iLRN 2017 Coimbra

Workshop, Long and Short Paper, and Poster
Proceedings from the Third Immersive Learning
Research Network Conference

Dennis Beck

Colin Allison

Leonel Morgado

Johanna Pirker

Foaad Khosmood

Jonathon Richter
Christian Giitl (Eds.)

) -

Immersive Learning Research
Network Conference - iLRN 2017

3

ADERTA == ol ﬂ'{U June 26th - 29th, 2017
s . ™™ Coimbra, Portugal #iLRN
';is‘fff SE.ConmRy i e gwww.immersivelrn.org
ISBN (e-book) DOI
978-3-85125-530-0 10.3217/978-3-85125-530-0

Immersive Learning
Research Network




Editors

Dennis Beck, Walden University, US

Colin Allison, University of St. Andrews, UK

Leonel Morgado, Universidade Aberta, Portugal

Johanna Pirker, Graz University of Technology, Austria

Foaad Khosmood, California Polytechnic State University, USA
Jonathon Richter, Salish Kootenai College, US

Christian Giitl, Graz University of Technology, Austria

ISSN iLRN: 2415-1475
ISBN (e-book): 978-3-85125-530-0
DOI: 10.3217/978-3-85125-530-0

Copyright © 2017 Verlag der Technischen Universitit Graz www.ub.tugraz.at/Verlag

This work is published under the Creative Commons Attribution-NonCommercial-
NoDerivs 4.0 International License (CC BY-NC-SA 4.0)

The terms are defined at https://creativecommons.org/licenses/by-nc-sa/4.0/
and summarized below:

Attribution - You must give appropriate credit, provide a link to the license, and
indicate if changes were made. You may do so in any reasonable manner, but not in
any way that suggests the licensor endorses you or your use.

NonCommercial - You may not use the material for commercial purposes.

ShareAlike - If you remix, transform, or build upon the material, you must distribute
your contributions under the same license as the original.



iLRN Executive Director
Jonathon Richter

General Chair
Michael Gardner

Academic Chair
Christian Giitl

Community Chair
Jonathon Richter

Program Chair
Colin Allison

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

Conference Organization

Salish Kootenai College, USA

University of Essex, UK

Graz University of Technology, Austria

Salish Kootenai College, USA

University of St Andrews, UK

Special Tracks and Workshops Co-Chair

Johanna Pirker

Graz University of Technology, Austria

Special Tracks and Workshops Co-Chair

Foaad Khosmood

Publications Chair
Dennis Beck

Finances Chair
Patrick O’Shea

California Polytechnic State University, USA

University of Arkansas, USA

Appalachian State University, USA

Publicity & Public Relations Co-Directors

Anasol Pena-Rios
Samah Felemban

Submissions system director

Johanna Pirker

University of Essex, UK
University of Essex, UK

Graz University of Technology, Austria

Conference Registration Director

Anasol Pena-Rios

Website Director
Anasol Pefna-Rios

Local Co-Chair
Leonel Caseiro Morgado

Local Co-Chair
Ana Amélia Carvalho

Local Co-Chair
Jodo Caetano

University of Essex, UK

University of Essex, UK

Local Organization

Universidade Aberta & INESC TEC, Portugal

Universidade de Coimbra, Portugal

Universidade Aberta, Portugal



Student Volunteer
Gongalo Cruz

Student Volunteer
Daniela Pedrosa

Student Volunteer
Fernando Cassola

Student Volunteer
Ricardo Nunes

Student Volunteer
Luis Miguel Sequeira

Student Volunteer
Luis Fernandes

Student Volunteer
Cristiane T. Machado

Student Volunteer
Wilson M. Godinho

Student Volunteer
Renato Mamede

North America Co-Chair
Krista Terry

North America Co-Chair
Minjuan Wang

Latin America Co-Chair

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

UTAD, Portugal

UTAD, Portugal

UTAD, Portugal

Brazil

UTAD, Portugal

UTAD, Portugal

FPCE, Universidade de Coimbra, Portugal

FPCE, Universidade de Coimbra, Portugal

FPCE, Universidade de Coimbra, Portugal

International Chairs

Appalachian State University, USA

San Diego State University, USA

Victor Manuel Zamudio Rodriguez Instituto Tecnoldgico de Leon, Mexico

Latin America Co-Chair
Marina Vicario Soldrzano

South America Co-Chair
Andreas Pester

South America Co-Chair
Roger Tavares

South America Co-Chair
Eliane Schlemmer

South America Co-Chair
Luis Carlos Petry Pontificia

Instituto Politécnico Nacional, Mexico

Carinthia University of Applied Sciences, Austria

UFRN, Brazil

UNISINOS, Brazil

Universidade Catodlica de Sdo Paulo, Brazil



Asia Pacific Co-Chair
Yiyu Cai

Asia Pacific Co-Chair
Henry Been-Lirn Duh

Asia Pacific Co-Chair
Erik Champion

Europe Co-Chair
Ralf Klamma

Europe Co-Chair
Fotis Liarokapis

Middle East Co-Chair
Mohammad Al-Smadi

Middle East Co-Chair
Samir Abou El-Seoud

Africa Chair
Mathy Vanbuel

iLRN Advisory Board
Jon Dorbolo

Francois Garnier
Beatrice Hasler

Pasi Mattila

Carlos Delgado-Kloos

Program Committee
Abelardo Pardo
Agnes Kukulska-Hulme
Alberto Cardoso
Alexander Nussbaumer
Alexandra Camara
Alla Vovk

