused in the same scope.

Keywords: serious games, skills, competences, assessment, game type, game-based learning

1. Introduction

In recent years Serious Games (SGs) attained an increasing interest from many researchers on different fields
such as psychology, cultural studies, computer science, sociology and pedagogy. It is clear that there is a growing
focus on SGs demonstrated by an increasing number of conferences, companies, and publications devoted to
the subject (Ratan and Ritterdeld, 2009). Although there is an acknowledgement of the great value of SGs in
education and of the potential benefits of using digital games to engage learners and to improve the learning
effectiveness, there is still little insight on the possibilities of using SGs in the particular context of competences’
training.

Our aim with this paper is precisely to offer a contribution to identify the most appropriate SGs game categories
to ensure the successful training and certification of skills. The paper considers a taxonomy of eight game
categories (Action, Strategy, Role-Playing, Sports, Management Simulation, Adventure, Puzzle and Quiz) and
relates it with standard competences and skills through a referential competences model as “a collection of
competencies associated of the necessary attributes, behaviour, areas of knowledge, skills and abilities for a
successful job performance”(Lombardo et all, 2005). This referential contains six core skill-sets and personality
characteristics such as Individual Excellence, Organizational Skills, Courage, Results, Strategic Skills and
Operating Skills.

This paper is composed of three main parts. Firstly, we expose some topic background in which several concepts
are defined such as: Serious Games, Game Categories and competences training. The second part shows the
method applied in the study, and finally, the third part presents the discussion of the results.

2. Background

Unlike the Commercial Off-The-Shelf (COTS) games, where the entertainment is the primary focus, SGs are
driven by educational goals. These games are intentionally designed to help learning, skills acquisitions and
attitude and behaviour change. The game design process becomes the key issue to ensure the achievement of
the learning outcomes through the game play.
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2.1 Serious games

SGs “are games insofar as they have rules, simulate behaviours, accept input from the player, and provide
feedback within the context of the rules and behaviours” (Michael and Chen, 2006). This type of games is defined
as “an interactive computer application, with or without a significant hardware component, that: has a
challenging goal; is fun to play and/or engaging; incorporates some concept of scoring; imparts to the user skills,
knowledge or attitudes that can be applied in the real world” (Bergeson, 2006).

Mike Zyda (2005) describes Serious Games as “a mental contest, played with a computer in accordance with
specific rules that uses entertainment to further government or corporate training, education, health, public
policy, and strategic communication objectives”. However, the main emphasis on a serious game is still the
educational purpose (Jegers and Wilberg, 2003) with focus on learning and training and the application of new
pedagogies (Allen et al., 2009). According to Mohamed and Jaafar (2010), educational games put learners in the
role of decision makers, receiving immediate feedback from their actions and decisions, inviting to exploration
and experimentation.

The research of Freitas and Jarvis (2007) about Game-based Learning “shows some initial evidence of
accelerating learning, increasing motivation and supporting the development of higher order cognitive thinking
skills”. The association of that with digital games, digital game—based learning, supports a new approach to
learning because the player, which in the educational context is a learner, uses games to explore, discover,
question and ultimately build concepts and relationships in authentic contexts (Yang, 2012).

This study also concluded that games helped learners to understand very complex concepts more easily and also
increased their motivation through a positive association between the learner and his learning. In this work it
was also concluded that “the advantage of serious games approaches lies in their ability to create dedicated
content for learning purposes, rather than adapt existing leisure games to education practice”.

Serious games are becoming increasingly more popular in the corporate level as well as in research communities.
In spite of all this attention, there are still a lot of different definitions about what a serious game is. For this
paper SGs are defined as follows: Serious games are applications which aim to take advantage of all the features
that make games fun and engaging and use them to empower learning (Susi et al., 2007), promoting trainees
interest by making the focused educational subject exciting.

2.2 Game categories

Games can be organized into categories defined by game play challenges (mechanics) rather than the visual or
narrative styles. Understanding games’ categories allows the game designers to appropriately match new
content with a standard game mechanics and to expand in already established game mechanics (Adams and
Rollings, 2006). The main factor that unifies a game genre is a similarity in the type of interaction that is
supported between the player and the game (Pinelle et al., 2008). Therefore, this interaction corresponds to the
game mechanics as actions of game objects and players during gameplay. These repeated actions or challenges
are what define the genre of a game.

Overall, this type of game categories’ classification can be seen as a subjective practice, and the number of
accepted game categories has evolved in recent years as games become more sophisticated and diverse (Sellers,
2005).

In the investigation reported in this study, we use game categories that have been widely accepted in the video
game industry, composed of eight types: Action, Strategy, Playing, Sports, Management Simulation, Adventure,
Puzzle and Quiz. The following table presents the taxonomy, briefly describes each of the eight categories and
it also includes several sub categories.

Tablel: Taxonomy of game categories

Game Genre Goals Sub-Genre
Action To win challenges against one or more opponents by engaging Beat’ em ups, Shooter games (1t
in a series of physical actions (timing (reaction speed) and and 3" person), Platform games

accuracy are emphasized). Realism is not emphasized.
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Game Genre Goals Sub-Genre
Strategy Winning thinking challenges against one or more opponents 4X (eXplore, eXpand, eXploit,
by planning a series of actions (physical challenges are not eXtermine), Real — time strategy
emphasized) games, Real —time tactics, Turn —
based strategy, War games
Role-Playing Winning challenges with one or more opponents by planning Action RPGs, MMORPGs
a series of actions. Victory is achieved through planning/out-
thinking their opponents (physical challenges and chance take
a smaller role). Distinct from action games, RPGs seldom test
a player’s physical skill (combat is more tactical than physical)
and involve other non-action game play (resource
management)
Sports Actions games where realism of movements and techniques Exergames, Sport/ management
are very important. games
Management Winning finances challenges (without fighting) by planning a Racing games/Vehicle, Virtual
Simulation series of actions. Direct action upon an opponent is not worlds/Pets, Life simulation/social
emphasized. Typically, designed to be never — ending (no Win games, Business
scenario). Goal example: to build a collection of objects.
Adventure Using an avatar for exploration in an interactive story and to Graphics adventure, Puzzle
win thinking challenges in isolation (puzzles) by planning a adventure
series of actions (physical challenges are not emphasized).
Puzzle Winning logic challenges in isolation (not around a conflict Action/Arcade puzzle (timed),
with another opponent) by planning a series of actions. Reveal the picture game, Physics
Games usually involve shapes, colours or symbols that the game, Traditional game
player must directly or indirectly manipulate into a specific
pattern.
Quiz Testing the knowledge of commonly used terms in a fun and
friendly manner.

2.3 Training and educational competencies standard

The competency is the capability to apply or use a set of related knowledge, skills and abilities required to
successfully perform a desired task. Lominger’s set of sixty-seven competencies (Constant Contact, 2014)
became a universal common denominator as most of these competencies lead to task success. This assessment
tool is called Leadership Architect Competences and permits to compose a list, using one or combining a few of
the existing competency models, which encapsulates the competencies needed to succeed (Lombardo and
Eichinger, 2005). This competency model represents “a collection of competencies associated with a successful
performance” (Garman and Johnson, 2006). In order to apply it to education or training, the same authors
created, together with Microsoft, a similar approach called Education Competencies or Educational Competency
Wheel (Microsoft, 2013). This tool represents many of the necessary attributes, behaviours, areas of knowledge,
skills and abilities for a successful job performance.

The table of competences, seen in Table 2, consists of six core skill-sets and personality characteristics such as
Individual Excellence, Organizational Skills, Courage, Results, Strategic Skills, and Operating Skills. These
categories contain 44 competencies of Lominger’s standard, but can be extended to others areas outside of
education, as competences’ training. The competency wheel provides other resources to help identify the core
competencies, which are the ones associated with the success of an organization (Garman and Johnson, 2006).
These resources include a definition, four levels of proficiency, sample interview questions, activities and
resources for developing skills in order to help an organization to achieve success.

The table presents the six qualities or success factors and their competencies. The factors can be divided into
two categories: hard and soft skills. This categorization became usual. While the first are teachable abilities or
skill sets that are easier to quantify, the others are subjective skills that are much harder to quantify.

In this categorization, we can consider as soft skills the core skill-sets: Individual Excellence, Courage, Results,
Strategic Skills, and as hard skills the others: Operating Skills, Organizational Skills. This group of soft skills
provides the ability to achieve results by working effectively with others in various circumstances; the ability to
speak directly, honestly, and with respect in difficult situations; an emphasis on goal-oriented action; and an
array of skills used to accomplish focused, longer-term goals. As for the hard skills group, it provides an array of
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skills used for daily management of tasks and relationships; and the ability to communicate by various means

within different organizational settings.

Table 2: Educational competency wheel (Microsoft, 2013)

Education Success Factors

Individual excellence Organizational skills Courag I Strategic skills Operating skills
- Building effective teams - Comfortaround - Assessingtalent | - Action - Creativity (551) - Developing others (Op51)
(IE1) authority (OrS1) (C1) oriented (R1} |- Dealing with ambiguity - Directing others (OpS2)
- Compassion (IE2) - Organizational agility |- Conflict - Drive for (552) - Managing and measuring
- Customer focus (IE3) (Ors2) management results (R2) - Decision quality and work (Ops3)
- Humor (IE4) - Presentation skills (C2) problem solving (S53) - Managing through
- Integrity and trust (IES) (Ors3) - Managerial - Functional/technical skills | processesand systems
- Interpersonal skills (IEB) - Written courage (C3) (S54) (Ops4)
- Listening (1E7) communications - Intellectualacumen (SS5) |- Organizing (OpS5)
- Managing relationships (Ors4) - Learning on the fly ($56) - Planning (OpS6)
(1ES) - Strategic agility and - Priority setting (OpS7)
- Managing vision and innovation management - Time management (OpS58)
purpose (IE9) (557) - Timely decision making
- Motivating others (1E10) - Technical learning (SS8) {Ops3)
- Negotiating (IE11)
- Personallearning and
development (IE12)
- Valuing diversity (1E13)

3. Methods

The methodology applied consisted on the collection of serious games in distinct sites such as:
http://www.gamespot.com/, http://www.healthgamesresearch.org/db, http://www.gamesforchange.org/, as
well as other open SG repositories, to obtain each individual game information like description, classification,
domain area, game genre, topics, target and realism. When the game was available, it was also played to identify
more clearly the competencies involved. The study considered 116 serious games and compared their
competencies group with the extended game genre taxonomy.

The following table summarizes the game list decomposed into several categories and its sub categories (the

whole list is available at: https://db.tt/SI9JBACM).

Table 3. Summary of games by genre and sub-genre

Categories Sub - Genre Subtotal

Total

N

Beat’ em ups

Action Shooter games (15t and 3™)

Platform games

4X (eXplore, eXpand, eXploit, eXterminate)

Real-time strategy

Strategy Real-time tactics

Turn — based strategy

War games

Action RPGs

Role Playing VIVORPG
s

Exergames

Sports
P Sport /Management games

AR (NIN[N|[Rr|BR[R[R|O]|R

Racing games / vehicles

N
D

Management Virtual worlds/Pets

Simulation

oo

Business

Life simulation / Social Games

41

Graphics adventure 17

Adventure
Puzzle adventure 2

19

Action/Arcade puzzle (timed) 14

Puzzle Physics game 4

Reveal the picture game

37
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Categories Sub - Genre Subtotal | Total
Traditional game 2
Quizzes 11 11

With the obtained quantitative results, in the following two steps were applied: Firstly, we have chosen the most
relevant sub-genre of each game category and compared them. The results allowed measuring the distance
between them. Secondly, the study focused on each chosen genre in comparison with all the skills in the
Educational Competency Wheel. The results allowed concluding what the relevant skills were, as well as the sets
of skills for different game genres. A few sub categories had no correspondence on the retrieved list of games.
The categories which have more sub-genres unidentified were Action, with three (fighting, maze and rhythm
action games), and Adventure, with two (text adventure and visual novel).

4. Results: Skills and game genre

This study aimed to identify the best genre, or set of categories, with the most appropriate mechanics and
challenges for skills’” learning and training. The following images show the proportional values of the greater sub-
genre in each core skills-set. In the Individual Excellence, the study focused on the skills that provide the ability
to achieve results by working effectively with others in various circumstances. The results showed higher
prevalence of Role Playing Game (RPG) genre in several skills as: Negotiation, Building Effective Teams and
Motivating others. Other skills are Valuing Diversity, Personal Learning and Development, Integrity and Trust
and Interpersonal Skills. Other categories, such as Strategy, have relevant numbers, around 50%, in the majority
of identified skills in RPG. Categories such as Action and Adventure can be useful in some particular skills:
Negotiation and Valuing Diversity.

Individual Excellence by Game Genre
Building effective
teams (IE)
100
Valuing diversity (IE) %0 Compassion (IE) ik =
Personal learning
and development Customer focus (IE)
(e)
I p——
Negotiating (IE) Humor (IE) imvetion
= i (11}
Motivating others Integrity and trust
(1€) (€)
Pe————r—y w1
Managing vision and Interpersonal skills
purpose (IE) (1E)
Managing PR —
relationships (IE) Listening () ]
Operating Skills by Game Genre Organizational Skills, Results and Courage by Game Genre
Daveloping others Action orianted (R)
(0ps) 1
‘: Written
o % communications Drive for results (R)
Timaly dacision making P P —— ey
70
60
50
40
30 P tati kill:
Time management Managing and rm"[;,;" =y Assessing talent (C)
(0ps) measuring work (OpS)
Managing through Organizational Conflict
Priority setting (OpS) processes and systems agility (OrS) management (C)
(ops)
(anagerial courage
Planning (OpS) Organizing (OpS) authority (OrS) (©
B Sports:Exergames B Adventure:Graphics adventure B Puzzle:Action/Arcade puzzle (timed)
@ Strategy:Turn — based strategy B Role-Playing: MMORPGs B Management Simulation:Virtual worlds/Pets
B Action:Platform games B Quizz

Figure 1: Core skills-set by game genre intersections

The second core skills-set refers to Strategic Skills, which provides an array of skills used to accomplish focused,
longer-term goals, demonstrates that all genres are designed for Decision Quality and Problem Solving skills. The
Functional / Technical Skills and Dealing with ambiguity have more emphasis with the following categories: RPG,
Strategy and Management Simulation, while Intellectual Acumen and Learning on the Fly skills can be acquired
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through the RPG, Adventure and, preferably, Strategy genre. Quizzes, Puzzle and Management Simulation can
improve the Technical Learning skill.

Operating Skills, which are responsible for the ability to communicate by various means within different
organizational settings, have as predominance of Sport and Strategy categories. Management Simulation has
some relevance (higher 60%) in several skills, such as: Timely Decision Making, Priority Setting, Planning and
Organizing. Finally, the Adventure genre can be used in organizing skills and to acquire the skills: Organizing,
Priority setting and Timely decision-making should be applied to the RPG genre.

Last but not least, the final investigation graph is a three in one. So, it is important to mention that the RPG genre
is almost absolute in the skills-set Results and Courage. Even then, the Strategy genre is more appropriate for
the Organizational Agility skill, as well as having some relevance in the Results skills: Action Oriented and Drive
for Results, several categories, Action, Adventure and Management Simulation.

The second approach of the study aims to analyse each genre as a whole and check what the most impact areas
of the skills acquisition are. The following images are grouped, in most cases, by similar patterns identifying skills
as indicated by references that can be linked with Table 2. The graphic choice, spider graphic, seemed most
appropriate because it shows the reasonable limits of change for each independent input and the unit impact
of these changes on the outcome.

Management Simulation:Virtual Worlds/Pets
w0
a G Wy
3} P e
Rl 4 (3
K %» e
0ps9 - 1€?
Opss " us
Opsy e
Opss €10
0ps5 1L
Opsa €12
Ops3 W13
Ops2 oSt
Opsi OS2
39 O3
87 Orsd
536 1
55 g g5y W

Figure 2: Graphics of identified skills in management simulation and strategy categories

Figure 2 shows the Management Simulation and Strategy categories. These categories have similar impact areas
for training skills such as Results (R), Operating (OpS), Strategic (SS) and Organizing (OrS). More specifically, the
impact of organizational agility (OrS), quality and problem solving (SS), and organizing (OpS) are stronger. Others
diverse skills from Operating (OpS), Strategic (SS) and Organizing (OrS) need to pay attention because this
relevance is over 60%.

