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Preface 

 
It is our great pleasure to welcome you to the 16th MindTrek Conference and the International Academic 
Conference MindTrek 3rd-5th October 2012. This edition of the conference was organized by EMMi Lab., 
Tampere University of Technology (TUT); Tampere University of Technology (UTA); and Tampere University 
of Applied Sciences (TAMK). The conference attracted a total amount of 76 submissions from Austria, Brazil, 
China, Denmark, Finland, Germany, Greece, Italy, Netherlands, Norway, Portugal, South Africa, Sweden, UK, 
and USA.  
Academic MindTrek brings together a cross-disciplinary crowd of people in order to investigate current and 
emerging topics within media in the ubiquitous arena. Business, social, technical and content-related media 
topics will be discussed. This year the submission categories covered short and long papers, extended ab-
stracts, posters, workshops, tutorials and demos.  

 
The MindTrek Association hosts MindTrek as an annual conference, where the Academic MindTrek confer-
ence has been a part this unique set of events comprising competitions, world-famous keynote speakers, 
plenary sessions, media festivals and workshops, since 1997. 
 
The scientific part of the conference is organized in co-operation with ACM SIGMM, and ACM SIGCHI. Con-
ference proceedings will be published in the ACM Digital Library. Selected high quality papers will be select-
ed and published in international journals, as book chapters, or via open access journals.  
 
Several submissions have undergone a double-blind review and only the top ranked short and long papers 
have been invited for an oral presentation during the main conference tracks. The pool of submitted papers 
included 43 long papers, 23 short papers, 6 demos, 6 posters, and 2 extended abstracts. From these, 19 long 
papers, and 11 short papers held their presentations during the main sessions of the Academic MindTrek 
2012, corresponding to a 45% acceptance rate. In total 11 papers (6 long papers, and 5 short papers) were 
presented orally during the ideas workshop track of the conference. Besides, the conference program in-
cluded 4 demo presentations, 2 extended abstract presentations, and 10 poster presentations. One best 
paper was selected and awarded during the conference. Several papers, except extended abstracts, where 
published within the conference proceedings. From the pool of the submissions for the main sessions of the 
academic conference, we will invite to submit an extended version of the paper to be reviewed for special 
issues, or book chapters. 

 
Social Media 

The Social Media theme is exceedingly inter-disciplinary by nature, being intensively linked to the other con-
ference themes, such as business, human-computer interaction and games. For this very reason, we decided 
this year to create several social media- related sessions to emphasize this inter-disciplinary character. The 
first session covers papers related to ways that Social media meets Games and entertainment. Second one is 
a session jointly organized with HCI track (Social media meets HCI). The third joint session is organized to-
gether with MM track, where there are several papers covering topics related to Social innovation.  

Ambient and Ubiquitous Media 

The Ambient Media track focuses on the fundamentals of ambient computing, it's modeling, ambient and 
ubiquitous devices, their applications and systems; along with different types of ambient business models, 
services and technological platform. Ambient Media track in Mindtrek conference is an identical competitive 
one and very selected numbers of papers usually get accepted in this track every year. This year we have two 
sessions for presenting the papers from Ambient Media track. The first session presents 3 papers which cov-
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er the technologies associated with Ambient Media. And the second session presents papers that reflect 
Ambient Media’s application. 
 
Media Business, Media Production and Media Management 
 
The Track Media Business and Media Management face the challenges and achievements of digital media in 
two sessions. In the first session we will initially discuss the main success factors of media over time using 
the example of LP Records. Then we will focus on converging media, demonstrated by the changing patterns 
of behavior due to reading environments. The second session takes a closer look on Social Innovation Drivers 
especially for Innovations in the B2B market and in the news production process as well as geotagged Mobile 
Media Content Capture and Sharing. 
 
Human-Computer Interaction (HCI) 

The conference track on HCI discusses issues around human computer interaction modalities, consumer ex-
perience, design of computer systems, human aspects, universal media access, ergonomics, communication, 
novel interaction modalities, privacy, trusted systems, interaction theories, and sociological and psychologi-
cal factors. This wide scope of the track targets interesting, interdisciplinary discussions of experts dealing 
with applied and theoretical aspects of HCI, Quality of Experience and User Experience. 

Open Source 

The last decade has seen a significant increase in open source initiatives such as open source software, open 
standards, open content, open media, or even open source hardware. On the one hand, the open movement 
has created new kinds of opportunities such as new business models and development approaches. On the 
other hand, it has introduced new kinds of technical and non-technical challenges. 

Digital Games 

The culture and business of digital games is becoming increasingly varied. The current trends range from 
novel interface innovations and digital distribution channels to social game dynamics and player-generated 
content. The games track is open for theoretical works, empirical case studies and constructive projects. 

The call for papers attracted altogether over 80 submissions from 16 countries worldwide. The program 
committee accepted 43 selected papers out of 80 submitted papers for oral or poster presentations. The 
papers cover a wide variety of topics in the field of media in the ubiquitous era.   

 
We would especially thank our programme committee for their valuable input, namely Zhiwen Yu, Jeff 
McCarthy, Mark Lochrie, Staffan Björk, Per Backlund, Eija Kaasinen, Leena Arhippainen, Yue Dai, Hannu 
Paunonen, Janne Paavilainen, Jussi Okkonen, Antti Syvänen, Jussi Holopainen, Annika Waern, Ben Kirman, 
Sonja Kangas, Elina Ollila, Conor Linehan, Cumhur Erkut, Hannu Korhonen, Juho Hamari, Veikko Ikonen, Antti 
Salovaara, Jukka vanhala, Joerg Niesenhaus, Tobias Nyström, Anders Larsson, Hannu Kärkkäinen, Jari Jussila, 
Yuan Fu, Sujan Shrestha, Teija Vainio, Sara Kepplinger, Kristina Kunze, Corinna Ogonowski, Jaakko Suominen, 
Heljä Franssila, Thomas Olsson, Sebastian Egger, Andreas Sackl, Alexander Eichhorn, Katrin Schoenenberg, 
Jan-Niklas Antons, Karin Puehringer, Björn Von Rimscha, Peter Haric, Svenja Hagenhoff, Jan Krone, Paul Mur-
schetz, Jaakko Stenros, Markus Montola, Mark Ollila. 
 

MindTrek 2012 Academic Conference Chairs : 
  
Artur Lugmayr (Tampere University of Technology, Finland)  

Heljä Franssila (Tampere University, Finland) 

Karsten Wolf (University Bremen, Germany) 
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Dominik Strohmeier (Telekom Innovation Laboratories, Technische Universität Berlin, Germany)  

Moyen Mustaquim (Uppsala University, Sweden) 

Hannu Kärkkäinen (Tampere University of Technology, Finland) 

Janne Paavilainen (University of Tampere, Finland)  

Johanna Grüblbauer (University of Applied Sciences St. Pölten, Austria) 

Yuan Fu (Tampere University of Technology, Finland) 

Teresa Chambel (University of Lisbon, Portugal) 
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Documentary - No Limits.  Filming at the edge 
 

Keith Partridge 

Keith Partridge’s life as a film-maker, speaker and adventurer con-

tinues to be no easy ride.  Capturing the essence of adventure in 

some of the worlds most hostile and spectacular places has pushed 

him to places where success comes from strong team-work, solid 

risk management, extreme levels of motivation and dynamic lead-

ership.  

Whether it’s getting winched onto a tiny ledge on an icy, mile-high mountain face, pushing into uncharted 

territory deep underground in the white water caves of Papua New Guinea or wading through the swamps in 

the Amazonian rain forest searching for venom Keith has always had to dig deep into his own psyche to suc-

ceed on his filming adventures.  Through the course of his career he has poked his camera at top mountain 

athletes and characters from the climbing world, an international football legend, scientists and ‘Joe Normal’ 

who just wanted to peer over that edge into the face of terror, awe and possibly some form of enlighten-

ment. 

Just being part of an adventure is exciting.  Filming the whole enterprise adds something else; think ‘playing 

pass-the-parcel blindfold with a hand-grenade’.  You have no idea when, where or who will have it when it 

goes off.  But no matter what, you have to capture that moment on film.  Call it luck, a sixth sense or a be-

friending of those demons that conspire against a certain outcome, Keith’s work continues to transport arm-

chair adventurers on their own white-knuckle journeys.  Being out there, camera in hand is about following a 

passion for wild places and enjoying the company of others who share that same spirit of personal explora-

tion. 

Productions have notched up dozens of international film awards, three BAFTAs and an INTERNATIONAL 

EMMY. In 2004 Keith was presented with the International Explorers Festival ‘Camera Extreme’ Award for his 

work on the documentary feature film of Joe Simpson’s ‘Touching the Void’. 

In the run up to London‘s 2012 Olympics Keith climbed to the roof of the world partnered with mountaineer 

Kenton Cool. Together they fulfilled an 88 year old promise to place an Olympic Gold Medal on the summit 

of Mount Everest. 

www.adventurecamera.co.uk  

 

Keynote 

http://www.adventurecamera.co.uk/
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    =================================================================================== 

Academic MindTrek Conference 2012: 

Call for Papers, Extended Abstracts, Posters, Demonstrations, Workshops, Tutorials 
3rd-5th October, 2012 

Tampere, Finland 
 

http://www.academicmindtrek.org,  http://www.mindtrek.org 
 

Long and short papers, posters, demonstrations, and extended abstracts due on:  

30th April 2012  

Tutorials and Workshops due on: 

1st June 2012 

 
in cooperation with ACM, ACM SIGMM, and ACM SIGCHI 

 
Contributions will be published in the ACM digital library and a selected set of high-level  

work will be published as book chapters or in journals 
   ====================================================================================== 

CALL FOR PAPERS, EXTENDED ABSTRACTS, POSTERS, DEMONSTRATIONS, WORKSHOPS & TUTORIALS 

We are pleased to invite you to the Academic MindTrek conference, 3rd – 5th October 2012, which brings 

together a cross-disciplinary crowd of people to investigate current and emerging topics of media in the 

ubiquitous arena. The conference explores academically the emerging and frontier-breaking applications of 

new media in everyday contexts of leisure, business and organizational life. October 3rd is the main Academ-

ic MindTrek day. Due increasing popularity of the conference, we are extending the scope of Academic 

MindTrek 2012! The academic conference features six major themes: 

* Social Media 

* Ambient & Ubiquitous Media 

* Business & Media 

* Human-Computer Interaction (new track!) 

* Open Source 

* Digital Games 

 

Social Media 

“Get social!” Social media and Web 2.0 technologies are applied in ever diverse practices both in private and 
public communities. Totally new business models are emerging, traditional communication and expression 
modalities are challenged, and new practices are constructed in the collaborative, interactive media space. 