Allan Fowler

Alok Mishra

Ana A. Carvalho

Ana Isabel Veloso
Anasol Pefia-Rios
Andreas Schmeil
Brenda Bannan

Britte Cheng

Bruno Joho

Carl Smith

Carlo Vizzi

Carlos Delgado Kloos
Christian Giitl
Christoph Igel
Claudio Brito

Colin Allison

Daniel Livingstone

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

Nanyang Technological University, Singapore

University of Tasmania, Australia

Curtin University, Australia

RWTH Aachen University, Germany

Masaryk University, Czech Republic

Jordan U. of Science & Technology, Irbid, Jordan

The British University in Egypt (BUE), Egypt

Informatics & Telecommunications, Belgium

Oregon State University, USA

Ecole Nat Supériore des Arts Décoratifs, France
Interdisciplinary Center Herzliya, Israel

Center for Internet Excellence, Finland
Universidad Carlos III de Madrid, Spain

The University of Sydney, Australia
The Open University, UK

University of Coimbra, Portugal

Graz University of Technology, Austria
Universidade Aberta, Portugal

Oxford Brookes University, UK
Kennesaw State University, USA
Atilim University, Turkey

University of Coimbra, Portugal
University of Aveiro, Portugal
University of Essex, UK

immpres, Switzerland

George Mason University, USA

SRI International

Lucerne Univ of App Science & Arts, Switzerland
Ravensbourne University, UK

ALTEC, Italy

Universidad Carlos III de Madrid, Spain
Graz University of Technology, Austria
Centre for e-Learning Technology, Germany
COPEC, Brazil

University of St Andrews, UK

Glasgow School of Art, Scotland



Daphne Economou
David Lowe

Davinia Hernandez-Leo
Demetrios Sampson
Dennis Beck

Diana Urbano
Dominic Kao

Dor Abrahamson
Edmundo Tovar
Elisabetta Parodi

Erik Champion

Ferial Khaddage
Fridolin Wild

Foaad Khosmood
George loannidis
Giuliana Dettori
Guenter Wallner
Gustavo Alves

Hanan Gazit

Helen Wauck

Helena Murteira
Ignazio Passero

Ilona Buchem

Ioana Stanescu

Istvan Koren

Jaakko Karjalainen
Jana Pejoska

Jannicke Baalsrud Hauge
Jodo Relvao

Jodo Carlos Caetano
Jesus de La Fuente
Jochen Kuhn

Johanna Pirker
Jonathon Richter

Jose Zagal

Jose Juan Dominguez Veiga
Justin Ehrlich

Kai Erenli

Kaj Helin

Leonor Botelho
Leonel Caseiro Morgado
Lisa Gjedde

Louis Nisiotis

Luiz Fernando Capretz
Manuel Gericota
Manuel Castro

Marcus Specht

Margit Hofler

Maria Blanca Ibafez
Mario Aehnelt

Markos Mentzelopoulos
Max North

Melany Ciampi
Michael Gardner
Michael Thomas

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

University of Westminster, UK

The University of Sydney, Australia
Universitat Pompeu Fabra, Spain

Curtin University, Australia

University of Arkansas, USA

University of Porto, Portugal

Massachusetts Institute of Technology, USA
UC Berkeley, USA

Universidad Politecnica de Madrid, Spain
Lattanzio Learning S.p.A.

Curtin University, Australia

Deakin College/University, Australia

The Open University, UK

California Polytechnic State University, USA
University of Patras, Greece

Istituto di Tecnologie Didattiche del CNR, Italy
University of Applied Arts Vienna, Austria
Polytechnic of Porto, Portugal

Tel-Aviv University, Israel

University of Illinois Urbana-Champaign, USA
Universidade de Evora, Portugal

Universita degli Studi di Salerno, Italy

Beuth University, Germany

UNAP

RWTH Aachen, Germany

VTT, Finalnd

Aalto University, Finland

University of Bremen, Germany
Universidade Aberta, Portugal

Universidade Aberta, Portugal

University of Almeria, Spain

University of Kaiserslautern, Germany

Graz University of Technology, Austria
Salish Kootenai College, USA

DePaul University, USA

Maynooth University, Ireland

Western Illinois University, USA

UAS bfi Vienna, Austria

VTT, Finland

Universidade do Porto, Portugal
Universidade Aberta & INESC TEC, Portugal
Aalborg Universitet, Denmark

Sheffield Hallam University, UK

Western University, Canada

ISEP, Portugal

UNED, Spain

Open University of the Netherlands, Netherlands
University of Graz, Austria

Universidad Carlos III de Madrid, Spain
Fraunhofer IGD Rostock, Germany
University of Westminster, UK

Southern Polytechnic State University, USA
Science and Education Research Council, Brazil
University of Essex, UK

University of Central Lancashire, UK



Mikhail Fominykh
Milos Kravceik
Minjuan Wang
Monique Janneck
Nelson Zagalo
Puneet Sharma
Rainer Malaka
Ralf Klamma

Rob Nadolski
Roland Klemke
Ryan Locke
Samuel Mascarenhas
Stephanie Linek
Styliani Kleanthous
Stylianos Mystakidis
Timo Koskela
Victor Alvarez
Victor Callaghan
Volker Settgast
Wafa Bourkhis
Will Guest