Finally, it should be noted that both categories haven’t any relevance into Individual Excellence Skills-sets,
although the analysed sub-genre is virtual worlds and not business.

The next image (Figure 3.) shows the Adventure and Sports categories. The first genre demonstrates more
predisposition for particular skills of several skills-sets. For instance, it is relevant in Organizing (OpS), Intellectual
Acumen (SS), Functional/ Technical skills (SS) and particularly, Decision Quality and Problem Solving (SS). The
Drive for results (R) skill is relevant in both categories with results of 50%. The Sport genre presents a curious
map because the results identify the most appropriate skill (100%). One of the reasons is the lower number of
reviewed games. However, that indicates the most relevant are Managerial Courage (C), Organizing (OpS),
Planning (OpS), Managing and Measuring Work (OpS), Decision Quality and Problem Solving (SS) and finally
Organizational Agility (OrS).

The others identified skills obtained 50% of relevance such as: Action Oriented and Drive for Results of Results
skill-set, Valuing Diversity (IE), Developing Others (OpS), Priority Setting (OpS) and Time Management (OpS).
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Ad Graphics ad Sports: Exergames
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Figure 3: Graphs of identified skills in adventure and sports categories

The Sport genre is one of the cases in which it is necessary to increase the number of games analysed, to improve
the relevancy of previous results. In this study, the sample considers only two games, as well as one genre,
included in the following image (Figure 4.), Role Play Games.

This image shows the Action and Role Play Games genre. It is relevant to verify, about these two categories, that
the first genre, Action, is most important in Action Oriented (R). However, other skills have impact like Decision
Quality and Problem Solving (SS), Technical Learning (SS) and Negotiation (IE), even with 40% of relevance. The
RPG genre is relevant in several skill-sets like Results and Courage. The most important aspect is many of
Individual Excellent skills that obtained significant values between 50% and 100%. This result makes it the most
appropriate genre for training these soft skills.

Action: Platform games Role-Playing: MMORPGs
IE1 IE1
2 G0 182 g5 Suay— 12 g3
c 00 IE4 1E4
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R1 70 IE6 R1 IE6
0ps9 60 IE7 Ops9
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OpS8 %0 IE8 OpS8 5 13:]
0ps7 30 IE9 0ps7 1E9
"
OpS6 - IE10 0ps6 IE10
OpS5 — —— IE11 Ops5 IE11
opsa E12 Ops4 IE12
0ps3 IE13 0ps3 IE13
0ops2 T ors1 Ops2 0rs1
0ps1 1 ors2 0ps1
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ss7 d ors4
556 ss1
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Figure 4: Graphs of identified skills in action and role-play categories

In the latter genre, the impact of other skill-sets occurs because of Strategic Skills with the following skills:
Dealing with Ambiguity, Decision Quality and Problem Solving, and Functional/ Technical skills. Some other
elements from Operating Skills can contribute for successful abilities’ acquisition such as Organizing and Priority
Setting.

Finally, the last graphs image (Figure 5.) compares the Puzzle and Quiz categories.

For the Quiz genre, the most important conclusion is to identify the most suitable skill training as Technical
Learning. In what concerns the Puzzle genre, the most relevant skill-set is the Strategic Skills with the stronger
contribution for Decision Quality and Problem Solving, Technical Learning and Intellectual Acumen; but, in this
last case, with only 60% of relevance. The Puzzle genre shows some capabilities in the Time Decision Making
(OpS) skill.

The graph results show how each game genre has different impacts in skills training, as well as help the
identification of the best genre in order to achieve the learning outcomes. Nevertheless, in many situations, the
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best choice can be a mix of game categories that take advantage of the most appropriate skills to complete a
particular learning outcome or ability.

These diverse maps work as an interesting tool for math games, to train competences. But for that goal, it is
necessary to have a continuous update of the survey to achieve the increment of revised SGs. Another important
aspect is to enrich some of the game categories with more games because, on the one hand, the results achieve
more diversity and data consistency related to the genre and its sub-categories with a wider range of games; on
the other, to improve the quality of the global results.
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Figure 5: Graphs of identified skills in puzzle and quiz categories

One last note: this genre study reflects only on the sub-genre with more occurrences and it is not a generalization
by genre.

5. Discussion

Having identified the skills which are present in the eight game categories previously mentioned in Figures 1-5,
we can use this knowledge to improve serious games.

The potential of the distinct game categories to support skills’ learning is extremely important and contributes
to the development of wide variety strategies of the game design. This contribution can result in a mix of game
categories or reinforcement of challenges to achieve skills such as: Decision Quality and Problem Solving and
Technical Learning (SS); Organizing and Timely Decision Making (OpS); as well as both skills results (Action
Oriented and Drive for Results) can be synchronized with different strategies to get better learner performances.

Unfortunately, the overall results of Individual Excellent skills were not significant. That situation demonstrates
which are the more difficult soft skills or personal development issues either to train or to measure to improve
new skills. Exceptionally, the Role Playing Game genre has several contributions in group strategies such as
cooperative work (Building Effective Teams (IE), Motivating Others (IE) or Conflict Management (C)).

With the game categories defined in section 2, using the method presented in section 3 and the skills identified
in the previous section, the following question arises: what are the learning and training benefits which can be
achieved through the implementation of serious games?

The benefits identified show that the experience is the most important aspect of serious games, and that the
performance can be improved through a set of challenges. Frequently, using mechanics from one genre isn’t
enough to support the goals of skills training, but this work demonstrates that the game designers have several
choices to get to the best skill learning. A further boost should be given to the implementation of serious games
to skill training if the training experience is set from a game structure (actions/ challenges), as well as each
defined challenge can be used independently, or not, for the improvement of different skills.

6. Conclusions

The results of this survey lead us to identify some areas with significant intersections between the game
categories and competences. The crossing analysis applied helped to define comparatively the most significant
genre in each core skills-set, and showed how each genre can contribute in several skills training.
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These sets of maps demonstrate the strong correlation and impact between some game categories, such as
adventure, sport, strategy and management simulation, and some hard skills (organizational and operating) and
soft skills (strategic and results). A hardly surprising result is the lower impact of most game categories for the
core skills-set of Intellectual Excellent, with the exception of Role Playing Games.

Another conclusion from the results is that they can be applied as a reference for different training contexts or
domains areas; as well as being useful to understand these previous experiences, and being able to provide hints
for the game designers to develop new SGs.

In the future, this study will be continuously updated with the investigation of new releases of SG, in order to
improve the best game genre identification, to achieve the desired learning outcomes. This contribution
may eventually be developed as game categories vs competence and skill matrix.
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Abstract: While many educators and academic institutions are moving towards the switching of the traditional teacher-
centered approach of instruction to a more liberal and “democratic” form of learner-centered approach to learning, there
may be organizational issues affecting some parts of the transition. In particular, while some programs of study want
students to become more engaged and motivated in their learning activities within the classroom, some may not have the
necessary education or training to see the relevance of some learning activities over the use of others. A literature review
was focused first on what is Games-Based Learning (GBL), in terms of the imagery of some archaic video games or mindless
wonder (time filler) activities may be in the forefront of some educators or academic administrators. However, there is a
growing piece of literature that has showing that a varied approach to learning, as well as teaching, can help to encourage,
motivate, and engage more adult learners not only to participate more in their academic endeavors, but also may increase
the likelihood of more student retention. While adult learning may also be focus on the accomplishment of certain class
learning objectives, perhaps the learning objectives, syllabus, and overall classroom design and layout need to be re-
evaluated to see if it is meeting the needs of today’s adult learners, as well as offering a more enhance learning environment
to engage and motivate more adults. Therefore, the use of Games-Based Learning offers a chance for more instructors to
update their classroom layout and delivery of course content, as well as demonstrating to the student that despite various
organizational issues and potential setbacks, the instructor is showing a level of interest in the student not seen in previous
decades with a more “focused’ approach to engage the learner and facilitate a “different type of learning environment” with
a more modern-day approach.

Keywords: game-based learning, adult learning, online learning, learning activities

1. Introduction to games-based learning

The transition from a physical teaching environment, known as a Face-to-Face (F2F) learning environment, over
to a more modern and technology-based applications approach, known as a virtual learning or online learning
environment, both teachers and students may face some difficult challenges. While these challenges may
present themselves at any time during the transition process or during or after it, the learning process needs to
happen and measurable academic success/achievement needs to be evidenced. Students still needs some time
of reinforcement that they are on the right track and also need to know that they are working towards a purpose
that will meet their needs and that of the course requirements. (Chalfofsky, Rocco, Morris, 2014). On the other
hand, we have to consider the end result and how the students will use their education in the real world of work.
According to Barbara Smith (2000), chief learning officer for Burson-Marsteller stated that “If we don’t have the
best people creating the best product, we can’t compete. What I’'m after is creating the best people in the
industry. E-Learning is an option that provides us with real competitive edge — it helps us maximize our
intellectual capital” (Koprowski, 2000, pg. 1). Further, technology is breaking down current knowledge barriers
and practices about work processes and learning. However, one of the key obstacles has been the lack of
recognizing the effect of errors and changes in an organization in terms of learning and to create more
knowledge for the organization. Perhaps educators need to rethink their approaches to learning and consider
alternative ways of teaching and engaging today’s adult learners.

2. Literature review

A literature review was focused first on what is Games-Based Learning (GBL), in terms of the imagery of some
archaic video games or mindless wonder (time filler) activities may be in the forefront of some educators or
academic administrators. However, there is a growing piece of literature that has showing that a varied
approach to learning, as well as teaching, can help to encourage, motivate, and engage more adult learners not
only to participate more in their academic endeavors, but also may increase the likelihood of more student
retention (Barrett, 2007; Barrett, 2011, Barrett, 2014). It should be noted that a traditional literature review was
not a key component here, but more discussion was given to various parts of the literature. In fact, games have
been viewed traditionally over the centuries to be linked to pre-formal learning and forms of physical activity.
As we move from this archaic perspective to a more modern approach to games-based learning, we are moving
from the traditional approach to learning to a more non-traditional approach. Therefore, even our literature
reviews and research methodologies need to change in accordance to this novella approach to another form of
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learning. When one thinks of Games-Based Learning (GBL), the imagery of some archaic video games or mindless
wonder (time filler, as some think of this type of interaction), these activities may be in the forefront of some
educators or academic administrators. Nonetheless, there is a growing piece of literature that has showing that
a varied approach to learning, as well as teaching, can help to encourage, motivate, and engage more adult
learners not only to participate more in their academic endeavors, but also may increase the likelihood of more
student retention. However, we have to think about learning in general and what we know and how we can
rethink how it is done and shared. In order to move from the traditional form of learning with set learning
activities, today’s educational systems are incorporate more technology and a need for more teachers with a
certain mindset (Senge, 1990) in order to understand both the needs of the adult learner, as well as the
educational requirements necessary for the student to master the need skills and experiences to accomplish the
give learning objectives. Without some sequencing of learning, the learning with game-based learning may be
lost in its time and place and not an ongoing type of learning achieve. Historically, the thought of video/arcade
games was seen as a frivolous and non-mind intense skills, as well as the line of reasoning of the use of computer
games — just time filler seen by many. However, with the onset of educational games that required the teacher
to learn some programming, such as the Logo computerized learning software that required the instructor to
have a basic knowledge of logo programming, the software was useless if not programmed correctly. While this
earlier forms of gaming software was seen as cumbersome by main, earlier pioneers of educational technology
saw this a change in the learning mindset and a new plateau to be achieved for more enlargement of the learning
process. According to Van Eck (2006), “Digital gaming is a $10 billion per industry, and in 2004, nearly as many
digital game were sold as there were people in the United States (248 million games versus 293.6 million
residents)”. (eSchool News Online, 2005; Entertainment Software Association, 2005).

As the software packages continued to improve and more teachers and administrators bought into the
“educational technological evolution”, some educators still clung to the traditional form of teaching via the
blackboard and chalk method. However, many of them were not quite ready when they heard of the new white
board and eventually the use of an electronic blackboard to be capitalized and marketed throughout the world
through a company called Blackboard (Bb). However, let us take a quick historical look at this term and how it
has evolved and helped to engage more learners. According to Buzbee (2014), “Although the term blackboard
did not appear until 1815, the use of these cobbled-together slates spread quickly; by 1809, every public school
in Philadelphia was using them. Teachers now had a flexible and versatile visual aid, a device that was both
textbook and blank page, as well as a laboratory, and most importantly, a point of focus.” (para. 2). As
technology changed, the teaching tools and strategies used by instructors also changed. According to
Blackboard, Inc. (2015), it was “formed by the joining of two companies: Courselnfo LLC, founded by Daniel Cane
and Stephen Gilfus, and Blackboard LLC, founded by Michael Chasen and Matthew Pittinsky. Originally, the
Blackboard Company began as a consulting firm contracting to the non-profit IMS Global Learning Consortium.
In 1998, it merged with Courselnfo LLC, a small course management software provider that originated at Cornell
University. The combined company became known as Blackboard Inc. The first line of e-learning products was
branded Blackboard Courselnfo, but the Courselnfo brand was dropped in 2000. Blackboard went publicin June
2004. It operated publicly until Provident Equity Partners purchased the company in 2011. As of January 2014,
its software and services are used by approximately 17,000 schools and organizations in 100 countries.” (para.
4). As this company grew, learning for all types of adults from K-12, including university students started to learn
from a different approach to learning by the utilization of a Learning Management System (LMS). Here are some
facts about Blackboard,

= World Reach. We serve over 19,000 clients in 100 countries, including 1,900 international institutions alone

= Top education institutions. Out of the Top 50 Times Higher Education Reputation Ranking in 2014, 80% of
the world’s top academic institutions work with us.

= K-12. Our solutions and services are used by 1 in 3 U.S. school districts, including 70 of the largest 100
districts, and serve over 20 million K-12 students.

= Online bachelor programs. We support and work with 92% of the top online bachelor degree programs.
(Blackboard, 2015, para.4)

For the purposes of this paper, we have outlined a historical context of the evolutionary change of one instructor
tool, namely the blackboard, in order to understand how past teaching tools have been carried over to the virtual
learning environment (Barrett, 2014; Barrett, 2011). Further, while we have seen the migration from the
traditional chalkboard (slate) to a more virtual blackboard, we have seen greater opportunities for more learning
activities to be created and designed for all types of learners. In particular, whether the online learning
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environment uses various “well-known” LMS or a proprietary-designed LMS, the goals are the same —to delivery
content knowledge, offer a variety of learning activities, and offer some type of measurement of learning to
determine if the learner is achieving the intended learning objectives.

Despite the type of technology being used or considered, the type of subject matter may have an impact on the
learning experience. Further, as many academic institutions are moving from the “teacher-centered” approach
to a “student-centered” one, the subject matter will be the same, but the type of learning activities, as well as
the way it is approached and delivery can make a difference in the education of today’s learners. Even though
some learner-centered activities may work on certain classes and programs of study, some variety may be need
to be offered from the instructor with a “teacher-centered” approach in order to ensure that all students are
working on the same level of classroom participation, as well as engaging and motivating with everyone and
only a select few. (Barrett, 2007). Thus, adult learning may also be focus on the accomplishment of certain class
learning objectives, perhaps the learning objectives, syllabus, and overall classroom design and layout need to
be re-evaluated to see if it is meeting the needs of today’s adult learners, as well as offering a more enhance
learning environment to engage and motivate more adults. However, while education has been evolving, as
well as technology changing, the underlying question that has been lurking in the minds of many adult learners
is why go on with additional education, such as college, if the earlier years of education in high school were so
horrible and daunting? Many adult learners may be wondering whether not to entertain the thought of future
torture, torment, and endurance in order to obtain a degree that may or may not help one to achieve additional
earnings, better career advancement and/or job satisfaction? Nonetheless, education be fun and entertaining
for both the learner and educator. Equally important to note is that academics can help to provide the best
possible education and engage today’s learners who want to continue onward with their program of study.
Studies have shown that the use of game-based learning have helped to engage students, but how the game-
based learning is presented is equally important (Kapp, 2012). As we progress to the next segment of the paper,
we will continue with the point of instruction in order to build a contextual overview of considerations given in
the light of newer instructional methods and technology.