Ambient and Ubiquitous Media 

“The medium is the message!” – This conference track focuses on the definition of ambient and ubiquitous 
media with a cross-disciplinary viewpoint: ambient media between technology, art, and content. The focus 
of this track is on applications, location based services, ubiquitous computation, augmented reality, theory, 
art-works, mixed reality concepts, the Web 3.0, and user experiences that make ubiquitous and ambient 
media tick. 

Call for papers 
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Media Business, Media Production and Media Management 

Media business and media management face the challenges of the emergence of new forms of digital media. 
This theme focuses on business studies, policies, practices, and organizational structure of media firms. It 
discusses competition, patterns of media usage, advertising models, and how traditional media can cope 
with the challenges coming from digital media focusing on media business and media management issues. 

Human-Computer Interaction (HCI) 

The wide field of HCI is to discuss issues around human computer interaction modalities, consumer experi-
ence, design of computer systems, human aspects, universal media access, ergonomics, communication, 
novel interaction modalities, privacy, trusted systems, interaction theories, and sociological and psychologi-
cal factors. This theme of devotes to several of these aspects, and is targeted to the scientific community 
dealing with several applied and theoretical aspects of HCI and user experience. 

Open Source 

The last decade has seen a significant increase in open source initiatives such as open source software, open 
standards, open content, open media, or even open source hardware. On the one hand, the open movement 
has created new kinds of opportunities such as new business models and development approaches. On the 
other hand, it has introduced new kinds of technical and non-technical challenges. 

Digital Games 

The culture and business of digital games is becoming increasingly varied. The current trends range from 
novel interface innovations and digital distribution channels to social game dynamics and player-generated 
content. The games track is open for theoretical works, empirical case studies and constructive projects. 

Demonstrations 

The aim is to gather demonstrations from researchers and professionals from the communities related to 
the topics of MindTrek. The objective for the demonstrations is to provide a forum for exchanging experi-
ences, practical projects, or media demonstrators. The target audience includes members of the academic 
community, industry, or laboratories who can demonstrate the results of their research projects with a prac-
tical implementation. 

Academic MindTrek as a Conference 

In addition, special academic sessions (e.g. tutorials, demonstrations, workshops, and multidisciplinary ses-
sions) will be held parallel to the MindTrek business conference. Academic speakers and authors are warmly 
welcome to register for the business conference tracks as part of the academic conference with our special 
registration rate. The Academic MindTrek registration includes full service such as coffees, lunches, and so-
cial gatherings. 

The MindTrek Association hosts MindTrek as a yearly conference, where the Academic MindTrek conference 
has been a part of this unique set of events comprising competitions, world famous keynote speakers, plena-
ry sessions, media festivals, and workshops since 1997. It is a meeting place where experts and thinkers pre-
sent results from their latest work regarding the development of Internet, interactive media, and the infor-
mation society. MindTrek brings together researchers and practitioners from diverse disciplines that are 
involved in the development of media in various fields, ranging from sociology and the economy, to technol-
ogy. 
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The organizing committee invites you to submit original high quality full papers, long or short, addressing the 
special theme and the topics, for presentation at the conference and inclusion in the proceedings. 

Conference Publications 

The scientific part of the conference is organized in cooperation with ACM SIGMM, and ACM SIGCHI. Confer-
ence proceedings will be published in the ACM Digital Library, which includes short and long papers, work-
shop proposals, demonstration proposals, and tutorial proposals. Extended abstracts will be published in the 
adjunct conference proceedings; however, they will not be published within the ACM Digital Library. Select-
ed high quality papers will be published in international journals, as book chapters, edited books, or via open 
access journals. There will also be a reward for the overall best paper from the academic conference. Several 
papers should follow the style guidelines of the conference. 

Short and Long Paper Proposals 

All submissions will be peer-reviewed double blinded, therefore please remove any information that could 
give an indication of the authorship. Short papers should be between 2-4 pages long and the paper presen-
tation will be 15 minutes plus 5 minutes discussion within a session; long papers should be 6-8 pages and will 
be presented in 20 minutes slots, plus 5 minutes discussion. 

Workshop Proposals 

Feel free to suggest workshops which are co-organized with the Academic MindTrek. Workshop proposals 
should include the organizing committee, a 2 page description of the theme of the workshop, a short CV of 
organizers, duration, the proceedings publisher, and the schedule. Workshop organizers also have the possi-
bility to add publications to the main conference proceedings. Depending on the attracted number of papers 
for each workshop, we provide space for either half-day or full-day workshops. 

Demonstrations Proposals 

Demonstration proposals shall be 2-3 pages and include: a) a description and motivation of the demonstra-
tion; b) general architecture of the demonstration; c) description of the main features; d) a brief comparison 
with other existing related demonstrations; e) audio-visual materials to illustrate the demonstration (if ap-
plicable); f) the type of license, and g) the Internet address of the demonstration (if applicable). It is strongly 
recommended that the authors make the demonstration (or a suitable version or movie) on the Internet 
during the evaluation. 

Tutorial Proposals 

Tutorial proposals should include a 2-page description of the tutorial, intended audience, a short CV, timeta-
ble, required equipment, references, and a track record of previous tutorials. The target length of tutorials is 
2-4 hours. 

Extended Abstracts 

Extended abstracts should be between 1-2 pages long and contain 500-800 words. They should describe the 
research problem, background, research questions, and the contribution to the conference. Extended ab-
stracts will not be published within the ACM digital library. 

Poster Presentations 

Posters should be between 2-3 pages long and a poster should be presented during the conference. At-
tendees have the possibility to exhibit their posters on a A0 poster wall during the conference.  
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Submission Deadlines 

- 3rd June 2012: deadline for long papers (6-8 pages), short papers (3-4 pages), extended abstracts (1-2 pag-
es), posters (1-2 pages) and demonstrations (2-3 pages) 

- 1st June 2012: deadline for tutorial proposals and workshop proposals 

- 5th August: camera ready papers and copyright forms  

Key-Dates 

- 15th July 2012: notification of acceptance/rejection for papers, extended abstracts, posters, 

and demos, tutorials 

- 5th August 2012: submission of camera ready papers 

- 3rd-5th October 2012: Academic MindTrek and MindTrek Business Conference 

Suggested key-dates for workshop organizers 

- 15th August 2012: deadline for workshop papers 

- 10th September 2012: deadline for camera-ready papers  

Conference Themes  

1. Social Media 

- business models, service models, and policies 
- social media in innovation and business 
- intra- and interorganizational use of social media 
- questions related to identity, motivation and values 
- blogs, wikis, collaboration and social platform designs in practice 
- knowledge management and learning with social media 
- experience management with social media 
- crowdsourcing, user-created content and social networks 
- enterprise 2.0 and social computing in work organizations 
- evaluation and research methods of social media 
- social media and community design 
- benefits and limitations of social media applications 
  
2. Ambient and Ubiquitous Media - between Technology, Services, and Users 
- applications and services utilizing ubiquitous and pervasive technology 
- ubicom in eLearning, leisure, storytelling, art works, advertising, and mixed reality contexts 
- next generation user interfaces, ergonomics, multimodality, and human-computer interaction 
- art works for smart public or indoor spaces, mobile phones, museums, or cultural applications 
- context awareness, sensor perception, context sensitive Internet, and smart daily objects 
- personalization, multimodal interaction, smart user interfaces, and ergonomics 
- ambient human computer interaction, experience design, usability, and audience research 
- software, hardware, middleware, and technologies for pervasive and ubiquitous 
- theoretical methods and algorithms in ubiquitous and ambient systems 
- business models, service models, media economics, regulations, x-commerce, and policies 
- user positioning, location awareness 
- augmented reality in ubiquitous applications 
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- device interoperability, remote user interfaces, inter-device connections 
 
3. Media Business, Media Studies, and Media Management 
- media policy, politics, practices, conception, and media regulation 
- organizational structures, practices, and strategies 
- production technology, processes, and optimization 
- business models, service models, public funding, and media economics 
- patterns of media use, engagement, and consumer experiences 
- advertising, media consumption, new audience models, and media user models 
- competition analysis, media governing, assessment, performance indicators 
- business and media management: gaming, social media, Internet, digital cinema, iTV 
- traditional media business and management: broadcasting, 
  publishing, journalism, and movie industry 
- innovative service designs, strategies, and ideas 
- teaching & training of media management and media business 
  
4. Human-Computer Interaction 
- user experience and experience design 
- interaction design techniques and methods 
- user interaction and HCI design 
- creativity, practices and innovation in HCI 
- analysis, theories, and procedures in interaction design 
- methods, systems, and toolkits supporting HCI 
- human centered computing and understanding interaction 
- interactivity methods 
- designing for experience and interactivity 
- design, evaluation, and implementation of interactive systems 
- phenomena surrounding interactivity 
  
5. Open Source 
- forms of openness: open source software, open standards, 
   open content, open media, open source hardware, and open access 
- establishment of an open source community 
- practices on developing open source systems 
- practices for maintaining a successful project 
- open source processes and techniques 
- differences on open source and closed source systems 
- using open source in commercial context 
- challenges of open source development 
- teaching open source in academia and industry 
  
6. Digital Games 
- theoretical and analytical approaches on games and play 
- analysis of player experience 
- game design research 
- economy and business models in the game industry 
- innovation in and around games 
- digital distribution of games 
- online gaming 
- social and casual gaming 
- player-created content 
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- pervasive and ubiquitous gaming 
- mobile and cross-media gaming 
- gamification, funware and playful designs 
 
Paper Submission 

- Please follow the style guidelines on http://www.acm.org/sigs/publications/proceedings-templates for 
formatting your paper 

- Note that since the papers will be published by the ACM digital library all authors need to sign an ACM cop-

yright form. (For further guidelines see: http://www.acm.org/pubs/copyright_form.html) 

- Submit papers here http://webhotel2.tut.fi/emmi/Conferences/2012mindtrek/ 

Steering Committee 

 

Artur Lugmayr, Tampere Univ. of Technology (TUT), FIN 

Hannu Kärkkäinen, Tampere University of Technology (TUT), FIN 

Janne Paavilainen, University of Tampere (UTA), FIN 

Heljä Franssila, Tampere University (UTA), FIN 

 

Organizing Committee 

General Chair: 

Artur Lugmayr, Tampere Univ. of Technology (TUT), FIN 

Programme Chairs: 