Yifei Wang

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

Europlan UK Ltd, UK

RWTH Aachen University, Germany

San Diego State University, USA
Fachhochschule Liibeck, Germany

University of Minho, Portugal

University of Tromsg, Norway

University of Bremen, Germany

RWTH Aachen University, Germany

Open University of the Netherlands, Netherlands
Open University of the Netherlands, Netherlands
Abertay University, UK

Instituto Superior Técnico, Portugal

ZBW Information Centre for Economics, Germany
University of Cyprus, Cyprus

University of Patras, Greece

University of Oulu / CIE, Finland

Murdoch University, Australia

University of Essex, UK

Fraunhofer Austria Research GmbH, Austria
Universities of Artois (France) and Tunis (Tunisia)
Oxford Brookes University, UK

University of British Columbia, Canada

Special Track on Personalisation in Immersive and Game-Based Learning

Special Track Chairs

Alexander Nussbaumer

Rob Nadolski
Samuel Mascarenhas

Program Committee
Sylvester Arnab
Francesco Bellotti
Liz Boyle
Alessandro Di Gloria
Dai Griffiths

Paul Hollins

Johan Jeuring
Johann c.k.h. Riedl
Pedro Santos
Krassen Stefanov
Isabel Trancoso
Zerrin Yumak
Carsten Ullrich

Environments

Graz University of Technology, Austria
Open University of the Netherlands, Netherlands
INESC-ID, Portugal

Coventry University, UK
University of Genoa, Italy
University of the West of Scotland, UK
University of Genoa, Italy
University of Bolton, UK
University of Bolton, UK

Utrecht University, Netherlands
The University of Nottingham, UK
University of Lisbon, Portugal
Sofia University, Bulgaria
INESC-ID, Portugal

Utrecht University, Netherlands
DFKI, Germany

Special Track on Digital Heritage and the Immersive City

Special Track Chairs

Alexandra Gago da Camara

Helena Murteira
Maria Leonor Botelho

Universidade Aberta, Portugal
University of Evora, Portugal
University of Porto, Portugal



Program Committee
Jim (CS) Ang

Elizabeth Carvalho

Luis Magalhaes

Mauro Figueiredo
Antonio Fernando Coelho

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

University of Kent, UK

Open University Lisbon, Portugal
University of Minho, Portugal
University of Algarve, Portugal
University of Porto, Portugal

Special Track on Immersive and Engaging Educational Experiences

Special Track Chairs
Johanna Pirker
Foaad Khosmood

Program Committee
Allan Fowler
Brian Mcdonald
Dominic Kao
Kai Erenli

Ryan Locke
Volker Settgast
Kai Erenli

Z0é J. Wood
Britte H. Cheng
Helen Wauck
Guenter Wallner

Graz University of Technology, Austria
California Polytechnic State University, USA

Kennesaw State University

Glasgow Caledonian University, UK
Massachusetts Institute of Technology, USA
UAS bfi Vienna, Austria

Abertay University, UK

Fraunhofer Austria, Austria

University of App Sciences BFI Vienna, Austria
California Polytechnic State University, USA
SRI International, USA

University of Illinois Urbana-Champaign, USA
University of Applied Arts Vienna, Austria

Special Track on Wearable Technology Enhanced Learning

Special Track Chairs
Ilona Buchem

Ralf Klamma

Istvan Koren

Fridolin Wild

Alla Vovk

Program Committee
Mario Aehnelt,

Davinia Hernandez-Leo
Carlos Delgado Kloos
Elisabetta Parodi

Carlo Vizzi

Mar Perez Sangustin
Isa Jahnke

Jos Flores

Michael Fominykh
Puneet Sharma

Yishay Mor

Tobias Ley

Peter Scott

Victor Alvarez

Agnes Kukulska-Hulme
Carl Smith

Victoria Pammer-Schindler
Christoph Igel

Peter Mortel

Beuth University of App Sciences Berlin, Germany

RWTH Aachen University, Germany,
RWTH Aachen University, Germany
Oxford Brookes University, UK
Oxford Brookes University, UK

Fraunhofer IGD Rostock, Germany
Universitat Pompeu Fabra, Spain

UC3M, Spain

Lattanzio Learning Spa, Italy

Altec, Italy

Pontificia Universidad Catolica de Chile, Chile
University of Missouri-Columbia, USA

MIT, USA

Europlan, UK

University of Science and Technology, Norway
Levinsky College of Education, Israel

Tallinn University, Estonia

Sydney University of Technology, Australia
Murdoch University, Australia

The Open University, UK

Ravensbourne University, UK

Graz University of Technology, Graz, Austria
CeLTech, Germany

Virtual Vehicle, Austria



Brenda Bannan
Christine Perey
Kaj Helin

Jana Pejoska
Jaakko Karjalainen
Joris Klerxx
Marcus Specht
Roland Klemke
Will Guest

Special Track on Serious Games using Immersive and Assistive Technologies

Special Track Chairs
Markos Mentzelopoulos
Daphne Economou

Phil Trwoga

Program Committee
Eelco Braad

Dr Nick Degens
Johanna Pirker

Dr Aristidis Protopsaltis
Dr Panagiotis Antoniou
Dr Vassiliki Bouki

DOI: https://doi.org/10.3217/978-3-85125-530-0-01

George Mason University, USA
Perey Consulting, Switzerland
VTT, Finland

Aalto, Finland

VTT, Finland

KU Leuven, Belgium

Open University, Netherlands
Open University, Netherlands
Oxford Brookes University, UK

University of Westminster, UK
University of Westminster, UK
University of Westminster, UK

Hanze University of Applied Sciences, Netherlands
Hanze University of Applied Sciences, Netherlands