3. Traditional teaching strategies and approaches for teaching course content

Historically, many instructors have use the Socratic Method of instruction, usually as required by the educational
institution or administration. Learning has changed since the days of Socrates demonstrating his own form of
teaching, which is known was the Socratic Method. This method served as the foundation of the earliest form
of the teacher-centered approach, however, this is now movement to move towards a more “adult centered”
or now known as the learner-centered approach. (Barrett, 2014). With this specific method of instruction,
including both the F2F and online learning environments, the administrators and online course designers being
tied to this heavily used method of instruction (but sometimes limited in its application of certain course
content). As a result, education and learning has been stigmatized and frozen in a vacuum in some learning
venues. However, some adventurous and progress types of educations have tried more methods of instructions,
namely, the use of video games as a form of instruction has proven helpful in some types of learning
environments, but not with all types of adult learners. While this type of methodology is good for lectures and
demonstrations, but for the purposes of this paper, it will be used as a starting point for delivery instructions
prior to the use of game-based learning.

Thus, this leads to the question of whether game-based learning is needed in today’s learning environment or
not? Knowles (1980) noted that “adult [learners] see education as a process of developing increased
competence to achieve their full potential in life. They want to be able to apply whatever knowledge and skill
they gain today to life more effective tomorrow.” Therefore, we are seeing more working adults seeking further
education, but what are their learning needs for the short- or long-term? The key question here is simple — can
educators in today’s harsh economic times afford to be hard-pressed to traditional rules or rules and educational
methodology or will they need to change with the times in order to meet not only the needs of today’s adult
learner, but also the needs of the business community and society in general? Can the business community
command enough attention for changes in the educational programs of today’s educational institutions or does
society have to warrant a need for change for today’s educators to meet the needs of a much shrinking
workforce and growing number of Baby Boomer retirees?

These questions for not only consideration and reflection, but these questions are focus on some hard-pressed
societal and business issues and needs. What educational institutions do next will determine upcoming trends
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in both the workplace and marketplace. However, it should be note here, that perhaps companies like Microsoft,
Google, and Yahoo have it made — because they use the theories in use approach as opposed to espoused
theories and hope for change. Can you image where Google would be today if they did not take a change in
technology and make their workplace fun for the employees? The question in point here is why is innovation
and creativity so important with some of these companies?

4. As technology and demographics have changed the needs of the workplace and
education

As technology changes, educational needs and offerings also need to change or be changed as a result of the
evolving-technological movements in today’s marketplace and work environments. During the past decades,
the demographics of learners has been changing, especially with students with disabilities. Since the passages
of key federal mandates in the United States, in particular, the Americans With Disabilities Act of 1990 (“ADA”),
we have seen more students enrolling into courses. In the United States, the passage of the Americans with
Disabilities Act of 1990 (ADA) help to change and correct many factors and circumstances affecting the lives of
these individuals. Specifically, it provided a federal mandate compelling organizations, in particular in the field
of education, to make changes in how it made accommodations for learners with disabilities.

Consequently, while this federal mandate has been in effect for two decades, some universities and their
instructors still have not brought their courses up to par. As a result, this federal mandate has caused many
universities and their various departments to set up either to address the various learning needs of “all” students
or perhaps perish as more students start to gravitate towards more popular and accepting universities.
According to the Disability Status 2000, Census 2000 Summary File #3; and Census 2000 Brief (March 2003)[5]
(C2KBR-17), the following statistics about the employment of people of disabilities was noted: “The total
number of people with disabilities aged 16-64 is 33,153,211, [of which], the total number employed is
18,525,862. The percent of people with disabilities aged 16-64 employed is 55.8” (Census, 2000, para. 4-6).
Further, the reports went on to noted that “18.6 million people disabilities employed aged 16-64, 60.1% of men
with disabilities are employed, and 51.4% of women with disabilities are employed” (Census, 2000, para. 7).
Why is this important in the context of games-based learning? Simply, one commonality that many learners,
with or without disabilities, have is the excitement of trying new technology or simply challenging their ability
to learn and try new things (Barrett, 2014). Historically, many learners with disabilities would have to avoid
programs or courses involving engineering, computer science or mathematics, depending on the type of
disability they had. However, with this changing technology, more creative learning advances are paving the
way for these individuals with psychomotor or mental challenges, as well as helping them to take more “control”
over their learning abilities and skills.

It should be noted here is that not all adults learn the same and that they have different learning styles. Kolb
(1984) “believed that our individual learning styles emerge due to our genetics, life experiences, and the
demands of our current environment. In addition to describing four different learning styles, Kolb also developed
a theory of experiential learning and a learning style inventory.” Basically, not all students learn the same, and
their level of interest and motivation may vary according to these various factors affecting their learning style.
Cherry (2015) noted that if we look at Kolb’s learning theory in which “learning is viewed as a four-stage cycle.
First, immediate and concrete experiences serve as a basis for observation. Next, the individual reflects on these
observations and begins to build a general theory of what this information might mean. In the next step, the
learner forms abstract concepts and generalizations based upon their hypothesis. Finally, the learner tests the
implications of these concepts in new situations. After this step, the process once again cycles back to the first
stage of the experiential process.” Many educators can identify one of the cause for the reluctant move towards
education for many adults may be related to earlier learning experiences that caused a form of distrust or what
Erikson called “mistrust versus trust” (Knowles, 1980).

5. Why teaching and learning practices need to change

First, as more educational institutions move towards more technological enhancements and online learning
options, the need to design, develop, implement, and evaluate a number of different practices and procedures
in order to prepare all students, especially learners with disabilities, to compete for quality and meaningful
employment. Second, another need why more and more programs of study, such as computer science, need to
update their courses with better technology and policies in order to better defend oneself, both in and out of
various learning environments. Therefore, the rate that many high-tech companies have expanded has also
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caused an increase in the number of school being able to require the best students with top degrees, as well as
develop a new social order of learning in which the learner has more control over the learning environment (live
or online learning environments) (Barrett, 2014). Consequently, as more educational institutions obtain more
technology, they realized that one important element of learning that affects the technology is the need for
socialization and interaction. According to Preece (2000), these online communities “consists of people who
interact socially as they strive to satisfy their own needs or perform special roles; a shared purpose that provides
a reason for the community; policies that guide people’s interactions; and computer systems to support and
mediate social interaction and facilitate a sense of togetherness” (p. 10). (as cited in Barrett, 2011).

While more colleges and universities have been focused on the needs of business and industry to not only attract
more corporate clients, but also to regain the confidence of many people who might have foregone the idea of
continuing their education. Educators need to look beyond their current scope of doing things and perhaps look
at other models. Thus, if we look at the business side in terms of understanding various other approaches and
strategies in business, we might look at the works of Weisbord and his model. Again, if we look at a historical
point of business modeling, we might be able to apply this type of model to a potential application in today’s
workplace and educational setting. Weisbord (1976) created a framework of a six-box model that can help one
to examine how an organization functions. Consequently, this particular model has been used by many
organizations in order to diagnosis various segments of organizational life. Whereas, it is based on various
assumptions and techniques used in the field of organizational development, but yet, it still has a good
functionality over the past several decades. In particular, Weisbord’s six-box model consists of the following
boxes:

= Purposes: What 'businesses' are we in?

= Structure: How do we divide up the work?

= Relationships: How do we manage conflict (coordinate) among people? With our technologies?
=  Rewards: Is there an incentive for doing all that needs doing?

= Leadership: Is someone keeping the boxes in balance?

= Helpful mechanisms: Have we adequate coordinating technologies?

Educational institutions, just like businesses, need to scan their environment continuously to see if they are
reaching not only their immediate goals, but the future needs of their audience (learners). Thus, this brings the
main thrust of the paper back to the over-arching question of what approach can educators take to be creative
in implementing a new type of learning activities, specifically a game-based approach to learning. One of the
most popular games is an American game show know as Jeopardy. Further, the use of this popular TV show quiz
format has helped to measure learning outcomes/content knowledge, serve as a learning activity to engage the
adult learner, and develop a sense of socialization and competitiveness among the learners. From the point of
creation to development and implementation, this process has served as a basis for creating not only best
practices for incorporating more interactive learning activities, but also as a foundation for memorializing
lessons learned and share them with other academic members (Barrett, 2007). This quiz format learning activity
will be used with graduate-level learners in the context of reinforcing their content knowledge gained through
readings and other learning activities. This preliminary use of this learning tool will be used in a beta testing
context with the instructor observing the level of interaction. Thus, the following discussion will outline how to
create one’s one version of Jeopardy for classroom inclusion, along with discussion of the implementation
process.

Step 1: Educators can conduct an Internet research on the various uses and model applications of the Jeopardy
quiz format to be used as one’s model for classroom use. Here is a sample list of websites for review and possible

use:

Jeopardylabs (2015) — retrieved from https://jeopardylabs.com/

Apache Open Office (2015) retrieved from http://templates.openoffice.org/en/template/jeopardy-quiz-
template

JeopardyApp (2015) — retrieved from http://www.jeopardyapp.com/
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Step 2: Now that one has the template or application loaded up, you need to decide on your content material.
Are you using this approach to learn content for a unit or chapter? Or are you preparing students for an
upcoming quiz or exam? Finally, are you using this game-based approach for engaging and motivating more
participation from your learners?

Step 3: Since the intent and materials are decided upon, we need to develop a “better practice” and write out
the questions and responses that will engage the learner to draw upon one’s own current knowledge or help
drive the learner to seek additional information and knowledge. A good practice is to have the student given a
practice-quiz in class and build up the possibility of teams competing against each other. This is a way to work
on “team building better practices” as well as strengthening study and communications skills in the interim of
preparation for the upcoming event.

Step 4: Finally, prior to the use of any game-based learning should be some form of testing to see what is the
reliability and validity of the material being measured. Another “better practice” might be to gather other
instructors teaching the same subject or course material to try out the game-based learning. Not only can you
gather more insight in terms of validity and reliability — it might help encourage the other educators to use this
type of game-based learning.

6. Concluding points

It should be noted that not all learning activities may engage or motivate today’s adult learners. Also, instructors
may need to “think outside of the box” and try new approaches to teaching all types of adult learners. As noted
previously, the potential use of well-known TV quiz programs (i.e., Jeopardy), movies or media-related events
may help instructors to engage and motivate today’s adult learners. As noted earlier in this paper, some learners
may be reluctant to engage in course activities and overall participation as a result of earlier learning
experiences. Consequently, if educators think of earlier years of instruction and perhaps single out one
particular form of learning activities that engaged even themselves as learners, they may also agree that some
form of game-based learning was also beneficial in their earlier years of instruction. There may be a good chance
that if they use this approach with game-based learned that they may be able to regain the confidence and trust
of new learners and help to erase previous educational experiences of mistrust and replace it with a more
proactive form of self-confidence and trust, as well help these adult learners to re-discover the joy of learning
and growing.
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Abstract: Early school leaving (ESL) is an urgent and serious problem, both for individuals and society as a whole. Factors
such as learning difficulties, social problems or a lack of motivation, guidance or support all contribute to ESL, although the
situation varies across EU countries. High rates of ESL are detrimental to making lifelong learning a reality and increase the
risk of unemployment, poverty and social exclusion. Since normally there is not a unique reason for leaving education or
vocational training, answers are no easy. In response to these concerns, the Code RED project (http://www.codered-
project.eu) has been created to address the high proportion of drop out from Initial Vocational Education and Training (IVET)
and ESL in the UK, Greece, Italy and Cyprus via the development of new games-based learning applications (both desktop
and mobile) to inform young adults (aged 16+) of the issues surrounding ESL. Location-based gaming (LBG) applications
represent a form of play that is designed to be undertaken on a device in motion which changes the game experience based
on the location. The design of these products presents many challenges to developers surrounding user interfaces,
processing power and the availability of space. The ARIS platform (Augmented Reality and Interactive Storytelling) covers a
broad field of LBG design components such as geo-location data, location-sensitive informational objects, interactive
dialogues and QR code input. As such, ARIS has been selected by Code RED researchers to teach LBG and mobile augmented
reality design concepts and prototype new design ideas with young adults. This paper will discuss the issues which are
contributing to ESL within the EU and report upon the results of a short term participatory design initiative within Code RED
to co-design new location-based gaming applications with participating IVET students (aged 14+) to address these issues. In
the UK, participating students were successful in formulating a game concept suitable for transfer into LBG surrounding
lifestyle choices such as alcohol and drug abuse which may contribute to ESL. In Greece, participating students with learning
disabilities were successful in creating a fictional ‘solve the mystery’ LBG using the ARIS platform. Students decided to focus
the game’s narrative on the issue of exclusion from school and jumping into fast conclusions during schooling years. In Italy,
participating children were successful in designing an orienteering-based LBG to promote cultural heritage via exploration
of an ancient castle. This process also enabled participants to research and learn more about this local landmark. The paper
will discuss the application of the participatory design methodology between project partners and will document the LBG
output from this process. Finally, the paper will identify how these products will be positioned as part of future work to
address ESL.

Keywords: location-based games, participatory design, employability, early school leaving, ARIS

1. Introduction

Early School Leaving (ESL) and drop-out from initial Vocational Education and Training (IVET) comprise major
challenges in EU education systems, especially in relation to meeting employment targets. In response to these
concerns, Code RED project (http://www.codered-project.eu) has been created to address the high proportion
of drop out from IVET and ESL in the UK, Greece, Italy and Cyprus.
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Preliminary work has involved an analysis of stakeholder needs to identify the major characteristics of ESL and
disengagement from education. This process was conducted with key stakeholders in the four partner-countries
representing the relevant categories of i) school principals, ii) teachers and trainers, iii) support staff including
those responsible for ICT development iv) employment representatives, v) government representatives vi) youth
and social centre workers, vii) university departments, as well as, viii) students themselves. The information was
collected using pre-defined tools and instruments, with regard to the preferred and most effective ones for each
stakeholder including one-to-one interviews, focus groups, email exchange were the main tools adopted to
gather relevant information (Ariana et al., 2014).

1.1 Factors contributing to ESL in Greece

According to qualitative data drawn from interviews with educators, school directors and administrative staff in
private and public secondary education schools in Athens, the main educational issues affecting the early
dropping out of School and/or VET are family and teachers indifference towards the student, lack of specialized
staff and experts in the school premises, old and de-motivational educational systems based on exams as well
as the highly stressful workload for the students. The majority of the interviewees highlighted the inadequacy
of the educational system to successfully integrate and motivate students with emotional, psychological and
behavioural difficulties as additional contributing factors. Both in focus groups, interviews and questionnaires it
was highlighted that students with educational difficulties or cognitive disabilities are not easily or promptly
assessed and diagnosed, leading most of them away from the educational and vocational training process, while
adding extra psychological pressure and lack of self-esteem. Students with intellectual and learning difficulties
stated that they sometimes feel they would like to abandon school because of bullying and feelings of
inadequacy.

In summary, there is no single policy framework on ESL in Greece. Instead, the ESL agenda is being taken forward
within government programmes where three axes are devoted to ‘upgrading the quality of education and
promotion of social inclusion’ in each Greek region. The programme encourages access to and participation in
the educational system for all individuals and aims to combat ESL.

1.2 Factors contributing to ESL in the UK

Based on interviews with development officers working within community trust organisations that provides
employability workshops and advice for young people classed as ‘Not in Education, Employment or Training’
(NEET), it was confirmed that lack of confidence, financial reasons, lack of work experience, language issues,
communication/social skills, disability, lack of motivation, historic/generational (parents dropped out) cultural
expectations, teenage pregnancy, drugs and gangs are all reasons why young people become disengaged from
education. Based on discussion with such vulnerable adults, contributing factors to an individual’s status as NEET
include peer pressure, poor educational experiences, living circumstances (relating to transient nature of
students in supported living accommodation), pressure from family to acquire work and earn money and a
general lack of interest in education and schooling.

Regional strategies identified to combat ESL in the UK include ‘Studio Schools’ (a new type of state school model
that has been developed in partnership with local and national employers, leading education agencies and
government) designed to equip young people with the knowledge, skills and experiences they need to succeed
in life and work. Such initiatives offer alternative curriculum programmes which work with pupils that are
identified as being most at risk of leaving school with few qualifications and becoming NEET and aim to target
young people before they drop out of the system to help them in realising their potential. These initiatives often
use environments outside of the traditional classroom context to help re-engage pupils. Alternative curricula
and innovative initiatives offered by different providers are all considered to be beneficial by both the young
people and UK stakeholders with high levels of positivity being displayed towards the Code RED project and its
aims.