Heljä Franssila, Tampere University (UTA), FIN 

Karsten Wolf, University Bremen, DE 

Theme Chair: Human-Computer Interaction 

Dominik Strohmeier, Telekom Innovation Laboratories, Technische Universität Berlin, DE 

Theme Chair: Ambient Media 

Moyen Mustaquim, Uppsala University, SE 

Theme Chair: Social Media 

Hannu Kärkkäinen, Tampere University of Technology (TUT), FIN 

Theme Chair: Digital Games 

Janne Paavilainen, University of Tampere (UTA), FIN 

Theme Chair: Media Business 

Johanna Grüblbauer, St. Pölten University of Applied Sciences, AT 

Theme Chair: Open Source 
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Sebastian Egger, Telecommunications Research Center Vienna (FTW), Austria 

Sonja Kangas, Souplala, Finland 

Staffan Björk, Gothenburg University, Sweden 

Sujan Shrestha, Towson University, United States 

Svenja Hagenhoff, University Erlangen, Germany 

Teija Vainio, University of Tampere, Finland 

Thomas Olsson, Tampere University of Technology, Finland 

Tobias Nyström, Uppsala University, Sweden 

Veikko Ikonen, VTT, Finland 

Yuan Fu, EMMi Lab. Finland 

Yue Dai, University of Eastern Finland, Finland 

Zhiwen Yu, Northwestern Polytechnical University, China 

 
Contact 

Questions concerning academic content, papers, tutorials, workshops, scientific contributions: 

Email: academic.chairs (at) mindtrek.org 

  

General questions concerning payments, administration, copyright forms, local arrangements, and the ven-

ue: 

Email: academic.info (at) mindtrek.org 

Submit papers here 

http://webhotel2.tut.fi/emmi/Conferences/2011mindtrek/  

 

Further Information 

http://www.mindtrek.org 

 

Supported by: 

City of Tampere, Nokia Oyj, Ubiquitous Computing Cluster, Tampere University of Technology, Tampere Uni-

versity, TAMK University of Applied Sciences, Technology Centre Hermia, Neogames, Digibusiness cluster, 

Sombiz and COSS The Finnish Centre for Open Source Solutions, Ambient Media Association (AMEA). 

Sponsored by: 
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Professor Artur Lugmayr (b. 1974), Dr.-Tech. 

Tampere University of Technology, Finland 

Dr. Artur Lugmayr describes himself as a creative thinker of future media environemtns, and 
his scientific work is situated between art and science. He has over 15 years experience in 
the wider field of digital media from a business, technological, and content creation perspec-
tive. His experience extends towards digital television, digital film making, virtual reality, 
media business information management, business consultancy, social media, ambient me-
dia, and creative media designs. His vision is to create innovative media experiences with 
emerging media platforms tagged with solid buisness models and processes. Starting from 
July 2009 he is full-professor for entertainment and media production management at the 

Department of Business Information Management and Logistics at the Tampere University of Technology (TUT) and 
founded the EMMi – Entertainment and Media Production Management Lab. He was the head and founder of the New 
AMbient MUltimedia (NAMU) research group at the Tampere University of Technology (TUT), Finland, which was part 
of the Finnish Academy Centre of Excellence of Signal Processing from 2006 to 2011. He is holding a Dr.-Techn. degree 
from the Tampere University of Technology (TUT), Finland, and is currently engaged in Dr.-Arts studies at the School of 
Motion Pictures, TV and Production Design (Aalto Univ.), Helsinki, Finland. He managed and coordinated numerous 
large scale scientific projects on national and international level; was guest scientist at several universities and/or hold 
guest lectures/talks (e.g. Harvard Medical School/USA, QUT/Australia, KTH/Sweden, UFAM/Brasil, Univ. of Neu-
chatel/Switzerland); chaired the ISO/IEC ad-hoc group "MPEG-21 in broadcasting"; won the NOKIA Award of 2003 with 
the text book "Digital  interactive TV and Metadata" published by Springer-Verlag in 2004; representative of the Swan 
Lake Moving Image & Music Award; board member of MindTrek Association; EU project proposal  reviewer; invited 
key-note speaker for several conferences; founder of the Ambient Media Association (AMEA); supervised over 30 thesis 
works; general chair of several conferences (e.g. EuroITV, Academic MindTrek); organized over 20 workshops (e.g. 
SAME workshop series); established several competition situated between art and technology (e.g. Nokia Ubimedia 
MindTrek Award, EuroITV Grand Challenge); held over 10 scientific conference tutorials (e.g. ICME, EuroITV, uxTV, ACM 
Multimedia); is editorial board member of several journals and publishers (e.g. Springer-Verlag, SERSC Press, IGI, ACM 
Computers in Entertainment); acted as review/programme committee member of over 30 conferences; contributed 
numerous books, book chapters, and wrote over 50 scientific publications. He founded the production company 
LugYmedia Inc. and is in the process to establish new startup companies.  

 
Contact: 
Artur Lugmayr, NAMU Lab., Tampere Univ. of Technology, FIN-33101 Tampere, Finland 
lartur@acm.org, Tel.: +358 40 821 0558 
http://www.artur-lugmayr.info, http://www.tut.fi/emmi, http://www.lugy-media.tv 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Organizers Short Bios 

http://www.lugy-media.tv/
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Heljä Franssila (b. 1973), Researcher 

University of Tampere, Finland 

Heljä Franssila is a researcher in University of Tampere, School of Information Scienc-
es, Tampere Research Center for Information and Media (TRIM), Finland. Finding effi-
cient and human-centered ways to couple the new information technologies and 
interaction styles with work practices and business processes in diverse media ecosys-
tems is her central multidisciplinary research interest and motivation. She works in 
close research co-operation with several commercial enterprises. 

At the moment her research is focused on examining the information practices of 
diverse kinds of communities operating in working life contexts. Special focus in her 
research at the moment is in understanding and developing approaches for enhancing 
information ergonomics of knowledge work practices. In addition, sustainable themes 
in her research are situation awareness maintenance, organizational memory, infor-

mation and knowledge management practices and the sociotechnical shaping of ICT adoption in work. 

Contact: 

Heljä Franssila, Tampere Research Center for Information and Media, University of Tampere, FIN-33014 University 

of Tampere, Finland 

helja.franssila@uta.fi, Tel. +358 50 574  9725 
 
 
 

Professor Hannu Kärkkäinen, Dr.-Tech. 
Tampere University of Technology, Finland 
 

Dr. Hannu Kärkkäinen is Professor of Knowledge Management at the Department of Business 
Information Management and Logistics at Tampere University of Technology in Finland, and Ad-
junct Professor of Knowledge Management at Lappeenranta University of Technology, Finland. 
His current research interests include knowledge management and decision making in innova-
tion, organizational learning, the early-phase management of R&D, customer needs assessment 
in business-to-business organizations, and the co-operation and value networks in product inno-
vation. Social media is currently one of his focal research interests, as it brings new important 
possibilities and benefits to the above more generic research interests. He has published a num-
ber of refereed international journal articles in journals like International Journal of Technology 

Management, R&D Management and International Journal of Production Economics, as well as books and other publi-
cations on the above research topics. 

 
Contact: 
Hannu Kärkkäinen, Tampere Univ. of Technology, Dept. of Business Information Management and Logistics, P.O.Box 
541, FIN-33101 Tampere, Finland 
hannu.karkkainen@tut.fi, Tel.: +358 40 8490228 
www.tut.fi/tlo/en  

 
 
 
 
 
 
 
 
 

mailto:helja.franssila@uta.fi
mailto:hannu.karkkainen@tut.fi
http://www.tut.fi/tlo/en
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Janne Paavilainen 
University of Tampere, Finland 

Janne Paavilainen is a video games researcher and project manager in Game Research Lab, 
University of Tampere, Finland. He is also working as a lecturer and as an independent con-
sultant for game design and education. 
 
Janne's interests are in video games usability, playability and player experience research. He 
has been working in several research projects in co-operation with the Finnish games industry, 
focusing on mobile, social, educational and money games. 
 

Currently Janne is focusing on free-to-play games, looking at the player experiences and motivations for playing and 
paying. 
 
Janne holds a master's degree in economics from the University of Jyväskylä and is currently working on his Ph.D stud-
ies, studying the design and evaluation of Facebook games. 
 

Contact: Janne Paavilainen, Game Research Lab, Tampere Research Center for Information and Media, University of 

Tampere, FIN-33014 University of Tampere, Finland. 

janne.paavilainen@uta.fi, Tel. +358 400 473 650 

 

 

Karsten Wolf 
University Bremen, Germany 
 

 Karsten Wolf is professor for “Didactical Design of Interactive Learning Environments” at Uni-

versity Bremen. At University Bamberg he has overseen the didactical design and technical 

implementation of the virtual university of Bavaria’s school of education. With a strong empir-

ical background his main research interests are the design and evaluation of E-Learning; im-

plementation of didactical models with interactive media; effectiveness of learning software; 

software services for CoPs and informal learning; alternative assessment with interactive me-

dia; E-Assessment of complex competencies; as well as analysis and modelling of learning 

processes. 

 

Contact: Prof. Dr. phil. Karsten D. Wolf, Universität Bremen, Postfach 330440, D-28334 Bremen 

wolf@uni-bremen.de 

  

https://webmail.tut.fi/horde/imp/message.php?mailbox=INBOX&index=3221
mailto:wolf@uni-bremen.de


xxvi 
 

 

 

Dominik Strohmeier (b. 1980), Dr.-Ing. 

Telekom Innovation Laboratories, Technische Universität Berlin, Germany 

Dr. Dominik Strohmeier is an expert in evaluation and modeling of Quality of Experience (QoE) 
for multimedia and networked media services. Since 2012, he has been working as a Senior 
Research Scientist at Telekom Innovation Laboratories, Technical University Berlin, Germany. 
There, he leads the work on Web & Web Media Quality of Experience at the chair of Assessment 
of IP-based Applications. From 2007 to 2011, he worked as a researcher at Ilmenau University of 
Technology, Germany, where he led the work on QoE evaluation in the European research pro-
ject MOBILE3DTV (http://www.mobile3dtv.eu). Dominik Strohmeier received his doctoral de-
gree in electrical engineering and information technology from Ilmenau University of Technolo-
gy, in 2011, with his work on “Open Profiling of Quality: A Mixed Methods Research Approach 

for Audiovisual Quality Evaluations”. He also holds a diploma in media technology from the same university (2007). 
His main research interests are in mixed methods evaluation of Quality of Experience in networked media services 
as well as behavioral analysis and modeling of quality perception for web-based applications. He has contributed 
more than 25 peer-reviewed, scientific publications. He received the Dominik Strohmeier received the IADIS 
mLearning Outstanding Paper Award and the IEEE QoMEX Best Paper Award in 2010. Dominik Strohmeier has been 
serving as reviewer and program committee member for several conferences in the field of Quality of Experience. 