Graz University of Technology, Austria
Friedrich-Alexander-University, Germany

Aristotle University of Thessaloniki, Greece

University of Westminster, UK

Special Track on Immersive Experiences in Later Age

Special Track Chairs
Ana Isabel Veloso

Ruth Contreras Espinosa

Program Committee
Alexandra Lopes

Ana Beatriz Bahia
Ana Carla Amaro
Beatriz Sousa Santos
Carlos Santos
Carsten Moller

Célia Soares

Eugene Loos

Leonel Morgado
Liliana Sousa

Luiz Adolfo Andrade
Lynn Alves

Mario Vairinhos
Maria Piedade Brandao
Paulo Dias

Sonia Ferreira

University of Aveiro, Portugal
INCOM- UAB-Uvic

University of Porto, Portugal

Casthalia Digital Art Studio, Brazil
University of Aveiro, Portugal
University of Aveiro, Portugal
University of Aveiro, Portugal

German Sport University, Germany
ISMALI, Portugal

University of Amsterdam, Netherlands
Universidade Aberta, Portugal
University of Aveiro, Portugal
University of Estado da Bahia, Brazil
Universidade do Estado da Bahia, Brazil
University of Aveiro, Portugal
University of Aveiro, Portugal
University of Aveiro, Portugal

Institute Polytechnic of Viseu, Portugal



DOI: https://doi.org/10.3217/978-3-85125-530-0-01

Sponsors

TU

Grazm
Graz University of Technology

Graz University of Technology, Institute for Interactive Systems and Data Science

Global
Insurance & Risk
Consultants

MDS Global Insurance & Risk Consultants

J.UCS

Journal of Universal Computer Science

CRITICAL

SO EERTEWSARRER

CRITICAL Software



DOI: https://doi.org/10.3217/978-3-85125-530-0-01

Table of Contents

Main Conference
Main Conference Preface ..........cooviiiiiiiiiii i e 1

Keynote and Featured Speakers

Curtis Bonk, Indiana University, USA ...........ccoiiiiiiiiiiiinnannns 3

Minjuan Wang, Shanghai International Studies University,

China, San Diego State University, USA ..........ccooiviiiiiininn.n. 5

Alan Miller, University of St Andrews, Scotland and the Smart

HiStOry COMPANY ...vnteeeiiitit ettt ettt eie e e eaeneanens 7

Nelson Vilhena, Critical Software .............cocviiiiiiiiiii .. 9

Carsten Ulrich, German Research Center for Artificial Intelligence

(DFKI), GEIMANY ...ttt etiiteetteeat et e eteieeeeaeeeenaeanenns 14

Jonathon Richter, Immersive Learning Research Network &

Salish Kootenai College, USA ........ccoiiiiiiiiiiiiiiiieiee, 15
Long Papers

Fieldscapes — Creating & Evaluating a 3D Virtual Fieldtrip System.. 18
Enhancing foreign language learning in 3D immersive worlds —

A StUAY TEPOTE Lttt ettt e 30
Assessment for Learning and Gamification - Can Two Walk

Together, Except They be Agreed? .........coooiiiiiiiiiiiiiiiiiiiinn. 42
GAMES & GAMIFICATION IN THE PEDAGOGY DEGREE:

an alternative to Distance Education models ............................. 54

Effects of natural user interfaces on user experience, activation
and task performance in immersive virtual learning environments ... 68

Improving Reading Literacy with an Immersive Learning App ....... 80

Screenwriting framework for an interactive Virtual Reality Film ..... 92
Short Papers

Using Multiplayer Digital Games to Support Collaboration in

Health EQUCAtION .......c.oiiiiiitiiiiii e 103

Enhancing strategies for cultural and natural heritage

through the ALForLab Geographical Information System ............. 109

Applying Mobile EEG to Measure Attention and Reading

Time for Picture Books .........coooviiiiiiiiiiiii 121

Cultural Heritage Reconstruction Based on Virtual Reality

Technology: A Pilot Study of Taiwanese Historical Site ............... 129

How to gamify classroom? A proposal for training Teachers .......... 136

Integrating Wearable Technologies and Sport Analytics

for Personalized Immersive Training and Learning ..................... 144

Immersive Learning of Biomolecules ....................ocooiiiil, 156

Adopting Game Technology for Heritage Information

MOdEIlINg ...vonee e 162

A Digital Museum Infrastructure for Preserving

Community Collections from Climate Change ........................... 170
Workshop

IMagine 2017 ..ooneiii i e 179

Gamification and Mixed Reality .............cooovviiiiiiiiiiii i, 180

Augmented Reality Trends in Education .....................coeee. 181



DOI: https://doi.org/10.3217/978-3-85125-530-0-01

Posters
Proposed Model security best practices using Immersive Virtual
Reality in Social Engineering ............ooovvviiiiiiiiiiniiiiineannns 183
Transmedia Story-weaving: Designing immersive transmedia
experiences for higher education ................coviiiiiiiinii ... 186
V-Label : an experiment on how Augmented Reality impacts
1001 1010 a2 () o H 189
Immersion strategies in nonfiction digital narratives: A Short
History of the Highrise, a case study ..........ccooevvviiiiiiiiiininanns 204
The use of a Cyber Campus to Support Teaching and Collaboration:
An Observation Approach ...........c.eeviviiiiiiiiiiniieeieeniinnenns 193
Special Tracks
Special Tracks Preface ........c.cooiiiiiiiii i 195