1.3 Factors contributing to ESL in Italy

While confirming the key problem with ESL and drop out (Italy showed in 2014 the highest percentage at EU
level), the needs analysis process conducted with the major Stakeholders (Professional Higher School Principal,
Teachers and Trainers, those Responsible for Student dialogue and ICT development of local Minister of
Education, Employment representatives, the Emilia-Romagna Region Responsible for School-VET joint policies
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devoted to ESL and drop-outs, the head of the major local NGO working in education sector in many schools,
youth and social Centers, community-based projects) led to the following further considerations, based on the
experience of addressing ESL and dropping-out in the Provincia di Parma local area within Emilia-Romagna
Region. Based on this analysis, three main issues emerged. The first issue involves the need for renewed tools
and instruments in favor of Teachers/Trainers and NGOs to face a growing and multifaceted ESL and dropping
out risk, linked to the effects of the multi-year crisis. The second involves the need for providing at the same
time skills valuable for employers and children themselves (e.g. soft skills, ICT and digital skills). The third involves
learning by doing and that effective learning could be positively recognized and possibly certified. That single
experiences have a widespread diffusion, so that more and more teachers and trainers can appreciate and apply
them. Experimentations in the form of design-based workshops may also help showing how to include the new
tools into the school curricula, supporting students at risk of disengagement with devoted extra activities.

2. Location-based games

A location-based game (LBG) is defined as a form of play that is designed to be played on a device in motion and
changes the game experience based on the location (Lehman, 2012). In recent years, location-based services
have become more popular due to advanced mobile devices that make the use of these services very convenient.
With the rise of location-based services location-based games will also gain popularity and become more wide
spread. Location-based Services (LBSs) are IT services for providing information that has been created,
compiled, selected, or filtered taking into consideration the current locations of the users or those of other
persons or mobile devices. Many applications for modern smart phones incorporate LBSs to provide location-
based information. This information can be used to give location-based recommendations, provide navigation
information, track movement, conveniently communicate the current location to friends, etc. However, it
can also be used in the area of entertainment and learning, to create a new kind of games that makes the
position of the player an essential part of the game.

Video games are, by their very nature, built around interaction and participation. Jenkins (2006) refers to 'play'
as a process of exploration and experimentation, and positions games as 'problem sets' which require iterative
approaches to forming solutions. Due to their fundamental difference from traditional video games, LBGs and
their associated play have the potential to change the way gaming is perceived by encouraging players to
experiment with locations and identities outside of the transitional confines of the classroom. LBGs may also be
viewed as contemporary experiments in storytelling which mobilise players by offering new immersive
experiences. As defined by Thorburn and Jenkins (2006), this form of 'media transition' seeks to exploit the
immersive nature of games and web-based environments to draw upon the player's familiarity with narrative and
themes from more traditional forms of media (books, film and television). Due to the fuzzy border between a
game and the real world, LBGs may provide an opportunity for players to establish more
meaningful connections between story and location via interaction and play in the physical world.

2.1 Game patterns relating to LBG

According to Lehmann (2012), combinations of game patters can be used to utilise player location within a
location-based game A popular pattern according to Lehmann is the one referred to in his classification as
Search-and-Find. The basic concept here is that the player has to reach a destination. This destination is always
a fixed point in the game world, meaning that the geolocation for this specific destination does not change. This
is also the case if no specific geolocation is given, since the player has then to choose from a range of locations
which are fixed. The most famous LBG genre using this pattern is geocaching. In this type of games the player
has to find an object which is hidden at certain GPS coordinates. This object is usually a real world box containing
various items with the aim of the game to locate the box using the GPS coordinates.

A similar game pattern to Search-and-Find is classified by Lehman as Follow-the- Path. In this game pattern the
player has to reach a destination; however, the focus is not on the destination itself but on the way the
player reaches it. It typically involves comparison with apredefined route similar to a suggestion coming
from a navigation system. Finally, Chase-and-Catch, is another popular pattern for LBGs which requires the
player to hunt a moving object in the game world. This object can be another player, making the game very
similar to the traditional children’s game tag, or a virtual thing only existing within the game world. Usually the
player has to reach the object he is chasing or he has to get to know its current location in order to successfully
catch it. The basic concept here is that the destination is frequently changing.
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2.2 Challenges relating to LBG

According to Lehmann (2012), LBGs have several challenges to development including battery life, storage
capacity, processing power and the problem of telling a story in a location-based environment. Papageorgiou
and Kolovou (2015) present an overview of these challenges and suggestions for managing them. According to
the authors, the very nature of LBGs, being placed in the physical world and using actual locations and places as
their backdrop, poses several challenges to both designers and players, such as energy consumption, network
coverage or GPS accuracy. Using GPS on a mobile device while being connected to a wireless Internet at the
same time results to high-energy consumption in most devices. Shorter game sessions and offline intervals or
content introduced through QR codes can reduce the energy demands of an LBG. Poor reception of GPS signal
or inaccuracy of positioning systems can cause interferences to the player’s experience. A strategy that may
efficiently address this problem is to increase the range of the geolocated virtual objects so that a non-accurate
location would have fewer possibilities to interfere with the gameplay. Inadequate wireless internet reception
and low cellular coverage. is not unusual in natural areas and in some urban areas as well. Testing the signal of
different providers on-site with mobile devices before starting the game could prove useful for two reasons:
firstly, to define the field of action for the game more precisely; and secondly to choose a provider that offers
the best coverage. Portable hotspots can also be utilised for data sharing in such cases.

3. Design process

Design projects like Code RED reply on input from samples of end-learners who are viewed as participants.
However, the multidisciplinary nature of these projects mean that input may be gathered from a variety of
participants including teachers, classroom assistants, design consultants, managers, technicians and students.
An alternative classification for end-users in these projects is to view them as ‘design informants’ (Bates et al.,
2010) with emphasis on facilitation of design activities with participants whilst minimising input from their
educators.

3.1 Design workshop overview

Workshop activities applied the shared design facilitation method of ‘Adult-initiated, shared decisions’ within
Hart’s Ladder model of participation (Hart, 1992) where activities are initiated by adults but roles and
responsibilities are shared with the young people. Adults may have the initial idea but are willing to share the
decision making with informants, viewing it as a collaborative interaction. An initial process of ‘co-operative
enquiry’ (Druin, 2002) allowed informants to explore new design ideas using low-tech prototyping tools
including pen-and paper drawings. A subsequent process of ‘participatory design’ allowed participants to build
upon these design using digital design tools such as game authoring software and focused, formal workshop
discussions. Finally, a post investigation presentation of work by informants to collaborators is used as an
opportunity for participants to reflect on the design process and verify the authenticity of the design
documentation produced.

A summary of key objectives for undertaking a short term participatory design project with design informants
as part of a wider project can be found in Error! Reference source not found.. This template of activities was
undertaken as weekly meetings (positioned as workshops) between project participants and investigators
(functioning as facilitators to the design process). This template has served as a model of good practice which
could be modified by facilitators as required to maximise the potential output based on the characteristics and
expectations of the local participant group.

Table 1: Key objectives of a short-term participatory design project

Objective Activities
1 Familiarisation Introduction of digital tools, examples of previous work, set expectations,
discuss deliverables
2 Conceptualisation Process of co-operative enquiry into game concept, brainstorming and
low tech prototyping of ideas
3 Creation Specify design ideas using template, convert ideas into digital resources
4 Modification Share resources via play-testing, discuss progress, challenge ideas, revise
objectives
5 Presentation Reflect on design process and discuss role, present results to investigators
and educators
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3.2 Considerations for LBG development

Mobile games may be particularly suited for creating educational experiences in informal settings. Mobile media
and augmented reality has a unique ability to unite the advantages of educational video games with place-based
learning (Squire et al., 2007). Participants were encouraged to focus on a story, setting and narrative for their
products. This resulted in the production of design artefacts including illustrations, storyboards and design
descriptions in the form of computer presentations. Participants were encouraged to keep their idea specific and
to consider the tools that will be used for the game, where it will be played, the meaning and message they will
convey (e.g. overcoming difficulties in school) together with the media (text, photos, audio, video) they would
use.

An important outcome from this process included design documentation used to convey and describe the
intentions of participants. This output was considered to be living documents, that is, a piece of work which is
continuously improved upon throughout the implementation of the project. Emphasis on intergenerational
storytelling and core concepts of location-based game-design employed in other projects (Saridaki and Kolovou,
2014). These design documents were intended to be made of text, images, diagrams, concept art, or any
applicable media to better illustrate design decisions. According to Gagnon (2012), the steady adoption of
activities such as social networking, micro-blogging and video sharing amongst students represent great value
in pursuit of better curricular design. Facilitation of such activities was also a consideration of the design team
when designing workshop activities.

Careful considerations were also made for selection of a suitable development platform for the LBG output
related to the project. ARIS (Augmented Reality and Interactive Storytelling) is an authoring tool as well as an
iPhone application that work together to create mobile, locative, narrative-centric, interactive experiences. ARIS
has been chosen as a reference tool among other open-source platform because it offers a multimedia basis of
demonstration for the principles of location- based game’s design. ARIS platform demonstration covers a broad
field of complex game design components, such as geolocation data, fictional non-player characters, location
sensitive informational objects, interactive dialogues between players and non-player characters, QR code input
and multimedia input. At the same time it offers a solid framework of an active on-line community on issues
of educational game design which offers valuable information resources for the participants.

4. Workshop output

4.1 UK workshops

In the UK, workshops worked with Junior college students aged 16 and over as part of scheduled school sessions.
Workshops started with 3 groups and were deemed to fit-in with normal school life and activities. Participating
students were successful in formulating a game concept suitable for LBG transfer surrounding lifestyle choices
such as alcohol and drug abuse which may contribute to ESL. Facilitators acknowledged the high quality of
artwork which was created as part of this process and sought to preserve the representation of this artwork in
the final game. Some of the themes identified by participants as contributing to ESL include death, relationships,
drug and alcohol abuse, family issues (such as divorce) and self-harm. Participants focussed their learning
material on drawing connections between such issues and available support services which help young adults
overcome such barriers.

4.2 Dora’s Box

The above project brief was implemented as a location-based game by Greek partners using the ARIS platform.
Dora’s Box is a location-based game for the Code RED project. It is based on non-textual content and is intended
to be accessible for people with intellectual disabilities. The game uses material scoped from the Code RED
design workshops in the UK and is designed to complement curriculum content relating the identification and
removal of barriers to employment amongst young adults. The game focuses on the presentation of positive
and negative factors which are associated with ESL. Positive factors which are presented within the game include
recognizing skills and abilities, coping with stress and keeping healthy, personal hygiene, language skills and
commitment. Negative factors which the game addresses include the consequences of a loss of self-esteem,
understanding anger and aggression, problems relating to stress and advice relating to bullying and abuse. The
game is designed in ARIS 1.0 editor for iOS devices using the ARIS app.
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The game is inspired by the myth of Pandora and curiosity to learn more about a topic of interest. These themes
are adapted as part of the game design to focus on ‘good’ and ‘evil’ collectables released from a box (Dora)
which are then concealed within identical vessels for collection by the player. The player must approach the
location where each of these are stored (within the virtual space) to open them and learn more about their
contents. The game is set in physical space while the setting is defined by the player’s location. This makes the
game playable anywhere and it is not dependent the environmental properties of any particular location or
country. The genre of the game is defined as a collection game using speed and strategy to complete the tasks.
The player aim is therefore to approach the physical location of virtual objects using a game map interface before
they disappear. The player must identify positive themes which these objects represent (and collect them) whilst
separating their negatively themed counterpart for disposal.

The game allows items to appear on the map gradually using a predefined algorithm for positioning content
using principles relating to Lehman’s (2012) Chase-and-Catch game classification. Negative items can be ignored
when found and viewed by the player without reappearing on the virtual map. The game is completed when the
player has collected and assembled all of the positively themed objects relating to ESL and dropout. After the
game has concluded, a player may access an inventory of items for review and reflection. This can be extended
into discussions with physical teachers using the visual imagery displayed in the game window. Other learning
themes which may be addressed by this game include familiarization with mobile technology, using a map and
orientation around a physical space, separation of content based on selection criteria and the ability to make
choices in real time. A visual overview of key tasks within the game can be found in Figure 1.

! New Quest I

Keep the Goods and Drop the Bads'

Move around to collect as many

gifts as you can! Be careful: you

don know what each mystenous
box contains!

There mught be some Bad ones

hiding in the box! Go 10 your
Inventory 10 find out what you
have st pscied and destroy the
Bad items

Your mission will be completed
when you have collected all the
Good tems

Figure 1: Example of interface design for key tasks within Dora’s Box location-based game

4.3 Greek and Italian workshops

Greek game design workshops took place in a welfare, non-profit, non-governmental organization supervised
by the Ministry of Labour Social Security and Welfare. This Foundation offers services to children and young
people with intellectual disability and other developmental disorders as well as giving support to their families.
The participating workshop group was formed by students 14-18 years, teachers and members of the scientific
staff of the foundation. Students would design location based games using open web platforms and
smartphones. A location-based game (or location-enabled game) is one in which the gameplay somehow evolves
and progresses via a player's location. Thus, location-based games almost always support some kind of
localization technology. The participating school formed a game design team, they discussed about games and
game design.

The ideas for implementation as a final product were combined with output from lItalian partners within the
Code RED project involving six children (four males and two females) and six adults (the researcher, the digital
facilitator, the relational facilitator, two participants from local Job Centres dealing with young adults at risk of
become NEET, one participant from VET Centres not directly engaged with children courses and classes). Italian
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participants were successful in designing an orienteering-based LBG to promote cultural heritage via exploration
of local landmark in the form of an ancient castle. Participants selected a game based on a journey in stages to
get the exit through the reconstruction of a map of a local landmark. The idea enabled players to assemble
pieces of a map and information relating to the different environments in which the character interacts whilst
being directed by a non-playable character within a fictional setting.

4.4 Eve’s World

The key themes from this concept were mapped into a design document by project investigators to create an
LBG to target educational de-motivation and dropout from IVET. This process was guided by workshop output
and game design principles relating to the ‘Hero’s Journey’ as described by Campbell (1949). Other
considerations were made for embedding exploration, humour, popular cultural references, text, video,
emoticons all to draw a connection with real life situations.

The player is asked to participate in an adventure role playing game as the main character of the game. The
setting is a game-design workshop which the player decides to skip due to lack of interest. The character’s mobile
phone is used as a ‘gimmick’ in this scenario for communicating with a fictional virtual character belonging to an
old fictional videogame. The virtual character (Eve) asks the player to create a new game world for her to live in.
In order to achieve that the player is introduced to the basic notions of the CODE Red Curriculum such as building
language skills, taking responsibilities managing tasks while being introduced to the game design platform of
ARIS. During the game the player meets more virtual characters which add to the plot such as classmates, a
group of older children bullying one of the player’s companions, and the workshop facilitator. The player is
rewarded throughout the game by collecting points of leadership, charisma, commitment and self-esteem for
achieving each task asked by the game, while losing boredom points that initially made the player to abandon
the classroom.

The learning value of the game focuses in the positive turnout of the everyday decision-making routine of a
teenager who lacks interest in school. The players are introduced to the value of developing their skills in an
engaging playful context. Moreover, an introduction to the basics of LBG design is made using the interactive
content of the LBG as guidelines. A visual overview of key tasks within the game can be found in Figure 2.
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Figure 2: Example of interface design for key tasks within Eve’s World location-based game

5. Closing comments

The Code RED project has successfully made use of the ARIS platform to implement location-based-gaming
solutions which attempt to tackle the issues contributing to ESL within the EU. These products have been co-
designed with target users who were able to reflect upon the importance of education and its relevance to them
as young adults as part of the associated design activities. This result will inform future project output which
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seeks to extend existing employability curriculums to enable teachers and trainers to deliver co-design activities
in the form of an open standards and accessible e-Learning environment.