 
Contact: 
Dominik Strohmeier, Assessment of IP-based Applications, Telekom Innovation Laboratories, Technische Universität 
Berlin, 10587 Germany 
dominik.strohmeier@telekom.de, Tel.: +49 30 8353 58468 
http://www.aipa.tu-berlin.de/ 
 
 

Johanna Grüblbauer 

University of Applied Sciences St. Pölten, Austria 

Scientific Project Manager and Lecturer at the Institute of Media Economics, Uni-
versity of Applied Sciences St. Pölten. Postgraduate in Media- and Communication 
Studies, University of Vienna, has worked as Research Manager for Market and 
Media Research. Research focus: Media Use & Media Effects as a Gateway to 
Stakeholder Value Management. Recent Projects are for example Social Media 
Monitoring as Instrument of Strategic Issues Management; Convergence and 
Business Models – Innovations in daily newspapers; Hidden Champions – Devel-
opment of a sustainability-oriented valuation models for strategy implementa-
tion. 

 
Contact: 
Johanna Grüblbauer, Institute of Media Economics, University of Applied Sciences St. Pölten, Matthias Corvinus-Str. 
15, AUT-3100 St. Pölten 

jgrueblbauer@fhstp.ac.at, Tel. 0043/650/6660887 

http://www.fhstp.ac.at/IMW 
 

  

http://www.mobile3dtv.eu/
http://www.aipa.tu-berlin.de/
mailto:jgrueblbauer@fhstp.ac.at
http://www.fhstp.ac.at/IMW
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Moyen Mustaquim   
 

Uppsala University, Sweden 

 

 Moyen Mustaquim is a doctoral researcher and lecturer in the Human-Computer Interaction division of Department of 

Informatics and Media, Uppsala University, Sweden. He also works independently as a consultant for system 

design and education. 

 

Moyen’s research interests are understanding universal design and its possibility within and beyond the scope of acces-

sibility. His research interests focuses on video games, social media, multimodality, internet and new media, universal 

design and inclusive design. 

 

Moyen has his Bachelors in Computer Science and Engineering from his home country 

Bangladesh. And he studied Masters in Scientific Computing and Human-Computer Inter-

action at Uppsala University, Sweden. 

 

Contact: Moyen Mustaquim, Department of Informatics and Media, Uppsala 

University, Box 513, SE-751 20 Uppsala, Sweden. 

moyen.mustaquim@im.uu.se, Tel. +46703335146 

 

 

Teresa Chambel 

 
University of Lisbon, Portugal 

Teresa Chambel is a professor and researcher at the Faculty of Sciences, University of Lisbon, Por-
tugal, where she received a Ph.D. in Informatics, on video, hypermedia and learning technologies, 
and a B.Sc. in Computer Science. Her M.Sc. was in Electrical and Computer Engineering at the 
Technical University of Lisbon, on distributed hypermedia. She is a member of the Human-
Computer Interaction and Multimedia Group at the Lasige Lab, Faculty of Sciences, University of 
Lisbon, since 1998, and was previously a member of the Multimedia and Interaction Techniques 
Group at INESC, Lisbon. 
 

Her teaching has been done in the areas of multimedia, hypermedia, human-computer interaction and information 
systems, and previously in operating and distributed systems. Her research interests include multimedia and hyperme-
dia, with a special emphasis on video and hypervideo, human-computer interaction, e-learning, creativity, visualization, 
accessibility, cognition and emotions, interactive TV, digital talking books and digital art. She has been involved in na-
tional and international research projects and collaborations, and in the organization of scientific events, and scientific 
committees of conferences and journals in these areas.  
 
Contact:  

Prof. Teresa Chambel, DI-FCUL, Faculdade de Ciências da Universidade de Lisboa, Edifício C6, Piso 3, Campo Grande, 

1749-016 Lisboa, Portugal. 

tc@di.fc.ul.pt   Tel. +351 7500087 

For more information, visit: http://www.di.fc.ul.pt/~tc 

  

https://webmail.tut.fi/horde/imp/message.php?mailbox=INBOX&index=2140
mailto:tc@di.fc.ul.pt
http://www.di.fc.ul.pt/~tc
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Yuan Fu (b. 1989), Ms. Tech. 

Tampere University of Technology, Finland 
 

 She describes herself as a passionate producer who enjoys the challenges of creativity. She 

studies her M.Sc in Information Technology in Tampere University of Technology (TUT). Addi-

tionally, she found her great interest in media and business, and works as an assistant at EMMi 

Lab (Entertainment and Media Production Management Lab) at the Department of Business 

Information Management and Logistics. Her current research topics include ambient media, 

production management, media business, digital interactive screens and environment with am-

bient intelligence.  She has experienced in organizing scientific event in these field at an interna-

tional scale. She coordinated and organized several productions and activities for large compa-

nies and her university in China. She is active in diverse kinds of activities and has strong desire to contribute to the 

community.  

Contact: 

Yuan Fu, EMMi Lab. Tampere University of Technology, 33720 Tampere, Finland 

zijing.zelan.fy@gmail.com   Tel. +358465643877 

 

 

 

  

mailto:zijing.zelan.fy@gmail.com
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Alessandro Marcengo, Telecom Italia, Italy, alessandro.marcengo@telecomitalia.it 

Alexander Birke, Aalborg University Copenhagen, Denmark, abirke09@student.aau.dk 

Amon Rapp, University of Torino, Italy, amon.rapp@gmail.com 

Ana Moutinho, University College London, United Kingdom, acmoutinho@netcabo.pt    

Andrés Lucero, Nokia Research Center, Finland, andres.lucero@nokia.com 

Anette Bengs, MediaCity, Åbo Akademi University, Finland, anette.bengs@abo.fi 

Annika Wiklund-Engblom, Åbo Akademi University, Finland, annika.wiklund-engblom@abo.fi     

Antonios Gkortzis, Department of Information Technology, Alexander Technology Educational Institute, Greece, gkortz@it.teithe.gr         

Antti-Matti Vainio, Tampere University of Technology, Finland, antti-matti.vainio@tut.fi 

Apostolos Ampatzoglou, Department of Informatics, Aristotle University, Greece, apamp@csd.auth.gr 

Arttu Perttula, Tampere University of Technology, Finland, arttu.perttula@tut.fi 

Artur Lugmayr, EMMi. Lab., Finland, lartur@acm.org 

Ava Fatah, University College London, United Kingdom, ava.fatah@ucl.ac.uk 

Carlos Alvares, Lasige, University of Lisbon, Portugal, carlos.alvares@gmail.com     

Daniel Burnett, School of Computing and Communications, Lancaster University, United Kingdom, d.burnett@lancaster.ac.uk 

Denzil Ferreira, University of Oulu, Finland, denzil.ferreira@ee.oulu.fi 

Dieter Bögenhold, Klagenfurt University, Austria, dieter.boegenhold@aau.at 

Dimitris Grammenos, Foundation for Research and Technology Hellas (FORTH), Greece, gramenos@ics.forth.gr 

Eduardo Duarte, Lasige, University of Lisbon, Portugal, eduardojrduarte@gmail.com 

Eleni Berki, University of Tampere, Finland, eleni.berki@cs.uta.fi 

Ellen Brox, Northern Research Institute, Norway, ellen.brox@norut.no 

Else Lagerstam, Tampere University of Technology, Finland, else.lagerstam@tut.fi 

George Margetis, Foundation for Research and Technology Hellas, Greece, gmarget@ics.forth.gr     

Gonçalo Noronha, Lasige, University of Lisbon, Portugal, gnsp.noronha@gmail.com 

Gunn Evertsen, Northern Research Institute, Norway, gunn.evertsen@norut.no 

Hannu Kärkkäinen, Tampere University of Technology, Finland, hannu.karkkainen@tut.fi 

Hao Zheng, Tampere University of Technology, Finland, hao.zheng@tut.fi 

Harri Pensas, Tampere University of Technology, Finland, harri.pensas@tut.fi 

Heikki Kosola, Tampere University of Technology, Finland, heikki.kosola@tut.fi 

Henrik Raula, Tampere University of Technology, Finland, henrik.raula@tut.fi 

Henrik Schoenau-Fog, Aalborg University Copenhagen, Denmark, hsf@create.aau.dk         

Ignatios Deligiannis, Alexander Technology Educational Institute, Greece, ignatios@it.teithe.gr           

Ioannis Stamelos, Department of Informatics, Aristotle University, Greece, stamelos@csd.auth.gr          

Ismo Rakkolainen, University of Tampere, Finland, ismo.rakkolainen@uta.fi 

James Field, University of Lincoln, Lincoln School of Media, United Kingdom, jfield@lincoln.ac.uk 

Jani Multasuo, Tampere University of Technology, Finland, jani.multasuo@tut.fi 

Jari Jussila, Tampere University of Technology, Finland, jari.j.jussila@tut.fi 

Jarkko Vatjus-Anttila, University of Oulu, Finland, jvatjusanttila@gmail.com     

Jarno Ojala, Tampere University of Technology /IHTE, Finland, jarno.ojala@tut.fi  

Johannes Hirche, Luleå university of technology, Sweden, johannes.hirche@ltu.se 

Juha Hyvärinen, University of Oulu, Finland, juhahyva@gmail.com 

Juho Hamari, Helsinki Institute for Information Technology HIIT, Finland, juho.hamari@hiit.fi     

Jukka Vanhala, Tampere University of Technology, Finland, jukka.vanhala@tut.fi 

Julianna Hemmoranta, Oulu University of Applied Sciences, Norway, julianna.hemmoranta@gmail.com 

Kai Huotari, University of California, United States, kai.huotari@hiit.fi 

Kaisa Väänänen-Vainio-Mattila, Tampere University of Technology, Finland, kaisa.vaananen-vainio-mattila@tut.fi 

Karri Palovuori, Tampere University of Technology, Finland, karri.palovuori@tut.fi    

Katrine Kavli, IT University of Copenhagen, Denmark, kavli@kavliwashere.com 

Kaveh Khaleghi, EMMi Lab., Tampere Univ. of Technology, Finland, kaveh.khaleghi@tut.fi 

Konstantinos Liolis, Space Hellas, Greece, klio@space.gr     

Lars Reng, Aalborg University, Copenhagen, Denmark, lre@create.aau.dk    

Lasse Kaila, Tampere University of Technology, Finland, lasse.kaila@tut.fi 

Leena Arhippainen, Center for Internet Excellence/ Intel and Nokia Joint Innovation Center, Finland, leena.arhippainen@cie.fi 