ST: Personalisation in Immersive and Game-Based Learning
Environments
Analysing and adapting communication scenarios in virtual
learning environments for one-to-one communication

SKIILS tralning ..vvett ettt 197
Interaction of Learning Management Systems and Gaming
Platforms in the Context of Competence Based Learning ............. 205

ST: Digital Heritage and the Immersive City
Phygital Heritage: an Approach for Heritage

COMMUNICATION ..ttt ettt et et 220

Once upon a time in Pergamon: Reality and Representation in

the Hellenistic City....ooueeriitt it e e e e 230
ST: Immersive and Engaging Educational Experiences

Towards a Transmedia Learning Approach in ESL context ............ 240

Travel through the oceans: augmented reality to enhance

learning in early childhood education ...................ooceiviiiiiiiann, 248

ST: Wearable Technology Enhanced Learning

The use of sensors in virtual worlds for obesity control ................ 257
Relaxation Simulator with Biofeedback: Discussion of
Wearability.......oeieiei 270

ST: Serious Games using Immersive and Assistive Technologies
Training teachers to employ a digital art history curriculum: An
evaluation of the Crystal Bridges mixed distributed and virtual

reality professional development.................coooiiiiiiiiiiiiiiiiin ... 283
360-degree interactive video application for Cultural

Heritage Education .............ooooiiiiiiiii i, 297
Evaluating the Lifelog: Assessment of Recall using

Galvanic SKin ReSponse.........cooiieiiiiiiiiii e, 305

Drinking Games: Simulating Alcoholic Behaviour
Patterns in the "Pubcrawler" Video Game ..................ccooeieieinnn. 317



DOI: https://doi.org/10.3217/978-3-85125-530-0-40

The use of sensors in virtual worlds for obesity control

A case study about virtual/real motivation to encourage self-
determination against obesity through the Internet of Things

Fabiana Santiago Sgobbi*!, Liane Margarida R. Tarouco*!, Eliseo Reategui*!

1 Federal University of Rio Grande do Sul/ Porto Alegre, Brazil
fabiana.sgobbi@ufrgs.br,liane@penta.ufrgs.br,eliseoreategui@gmail .com

Abstract.

Obesity is currently one of the most relevant public health concerns worldwide
and may cause several diseases (heart diseases, diabetes, increased cholesterol
levels, among others). The successful treatment of chronic diseases, particularly
obesity, depends strongly on the participation and engagement of the individual
as an active subject of his/her own treatment. The use of the Internet of Things in
3D virtual worlds was studied in the current research as a support strategy aiming
at offering to the user the feeling of “being present” in a context specially de-
signed to promote motivation and allow interaction with 3D objects. This article
reports part of a qualitative case study that surveyed the impact of the combina-
tion of 3D virtual worlds with the Internet of Things and mobile devices as ele-
ments capable of boosting motivation in subjects enrolled in an obesity control
program. The work was based on the theory of self-determination using extrinsic
motivation strategies, with a view to achieving a behavioral change capable of
promoting improvements in health and life quality. The analysis of preliminary
data confirms that the project has the potential to motivate and encourage survey
participants in their weight loss process.

Keywords: Internet of Things, obesity, 3D virtual world and self-determination

1 Introduction

Obesity represents one of the major challenges for public health in the 21st century,
with alarming trends in many parts of the world [1], this is an ever-growing problem,
according to the World Health Organization [2], overweight can already be considered
as one of the major public health issues in the world. The last forecast made by that
institution brought alarming data: if the projections are maintained, it is expected that,
by 2025, around 2.3 billion adults are overweight and more than 700 million suffer
from obesity. With this scenario in mind, the present research was developed with the
purpose of investigating strategies to encourage mild and health physical activities with
the purpose of losing weight and improving life quality.

This article reports results of the research that used devices currently available within
the context of the Internet of Things and the 3D virtual world, based on the theory of
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self-determination in order to boost motivation in the weight loss process, in obese par-
ticipants. The research project was developed in an environment supported by 3D vir-
tual worlds, with the help of motion sensors. Additionally, conversational agent tech-
nologies were also combined, aiming at achieving better results in terms of self-deter-
mination among people suffering from obesity problems, who need to improve and/or
acquire healthy habits [3]. This study investigated possible technological strategies and
their impact on the motivation of obese individuals who participated in the research.

The use of the Internet of Things has been emerging as an accessory in the weight
loss process in the current society [4]. Internet of Things is an expression used to define
a technological revolution that seeks to connect electronic devices used in the day-by-
day (such as household appliances, portable appliances, industrial machines, means of
transportation, etc.) to the Internet, which development depends on the dynamic tech-
nical innovation in fields as important as wireless sensors, artificial intelligence and
nanotechnology [5]. The use of sensors, advanced analysis and intelligent decision-
making has been deeply transforming people’s everyday lives and many solutions have
been arising to help in the weight loss process. Several researches address the use of
this technology in helping to lose weight, according to Burke [4], who investigated the
use of mobile devices in dealing with overweight or obesity, he believes that a daily
feedback message, delivered remotely every day, enhances the weight loss process for
participants.

The survey reported herein used the Internet of Things to encourage self-monitoring
motivated by a feedback based on Ryan and Deci’s theory of self-determination [6],
with the purpose of allowing for the weight loss and self-care. Through the communi-
cation of a motion sensor with a 3D virtual world (specially designed to boost motiva-
tion), which was associated to conversational agents (chatterbots) who use a knowledge
base built on AIML (Artificial Intelligence Markup Language) [7]. The knowledge base
was set up for the purpose of supporting the sending of motivational messages based
on the theory of self-determination and on data produced by motion sensors used by the
users, which allowed to customize the extrinsic motivation degree, as well as the ap-
proach method [8].