The LBG output from the Code RED is scheduled to be piloted with end-users in 2015 to assess the effectiveness
of these tools in addressing dropout from IVET and ESL in the EU. These ‘proof-of-concept’ materials may also
be used to address factors contributing to ESL in the EU (in particular low self-esteem) by valuing all contributions
made by young adults via the collaborative construction of new educational materials.
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Abstract: Digital educational games (DEGs) have the potential to provide an intrinsically motivating learning context. With
adaptive mechanisms that react to the learner’s current motivational state this potential can be further exploited. A learner
model, based on continuous and valid assessment of a learner's motivational state is required. However, it would impair the
flow-experience (Csikszentmihalyi, 1990) if a learner is repeatedly asked to evaluate his or her current motivational state,
e.g. by a questionnaire that occurs in short time intervals on the screen. Hence, it is necessary to apply an approach that
assesses the motivational state in an ongoing, implicit and non-invasive way. We suggest a non-invasive assessment
procedure that is based on the observation and interpretation of so-called behavioural indicators (BIs), i.e. learner’s actions
and interactions with the virtual environment that are gathered as log-data. A substantial set of behavioural indicators has
been elaborated, such as mouse-click rate, whereby some of them are derived from information foraging theory (Pirolli and
Card, 1999). For example, the relative amount of time the learner is exploring the virtual environment can be considered as
between-patch processing while the relative amount of time the learner is communicating with other game characters can
be considered as within-patch processing. Values for each behavioural indicator (e.g. amount, frequency, seconds, etc.) are
gathered repeatedly after predefined time slices, lasting for 40 seconds. The paper describes the results of an empirical
investigation to examine the predictive validity of the Bls. Participants played a DEG while being asked to answer items of a
short form of the Questionnaire of Current Motivation (QCM; Rheinberg, Vollmeyer and Burns, 2001). The QCM has been
developed to measure current motivation in learning situations with respect to four factors: anxiety (of failure), probability
of success, interest and challenge. Multiple linear regression models with the Bls as predictor variables and the QCM’s scales
as criteria allowed for predicting probability of success, interest and challenge. There was no valid Bl for the fourth scale of
the QCM, anxiety. We conclude that our approach, being a valid non-invasive assessment procedure suits well to fairly
evaluate the effectiveness of on-line game adaptations that aim to enhance the learner’s motivational state.

Keywords: game-based learning, motivation, non-invasive assessment, behavioural indicators, predictive validity

1. Background

In general, digital educational games (DEGs) provide an appealing learning context which is intrinsically
motivating for learners. However, in many cases, this great advantage of DEGs is often taken for granted and
there are only a few evaluation studies which explicitly examine this hypothesis by means of questionnaires,
interviews or behavioural observations. Even if evaluation results indicate that a particular DEG is intrinsically
motivating, a game which adapts to the learner’s current motivational state, e.g. by adjusting its difficulty level,
could fully exploit this great potential of a motivating and appealing learning context. Depending on the learners
performance it might be useful to adapt the difficulty level between two consecutive game sessions: if the
performance was very high, the difficulty level should be increased; if the performance was rather low, the
difficulty level should be decreased. A medium difficulty level provided by the game should ensure an accurate
level of challenge for the learner. An accurate level of challenge is known to be the optimal condition for the
occurrence of flow (Csikszentmihalyi, 1990).

In some game genres, such as role or adventure games, the duration of a single game scenario may last from
several minutes up to hours. In these cases an ongoing assessment of the motivational states for in-game
adaptations would be required, even though it certainly impairs a learner’s flow-experience if he or she is
repeatedly asked to evaluate his or her current motivational state; e.g. by means of a questionnaire that appears
in short time intervals on the screen. Hence, it is necessary to assess the motivational state in an implicit and
non-invasive way.

The non-invasive assessment procedure which is at the focus of the present paper is based on the automated
interpretation of the learner’s actions while being engaged with the game (Kickmeier-Rust and Albert, 2010,
Schénbrodt and Asendorpf, 2011). The learner’s actions - in our case these actions and interactions are called
behavioural indicators - are gathered as log files.
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1.1 The TARGET game

In the context of the TARGET project (7™ Framework programme; http://www.reachyourtarget.org) a
substantial set of behavioural indicators (Bls) has been elaborated and defined (see Table 1).

A majority of the Bls are suited to the game mechanics and the context of the TARGET game: In this game, the
learner is represented by an avatar and interacts with several agents, so called non-playable characters (NPCs).
As an example, the game scenario called “Stakeholder Management” consists of an office and various outdoor
locations. The learner has to communicate with different NPCs and to collect relevant pieces of information for
mastering the scenario (see Figure 1). To this end, the learner has the opportunity to use several tools, as for
example a chat tool to communicate and to negotiate with the NPCs, a teleport tool to switch between different
locations and a “face cam” which shows the own avatar's face. This allows the learner to evaluate and self-
reflect on whether or not the emotions are expressed as intended by the learner. With the chat tool the learner
may enter text freely, while the NPCs answers were designed to respond to topics addressed by the text.

& x

howdy what is your nume?
vy namme i3 ingrid and | am project manager for energy fulure

can | help you in some way?

Aahamed | Sarptse . FUGog ANGOE. Bt SYieati o AGlpay

History

Figure 1: A screenshot of the TARGET game’s virtual environment and chat tool

1.2 Behavioural indicators

Table 1 summarizes the whole set of Bls which were developed for the TARGET game. For a detailed description
of the Bls and their operationalization see Bedek et al (2011, 2012).

The whole duration of a game-play is split into time-slices (lasting for 20, 30 or 40 seconds) and thus, the Bls
“raw values” (i.e. seconds, absolute numbers, etc.) have to be considered as values per time slice.

Table 1: Set of Behavioural Indicators and their operationalization

# Behavioural Indicator Operationalization and Explanation

1 Click rate (cr) The amount of mouse clicks per time slice

The Euclidian distance between the mouse pointer’s position t and t +

2 Mouse movements (d| . . ; . Lo
() At is calculated. The sum of all Euclidian distances per time slice is dyu.

. ‘e The amount of vertical and horizontal “head movements” of the
Distance of “view” - movements , . . . .
3 learner’s avatar; counted in units of visual angle changes. Considered
(dvm) - Lo ) )
as an indicator for search behaviour in the virtual environment.
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# Behavioural Indicator Operationalization and Explanation
4 Relative exploitation of available Number of actually used tools (e.g. face cam) divided by the total
tools (pr) number of available tools.
ﬁ:ﬂ"]+...+ﬂ"n_TW
n Tts
Indicator for the average usage frequency of tools T;. (Tw/ Tis) acts as a
5 Frequency of tool-usage ((f:) weight so that the indicator takes on a high value only if the learner

made use of the tools to gain information through an exhaustive
conversation. (T is the time spend on Within-patch processing, see Bl
# 11; Ty is the duration of the time slice)

Frequency of communication tool-

6 Number of chat tool usage

usage (fct)
F fint ti ith NPC . .
7 requency otin e(;z;c fons wi > Number of lines entered in the chat tool
i

3 Frequency of expressing positive Number of function key presses representing positive emotions (e.g.
emotions the key F3 leads to the expression of “Joy”)

9 Frequency of expressing negative Number of function key presses representing negative emotions (e.g.
emotions the key F6 leads to the expression of “Anger”)

10 Inactivity (Te) Units of time the learner doesn’t press any keys and doesn't move the

mouse (see below)
11 Within-patch processing (Tw) Units of time spent on communicating with NPCs (see below)
12 Between-patch Processing (Ts) Units of time spent for exploring the environment (see below)

T
I\po =nNPC-—*
ts
13 Extent _°f !\lPC-mteractlons. weighted Number of NPCs contacted by the learner, multiplied by weight (T,./
by Within-Patch processing (/nec) Tss) (Tw is the time spend on Within-patch processing, see Bl # 11; T is
the duration of the time slice). The indicator takes on a high value if
NPC-interactions are accompanied by an exhaustive conversation.

14 Information gained (G) G =A *Tg * g (see equation 1, below)
15 Rate of Information Gain (R) R=G/(Ts+ Tw) (see equation 3, below)
16 Profitability () =g/ tw(see equation 4, below)

A subset of Bls (#11-#16) was derived from the Information Foraging Theory (IFT) as described by Pirolli and Card
(1999). The IFT describes the strategies that people apply to seek, gather and consume information from
external sources. External sources are called patches, for example communication partners or on-line
documents. In order to gather relevant pieces of information, the available time has to be divided into the search
for new - so far uninspected - patches (e.g. journal papers) which might encompass valuable pieces of
information, as well as time which needs to be spent to “consume” this patches (i.e. to extract relevant
information). The time spent on exploring the environment for new patches is called Between-Patch processing
Ts (see Bl #12). The time spent on consuming a single patch is called Within-Patch processing (see Bl #11). In the
context of the TARGET game the only patches which supposedly have valuable information are the NPCs. Thus,
time spent on communicating with an NPC is defined as Within-Patch processing Tw. The remaining time, i.e. the
time which is neither spent on searching for new NPCs nor for communicating with a particular NPC, is defined
as Inactivity Tia (see Bl #10).

In addition to Ts and Tw, other variables based on the IFT from Pirolli & Card (1999) have been applied as Bls:
For example, G (see Bl #14), which represent the total amount of information gained is given by the following
equation (1),

G=A*Tg*g (1)

where A is the prevalence, the average rate of encountering patches (i.e. NPCs) and g is the average gain per
patch. The prevalence A is given by equation (2),

A=1/ts (2)
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where tp represents the average time in seconds between processing patches. Finally, g represents the average
gain per patch (i.e. during the conversation with an NPC), which is the number of relevant propositions extracted
during the conversation.

The rate of valuable information gained per time-slice, R (see Bl #15) can be obtained by equation (3).
R=G/(Ts+Tw) (3)

The more (or the faster) relevant information is extracted during the conversations with NPCs, the higher the
value of R.

Finally, the so called Profitability t can be computed by equation (4),
n=g/tw (4)

where tw is the average time in seconds spent on within-patch processing and is computed by dividing Tw by the
number of phases in which Within-Patch processing took place. Hence m represents the amount of valuable
information she or he actually extracts from conversations, taking into account the amount of time needed for
this process.

1.3 Aim and hypotheses

The aim of this study is to examine whether the learner’s behaviour during the game play (measured by Bls) can
predict her or his motivational state as measured by items of the Questionnaire of Current Motivation
(Rheinberg, Vollmeyer and Burns, 2001; see section 2.2, Material) . In particular, it is assumed that indicators
reflecting this allocation of time among Between- and Within-Patch processing can help to make inferences
about motivational aspects of a learner’s state during his or her game-play. The rationale underlying this
assumption is that motivated learners try to extract as much valuable information as possible and this can be
only ensured when spending time on both, Between- and Within-Patch processing, respectively.

2. Method

2.1 Participants

The sample size was 32. Half of the participants were male, the other half was female. The overall sample ranged
in age from 18 to 42 years (M = 26.3, SD = 4.7). All participants recruited for this study were German-speaking
and part of an opportunity sample. The participants received 15 Euros for participating in the study.

2.2 Material

In this evaluation study we used a short form of the Questionnaire of Current Motivation (QCM; Rheinberg,
Vollmeyer and Burns, 2001) to measure the participants’ explicit achievement motivation. The QCM has been
developed to measure current motivation in learning situations with respect to four scales: anxiety, probability
of success, interest and challenge. The anxiety-scale contains items that address the negative incentive of failure.
Probability of success refers to the participant’s certainty to succeed. Items on interest ask for the degree to
which the participant appreciates the task. Finally, the scale on challenge, measures if the current activity is
interpreted as an achievement-related task. For each of the four factors we selected those two items with the
highest item-scale correlation (Freund, Kuhn and Holling, 2011). The original items (in German), are listed in
Table 2. In addition to that, English translations are provided in parenthesis below of the German items (Pedroni,
2006). It has to be noted that the translations from Pedroni (2006) have a slightly different focus: While the
original QCM focuses on a single task (“Aufgabe”), the version from Pedroni (2006) is focusing on projects (as a
set of tasks). For a word-for-word translation it would be necessary to substitute “project” and “project
assignment” with “task”.

Table 2: Items selected from the QCM to measure interest, challenge, probability of success and anxiety

Factor Items

Ich fhle mich unter Druck, bei der Aufgabe gut abschneiden zu missen.

Anxiet . . . .
nxiety (I feel pressure having to perform well solving the project assignment.)
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Factor Items

Ich flrchte mich ein wenig davor, dass ich mich hier blamieren kénnte.
(I'm a bit afraid of being embarrassed by my performance in the project.)

Ich glaube, der Schwierigkeit dieser Aufgabe gewachsen zu sein.
(I'think I can tackle the difficulties of the tasks involved in the project assignment.)

Probability of Success
Ich glaube, ich schaffe diese Aufgabe nicht.

(Probably, I will fail solving the project assignment.)

Bei Aufgaben wie diesen brauche ich keine Belohnung, sie machen mir auch so viel SpaR.
(I enjoy doing the project, | would not need any gratification.)

Interest - - - ) . -
Eine solche Aufgabe wiirde ich auch in der Freizeit bearbeiten.
(I would also work on a project like that in my free time.)
Die Aufgabe ist eine richtige Herausforderung fiir mich.
(This project assignment is a real challenge for me.)
Challenge

Ich bin sehr gespannt darauf, wie gut ich hier abschneiden werde.
(Iam very curious how well | will do in this project.)

2.3 Procedure

The participants received a short tutorial to ensure that participants became familiar with the aims of the study,
the game scenario and the navigation through the virtual environment. For the game-play, we selected the
scenario called “Stakeholder Management” briefly outlined above. The participant was asked to slip into the
role of her or his avatar Ingrid representing manager of a renewable energy company. The storyline was as
follows: Currently, Ingrid’s company is planning to build a new windmill park located on the Southern coast of
Norway. Ingrid’s, i.e. the participant’s task is to engage in dialogues with two citizens of the town where the
windmill park should be built. The two citizens are the mayor of the town and the farmer Jens. The goal is to
convince both citizens of the intended project by applying a clever negotiation strategy. Furthermore, the
participants got the hint that particular topics, such as “Environment”, “Community and Reputation” and
“Economy and Conjuncture”, should be addressed in order to have successful dialogues. During the game-play
the evaluation tool intermittently popped up. As indicated in Figure 2, the evaluation tool was a frame appearing
in the centre of the computer screen and presenting one item together with a 9-point rating scale. At the same
time, the background of the game was greyed out.

Fiir ein Spiel wie dieses b he ich keine Bel Alleine es spielen zu kénnen, birgt jede Menge SpaR.

O O O O] O O O O O

Trifft nicht zu

Ingrig:
Jens:

Ingrid. rmy name is ingrid and | am project manager for energy future
Jens can | beip you In some way?

Sed.) Lateppy. \Ashamed.) | Suipnse.. fliing.) LANGIY. |.Dntnust. | Sympaty.) L Antpaty

Hatory

Figure 2: The evaluation tool appeared intermittently on the screen

Both items of a particular scale were presented in a block. Once the participant rated the item and clicked on
the NEXT-button, the remaining item of the scale appeared. Another click on the NEXT-button enabled to
continue with the game-play. The time intervals between the blocks were 3 minutes on average (SD=0.5
minutes). The scale to be presented in a block was chosen randomly (without replacement) as well as the sequel
of the items within a block. After all four scales have been presented, the selection of scales started again. Thus,
each of the four scales of the QCM has been presented at least two times. Once this was the case, the participant
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was informed that he or she could either stop or continue with the game. Overall, the game-play lasted for 25.3
minutes on average (SD=2.5 minutes).

3. Results

The purpose of the statistical analysis was to answer the question whether the learner’s behaviour during the
game play (measured by Bls) can predict her or his motivational state (measured by self-report). We decided to
apply multiple linear regression analyses to quantify and evaluate these relations. The Bl's raw values within a
time slices of 20, 30, and 40 seconds, just before the occurrence of the evaluation tool, served as predictors and
the scale-values of the QCM served as criteria. Table 3 summarizes the results for the stepwise regression
analysis for the 40 seconds time interval which delivered better results than the 20 and 30 second slices. In
addition to the values R and R? (explained variance) for each criterion, standardized B-coefficients which help to
interpret a predictor’s influence on the R-parameters are presented.

Table 3: Regression analysis results of the Bls on Motivation

Criterion p R R? Predictors B P
Anxiety n.s. - - - - -
bability of 0.00* 0.41 0.17 Constant 9.10
Prosuacclelst;/ ° Between-patch Processing -0.44 0.00*
Within-patch Processing -0.25 0.03
0.00* 0.33 0.11 Constant 4.54
Interest
Length of mouse movements 0.33 0.00*
0.01 0.35 0.12 Constant 4.48
Challenge Click rate -0.41 0.00*
Length of mouse movements -0.29 0.02

Note. *indicates that p<.001

There was no Bl which contributed significantly to the prediction of anxiety. The model identified for probability
of success was highly significant (R=0.41, p<.001) and the amount of variance explained was 17% (R?=0.17). The
predictors included in the regression model are Between-Patch-Processing (8=-0.44, p<.001) and Within-Patch-
Processing (6=-0.25, p<.05), whereas the former one appears to be a better predictor than the later one. Around
11% of the Interest variance (R=0.33, p<.001) could be predicted by the Bl Length of mouse movements (6=0.33,
p<.001). Similarly, a proportion of 11% of variance could be predicted for the factor Challenge (R=0.35, p<.05).
In contrast to Interest, the model for Challenge also includes the Bl Click rate (6=-0.41, p<.001) besides Length
of mouse movements (6=-.29, p<.05).