List of Contributors 

mailto:andres.lucero@nokia.com
mailto:annika.wiklund-engblom@abo.fi
mailto:eleni.berki@cs.uta.fi
mailto:gunn.evertsen@norut.no
mailto:jani.multasuo@tut.fi
mailto:jari.j.jussila@tut.fi
mailto:kaisa.vaananen-vainio-mattila@tut.fi
mailto:karri.palovuori@tut.fi
mailto:klio@space.gr


xxx 
 

Lindsay Grace, Miami University, United States, LGrace@Muohio.edu 

Linfeng Li, University of Tampere, Finland, linfeng.li@uta.fi 

Luca Console, University of Torino, Italy, lconsole@di.unito.it     

Maiju Aikala, VTT, Finland, maiju.aikala@vtt.fi,      

Mari Ainasoja, University of Tampere, Finland, mari.ainasoja@uta.fi              

Marion Boberg, Nokia Research Center, Finland, marion.boberg@nokia.com 

Mark Lochrie, Lancaster University, United Kingdom, m.lochrie@lancaster.ac.uk 

Mark Nelson, ITU Copenhagen, Denmark, mjas@itu.dk 

Marko Helenius, Tampere University of Technology, Finland, marko.t.helenius@tut.fi 
Maura Bouca, IT University of Copenhagen, Denmark, mbou@itu.dk 

Miika Santala, University of Oulu, Finland, miika.s.santala@gmail.com 

Miika Valtonen, Tampere University of Technology, Finland, miika.valtonen@tut.fi     

Mikko Perttunen, University of Oulu, Finland, mikko.perttunen@ee.oulu.fi 

Minna Pakanen, Center for Internet Excellence/ Intel and Nokia Joint Innovation Center, Finland, minna.pakanen@cie.fi 

Nuno Gil, Lasige, University of Lisbon, Portugal, nunoj.gil@gmail.com 

Nuno Silva, Lasige, University of Lisbon, Portugal nunosilva83@gmail.com 

Ozgur Dedehayir, Tampere University of Technology, Finland, ozgur.dedehayir@tut.fi 

Panagiotis Koutlemanis, Foundation for Research and Technology Hellas (FORTH), Greece, koutle@ics.forth.gr                

Paul Coulton, Lancaster University, United Kingdom, p.coulton@lancaster.ac.uk 

Paul Teske, University of Washington, United States, prjteske@gmail.com 

Pauliina Tuomi, Tampere University of Technology, Finland, sptuom@utu.fi 

Peter Bomark, Luleå university of technology, Sweden, peter.bomark@ltu.se 

Pia Yliräisänen-Seppänen, Rovaniemi university of applied sciences,  Finland, pia.yliraisanen-seppanen@ramk.fi 

Richard Vickers, University of Lincoln, Lincoln School of Media, United Kingdom, rvickers@lincoln.ac.uk 

Rossana Simeoni, Telecom Italia, Italy, rossana.simeoni@telecomitalia.it         

Sanna Malinen, Tampere University of Technology, Finland, sanna.malinen@tut.fi 

Sanna Malinen, TUT/IHTE, Finland, sanna.malinen@tut.fi 

Sanni Siltanen, VTT, Finland, sanni.siltanen@vtt.fi     

Seamus Hickey, Center for Internet Excellence/ Intel and Nokia Joint Innovation Center, France, seamus.hickey@cie.fi     

Seamus Hickey, University of Oulu, Finland, seamus.n.hickey@gmail.com             

Stanislaw Zabramski, Uppsala University, Sweden, stanislaw.zabramski@im.uu.se 

Tassilo Pellegrini, University of Applied Sciences St. Pölten, Austria, tassilo.pellegrini@fhstp.ac.at 

Tatu Harviainen, VTT, Finland, tatu.harviainen@vtt.fi 

Teemu J. Heinimäki, Tampere University of Technology, Finland, teemu.heinimaki@tut.fi    

Teresa Chambel, Lasige, University of Lisbon, Portugal, tc@di.fc.ul.pt 

Tero Kivimäki, Tampere University of Technology, Finland, tero.kivimaki@tut.fi 

Theresa Horstman, University of Washington, United States, theresahorstman@gmail.com 

Thibault Langlois, Lasige, University of Lisbon, Portugal, tl@di.fc.ul.pt 

Thomas Olsson, Tampere University of Technology, Finland, thomas.olsson@tut.fi 

Tiina Kymäläinen, VTT Technical Research Centre of Finland, Finland, tiina.kymalainen@vtt.fi 

Timo Kellomäki, Tampere University of Technology, Finland, timo.kellomaki@tut.fi 

Timo Vuorela, Tampere University of Technology, Finland, timo.vuorela@tut.fi 

Tomi Juntunen, University of Oulu, Finland, tomi.juntunen@ee.oulu.fi 

Tomi Nokelainen, Tampere University of Technology, Finland, tomi.nokelainen@tut.fi 

Ulcay Yildizoglu, Center for Usability Research and Engineering, Austria, yildizoglu@cure.at 

Uwe Fachinger, Vechta University, Germany, uwe.fachinger@uni-vechta.de 

Vassilis Kostakos, University of Oulu, Finland, vassilis@ee.oulu.fi 

Virpi Oksman, VTT, Finland, virpi.oksman@vtt.fi 

Wolfgang Stuerzlinger, York University, Canada, wolfgang@cse.yorku.ca 

Xenophon Zabulis, Foundation for Research and Technology Hellas (FORTH), Greece, zabulis@ics.forth.gr                 

Yuan Fu, Tampere University of Technology, Finland, yuan.fu@tut.fi 

Zeynep Ahmet, Mobile Life Centre, Sweden, zeynep.ahmet.m@gmail.com    
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Social Media Meets HCI                                                                                      
(Session Chair: Jari Jussla) 

 

(LP) Life Story – Constructing a Memoir Writing Service 
                  Tiina Kymäläinen, VTT Technical Research Centre of Finland, Finland, tiina.kymalainen@vtt.fi 

                  Johan Plomp, VTT Technical Research Centre of Finland, Finland, johan.plomp@vtt.fi 

 

(SP) End-User Recommendations of Mobile Services: From Physical Encounters to Digital Service 

Sharing 
Kaisa Väänänen-Vainio-Mattila, Tampere University of Technology, Finland, kaisa.vaananen-vainio-mattila@tut.fi 

Zeynep Ahmet, Mobile Life Centre, Sweden, zeynep.ahmet.m@gmail.com 

 

(LP) Going Through the Clouds: Search Overviews and Browsing of Movies 
Nuno Gil, University of Lisbon ,Portugal, nunoj.gil@gmail.com 

Nuno Silva, University of Lisbon, Portugal, nunosilva83@gmail.com 

Eduardo Duarte, University of Lisbon, Portugal, eduardojrduarte@gmail.com 

Pedro Martins,  University of Lisbon, Portugal, pedrofjfmartins@gmail.com 
Thibault Langlois, University of Lisbon, Portugal, tl@di.fc.ul.pt 

Teresa Chambel, University of Lisbon, Portugal, tc@di.fc.ul.pt 

Converging Environments                                                                                                             
(Session Chair: Johanna Grüblbauer ) 

(LP) Why Some Obsolete Media Stick Around: The Case of the LP Record  
Tomi Nokelainen, Tampere University of Technology,  Finland, tomi.nokelainen@tut.fi 
Ozgur Dedehayir , Tampere University of Technology , Finland, ozgur.dedehayir@tut.fi 

(SP) Augmented Reality Enriches Hybrid Media 

Sanni Siltanen, VTT Technical Research Centre of Finland, Finland, sanni.siltanen@vtt.fi  
Maiju Aikala, VTT Technical Research Centre of Finland, Finland, maiju.aikala@vtt.fi 

 

Ambient Media Technologies 
(Session Chair: Moyen Mustaquim) 

 

(LP) ArCHI: Engaging with Museum Objects Spatially Through Whole Body Movement 
Ava Fatah, University College London, United Kingdom, ava.fatah@ucl.ac.uk 
Ana Moutinho, University College London, United Kingdom, ava.fatah@ucl.ac.uk 

 

(SP) Convergence Media and the Digital Vernacular - Towards the Auto-Documentary: 24-hours.in 
revisited  

Richard Vickers, University of Lincoln, United Kingdom, rvickers@lincoln.ac.uk 
                 James Field, University of Lincoln, United Kingdom, rvickers@lincoln.ac.uk  

(SP) “CheckinDJ” Using Check-Ins to Crowdsource Music Preferences 
Mark Lochrie, Lancaster University, United Kingdom, m.lochrie@lancaster.ac.uk 
Daniel Burnett, Lancaster University, United Kingdom, d.burnett@lancaster.ac.uk 
Paul Coulton, Lancaster University, United Kingdom, p.coulton@lancaster.ac.uk 
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Edugames and Technical 
(Session Chair: Janne Paavilainen) 

 

(SP) Transmedia in the Classroom: Breaking the Fourth Wall 
                 Paul Teske, University of Washington, United States, prjteske@gmail.com 
                 Theresa Horstman, University of Washington, United States, theresahorstman@gmail.com 

(LP) Water Simulation Methods for Games: a Comparison 
                 Timo Kellomäki, Tampere University of Technology, Finland, timo.kellomaki@tut.fi 

Interaction and Interactivity 
(Session Chair: Thomas Olsson) 

 

(LP) Children and Intuitiveness of Interaction: A Study on Gesture-Based Interaction with Aug-

mented Reality 
Else Lagerstam, Tampere University of Technology, Finland, else.lagerstam@tut.fi 

Thomas Olsson, Tampere University of Technology, Finland, thomas.olsson@tut.fi 

Tatu Harviainen, VTT Technical Research Centre of Finland, Finland, tatu.harviainen@vtt.fi 

 

(SP) The Vanishing Display – An Autovisible Immaterial Display 
Karri Palovuori, Tampere University of Technology, Finland, karri.palovuori@tut.fi 

Ismo Rakkolainen, University of Tampere, Finland, karri.palovuori@tut.fi 

 

(LP) Designing 3D Virtual Music Club Spaces by Utilizing Mixed UX Methods: From Sketches to Self-

Expression Method  
Leena Arhippainen, Center for Internet Excellence, Finland, leena.arhippainen@cie.fi 

Minna Pakanen, Center for Internet Excellence, Finland, minna.pakanen@cie.fi 

Seamus Hickey, Center for Internet Excellence, France, seamus.hickey@cie.fi 

Social Media Meets Games and Entertainment  
(Session Chair: Hannu Kärkkäinen) 