2 Example of the use of 3D in health

Several investigations have shown that the use of 3D virtual environments has the
potential to promote good results in terms of enhancements of health-related aspects
[9]. In the last decade, immersive environments based on simulators have become a
platform capable of recreating the clinic experience in health education. They have a
relatively low cost, they allow for a flexible learning process and have a patient-cen-
tered approach that promotes engagement in the learning process [10]. According to
Brenda et al. [11] the Virtual World has proven, in the last two decades, to be a com-
plementary tool in the assessment of patients with food disorders and obesity, and it is
also used for body consciousness purposes in behavioral change situations.

Otte et al. [12] presents a case study on the use of the metaverse to increase motiva-
tion for elderly people to become more physical active, connecting devices of the real

258


https://pt.wikipedia.org/wiki/Internet

DOI: https://doi.org/10.3217/978-3-85125-530-0-40

world with virtual worlds, and allowing for the interchange of information through tele
transportation of virtual objects in the Second Life software.

Fig. 1. Overview of the study settings. (Left, front view of the system. Right view, back of the
system with small and big screens).

The group of participants was made up by four senior citizens, two man and two women
with an average age of 63.2 years. They were taken to a room adjacent to the laboratory,
and they were not able to see the setting of the experiment. They received a general
introduction into the Metaverse Project, which did not tell them about the purpose of
the experiment. Participants also filled a small questionnaire to assess their familiarity
and experience with sports, then they could ride a stationary bike, which was designed
towards a big screen within the researcher’s metaverse and a small screen that provided
information, as seen in Figure 1. It could be seen that the principle of exchange of in-
formation between real and virtual worlds is simple, but the solution is not trivial and
requires some programming effort, as well as the definition of a data exchange protocol.
From the results of a focus group study, it has been shown that a virtual environment
could increase motivation to being more physically active and that users are responsive
to a virtual coach.

There is a lot of research on this subject. This article is just an example of another
alternate Internet approach to Things with metaverses based on the theory of self-de-
termination.

3 System methodology developed to validate the research

The system was designed to provide support to research activities proposed herein
and entails a 3D metaverse environment populated by scenarios built to look like gyms
and fitness studios. This virtual environment is peopled by avatars (users) and conver-
sational agents (similar to the user’s avatars). These agents were built to interact with
the user, both inside and outside the virtual world, supported by a chatterbot system.
The system was structured as follows:
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Fig. 2. Flowchart of the HIGIA System

In order to have a functionality between the programmable modules and the agent,
it was necessary to define an interaction model, as show in Figure 2 below. The Open-
Sim [13] server is the 7.6.1 version in standalone mode. That allows the creation of a
3D virtual world to which pre-existing objects created externally may be imported or
in which other objects and 3D scenarios may be built or adapted. It allows the registra-
tion of users and it may also stablish interconnections with other external systems, such
as the SMS system — Short Message Service. The SMS system is used to send motiva-
tional messages available in the chatterbot basis and the messages are sent based on the
data collected by the motion sensor (this sensor is a type of pedometer, which was used
to measure the movement of the participant and after analyzing this data interact
through the metaverse and / or the smartphone, in order to motivate).

The access to the 3D virtual world is established by using a client program named
viewer. Viewer [14] is a software used to access a virtual world to which there are
many kinds and manufacturers. This project employed Singularity, which offers better
performance and reliability in the rendering of mesh objects, as well as in the anima-
tions programmed for the avatars. 3D objects built in environments other than Open-
Sim, typical of the 3D designing, end up being more complex structures (mesh) that are
not appropriately renderized in all the existing viewers.

The sensor data aggregator and the data collector of the virtual environment was
implemented using PHP and MySQL. This system may be contacted directly from the
virtual world using the functions of the LSL programming language (Linden Scripting
Language) [15] and OSSL (OpenSim Scripting Language) [16] used to define the ac-
tion and reaction scripts included in the 3D objects. There are also features that allow
to establish communication with remote systems through the use of Web services, as it
was done in the case of the Pandorabots server [17] and with the SMS server (Short
Message Service). This server offers a chatterbot service, used to host the knowledge
base with the recommendations and answers that the conversational agent used to in-
teract with the participant. These answers and questions are transmitted using a chat
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window in the virtual world, through which the user’s avatar interact with the
NPC/conversational agent. The agent was implemented using the Non-Player Character
(NPC) feature of the OpenSim. NPCs are entities similar to the users’ avatars, however
they are computer-controlled.

The above methodology summarizes and explains the methodological steps, it is im-
portant to point out that it was necessary to build a functional structure to meet the basic
principles of the research, in order to analyze the data received and sent to the mobile
devices.

4 Development of the research

The participants engaged in the research were chosen by means of a set of criteria
(men, average age of 40 years, self-declared obese and willing to participate in the ex-
periment). The participants firstly came to know, individually, the objectives of the
research and how they would participate in the validation of the HIGIA System.

The exploratory research is in development, until the present moment the participa-
tion of two subjects was concluded, only the small number of participants, a more daily
investigation was carried out during three months of research, combining interviews,
self-regulation questionnaire, data collected from the sensor of movement, analysis of
all the dialogues occurred in the virtual world, analysis of all messages sent via SMS
and the four body measurements (weight and waist circumference).