4. Discussion

With regards to Probability of Success, the negative signs of both predictor’s B-coefficients indicate that the less
time spent on explorative (Between-Patch-Processing) and exploitative (Within-Patch-Processing) search
behaviour, the lower the experienced Probability of Success. It seems that learners who think that they won’t
be successful are reducing their effort to search for new patches (NPCs) and to exploit the patches
(communicating with the NPCs). Explorative and exploitative search behaviour is considered as crucial for
mastering the game scenario since relevant pieces of information need to be gathered to convince farmer Jens
(NPC) to sell his land. In other words, learners who are not convinced that they will be successful are not applying
according strategies to succeed.

A similar pattern applies for Challenge: Both predictors, Click rate and Length of mouse movements, are
negatively related with the criterion, as indicated by the negative signs of their B-coefficients: The lower the
number of clicks and the smaller the length of mouse movements, the higher the learners experienced
Challenge. These results indicate that learners who feel unchallenged increase activities in the game which are
not cognitively demanding. Learners who feel challenged or even overwhelmed are reducing these “basal” game
activities.

Mouse movements in the game enabled to look around, i.e. to explore the virtual environment, and to turn
around the avatar’s head and body. The higher the Length of the mouse movements the higher is the learner’s
Interest. Thus, it can be argued that interest in playing the game (rather than interest in succeeding the game)
is indicated by a higher amount of explorative (visual search) behaviour.

63



Michael Bedek et al.

Overall the results indicate that factor Probability of Success is predicted by Bls related to IFT, and the factors
Interest and Challenge are related to “basal” Bls such as Click rate and Length of mouse movements.
Unfortunately, none of the Bls allows for predicting the learner’s anxiety. The means and standard deviations of
this scale revealed that the variance of the learner’s anxiety as well as their general level of anxiety was rather
low. Low variance of at least one variable decreases probability of a correlation between two variables being
significant. A slightly different instruction which triggers achievement-related motives is considered for future
studies.

5. Conclusion and future research

This paper deals with an ongoing and non-invasive procedure to assess a learner’s current motivational state
when playing a DEG. The assessment procedure is based on a continuous gathering of behavioural indicators
which serve as predictors in multiple regression equations. The theory of information foraging has been applied
as an initial framework which allowed defining some of these behavioural indicators (Bls).

We consider our approach of applying simple metrics derived from a learner’s game interactions (Bls) to infer
her or his motivational state as a promising starting point. However, it has to be mentioned that only one out of
four of the suggested Bls in Table 1 contributed significantly to the regression models and only three out of four
criterions could be predicted by the Bls. In a future study we plan to repeat the same experiment but with
emotional factors as criterions. Based on the approach of Peter and Herbon (2006), we will represent the
learner’s emotional states in a two-dimensional space of valence and arousal as assessed by the Self-Assessment
Manikins (Bradley and Lang, 1994).

With respect to the Bls based on IFT, we have examined whether the general constructs, such as Between- and
Within-Patch Processing, can be utilized to characterize a learner’s allocation of attention and search behaviour
in a virtual learning environment. Since this endeavour has been successful we can take a further step deepening
the application of the IFT. Similar to Pirolli and Fu (2003) who have combined IFT and the Adaptive Control of
Thought-Rational model (ACT-R; Anderson et al., 2004) to describe searching processes on the Web, itis planned
to integrate components of ACT-R to model the information scent of objects (e.g. NPCs) within the learning
environment and to predict a learner’s search decisions. Referring to the basal Bls, up to now we have made use
of a small subset of possible indicators (e.g. click rate or mouse movements) and a few alternatives that could
be tested and elaborated. One promising alternative could be the application of the Linguistic Inquiry and Word
Count (LIWC), a tool to automatically analyse the emotional connotation (e.g. valence) of written words. LIWC
appears to be an effective means to infer a learner’s affective state from her or his chat protocol.

The final aim of a valid non-invasive assessment procedure is to provide in-game interventions, also called micro-
adaptations by Kickmeier-Rust and Albert (2010), to increase a learner’s state whenever necessary. In this
context this means that whenever the learner’s current motivational state is considered as (too) low, motivating
in-game interventions should be provided. Besides the obvious advantage of a non-invasive assessment
procedure on its own, there is the additional benefit that the effect of such in-game interventions can be
evaluated in a fair manner. An explicit, invasive assessment (e.g. by questionnaires) might disturb the learners’
flow, and in consequence, it might extinguish the potentially positive effect of an in-game intervention. In the
course of the TARGET project, several in-game interventions have been elaborated and implemented (Kopeinik
et al., 2011). Future research will apply the three multiple regression equations described in section 3 above for
evaluating the foreseen in-game adaptations with respect to the constructs Probability of success, Interest and
Challenge.
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Abstract: Video games have become an integral part of the educational process. Born and raised in the digital era, Russian
students of the 21st century are seduced by entertainment and in contrast they perceive STEM educational activities as
boring and annoying. To spark an interest in Artificial Intelligence (Al) programming we decided to implement a competitive
contest in the educational process. By combining the developments of the eScience Research Institute and educational
techniques, we have introduced elements of entertainment to a group project of 6 ECTS during the second semester of the
Double Degree Master’s Program in Computational Science. The main goal of this project is to teach students basics of Al
programming by creating bots for a strategy video game. Typical tasks and multi-domain specificity stimulate students to
discover and apply new information from available sources promoting the principles of self-education and lifelong learning.
An exaggerated and concentrated example of diverse behavioral patterns in the game should help students to transfer the
patterns acquired from the games to solve real-life problems.

Keywords: artificial intelligence, competitive programming, turn-based strategy, gamedev, game development

1. Introduction

Technology is becoming increasingly predominant in modern world. The minimum amount of knowledge that
needs to be learned is expanding as well. Traditional strategies of teaching cannot stimulate students to study
huge amounts of material. Thus it is high time to add new methods and techniques into educational processes.
Learning process based on games is well-known for a long time, though it is more connected with earlier stages
of a person’s development. The crucial part in implementation of game-based approaches in other stages of
education was played by technology improvement, digital games in particular (Moreno-Ger et al. 2009). In the
first decade of XXI century there was a substantial rise in amount of researches in this scientific area as well as
expansion of researchers' locations (Hwang & Wu 2012). Games are commonly used in all areas of education
from liberal arts to STEM learning, and are utilized in various ways. In primary education and liberal arts students
learn through playing educational games (Rankin et al. 2006), while other approaches are often used for
professional education in STEM fields (Becker 2001). There are a huge variety of ways for using games in STEM
learning: games are applied as design patterns for application design (Gestwicki 2007), primitive games are used
for learning of programming basics (Rajaravivarma 2005) as well as for advanced Al courses as an environment
for competitive programming (Wallace et al. 2007).

Chang and Chou (2008) propose approach of smooth involvement in process of programming language learning.
Students spend more time on playing games instead of starting to program from the very beginning. This
approach is undoubtedly useful for early stages of education and was successfully used in an introductory course
of programming. Chiang (2007) applied games in an advanced course of machine learning and Al. It is assumed
that students have a high level of knowledge and they know how to code. During the course students are
preparing a playable Al for a full value game, consequently in this case more interesting and enthralling results
can be observed during and after the study project.

Besides using games as elements of separate courses more general approaches recently became fairly common
— entire courses on video game development became available for STEM specialists. Cagiltay (2007) suggests
using game development courses as complementary to the main software development project. They
demonstrate that students who completed the additional course turned out to be more successful at completing
the final project compared to those students who did not take the course. Kuhl et al. (2014) describe their
experience of implementing an even more extensive approach to game development learning: they created full-

66



Alexey Bezgodov et al.

cycle gamedev team projects which involved full multidisciplinary teams of students from elected project
managers to programmers, artists and sound designers, all of which could participate in the project.

Great variety of research works on game-based STEM learning and the conclusions made in those works confirm
that this approach is successful and promising. In this paper we present our approach to integrating game-based
learning into Master’s Program in Computational Science.

The rest of the paper is organized as follows: Section 2 presents presuppositions, related work analysis and
motivation for our work. Section 3 describes proposed game environment and explains software API. Section 4
presents tournament event and its results. Section 5 describes some discussion issues and future work. Finally,
the conclusions are presented in Section 6.

2. Presuppositions and motivation

Born and raised in the digital era, Russian students of the 21st century are seduced by entertainment and in
contrast they perceive STEM educational activities as boring and annoying. To spark an interest in Al
programming we decided to implement a competitive contest in the educational process.

After studying background in the field of competitive programming in education we can choose several works
which we used as base during our research. Lawrence (2003) applied a competitive game for learning the basics
of programming. The development of the game started quite some time ago in C++ programming language. In
their work there is good centralization and automation of the event by using a web-site and a system of
automatic battles. In addition there are a number of bots written by the teachers which students try to defeat
besides their classmates' Als. Mechanics of the game is rather simple and does not require any specific
knowledge in tactics for Al programming which can be considered as an advantage and disadvantage at the same
time. It allowed students without strong background to participate in the event, but on the other hand it makes
the problem a lot easier for students who have high level of knowledge. It should be noticed that this application
does not have any interesting graphical user interface which declines keenness and excitement during the
competition between two Als.

Kim's article (2006) established another impressive approach in the area of competitive programming. They
developed the separate client for a popular commercial game Unreal Tournament, which was able to connect
to a game server and implement students' bots into the game. As a result they organized an enthralling
tournament between Als which were created by their own students. All students and teachers were pleased by
results, however the tournament like this requires a lot of time to prepare. Complete commercial solution
demands huge efforts to develop additional modules, furthermore during the tournament these modules had
to be modified. Another drawback was that the students were bounded by individual marks for this course which
excluded emergence of team strategies of any kind.

Another work (Milone et al. 2009) which was close to our ideas describes long-term experience of competitive
project among the students. There was a competition between Al of colonies of microorganisms which had to
fight against each other to survive in a Petri dish. In contrast to aforementioned works where competitive
element is the part of the course Milone and his colleagues used informal learning methodology, which provided
students an interesting opportunity to exercise the use of their imagination to solve previously unknown
problems through self-learning, without a formal obligation, which also promotes self management.

By combining the developments of the eScience Research Institute and the educational techniques described
above, we have introduced the elements of entertainment to a group project of 6 ECTS during the second
semester of the Double Degree Master’s Program in Computational Science. Finally teachers and students of
senior year teamed up to develop a game environment named “Submarine Wars”.

3. Submarine Wars

“Submarine Wars” is a video game-like environment designed for competition between two Als which control
the team of submarines. The application was developed in the Fusion Framework, a framework for rapid
prototyping of interactive applications, which was created in the eScience Research Institute. The application is
written mainly in C# programming language.
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3.1 Game rules

“Submarine Wars” takes place in the sea where two enemy fleets of submarines encounter each other. The
game is played on a hexagonal grid. We choose 64x32 board size with “odd-right” pointy top cell alignment. One
team starts the game at the bottom left corner, another one starts at the top right corner. Each cell can be one
of three types: deep water (good sound propagation, no naval mines), shallow water (low sound propagation,
possible enemy’s naval mines), or dry land (impassable for submarines, casts acoustic shadows). Each submarine
is armed with naval mines (which could be planted in shallow water) and homing torpedoes (attack range is
about 12 cells, and homing range is two cells). The main goal is to eliminate enemy submarines.

To get natural and playable map we decided to generate the game field randomly using Perlin noise algorithm
(Perlin 1985). See figure 1.

Figure 1: General game view. Light cells is the land, medium gray cells is shallow water and dark gray cells is
deep water

Initially, teams consist of 5 submarines where each submarine has 25 torpedoes, 25 mines and 3 points of hull
integrity (e.g. “health”). Torpedo hits, naval mines or collisions with other submarines decrease hull integrity by
one. When hull integrity reaches zero the submarine sinks.

On each turn a randomly selected submarine can move on one, two or three cells, launch a torpedo or place a
naval mine. To place a naval mine the submarine has to leave the occupied cell. The faster the submarine moves
the more noise it produces. If the submarine tries to move onto a cell occupied by another submarine both of
them will be damaged and the first one will be moved back to the previously traversed cell.

Torpedo movements are similar to that of submarines but they can travel much longer distances. Torpedoes
explode when they hit a submarine or upon reaching the travel distance limit. This means that torpedoes cannot
survive for multiple turns as they always explode at the end of the turn. If a torpedo finds itself within the range
of one cell from any submarine, including the friendly ones, it directs itself at the submarine.

While many such games provide detailed information about the game state (enemy positions, health,
environment configuration, etc.), our approach assumes there is a lack of information about the game situation
and the enemies available to competitors. Each submarine has access to information about the game field
configuration, coordinates of the allies, hull integrity and weaponry. However, no information about enemies is
available. Only the noise that propagates through the water informs bots about game events, like enemy
movements, positions, explosions, and torpedo hits.
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Figure 2: Sound propagation (brighter cells mean more noise level)

Noise propagation is simulated by solving the heat equation for limited time, where sound sources are treated
as constant sources of heat. Land is treated as holes, shallow water has low thermal/sound conductivity and
deep water has high thermal/sound conductivity (Figure 2). Such approach produces soft acoustic shadows and
a good differential approximation of heat/sound source direction.

Figure 3: Noise information received by submarine.

After each turn submarines receive information about all events that produce noise as noise intensity in each
adjacent cell (Figure 3). The main challenge for students was to make Al able to predict opponent's behaviour
under conditions of severe information shortage.

The fact that submarines are selected randomly each time is the one of our game's main features. It means that
participants of the tournament could not predict when will be their next move and which submarine exactly will
take it. That is how the problem of creating Artificial Intelligence for “Submarines Wars” became even more
interesting: students wanted to find not only optimal strategy against the opponents but they also wished to
create a plan which will be successful in any possible case.

3.2 API

Application Programming Interface (API) was designed to remove the need to develop basic functions of artificial
intelligence, such as pathfinding, game event notifications and noise detection. All the low level routines are
provided by the API, which allows students to pay more attention to developing good strategies and heuristics
for their Al

Bot actions are represented as objects of the following classes:

=  Movement. Submarines can move freely to any cell on the game field except dry land. The path length is
limited to 3 cells per turn. Moving to an adjacent cell produces the least amount of noise, while movement
across 3 cells produces the most noise.
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= Launch torpedo. To launch a torpedo one must construct a path for it to follow. Torpedo travel distance is
limited to 12 cells.

=  Plant mine. The mine is planted into the cell currently occupied by the submarine. After that the submarine
have to move one step ahead.

Artificial intelligence is inherited from base Al class and consists of following methods which have to be
redefined:

= void DetectNoise(List<Tuple<Submarine, List<Tuple<Cell, double>>>> noise). After each move team gets list
of noise intensities, which submarines were able to detect. Only submarines which didn't make any noise
on the map by themselves can detect some noise.

= yoid NotifyTorpedoDamage(Submarine sub). If some of your submarines were damaged by a torpedo, this
method will be called with damaged submarine as parameter.

= void NotifyMineDamage(Submarine sub). This method is called if your submarine was blown up by a mine.

= yoid NotifyAccident(Submarine sub). This method is called if a submarine from your team collided with
another submarine.

= AlAction NextAction(Submarine sub, GameField field). If now it's your turn to move then this method will be
called with the submarine which has to make a move and game field as parameters. This method should
return one of the possible actions: Move, PlaceMine or LaunchTorpedo.

For Al debugging there is a possibility to place markers on the game field. Markers have no influence on the
game process and simply allow you to visualize some points marked by Al. There are 5 types of markers: Target,
Dot, Check, Flag, Cross. Adding markers to the field is made by calling the method addMarker(Marker), where
the parameter is one of the five aforementioned markers. Also it is possible for students to add their own types
of markers to the game.

4. Tournament

The tournament took place in February and March, 2015 and consisted of several stages: organizational meeting,
4 stages (3 intermediate stages and final) of battles and the grand finale. This interval gave students time to
improve their bots, study competitors’ bots and prepare to the next stage. On the organizational meeting the
rules of the tournament were explained, the introductory test for all students was held and teams of students
were formed. Participants received instructions on how to use “Submarine Wars”' APl and got the random Al as
their very first opponent for testing and debugging. Using all that students should code a simple Al during the
first two weeks of the tournament. Then battles passed every week and after each stage there was a quick
discussion and summarizing of the results. After the grand finale students talked about their principles and
tactics, the history of their Al development, the problems they faced, and discussed their results. The winners
were rewarded.