 

(LP) Photo Sharing in Small Groups –Identifying Design Drivers for Desired User Experiences  
Jarno Ojala, Tampere University of Technology, Finland, jarno.ojala@tut.fi 
Sanna Malinen, Tampere University of Technology, Finland, sanna.malinen@tut.fi 

(LP) A Topographical Study of Persuasive Play 
                Lindsay Grace, Miami University, United States, LGrace@muohio.edu 

(LP) The Player’s Parasocial Interaction with Digital Entities  
                 Katrine Kavli, IT University of Copenhagen, Denmark, kavli@kavliwashere.com 
 

Ambient Media and Its Applications 
(Session Chair: Moyen Mustaquim) 

 
(SP) Little Red-Smart-Hood: Envisioning How Ambient and Ubiquitous Technologies May Affect Fu-
ture Everyday Life 

Dimitris Grammenos, Foundation for Research and Technology Hellas, Greece, gramenos@ics.forth.gr 
 

(SP) Capacitive 3D User Tracking with a Mobile Demonstration Platform 
Miika Valtonen, Tampere University of Technology, Finland, miika.valtonen@tut.fi 
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Tero Kivimäki, Tampere University of Technology, Finland, tero.kivimaki@tut.fi 
Jukka Vanhala, Tampere University of Technology, Finland, jukka.vanhala@tut.fi 

(LP) A Methodology on Extracting Reusable Software Candidate Components from Open Source 

Games  
Apostolos Ampatzoglou, Aristotle University, Greece, apamp@csd.auth.gr 
Antonios Gkortzis, Alexander Technology Educational Institute, Greece, gkortz@it.teithe.gr  
Ioannis Stamelos, Aristotle University, Greece, stamelos@csd.auth.gr 
Ignatios Deligiannis, Alexander Technology Educational Institute, Greece, ignatios@it.teithe.gr  
 

Posters 

 

3D Object Reconstruction Processing Chain for Extensible Virtual Spaces 
Miika Santala, University of Oulu, Finland, miika.s.santala@gmail.com 

Juha Hyvärinen, University of Oulu, Finland, juhahyva@gmail.com 

Jarkko Vatjus-Anttila, University of Oulu, Finland, jvatjusanttila@gmail.com 

Seamus Hickey, University of Oulu, Finland, seamus.n.hickey@gmail.com 

 

From Sketches and User Evaluations to 3D Models 
Julianna Hemmoranta, Center for Internet Excellence, Finland, julianna.hemmoranta@cie.fi 

Leena Arhippainen, Center for Internet Excellence, Finland, leena.arhippainen@cie.fi 

Minna Pakanen, Center for Internet Excellence, Finland, minna.pakanen@cie.fi 

Seamus Hickey, Center for Internet Excellence, Finland, seamus.hickey@cie.fi 

 

Playing in the Wild: Enhancing User Engagement in Field Evaluation Methods  
Amon Rapp, University of Torino, Italy, amon.rapp@gmail.com 

Alessandro Marcengo, Telecom Italia, Italy, alessandro.marcengo@telecomitalia.it 

Luca Console, University of Torino, Italy, lconsole@di.unito.it 

Rossana Simeoni, Telecom Italia, Italy, rossana.simeoni@telecomitalia.it  

 

User Participation in Co-Creative Services: Developing Virtual and Augmented Reality Tools for Do-

it-Yourself Home Design  
Virpi Oksman, VTT Technical Research Centre of Finland, Finland, virpi.oksman@vtt.fi 

Sanni Siltanen, VTT Technical Research Centre of Finland, Finland, sanni.siltanen@vtt.fi 

Mari Ainasoja, University of Tampere, Finland, mari.ainasoja@uta.fi 

 

Social Media Marketing Strategies and the Stock Exchange 
Artur Lugmayr, EMMi. Lab. Finland, artur.lugmayr@tut.fi  

 

The Development of Ambient TV in 2016  
Hao Zheng, EMMi. Lab. Finland, hao.zheng@tut.fi 

Artur Lugmayr, EMMi. Lab. Finland, artur.lugmayr@tut.fi 

Yuan Fu, EMMi. Lab. Finland, yuan.fu@tut.fi 

 

Making and Analyzing Games: Not as Art, but as Literature  
Lindsay Grace, Miami University, United States, LGrace@muohio.edu 

 

Evaluation of Continuation Desire as an Iterative Game Development Method 
Henrik Schoenau-Fog, Aalborg University Copenhagen, Denmark, hsf@create.aau.dk 

Alexander Birke, Aalborg University Copenhagen, Denmark, alex@alexanderbirke.dk 

Lars Reng, Aalborg University Copenhagen, Denmark, lre@create.aau.dk  
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A Research Design of Potential Application of Public Screen in Student Vicinity 
Yuan Fu, EMMi. Lab. Finland, yuan.fu@tut.fi 

Artur Lugmayr, EMMi. Lab. Finland, artur.lugmayr@tut.fi 

Hao Zheng, EMMi. Lab. Finland, hao.zheng@tut.fi 
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Best Papers Session 
(Session Chair: Johanna Grüblbauer ) 

(LP) How do B2B Companies Motivate Participation in Online Innovation?  
                 Anette Bengs, Åbo Akademi University , Finland, anette.bengs@abo.fi  

                 Annika Wiklund-Engblom, Åbo Akademi University, Finland, annika.wiklund-engblom@abo.fi  

(LP) Semantic Metadata in the News Production Process – Achievements and Challenges  
Tassilo Pellegrini, University of Applied Sciences St. Pölten , Austria, tassilo.pellegrini@fhstp.ac.at 

(LP) Can Crowdsourcing Really Be Used in B2B Innovation? 
Hannu Kärkkäinen, Tampere University of Technology , Finland, hannu.karkkainen@tut.fi 
Jari Jussila, Tampere University of Technology , Finland, jari.j.jussila@tut.fi 
Jani Multasuo, Tampere University of Technology , Finland, jani.multasuo@tut.fi 
 

(LP) Image Space: An Empirical Study of Geotagged Mobile Media Content Capture and Sharing 
Andrés Lucero, Nokia Research Center, Finland, andres.lucero@nokia.com  

Marion Boberg, Nokia Research Center, Finland, marion.boberg@nokia.com 

Sanna Malinen, Tampere University of Technology, Finland, sanna.malinen@tut.fi 

Kaisa Väänänen-Vainio-Mattila, Tampere University of Technology, Finland, kaisa.vaananen-vainio-mattila@tut.fi 

 

Gamification and Analysis 
(Session Chair: Janne Paavilainen) 

 

(LP) Defining Gamification - A Service Marketing Perspective                  
              Kai Huotari, University of California, United States, kai.huotari@hiit.fi 
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                 Juho Hamari, Helsinki Institute for Information Technology, Finland, juho.hamari@hiit.fi 

 (SP) Soviet and American Precursors to the Gamification of Work 
                 Mark Nelson, IT University of Copenhagen, Denmark, mjas@itu.dk 

(LP) Technology Trees in Digital Gaming  
                 Teemu J. Heinimäki, Tampere University of Technology, Finland, teemu.heinimaki@tut.fi 

User-centered Application Design 
(Session Chair: Leena Arhippainen) 

 

(LP) A Usability Test of Whitelist and Blacklist-based Anti-Phishing Application 
Linfeng Li, University of Tampere, Finland, linfeng.li@uta.fi 

Marko Helenius, Tampere University of Technology, Finland, marko.t.helenius@tut.fi 

Eleni Berki, University of Tampere, Finland, eleni.berki@cs.uta.fi 

 

(LP) Design and Evaluation of Icons for 3D GUI on Tablets 
Minna Pakanen, Center for Internet Excellence/ Intel and Nokia Joint Innovation Center, Finland, minna.pakanen@cie.fi 

                  Leena Arhippainen, Center for Internet Excellence/ Intel and Nokia Joint Innovation Center, Finland, 

                  leena.arhippainen@cie.fi 

Seamus Hickey, Center for Internet Excellence/ Intel and Nokia Joint Innovation Center, Finland, seamus.hickey@cie.fi 

 

Demos 
 

Web Tool for Traffic Engineers: Direct Manipulation and Visualization of Vehicular Traffic Using 

Google Maps 
Tomi Juntunen, University of Oulu, Finland, tomi.juntunen@ee.oulu.fi 

Vassilis Kostakos, University of Oulu, Finland, vassilis@ee.oulu.fi 

Mikko Perttunen, University of Oulu, Finland, mikko.perttunen@ee.oulu.fi 

Denzil Ferreira, University of Oulu, Finland, denzil.ferreira@ee.oulu.fi 

 

A Prototype Social Learning Platform for Children with Diabetes Type 1 
Peter Bomark, Luleå University of technology, Sweden, peter.bomark@ltu.se 

Johannes Hirche, Luleå University of technology, Sweden, johannes.hirche@ltu.se 

Gunn Evertsen, Northern Research Institute, Norway, gunn.evertsen@norut.no 

Ellen Brox, Northern Research Institute, Norway, ellen.brox@norut.no 

Pia Yliräisänen-Seppänen, Rovaniemi University of applied sciences, Finland, Pia.Yliraisanen-Seppanen@ramk.fi 

 

Amcosop: Ambient Communication and Sense of Presense Device 
Harri Pensas, Tampere University of Technology, Finland, harri.pensas@tut.fi  

Antti-Matti Vainio, Tampere University of Technology, Finland, antti-matti.vainio@tut.fi  

Tero Kivimäki, Tampere University of Technology, Finland, tero.kivimaki@tut.fi  

Ulcay Yildizoglu, Center for Usability Research and Engineering, Austria, yildizoglu@cure.at 

Konstantinos Liolis, Konstantinos Liolis, Greece, klio@space.gr 

 

Space Bugz! - A Smartphone Controlled Crowd Game 
Alexander Birke, Aalborg University, Denmark, abirke09@student.aau.dk  

Henrik Schoenau-Fog, Aalborg University, Denmark, hsf@create.aau.dk 

Lars Reng, Aalborg University, Denmark, lre@create.aau.dk 
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Workshops 

 (LP)Twitter + Text-TV = A New Form of Social TV  
Pauliina Tuomi, Tampere University of Technology, Finland, sptuom@utu.fi 

 

(LP)Sharing and Navigating 360º Videos and Maps in Sigh Surfers 
Gonçalo Noronha, University of Lisbon, Portugal, gnsp.noronha@gmail.com 