The research established a spectrum of the variation for a set of factors inherent to
the research. The weight of the participants should fall within the same category as
proposed by ABESO — Brazilian Association for the Study of Obesity and Metabolic
Syndrome, which classification define ranks on the basis of the BMI — Body Mass In-
dex (underweight, normal, overweight, obesity class I, II and III). Additionally, the
limitation of devices to be used for monitoring physical activity also influenced the size
of the sample (two motion sensors were used). As highlighted by Riva et al. [19], it is
important to include in the sampling participants with similar genders and ages, which
was also a criterion used in this investigation.

A system was implemented in a 3D Virtual World (OpenSim) with the goal of en-
couraging the learning of health-oriented behaviors. The system developed was named
HIGIA, as an acronym to Individual Habitat and Attitude Interactive Guide (in Portu-
guese). Pace counters were used as a motivational strategy to engage the research sub-
jects in their obesity control programs. The device records the subjects’ activity and
their data is then transferred to the 3D metaverse through a connection with a
smartphone that initially receives data in each synchronization and then transfer it to
the manufacturer’s server. Later raw data is retrieved and aggregated, using an API
provided by the manufacturer. This data is then treated in the environment directly con-
nected to the virtual world. Information arising from this data feed the messaging rout-
ing, giving feedback and suggestions to the user. This information is also presented to
the participants as part of the outlined persuasion strategy. A conversational agent was
also implemented into the environment. The implementation of the agent uses the NPC
(Non-Player Character) feature available in the OpenSim environment. The agent
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(NPC) has the task of guiding the participants through the virtual world using several
motivational strategies.

At the beginning of the participation, each person received a motion sensor that was
used 24 hours a day and were told to synchronize at least once a day through an appli-
cation installed on their smartphone. They also had their weights and the measurement
of abdominal circumference recorded.

In the first phase, everyone was left with the motion sensor (pedometer) for 1 month,
they were instructed to visit and interact with HIGIA at least 2 times a week and per-
form a task list they received. At the end of one month the participants answered the
self-regulation questionnaire and were measured and weighed.

In the second phase of the research, the participants did not have access to the HIGIA
System metaverse and continued to use the pedometer and received stimuli via SMS,
this phase lasted 1 month, they continued receiving messages from the System and re-
ceiving the stimulus from the pedometer (the device Stipulates a goal, that when the
user hits and issued a sensory warning). At the end of this month the participants an-
swered the questionnaires and delivered the pedometers.

In the third phase, the participants did not receive direct motivational stimuli, it was
a phase to analyze if there was an internalization of motivation, after one month the
participants answered for the fourth and last time the questionnaires, where they are
measured and weighed (totaling 4 self-regulation questionnaires and 4 measurements)

When starting the participation, each person received a motion sensor which should
be used 24 hours a day and should be synchronized at least once a day, through a mobile
application. They also had their weights and abdominal circumference recorded. They
also visited the virtual world, followed by the researcher who provided guidance con-
cerning the navigation and the use of features available in the HIGIA System.

Fig. 3. — Aerobics class
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In figure 3 we have the avatar of the participant, exercising in an aerobics class,
according to Fox et al. [20] this causes a transference of expectations or understanding
of behavior from his avatar to his own behavior in the real world.

During the first stage of intervention (which lasted one month), the users could visit
the virtual world as many times as they wanted. Thus, they could experience a fitness
virtual environment. One of the participants mentioned that “it was the first time that
he had ever stepped in a gym”. They could also watch videos about methods and ways
of losing weight, received tips from HIGIA’s System conversational agent and, during
the day, they also received SMS messages. Such messages were generated upon the
analysis of the sensor’s data, aiming at reinforcing behaviors or advising.

S Utilize o leitor de QRCode
Bl scu celulur ¢ receba wa |

mensngem

Fig. 4. — Season facts and photos

The Figure 4 shows the "facts and photos" season of visual motivation, made up of
images and facts of people who managed to lose weight changing habits and leading a
healthier life. Here you can find panels, posters, videos and QRCode (pointing to mo-
tivational video messages), these materials also contain tips, motivational phrases,
small videos, etc. All material was carefully chosen according to the Self-Determina-
tion Theory

Another example of motivation, one can cite the avatar figure 5 of the participant,
could question the NPC, on matters related to the system.

In the Figure 5 we can see a NPC talking to a participant of the research, in front of
a gym, where there are NPCs being active and show examples of physical activities in
which the user can engage. The proposal of this investigation is to assess if this kind of
virtual example would affect real users, fostering disposition for physical activities
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The conversation between the user’s avatar and the agent involves answers emerged
from the knowledge database built using the AIML language. The patterns of derived
answers and questions were prepared in line with Ryan and Deci’s [18] Theory of Self-
Determination and with the support of physical education experts and a doctor. All
manifestations of the conversational agent/NPC were designed in order to motivate the
user to become physically active. Suggestions, tips, recommendations for health im-
provement in regard of obesity are presented in the dialogues established between the
user and the agent (chatterbot). The table below shows a few examples of messages
presented to the users.

Fig. 5. Interaction of the practitioner with the HIGIA System

The interaction between the avatar and the agent may take the form of ques-
tions made by the users (texts typed to the chat window) when they are in the metaverse.
The answers are generated by the chatterbox software based on the content of the
knowledge base. For the same question, there is a wide range of possible answers,
which are selected randomly to avoid a repetitive reaction pattern.