4.1 Tournament rules

At each stage every team played with every other team on the same map. For each battle a team could score
several points: victory earned one point while draw earned half point to each team. To avoid long tedious battles
the number of turns per battle was limited by two thousand, after that it was considered a draw. To motivate
students to pay attention to debugging their programs, we added the following rule: if the game ends because
of an exception, the team which became the reason of it loses.

Ctt reflection facilities were prohibited to prevent the participants from gaining access to private objects (getting
and setting exact enemy positions, health, etc).

Each team had to provide their managed Dynamic Link Library (DLL) and source code. Each DLL was tested for
viruses and published after the stage. It allowed students to improve their Al by testing it against the
competitors' bots.

4.2 Initial test and organization issues

For better understanding of how to divide students into balanced groups we delivered an initial test. Initial test
consisted of ten questions: five question about understanding of Al technologies (e.g. how to find path and make
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decisions) and five question about Navy and naval principles (e.g. what is a torpedo and how to make direction-
finding). Questions are listed below:

Choose the algorithms that are most effective for pathfinding in graph.

How can we find the path in some environment (landscape or room) with a given height-map or polygonal
mesh.

Which data structures can be used for pathfinding

How can you find the best path through the threatened area.

Choose methods which can be used for decision-making (i.e. )

What is the difference between a torpedo and a missile?

Choose the best location for mine-planting.

What are the advantages of engaging a battle near dry land??

There is a fixed source of noise and we can find its direction. How can we locate it if we cannot move?

How can you determine the type of vessel or even concrete vessel by the noise it produces??

Due to optional nature of our tournament not all students took part in this event. We planned to have about
five teams with three or four team members in each one, however only three teams took part. Initial test showed
a significant difference between students both in understanding of Al technologies and maritime area/branch.
We are not sure that knowledge about maritime area is necessary to successfully develop an Al program for our
game, but in fact only those students who showed good results in the both parts of the initial test took active
part in the contest (Figure 4).

Good Results/Takes Part

~

Bad Results
Good Results

Neutral Results

Figure 4: Initial test results

Eventually we got three teams named: ZergRushAl, VeryGoodAl and NukeAl.

Table 1 shows results for each stage of tournament. Table shows total turn count, team names, total launched
torpedoes for each team, total placed mines for each team, number of survived submarines and winner. Last
column shows winners for each stage.

Table 1. Tournament results

Turns I Team I Torpedoes I Mines I Alive I Team Torpedoes | Mines | Alive | Winner
Stage |

364 VeryGoodAl 1 49 1 NukeAl 41 0 0 VeryGoodAl

630 NukeAl 52 0 0 ZergRushAl 17 0 5 ZergRushAl

518 VeryGoodAl 3 37 0 ZergRushAl 38 0 5 ZergRushAl
Stage Il

345 NukeAl 35 0 0 ZergRushAl 94 0 3 ZergRushAl

728 VeryGoodAl 116 108 3 ZergRushAl 117 2 0 VeryGoodAl

1020 ZergRushAl 114 7 0 VeryGoodAl 126 169 2 VeryGoodAl
Stage Il

596 NukeAl 76 0 1 ZergRushAl 18 55 0 NukeAl

467 VeryGoodAl 13 62 0 NukeAl 56 0 4 NukeAl
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Turns Team Torpedoes | Mines | Alive Team Torpedoes | Mines | Alive Winner
589 VeryGoodAl 9 68 2 ZergRushAl 20 64 0 VeryGoodAl
1907 NukeAl 109 0 4 VeryGoodAl 23 165 0 NukeAl
582 ZergRushAl 12 69 0 NukeAl 74 0 5 NukeAl
521 ZergRushAl 26 77 0 VeryGoodAl 27 69 2 VeryGoodAl

Final Stage

1052 NukeAl 147 14 2 ZergRushAl 119 52 0 NukeAl
559 VeryGoodAl 86 52 0 NukeAl 88 6 5 NukeAl
770 VeryGoodAl 91 90 0 ZergRushAl 108 58 2 ZergRushAl

After the second stage competitors and spectators supposed that results could be different if bots’ initial
positions were switched because of the non-symmetrical game map. So, we decided to deliver the third stage
with two substages to put teams in the same conditions. But overall stage results were the same and we refused
this approach.

In the first stage ZergRush was a winner because they started bot development a little bit earlier and developed
good group behavior, mining algorithm and stochastic torpedo launches. NukeAi showed worst results because
they did not discover a way to distinguish their own submarines from the enemies and lost all submarines
because of “friendly fire” and collisions.

In the second stage VeryGoodAi performed well mostly due to aggressive mining, good aiming algorithm and
finite state machine driven behavior selection. They used delayed attack strategy allowing the enemy to
approach closer while remaining hidden. NukeAi lost all battles because of program crashes.

In the third stage NukeAi unexpectedly showed good results. They learned competitors’ tactics, refused using
mines in favor of faster approach to more advantageous positions near the center of the field and implemented
multiple strategies which were selected according to battle conditions.

At the end of the tournament each team made a presentation and unveiled their tactics and told the story of
their bot development. Each team used unique approach to implement Al behavior. However nobody used two
point direction finding for precise target locating.

Our teams showed a great deal of ingenuity and artistic approach to their work. One of the teams attached a
soundtrack to their bot, which played during the battle, meanwhile another team used specific markers on the
field to inform spectators about what their bot was thinking.

4.3 Post test

After the tournament we surveyed students (both who took part and did not take part in tournament) again.
Most significant results were from the students who did not take part in the tournament. Two thirds of the
students said that they would like to participate in the next tournament. When the students were asked why
they did not take part, vast majority answered that they did not have enough time for that. Questions are listed
below:

=  Did you take a part in tournament?

=  Why did not you take part in the tournament?

= Would you like to participate in this competition again?
=  Did you use the opponent's bots to train your bots?

=  Rate bot API.

= Write your suggestions for improving the bot API.

= What principles are your Al based on?
5. Discussions and future work

To attract students’ attention including those who didn’t take part we built up our tournament as a little bit
more informal event rather than an ordinary classroom lesson. Each turn induced stormy discussions and
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applauses. Figure 5 shows the final stage of the tournament with a group of participants and interested students.
Projection screens show the current game situation.

Figure 5: Tournament in the classroom

In general we consider this event to be successful, however we met some difficulties. The first major difficulty is
students’ free time. Students have job and mandatory disciplines and do not have enough time to take part in
the tournament. To solve this problem we are going to try to embed this tournament as a coursework for Al
discipline.

Another difficulty is high barrier to entry. Some students have no strong knowledge of C# programming language
and it is hard for them to get quick results. To tackle this issue we consider three measures. The first one is using
a visual domain specific language with binding to conventional programming languages. The second one is to
make the game as a HTTP server. Such approach will make the game more protected from cheats and easy to
bind different languages like C, C++, Javascript, Java, Python, Lua, etc. And the third measure is to enable “Human
vs Al” mode. This approach will lower barrier to entry and make bots easy to debug.

There are several technical problems that remain to be solved. For example it would be interesting to analyze
battles in which one specific Al fights against itself. It would give us information about possible map imbalance.
Also we would like to be able to launch large numbers of battles with the same participants in parallel to
statistically determine the winning Al.

6. Conclusions

In this paper we presented an example of integrating Game Based Learning and competitive programming into
the course on Computational Science for the first year master students. We received very positive feedback from
the participants as well as from spectators who watched the competition and the final battle on the big screen.

Taking into consideration the acquired experience we are planning to substantially improve both the game
environment and the organization matters. In the long run, we expect that this investigation will lead to a more
sensible understanding of how to design educational video games that will meet course outcomes, improve
retention, and inspire life-long learning skill in our students.

This paper is supported by Russian Scientific Foundation, grant #14-21-00137 "Supercomputer simulation of
critical phenomena in complex social systems". The research is done in Advanced Computing Lab (ITMO
University), which is opened in frame of 220 Decree of Russian Government, contract #11.G34.31.0019
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Abstract: Digital games are recently in constant debate in the educational community on issues such as promoting media
education and learning as well as engaging students in activities that enforce subject cognition and effective collaboration
learning assignments. At the same time, these particular principles ‘serve’ the trend of the Media Education. Hence
contemporary changes in the wider media field require a re-evaluation of the fundamental aims and methods of media
education — not just as far as the content of the curriculum is concerned, but also in terms of a pedagogical method process.
In this article, based on the above framework, the researchers are trying to portray the implementation and evaluation of a
learning and teaching scenario, in which learners-primary school students are gradually exposed to the role of a video digital
games evaluator, learning about them, playing them and gradually setting up the evaluation criteria through the constant
coordination of the teacher-facilitator. As a culmination of their efforts, the students evaluate the digital games they selected
and played as well as create an on-line journal, on which they demonstrate in both numerical and descriptive ways their
outcomes. Via the utilisation of specific guidelines and evaluation criteria to be defined by them, students, evaluate and
formulate a review of the characteristics of their favourite video game. Subsequently, based on the assessment panel they
compose an analysis, describing the characteristics of the digital games in question as well as attempt to provide advice to
prospective users-players on their correct educational integration. Although limitations existed on mapping the evaluation
criteria and guiding the students to adopt and promote the required competences, the attractiveness of the tasks in question
connected and supported by the careful pre-planning of the scenario seemed to aid the effectiveness of the project. New
competences and knowledge developed such as a critical eye on the digital games, evaluation techniques on digital games
in learning settings as well as enhancement of cognition on certain issues and subjects.

Keywords: media literacy, learning, students, evaluation, digital games

1. Introduction

The basic principles of the present study are in accordance to the current outcomes and directions of research
conducted in Europe regarding the status of New Technologies and New Media in education. Conferring the
European “Horizon” Report (Johnson et al. 2014), an increasing focus on the use of both traditional and virtual
learning methods is expected to have a strong impact on Europe within the next two or three years. These trends
are also identified on a global level for having the potential to stimulate new models of teaching and learning.
Ott (2010) argues that there are innovative learning ways which engage and excite students. Harmer (2004)
stresses that the improvement of the students’ writing skills as well as the practical methods on the stages of
the speech production process is obtained by using “Word” on the PC. Hence, the digital media transform
traditional forms of media to learning experiences.

At the same time, these particular principles ‘serve’ the trend of the Media Education. According to Buckingham
(2010), contemporary changes in the wider media field require a reevaluation of the fundamental aims and
methods of media education — not just as far as the content of the curriculum is concerned, but also in terms of
a pedagogical method process. Media education has been established in Europe (Mommers et al. 2013;
Oxstrand 2009) and recognized from the UNESCO association (Frau-Meigs 2006; Wilson et al. 2011).

Nowadays, the role and the use of the ICT as well as the Media is gradually recognized in the formation of trends,
attitudes and perceptions in the minds of students. Additionally, the media are constantly changing their profile
providing data that may be used in education through providing students with specific opportunities so as to
learn in a different way (Hasenbrink et al. 2008). Teaching with new technologies requires a clear set of goals
and a specific procedure, which helps both students and teachers to focus on target. Wiske et al. (2005) mention
"time with learners is too precious to spend on activities without a clear and important educational purpose".
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2. Between media education and digital games: The evaluation aspect

Electronic digital games flourished and gained big publicity in the recent years. Thus we refer to a new form of
cultural expression that tends to dominate the established means of mass culture, like cinema and television.
Moreover, in the fields of the academic society, a considerable interest emerged regarding learning supported
by electronic digital games. This interest is evident via the extension of the research that is carried out and the
relevant citations.

Through the study of the literature on educational digital games, it seems that there is a large number of reports
focusing on their evaluation. These studies could be divided into the following categories. Firstly on studies
suggesting specific frameworks and evaluation criteria related to the design and development of educational
digital games (Lai-Chong Law et al. 2008; Villalta et al. 2011; Torrente et al. 2015).

Secondly, there are studies that focus on the summative evaluation. These studies evaluate the effect of the
usage of digital games on students' learning as regards to their knowledge, their attitudes, and their skills. In this
category of studies a number of different methodological approaches is used such as surveys, case studies and
experimental studies. Usually these studies evaluate the impact of digital games on learning either by comparing
different gaming modes (Girard et al. 2013; Tsai et al. 2015), or by associating the game with certain computer
applications (i.e. flash animation) or other digital games and teaching aids (Yang 2015).

In addition, there are game-based learning studies which investigate the effects of digital games’ design on
pupils' motivation, engagement, game satisfaction and learning while playing an educational game (Filsecker &
Hicke 2014). For instance, Ronimus et al. (2015), studied if certain game features have an impact on children's
engagement during digital game-based learning of reading and whether they could help to sustain children's
engagement over time.

Thirdly, there are studies where students are involved in the evaluation of their own digital games through their
participation in their design and development (Robertson & Howells 2008; Triantafyllakos et al. 2011). According
to Ke (2015, 27), “the practice of having students as designers of computer digital games can actively engage
learners and offer them opportunities to exercise the skills of digital storytelling, computational thinking, and
creative thinking”.

Fourthly, there are studies in which students play the game and evaluate it in terms of specific criteria such as
worthwhileness and ease of use. Usually in these studies the evaluation is supported by technology acceptance
models and certain theories of psychology. For instance, Hou and Li (2014), in their study, 67 university students
in Taiwan evaluated multiple aspects of a problem-solving-based educational adventure game, Boom Room®©
using the Technology Acceptance Model and Flow theory. More specifically, these students were asked to
complete a pre-test before playing the game and a post-test after playing the game. They provided evaluation
of not only the usefulness, ease of use, and design elements of the game but also their experience with various
flow dimensions of the game.

According to Filsecker & Hicke (2014, 138) “players of commercial digital games are developing problem solving
and literacy skills and that good commercial digital games represent good learning principles that provide
opportunities for gamers to engage actively and reflectively during gameplay”.

Despite the large number of studies about the evaluation of educational digital games, there are a limited
number of studies focusing on the evaluation of commercial digital games by the students themselves. In
particular, in literature review, the number of studies where primary school students assess commercial digital
games is pretty limited (Vissers et al. 2013).

3. Designing the teaching scenario: Goals and basic elements

Corresponding to the above reasoning, a model educational scenario based on new technologies (e-scenario)
was structured and implemented within the frame of the research program "Creation of prototype methodology
for educational scenarios based on use of new technologies (ICT and new media) by the Centre of the Greek
Language (Thessaloniki, Greece). The scenario was implemented in a considerable number of students (3 classes,
totally 61) in the fifth grade (aged 11 years old) of Psychico College of Athens (Spring 2014) and 1%t Experimental
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Primary School of the Aristotle University of Thessaloniki (winter 2015) within the frame of the subject of Greek
Language.

This particular e-scenario proposes an instruction-flexible teaching model, which focuses on highlighting the
digital games as a tool in the educational praxis. Concerning the educational scenario “The lord of digital games!
We play and grade digital games!” the basic aim was for the students to see themselves in the role of evaluator
of video games. With key points and evaluation criteria that students had previously defined. Pupils graded and
reached through study, practice and collaboration an assessment of the characteristics of one of their favorite
or familiar digital games. Following, according to the table of evaluation, they wrote a review, describing the
features of the specific digital games, providing also advice to future players regarding the proper use of digital
games.

In the present scenario students were gradually introduced in to the role of the evaluator of digital games,
learning about them, playing and gradually forming their evaluation criteria. As a result of their attempt students
assessed a particular game they studied and played for a long time and then created an e-book in which they
presented their conclusions not only in numbers but also in a descriptive way.

3.1 Teaching practices

Cooperating in small groups, students acquired and reinforced their cooperation competences. Multi-sensor
methods were developed for the reinforcement of learning. The students functioned with a learning autonomy,
visualizing and verbalizing their actions. Through the assessment they were introduced and acquired meta-
cognitive competences not only by arriving at an objective and a balanced assessment of their classmates’ tasks
(identifying points that can be rewarded and points that can be improved) but also by developing their tasks on
a basis of equivalent assessment by their classmates.

3.2 Connection with school’s curriculum

The scenario serves the general aim of the language lesson that is the students’ involvement in teaching methods
and digital tools that were angled to inquiry-based learning. Specifically, students who were involved in the
educational scenario operate targeting the realization of the objectives included in the Curriculum, like the usage
of types of texts for various purposes and various recipients, the distinction of the connection between the
purpose of the writer and the form of the language or the speech he/she uses and the writing of small texts by
the students based on their world of experience as well.