Carlos Alvares, University of Lisbon, Portugal, carlos.alvares@gmail.com 

Teresa Chambel, University of Lisbon, Portugal, tc@di.fc.ul.pt 

 

(SP)Creating a Playful Experience to Encourage Participation in the Meta-Narrative of Conference 

Discussions 
Mark Lochrie, Lancaster University, United Kingdom, m.lochrie@lancaster.ac.uk 

Paul Coulton Lancaster University, United Kingdom, p.coulton@lancaster.ac.uk 

 

(LP)Living Wood – A Self-Hiding Calm User Interface  
Lasse Kaila, Tampere University of Technology, Finland, lasse.kaila@tut.fi 

Henrik Raula Tampere University of Technology, Finland, henrik.raula@tut.fi 

Miika Valtonen, Tampere University of Technology, Finland, miika.valtonen@tut.fi 

Karri Palovuori, Tampere University of Technology, Finland, karri.palovuori@tut.fi 

 

(SP) The Effect of Shape Properties on Ad-hoc Shape Replication with Mouse, Pen, and Touch Input 
Stanislaw Zabramski, Uppsala University, Sweden, stanislaw.zabramski@im.uu.se 

Wolfgang Stuerzlinger, York University, Canada, wolfgang@cse.yorku.ca 

 

(SP)Improved Accuracy Tracking Using Synchronized Wiimote Cameras  
Heikki Kosola, Tampere University of Technology, Finland, heikki.kosola@tut.fi 

Timo Vuorela, Tampere University of Technology, Finland, timo.vuorela@tut.fi 

Karri Palovuori, Tampere University of Technology, Finland, karri.palovuori@tut.fi 

 

(LP)Market Segmentation in Video Game Industry 
Kaveh Khaleghi, Tampere University of Technology, Finland, kaveh.khaleghi@tut.fi 

Artur Lugmayr, Tampere University of Technology, Finland, lartur@acm.org 

 

(SP)Paximadaki, the Game: Creating an Advergame for Promoting Traditional Food Products 
Dimitris Grammenos, Foundation for Research and Technology Hellas, Greece, gramenos@ics.forth.gr 

George Margetis, Foundation for Research and Technology Hellas, Greece, gmarget@ics.forth.gr 

Panagiotis Koutlemanis, , Foundation for Research and Technology Hellas, Greece, koutle@ics.forth.gr 

Xenophon Zabulis, , Foundation for Research and Technology Hellas, Greece, zabulis@ics.forth.gr 

 

(SP)User Centric Social Diabetes Game Design for Children 
Ellen Brox, Northern Research Institute, Norway, ellen.brox@norut.no    

Gunn Evertsen, Northern Research Institute, Norway, gunn.evertsen@norut.no 

Peter Bomark, Luleå university of technology, Sweden, peter.bomark@ltu.se 

Johannes Hirche, Luleå university of technology, Sweden, johannes.hirche@ltu.se 

Pia Yliräisänen-Seppänen,  Rovaniemi university of applied sciences, Finland, pia.yliraisanen-seppanen@ramk.fi  

 

(LP)Mobile Communication, Gamification and Ludification  
Maura Bouca, IT University of Copenhagen, Denmark, mbou@itu.dk 
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ABSTRACT 

While transmedia storytelling surrounds us in our daily lives as 

we experience ubiquitous market campaigns, there is a dearth of 

documented instances of transmedia storytelling being used for 

curricular purposes within formalized learning environments. This 

paper discusses the theory, design, and implementation of a 

transmedia story used as an avenue to further contextualize and 

unpack several works by Edgar Allen Poe in a 9th and 10th grade 

language arts class in the United States. Connections to game 

literature are made. Teacher and student responses to the 

experience are documented. 

Categories and Subject Descriptors 

K.3.1 [Computing Milieux]: Computer uses in Education – 

collaborative learning, computer-assisted instruction (CAI), 

computer-managed instruction (CMI), distance learning.  

General Terms 

Performance, Design, Experimentation, Theory 

Keywords 

transmedia, storytelling, curriculum, learning, “additive 

comprehension,” curriculum 

1. Theoretical Framework 

Indulge us in a metaphor. In very traditional, lecture-based 

learning scenarios, the classroom is much like a theater. The 

primary central focus of the class makes up a “stage” of sorts, 

with chairs, desks, tables, projectors, screens and podiums all in 

the ready and oriented toward a focal location which is usually 

occupied by the teacher, instructor, or professor as the central 

character, who with great oration, if not drama, relays stories and 

facilitates understandings. Meanwhile, the students play audience. 

On occasion, the students also assume the role of peripheral 

characters as they come forward to gain the spotlight either while 

the teacher is not looking or with permission to share their 

knowledge and wisdom. Parody aside, however, it is exactly the 

“breaking of the fourth wall,” a term in theater coined by Diderot 

[1] and used to describe the broaching of the imaginary wall 

between audience and actors, that often makes learning more 

dynamic and interesting for students in educational environments. 

The breaking of the fourth wall has long been used from an 

instructional standpoint since educators often employ student-

centered learning [2, 3] that has its early rumblings in the 

constructivist pedagogical approaches of Vygotsky [4] and the 

Progressive philosophies of Dewey [5]. If we are to extend our 

playful metaphor, we might say that with student-centered 

methodology, the entire classroom is the stage and the scripts are 

now multiple and various with bouts of comedy and tragedy. 

 

Likewise, it might also be said that educational content (the tools 

of learning) holds a similar position as the old-school teacher. The 

content lies as an object of consumption with interaction 

occurring usually through response to an end-of-chapter 

questions, or perhaps manifesting as part of a discussion via the 

whim of the teacher. However, in contrast to a long history of 

student-centered instruction, much of today‟s language arts 

curriculum remains fairly traditional, though it could be 

positioned to break the fourth wall, which would allow students a 

way to engage with educational content more actively. While a 

good deal of educational digital content is still flat, we have seen a 

greater accentuation in the research literature on how dynamic 

content (primarily gaming) can be used in class contexts. Often 

times, it is depicted as a bifurcation of what it means to do 

academics and what it means to play games [6]. Some scholars, 

however, are taking a deeper look at how game play overlaps with 

reading and writing and have begun to show the added benefit of 

game play on literacy [7, 8, 9]. Yet, less is known about other 

types of dynamic content and media and what it affords learning. 

In this paper, we tackle transmedia storytelling as a dynamic 

content method through which learning can be facilitated. 

Transmedia was first coined as a term by Kinder [10] when 

discussing how vast networks of marketing in the form of stories 

swarm a central product such as a Batman movie or the release of 

a new CD. Stories embedded in video games, real artifacts and 

websites extend the narrative reach of the central media object.  

Though the contours of its meaning are in flux [11, 12], 

transmedia is primarily defined as a story that is told in pieces 

through various mediums so as when brought together through the 

experience of the participant, it tells a complete whole. Yet, the 

media may be viewed separately, and it may make sense as a 

stand-alone artifact. Transmedia storytelling can entail adaptations 

[13] or extensions of stories [14] that add new dimensions to plot, 

characters, and themes. 

Although meant to be associated with result of the entertainment 

industry‟s weaving together of storylines across mediums, the 

term “additive comprehension” [15] seems of particular import to 

learning situations, too, since it highlights the degree to which 
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each new text adds to our understanding of the story as a whole. 

Transmedia storytelling is positioned to do just that, and although 

teachers often supply students with supplemental content for 

learning, these objects are coherent and centralized through a 

single medium with storylines that are not overlapping or infused 

with each other‟s narrative DNA. 

The gaming literature supplies a solid lens for analyzing the 

contours of transmedia. Games in education include a range of 

implementations from the well-known but recently termed 

gamification (using game design elements in non-game contexts) 

to using game design as a strategy for teaching course content. 

The range in which the types of games and ways that games are 

employed in educational settings continues to grow and diversify. 

Alternate reality games (ARGs) are another form of game play 

using transmedia to engage players in a narrative that evolves and 

changes through time. Much like the narrative of a role-playing 

(RPG) video game, play takes place in the real world using both 

virtual and real components. Successful enactment of an ARG 

requires highly choreographed components being triggered and 

timed according to very specific player actions. Though many of 

these components are automated through coordinated platforms, 

the overarching experience cannot be play-tested in the same 

capacity as a video game, leaving a broader opportunity for 

unscripted and emergent game play influenced by the contexts 

and surroundings in which it is deployed. 

In regards to education, ARGs share the same challenge as 

educational video games in trying to successfully merge quality 

play and engagement with educational content. Game design for 

entertainment purposes alone is a difficult and challenging task 

($10.5 billion dollar industry) [16] and the volume of 

entertainment titles that aren‟t successful is in part, evidence of 

the challenges inherent in game design and development. Throw 

in the successful integration of learning content into games and 

there is an additional layer of complexity. For ARGs, the 

multimodal nature of a transmedia component requires a 

hybridized game design approach; identifying the potential of the 

physical environment married with the capabilities of the 

technology. 

Salen & Zimmerman [17] provide an exhaustive list of guidelines 

for reviewing and studying games but as is the nature of game 

design it is difficult to manage all of the parameters at one time. 

For instance, in the interactivity section there are six sub-topics on 

outcomes, four modes of interactivity, anatomy of choice, internal 

and external events, and space of possibility. Though this is an 

incredibly insightful and helpful breakdown of the complexities of 

interactivity alone, the bridging of these rich observations with 

application is a complicated task. It is the investigation of this 

type of thoughtful game design enacted that requires more 

thorough research alongside educational experiences review to 

help isolate why some educational games are successful and 

others are not. 

From an educational psychology perspective, Spiro‟s theory of 

Cognitive Flexibility [18] perhaps offers a valuable framework for 

thinking about transmedia content and how it might serve 

learning. In short, transmedia is an ill-structured problem space. 

The solution of transmedia mystery for example requires the 

“reader” to thread together a plot and sew together meaning across 

a number of mediums. Often times the transmedia content 

parallels the work that is done in class, other times it expands and 

complicates it. As it does so, the transmedia content allows 

participants to follow the leads they find fruitful and appropriate 

to finding a solution to a problem or issue. Although some 

researchers look closely at how learners come to comprehend 

online sources and hypertext [19, 20] as well as search for 

materials using hyperlinks, transmedia as an object of 

consumption assumes that the story lives at multiple levels of 

richness depending on how deeply a reader investigates. There is 

not one right answer to obtain. Consequently, transmedia content 

is intended to put the reader through a constructive act, not merely 

transmit content as often happens in one-dimensional texts. 

Consequently, to investigate transmedia as a learning tool, we ask: 

How might transmedia storytelling be used as a tool for learning? 