In Table 1 we have some examples of messages sent to the participant through the
SMS of his smartphone and making use of the data received by the sensor the move-
ment.

Table 1. Examples of messages

Objective Message or media

To show follow-up and | You have not accessed / synchronized your data for

monitoring XX days
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Insufficient level of activ- | You haven’t reached your goal today, but don’t give
ity up, little daily efforts will make you reach your goal
and lose weight.

To congratulate good re- | Congratulations, it is the second day this week that

sults you manage to reach your goal. You deserve an im-
provement in your life quality.

To encourage self-care You are responsible for your body

To offer help, guidance and | Let’s pursue your goals. Together we can do it. Exam-

examples ple of people jogging in the park or exercising in a
gym.

Motivational videos

Short voiceovers with voice synthesizing associated
to a character.

Animation of NPCs being physically active.

In Table 2 we have examples of dialogues occurring within the metaverse, in the
first phase of the research. All the dialogues that occurred in the metaverse of the re-
search, were analyzed, according to the theory of self-determination.

Table 2. Examples of questions and answers

Question Answer
Which drugs can I take to lose | There is no secret or magic formula.
weight Get physical

Don’t give up, reduce your carb intake

You should try to eat less calories than you spend
in order to lose weight.

How to burn calories Jogging for one hour will burn 400 calories on
average, which equals to a medium slice of lasa-
gna or a medium coke

According to Breckon [21], in order to lose weight, a combination of real and virtual
motivation could work better, which was proven in the present investigation that
showed a higher amount of body motion and weight loss in this first stage than in the
others, where the presence of the virtual world was no longer made available.

The chatterbot’s knowledge base is also accessed by the routine in PHP responsible
for sending motivational or warning messages through the use of a Gateway with an
SMS service. In the present investigation, there is a SMS gateway associated to the
Pandora service.

In the second stage (which lasted one month), the participants kept using the motion
sensor and receiving the motivational messages via SMS, but they could not interact
with the virtual world. At this stage, it was possible to notice a reduction in the amount
of motion, but the participants still kept losing weight, although with less intensity than
in the previous stage.
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Table 3. Examples of messages sent via SMS

Tips Answer

Related to tiredness | Excessive intake of alcohol may cause fatigue
(when the person does | Inactivity and sedentarism usually cause fatigue
not reach the goal)

Congratulations for | Congratulations! You’ve reached your goal!
having reached the
goal.

In the third and last stage, participants kept using the motion sensor, which provided
them information about how they were moving, their body measurements were taken
at the end of the stage, but they were no longer connected to the HIGIA system. Meas-
ured by a self-regulation questionnaire answered monthly by the participants, motiva-
tion was seen to have decreased at this stage. There has also been a reduction in the
amount of motion and weight loss was not relevant at this stage.

5 Conclusions

The main contribution of this investigation was to verify the possible contribution
arising from the performance of a conversation agent in an immersive world, with ex-
ternal data generated by sensors. It was possible to observe the motivational potential
of this kind of resource among obese individuals.

By collating motion data acquired by the motion sensor, we could notice that there
was a sharp increase in their daily body motion. An example of the impact of this com-
bination of elements could be perceived through the statement of one of the users, say-
ing that “when I received the message about having achieved my goal, it was an inex-
plicable joy”. That shows an effect arising from the implementation of strategies based
on the theory of self-determination. As highlighted in [7], a relevant aspect about prac-
tices not intrinsically motivated is how the individuals become motivated to carry them
out and how this motivation affects persistence, behavioral quality and well-being. This
investigation showed that the elements used, that is, the 3D virtual world, agents and
sensors were capable of leveraging extrinsic motivation. The participants went from a
state in which they were not motivated to get physically active to a state of personal
commitment, although not yet characterized as intrinsic motivation, as once the triggers
stopped, there was a reduction in the commitment with the maintenance of the effort to
perform physical exercises. According to the theory of self-determination, they would
have achieved a stage of controlled motivation, with enforced regulation.

In figure 6, we have a graph that illustrates the data of the two participants of the
research.
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Fig. 6. Graph of number of steps X weeks of two participants

During the time of intervention with the "HIGIA system", there was a great involve-
ment, which resulted in large losses of weight (average of 5 kg in the first phase and
2.5 kg in the second phase) and as we can see in figure 06 an increase of 70% of move-
ment in relation to the usual amount of informed movement (from 1 to 1,5 km per day)
by the participants in the initial interview. In this way, the research can prove that given
the virtual stimulation, with the non-intrusive monitoring of a sensor and the constant
and diversified presentation of motivation, could promote a modification in the search
for quality of life.

Thus, the research could establish that given a virtual encouragement, with the non-
intrusive follow-up of a sensor and the constant and diversified presentation of motiva-
tion, they could promote a change in their search for life quality.

It is important to highlight that, in the second stage of research, there was a motiva-
tional decrease that could be ascertained from the data collected from the motion sensor.
In the third stage, when the triggers stopped, motivation was not yet internalized [22],
which started to reduce the intensity of body motion. That allows us to assume that if
there was a virtual gym for individuals aiming at changing their life quality, they would
obtain advantages and a significant support if they could use a metaverse with enabling
conditions, in addition to associated sensors that could continuously assess those data
related to the desired behavior. Each person could, in addition to acquiring their own
sensor, which is already a market trend, obtain motivation support from a 3D virtual
world, participate regularly in the virtual gym, informing their weight and synchroniz-
ing the sensor so they could keep experiencing a positive motivational environment that
would enhance their life quality.
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