3.3 Information and communication technologies (ICT)

The scenario includes pedagogical activities of harnessing the ICT tools through which the construction of new
knowledge is realized. More specifically the relevant employed tools of teaching and learning were:

= Selected webpages for deriving texts and audiovisual material.

=  The word-processing software that is used from the students to organize their ideas, to form and transform
their own texts.

= Electronic dictionaries that give the student the facility not only to get familiarized with a modern and
essential tool for the language but also to consolidate various and alternative ways of searching.

= ABlog or a class’ web site, in which students can easily publish and visualize their task.

4. The Scenario In Praxis

4.1 First session

The first session commenced, all the sessions involve a minimum of two teaching hours’ period, in the classroom
setting of the 5th grade (11 years old). During the first session the teacher initiated the e-game based scenario
with the selection and reading of a relevant topic from the class’s language book on digital games. All the children
participated in all six studies. The teacher read to the students a unit from the school book regarding an
electronic soccer game subject. The particular topic immediately engaged students, both boys and girls. Girls
were enthusiastic due to the digital form of the game and boys were also excited regarding the sport as well.
Subsequently, the whole class contributed in a discussion on personal experiences with group based digital
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games. Certain questions were raised such as the kind of digital games they like to play, time allocated and
reasons for the particular game preferences. The pupils pictured many game titles as well as the digital games’
rules and tactics required for consideration and adoption by the gamers with enthusiasm and high levels of
participation. Additionally they portrayed great knowledge on those specific e-digital games in terms of rules
and tactics, graphics and ways of play. After the diagnostic and introductory in class discussion, the teacher
presented to the students the purpose of the e-game scenario project as well as highlighted the evaluation
aspects that the pupils in groups will adopt and acquire through the tasks. Thus the class was divided by the
teacher-facilitator and the help of the students into groups of 2-4 students. The newly formed groups decided
on their group name. Further a video from ‘YouTube’ video platform on the evolution of the video game FIFA
was presented to the students followed by the second part of a discussion on the evolving path of the digital
games. A specific representative student statement follows: “/ have learnt from playing the particular game all
the rules and tactics, the teams and the tricks you need to follow so as to win the game”.

4.2 Second session

During the second, teaching session the class visited the school’s computer lab where the teacher arranged the
already formed groups to work in front of specified computers. Previously the teacher copied on the computer’s
desktop certain files with all the required tasks of the session. The students were asked to open the first task
file. The activity required that, through the use of an electronic dictionary, students should read the provided
Greek text, titled: The Video Digital games Yesterday and Today, concerning the history of video digital games,
and then identify and select the foreign words on the text. Successively, they had to copy the selected foreign
words from the activity paper, on the computer as well as find the synonyms of the words in the Greek language.
The teacher acted as a facilitator and promoter of the task, providing help and guidelines to any team in need.
Certain teams had disagreements regarding particular words but were resolved by the teacher-facilitator. After
the activity a discussion developed where the new found words and synonyms portrayed by the groups. Any
misinterpretations were revised through the following- concluding presentation and discussion activity. Finally
all the groups managed to collect the necessary information and each group performed a self-evaluation task
according to the activity’s guidelines and the overall performance of the team. The evaluation was based on the
Excellent, Very Well, Well and Need of Effort, rating scale. At first it took time and effort to guide the students in
the discovery of the foreign words and the teacher-facilitator intervened in many instances by providing
examples and ways of spotting the specific word and the relevant Greek synonyms. Although we faced
organisation, collaboration and understanding difficulties with the constant support of the teacher-facilitator
we managed to overcome all the obstacles and succeed in the task. A specific representative student statement
follows: “I did not know that all these words have a Greek synonym. | believe that | have enriched my vocabulary
and expression skills”.

4.3 Third session

During the third, teaching session and in the computer lab the teacher presented and explained to the students
the following activity, a 20 minutes game playing task. The pupils in groups had to play a specific Video Game
based on the second activity file. Afterwards they were required to evaluate the specific game based on a
provided, in the file, exemplary pattern. The groups evaluated the digital games, pointing out a strong and a
weak element of the game, based on certain parameters such as rules of the game, engagement of the gamer,
graphics quality, any knowledge gain from the game’s activities, any competences required by the gamer, levels
of difficulty, resonance and logic of the plot, innovative ideas and creativity employed by the makers, as well as
user-friendliness. Subsequently the groups formed a short commentary about 50-80 words according to the
guidelines of the task. After the completion of the activity the evaluation results were announced to the class by
each group. According to the in class observations and diary of events although they did not know how to start
writing a commentary, all the teams participated with great enthusiasm and attempted to construct a complete
commentary without any grammatical mistakes in accordance to the guidelines and the given parameters. The
teacher facilitator again organised the groups, portrayed the main parts of the commentary and supported each
group on any related issues such as queries on the game, as well as any grammar and syntax questions regarding
the subject. During the evaluation activity and the discussion session, the majority of the students expressed
their interest on the task as well as acknowledged the significance of the newly explored areas of the digital
games in question, which as they stated, did not take into account before. These are, as indicated in the activity,
the innovative ideas and creativity of the particular game, ways of engagement of the gamer, importance and
reason for level difficulty, as well as knowledge and competences acquired by the gamer through the connection
of the tasks to the history and facts of the Roman and Greek era. A specific representative student statement
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follows: “It seems that | have learnt a lot that I did not know about Roman and Greek history through playing the
particular game and it was real fun playing and learning”.

4.4 Fourth session

In the fourth session of the project, a discussion initiated by the teacher in the classroom setting on the need to
evaluate video digital games. The pupils agreed that the evaluating process on the video digital games
enlightened them of certain parameters they were not familiar with. Furthermore they indicated that they are
now more knowledgeable of the properties of the digital games in question as well as the knowledge and
competences they could transfer to them. In addition they expressed the wish to evaluate, well-known digital
games to them and to inform and present their findings on an electronic board-blog, as well as to advise the
other school students, in a forthcoming School Fair on Digital games and Game Culture. Subsequently and on
the class’s Interactive Whiteboard each team presented strong and weak elements of the specific game they
evaluated. Additionally, a brainstorming procedure followed, involving the creation and selection of the principal
evaluation criteria by the students themselves. All the criteria were noted, collected and organized by the
teacher into one main evaluation framework. Furthermore each group selected a video game and explained to
the other students in the class, the reasons for the selection and the potentials-knowledge and skills that might
be gained from playing the game in question. A specific representative student statement follows: “/ have gained
a lot regarding ways of evaluating a game as well as building on skills and knowledge from the game and the
tasks | have to complete”.

4.5 Fifth session

Following and in the fifth work session, the students opened the file including the game evaluation framework
(Table 1) and proceeded to the evaluation of a game they have played and known. The file presented a rubric
pattern where students need to grade the game on specified areas. Originally and in groups, pupils discussed
the game in question regarding strong and weak elements of the game, factors that influence the importance
of the game in terms of engagement levels, knowledge and skills acquisition as well as levels of difficulty and
justification, attractive graphics and the player’s ease of use and navigation. Furthermore, they search through
Google to find any related to the game information that could support their study.

Table 1: Evaluation framework

Evaluation Framework None Little Enough Very Very Much
(0) (5) (10) (15) (20)

Specifications
(graphics, sound effects, music, 'Multiplayer
», 3D, online features)
Quality Characteristics
(action, script, object, learning, ease of
handling, positive messages, other)
Relationship with Reality
(society, history, environment, realism,
sports, relationship with film -book)
Emotional Balance
(creativity, self-expression, imagination, VS
stress, competition, immorality)
Negative Attributes
(violence, war, addiction, bad examples,
vocabulary, gambling, sexist elements, other)

Afterwards the pupils filled the evaluation template with all the relevant information they have learned through
the playing experience, the related web sites and the in group discussion. They also calculated the total ranking
for the game in question and composed a short text on the evaluation factors and principal characteristics of
the game. The specific terminology in the table helped the students to express correctly their arguments utilising
suitable wording as well as expressions and thus building on their written and oral skills. Although some children
did not understand the task at the beginning the groups supporting each member and with the constant support
of the teacher-facilitator managed to overcome any difficulties and complete the given tasks.
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4.6 Sixth session

In the sixth and final session of the project the students entered the school’s web site and visited the link related
to the project. The teacher previously designed and created an on line journal-blog on video game evaluation
where pupils could upload their activities and presentations on e-game evaluation techniques as well as skills
and knowledge gain. Thereafter they all moved to the class where a vivid discussion on the experiences and
overall evaluation practices on video digital games took place. Students debated with enthusiasm on the issues
and ways of evaluating video digital games as well as portrayed and argued about the skills and knowledge
gained from the activities. Representative student statements follow:

= “] have gained in skills and knowledge through the research activities and playing experiences”.

=  “| have increased my vocabulary and writer techniques on the subject as well as discovered issues and
parameters of the digital games | did not know”.

= “lcan now learn from game playing and also be able to select the proper digital games for education as well
as fun”.

= “] can understand now how to avoid the negative attributes of the digital games and gain from the positive
and quality characteristics of specific digital games”.

In the concluding session the teacher-coordinator portrayed the activities from the introduction of the project
in a time-lined route presentation. Discussion followed and ideas on promoting the artefacts produced during
the project were presented. A wall panel with all the written products was crafted outside the class. Likewise
the poster of the on line journal-blog was also distributed, informing the pupils in the school. Additionally the
students discussed with their school mates about their experiences on the project and the purpose of the on
line journal- blog. As a result an interesting and active commentary on the issues in question started on the
blog’s wall. Moreover preparations for the forthcoming school’s fair on video digital games and evaluation
techniques commenced through the teams.

5. Conclusion

It seems that digital games need to take into account the prospect of effectively permeate and pervade into
educational systems. For the time being they are mostly used in commercial and experimental settings and thus
they are unable to benefit and support today’s educational pedagogies. However, with the development and
deployment of evaluative methods brainstormed, designed and implemented by primary school students,
according to the educational practice described in the article, certain factors emerged. User engagement and
the provision of specific learning opportunities seemed highly possible. Certain competences developed by the
students promoted particular educational benefits such as knowledge of the subjects portrayed in selected
digital games, according to their educational and cognitive value. Students through the teacher’s guidance
acquired critical and media literacy skills as well as evaluated accordingly selected digital games. The process
changed students’ previous perceptions regarding digital games and playing modes as well as unlocked a new
world of how, why, and with which purpose to play digital games so as to gain cognition and skills through fun
ways. Students also promoted autonomy and initiatives as well as the skill to learn through playing specific digital
games. Future work could focus on the implementation and evaluation criteria of game based learning modes,
levels and subjects as well as entail further improvement evaluation factors based on the teaching and learning
methodology proposed in the article. With a more wide and varied spectrum of digital games, as well as an
extended number of evaluation criteria on educational digital games and learning modes we could, ultimately
alter stances and attitudes towards implementation of digital games in education as well as enrich the filed on
educational methods in accordance to digital games design and creation.
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Abstract: This paper addresses the relationship between ludic and narrative components in a game-based classroom training
experience, and their role as mediators in the relationship between level of satisfaction and learning. The study was
conducted on a sample of 62 users, through a set of workshops where Lego® Serious Play® method was enriched with a
narrative structure, based on role-playing session. Considering the Ludology - Narratology debate, this paper is a further
study which aims to investigate, empirically, the role of both elements in serious games and, consequently, in learning. A
first confirmatory factor analysis was conducted to verify that the two factors, namely the ludic and the narrative one, could
be used to cluster the measured variables. Then, a path analysis showed the relationship among all the variables. The study
showed, as first result, that the degree of satisfaction is the main predictor of the learning results and that the influence of
narrative and ludic components on the player experience are really alike, with a slight dominance of the ludic one. The second
result is that the mediation of the game components, both of the ludic and of the narrative one, has an unbalanced structure.
One of the interpretation of this result is that the relationship between satisfaction and game mechanics is stronger than the
relationship between game mechanics and learning. In other words, part of the engagement and enjoyment that is produced
by the game context does not result in effective learning.

Keywords: serious games, narrative, ludology, role playing game

1. Introduction

According to Knowles (1973) when it comes to adult education, learners motivation, previous knowledge,
experiences and interest are fundamental for the training process to be effective. In order to engage adult
learners, as stated by Dewey (1938), it is important to challenge them with activities able to catch their attention
and to be connected with practical experience. The Learning by Doing paradigm, according to Aldrich (2007) has
shown good results in engaging adult learners. Considering games as an application of this paradigm, many
studies have demonstrated that game, according to Huizinga (2014) has an important role in learning processes,
especially those based on direct interactions, as stated by Aldrich (2007) and Dewey (2004): thus it is important
to see how the playful approach can be an incentive in adult education.

In this sense, we can consider Serious Games, both digital and not, as an effective way to perform adult
education. They are made up mainly of two parts, the narrative one and the game one, which, combined,
generate products that can capture the attention of the learner. The relationships of interdependence between
game and narrative component, according to Ryan (2001), have unraveled the debate between Ludology and
Narratology, according to Amory (2007): the ludologic position arguing that the game is made up mainly by rules
and gameplay, and that therefore the narrative plays in it a marginal position, as stated by Frasca (2003); on the
other hand, the narratological position affirms that games are nothing if not a form of storytelling and must
therefore be treated according to the rules of the narrative, according to Juul (2001).

In a previous study about the InTouch Project, as stated by Imbellone et al (2015), was investigated how the
ludic and narratological components affect the willing to play again of the players.

One of the expressions of the ludic element in training is represented by the Lego® Serious Play® method: as
on the Open Source/<Introduction to Lego® Serious Play® (2010), the method is open source, and was built to
guide meetings and to help to manage communication and problem-solving processes. Participants have to build
their own model with Lego® bricks and then to discuss the model with the others. For our study we decided to
keep the building action of the Lego® Serious Play® method, even if a different scenario, in order to involve
students in playing activities, also fostering a different way to think to what they are learning.
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On the other hand, as stated by Thabet (2015) we know how Role Playing Games narrative can be compelling
for the players: assuming a role and follow a story is the core of those kind of games.

This paper presents the results of a Lego® Serious Play®-inspired application, realized through a set of
workshops where the standard Lego® Serious Play® method was enriched with role-playing elements. The
driving motivation for the study was to analyze how the use of a serious game approach in an educational
context, explicitly containing ludic and narrative components, can influence the relationship between
satisfaction and learning. Section 2 will illustrate the approach that was adopted; Section 3 will illustrate scope
and hypotheses of the present study; Section 4 will deal with statistical methods; Section 5 will illustrate results;
Section 6 will draw conclusion and future work perspectives.

2. The classroom training experience

For our study we decided to test the blended model in 5 workshops, for a total of 62 participants.

We wanted to test how the narrative and ludic components of a training experience could affect the relationship
between satisfaction and learning, considering the Lego® building activity as an expression of the ludic element
and the role playing part as expression of the narrative one.

Inspired by the official Lego® Serious Play® method, as described in Open Source/<Introduction to Lego®
Serious Play® (2010), we chose to adopt the construction element with Lego® bricks, even if in a different
workshop structure, in order to make the learners play, encouraging a different mental activity, as stated by
Sousa (2011), fostered by practical manipulation of elements to represent abstract concepts or product features.
On the other hand, we decided to use the typical role playing games elements, like narrative, roles and
development of the story, to engage students in the narrative flow.

2.1 Scenario

The topic of the workshop was the basic elements useful to build a communication strategy for a new product
to be sold on the market.

Considering this, the starting scenario concerned a typical communication context: a Company (the client),
operating in the field of green technology, had to sell its new product. All the product features were described
in order to build the communication strategy.

2.2 Teams and rules

The participants were divided in two teams, each one representing a communication agency with different
experience and expertise. Each participant had a professional role in the agency, useful to accomplish the
missions assigned during the workshop.

Two facilitators were involved: one teaching the contents and coordinating the students through the game
sessions, and one representing the client who had to choose one of the two communication companies to

promote his new product on the market.

There were also a set of rules, to assign points, badges and rewards, and a set of missions, to be accomplished
in order to gain points and badges.

The team with the major amount of points at the end of the workshop was the one who won the challenge.

2.3 Workshop structure

The workshop foresaw a succession of teaching moments, play moments and debrief moments.

During the teaching moments the facilitator explained to the students the theoretical contents useful to
accomplish the related mission. It is