And when used with students and teachers, how do they respond 

to the transmedia experience? 

 

2. Methods 

2.1 Contexts and Participants  
Transmedia storytelling was used within the six-week unit on how 

to build suspense in written narrative. The unit featured several 

works by Edgar Allan Poe as models of good writing since the 

goal of the unit was to use classical works of literature to highlight 

the elements of suspense and then make contemporary 

connections to them. Students continually practiced reading the 

challenging works of Poe throughout the unit. Given that Poe is 

considered a difficult read and that supports are often needed to 

help students understand of the text (e.g., reading strategies, 

references, graphic organizers), transmedia storytelling was 

enlisted to heighten student academic engagement and provide a 

different way to experience the life and works of Poe. To test how 

transmedia storytelling would be received by students and 

teachers and to see whether they were making connections 

between the transmedia story and the works of Poe, we enacted 

the curriculum twice. The first pilot was with 16, ninth graders at 

a rural alternative school, and the second pilot was with 96, tenth 

grade students at an urban high school in the Pacific Northwest of 

the United States. The classes were co-taught with the teacher and 

researcher as participate observer [21]. Student and teacher 

observation and interviews were conducted and artifacts gathered 

to understand how transmedia was taken up by students and 

teachers, if at all. 

2.2 Transmedia Curricular Design 

The unit‟s curriculum was located in a Learning Management 

System called Educurious, powered by Remix [22]. The platform 

is best described as a marriage between a content delivery system 

and a social network, and consequently, the students interacted 

and collaborated with each other in the network and face-to-face 

in class. Consequently, the classroom used a blended learning 

model [23] in which the students and teacher still met live in 

classrooms and operated much like a traditional class, but the 

content and some interactions were digital. The platform was a 

natural conduit for the transmedia story since it was the hub for 

retrieving lesson materials and storing student writing, as well as 

eavesdropping on character messages and blog posts. 
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Figure 1 

 

A set of characters was established in the platform that appeared 

among the regular student profiles, and the content associated 

with the characters was time released into the Educurious system 

so character postings appeared in Status Updates, blogs, and 

messages (see Figure 1). As a whole, these various postings with 

their subsequent links to other online content, were sequenced and 

woven together to form a story that echoed plots in Poe--thus, 

acting as reinforcement to understanding plotlines, themes and 

characterization.  

From a curriculum standpoint, the sequence of the stories read in 

class and their analysis were gently reinforced by the transmedia 

content. As example, during the reading of “The Murders on the 

Rue Morgue,” the set of characters in the platform posted status 

updates, blogs and messages about the story, Poe, and each other. 

In fact, the transmedia story had its own villain who anonymously 

played tricks and intimidated the other characters as the 

transmedia story evolved. For example, echoing the happenings in 

one of Poe‟s stories in which a young mademoiselle was choked 

and shoved up a chimney, Ashley, one of the transmedia 

characters, experienced having her stuffed animal mutilated and 

stuffed up a chimney. Another transmedia character, Enrique, 

having a fear of the dentist and having just read “Berenice” (in 

which the narrator in a trance unburies his betrothed and pulls out 

her teeth), was taunted when he was sent a cast set of dentures 

with a cypher printed on them. 

The curriculum “bounce” of the transmedia story was not always 

a direct hit. For instance, although the transmedia content that 

contained allusion to a work of Poe would usually port on the 

same day as the text was being covered in class, it could also 

appear a day or two before or after. This served to form recursive 

loops with the curriculum, and since the teaching did not rely on 

the transmedia content as its main focus, the transmedia story 

could also act as prelude or review of Poe content in a different 

context. Therefore, varying time and context provided students 

with an opportunity to visit plots and happenings that revolved 

around Poe. Providing more than one opportunity to experience a 

curriculum object, such as a short story by Poe and the techniques 

he used, was intended for students to gain a deeper understanding 

of the content. Additionally, the transmedia story also made 

reference to Poe‟s life and incorporated links to original 

correspondence between Poe and his estranged, adoptive father, as 

well as Poe‟s wife. 

3. Findings & Analysis 

3.1 Teacher Response: What’s Important? 

Despite the care in design between classroom curriculum and 

transmedia content, teachers who embedded the transmedia story 

into the curriculum were somewhat confused by its role from a 

pedagogical standpoint. Coming from traditional 

English/language arts, the teacher‟s inclination is for students to 

have direct instruction of ideas and concepts. With the transmedia, 

however, the content was more ethereal, and readers could pursue 

any number of directions. While explicating the plot upfront 

helped students to gain their bearings, other instruction proved 

difficult because it was not the primary text for the course. While 

a teacher could spend more time unpacking the transmedia story, 

the curriculum was so full that the transmedia content lived below 

the surface off the main curriculum. It emerged for class time air 

only occasionally. One teacher was so confused by the content, 

she simply followed the teachable moments guide developed by 

the writer without actually ever finding the script for the 

transmedia story. This didn‟t seem to impede student progress 

with the story, however. In fact, many made it to the concluding 

chapter to pose their solutions to the mystery. In the second pilot, 

there was a greater accentuation in how to incorporate the new 

type of content, and the teacher put a graffiti wall at the back of 

the class where students were encouraged to post information 

about the characters and plot as they unfolded. The board acted as 

a central tool to gather thoughts about the plot and document the 

unfolding narrative. Informal conversations arose in response to 

the wall posting, but they took secondary importance. 

3.2 Disorienting Position: What’s Real? 

In addition to social networks, the conventions of transmedia 

storytelling were also new to students and teachers. When first 

introduced to the story through messages, some students became 

confused by the content in relation to the medium. One student 

after reading a message from a character became very upset by 

audacity of the character‟s tone, stating, “Who is this b***, I don‟t 

even know her and she is talking to me like this?” The teacher 

needed to remind her that the message was from a character. 

Another student wrote back to characters insisting that he was sent 

the messages by mistake. Lastly, an adult mentor who was 

working with students perused the platform became alarmed at the 

nasty dialogue occurring between students (who were actually 

transmedia characters). She reported, “I was just reading through 

some of the blogs on the Educurious site.  WOW!  They can be 

really harsh to each other and about the teachers.  Don't they 

realize the mentors and teachers have access to the blog 

posts?!?!?  Ashley Harper appears to have a real „hate‟ for Mr. 

Van Ether and is trying to stir up the rumor mill, and when one of 

the other students tried to tone things down Ashley replied with 

„Uh, before we start insulating that I am a LIAR or that my friend 

is a LIAR, let‟s remember our places on the social food chain, 

shall we? You‟re a goldfish. I‟m a great white. Don‟t get me 

hungry, little fish. I‟ll eat you up.‟  OUCH!  I sure don't miss the 

drama of high school.” Disorientation acted as a draw for students 

(and mentors) and once aware of the genre format, they 

participated as mystery solvers. Some students commented on 

which character they would like to date and who they would not 

be friends with. There seemed to be a more personal and visceral 

reactions to the characters since continuous posting of content 

through multimedia status updates, messages and blog posts 

mirrored the everyday communication in which the student 

participated. 

3.3 Splintered Narrative: How to Make Sense 

of New Genres? 

The student response to the transmedia story was mixed. Negative 

reaction was largely influenced by the platform and content 
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imports not working well during one enactment, but some 

students simply did not understand how the narrative pieces fit 

together. This was not an issue of the students not being capable 

of reading a story through a number of mediums, but rather the 

mode of storytelling was removed from the school-based formats 

they were accustomed to, and the layered and deconstructed 

content confounded the expectations they had for educational 

content.  

Additionally, providing students an opportunity to interact with a 

narrative as an agent caused confusion as to which perspective 

they should take. Some found being an interloper of message 

exchanges between characters to be a strange position from an 

audience perspective since such a stance as a reader is not a 

common convention within digital domains. One student called it 

“eavesdropping”. In contrast, others were a tickled by the 

position, and caught onto the format from the start with little 

problem locating their positionality as readers in relation to the 

work they were reading. 

As mentioned previously, students were also exposed to a 

secondary curriculum that included nonfiction texts. These 

reading included biographical information through text and video, 

as well as original correspondence between Poe and friends, 

enemies and family. The content rounded out the students 

understanding of Poe. In fact, he was viewed by some students as 

a sympathetic character rather than as just a bizarre figure of 

history and literature. One student commented, “His father was 

mean. No wonder he ended up this way.” Other students became 

intrigued by Griswold, Poe‟s long time nemesis, and Poe‟s 

relationships with his wife. This type of cross-genre reading and 

discovery rarely happens in school, and the students made the 

traversal seamlessly as they moved between texts and dove as 

deeply into the transmedia story as they desired. 

4. Conclusion 
Transmedia framed as Alternate Reality Gaming (ARG) exposes 

the challenges of educational game design and reveals the 

potential for educational content to take on an ambient role in 

learning. Transmedia storytelling offers classrooms another way 

to engage students; it is not meant to be a replacement of teachers 

and curriculum, but rather a supplement. As ambient content, it 

serves to reinforce curriculum and expand students‟ typical 

exposure to a topic. It allows students to dive as deeply into a 

subject as they wish, while providing them with a way to access 

difficult texts and concepts. In this particular study, teachers and 

students had some trouble locating the genre and narrative within 

their traditional schema of educational content and stories more 

generally, but the transmedia content also provided an avenue for 

“additive comprehension” for the works of Poe to more deeply 

engage in his life and plots.  
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ABSTRACT
Physics engines have created a whole new source of emer-
gence and fun for digital games. Water simulation could add
another similar emergent interaction element, but it is cur-
rently only rarely used as a part of gameplay. The reasons
for this are analysed and different water simulation meth-
ods are compared, focusing on actual game usage. Based
on this, we suggest using the extremely simple but fast pipe
model. The simplicity of the underlying simulation can be
masked in many ways using modern shader effects and other
tricks. An example of the pipe method in action is given and
compared to more sophisticated fluid solvers.

Categories and Subject Descriptors
I.3.8 [Computer Graphics]: Applications; K.8.0 [Personal

Computing]: Games

1. INTRODUCTION
It can be argued that much of the fun of playing digital

games comes from the quality of the core interaction with
the game world. An emergent system is one that can create
complex behaviour from simple parts. It is therefore easy to
learn, but difficult to master, forming an ideal basis for game
interaction. There are only a limited number of basic emer-
gent systems that are repeatedly used from game to game,
and any new such system could revolutionise gameplay.

One of the important emergent systems in current games
is rigid body physics. It provides exactly the kind of intuitive
but chaotic emergent system on which interesting gameplay
it often based. It has fueled huge successes in the recent
years, e.g. Angry Birds.

We feel that another aspect of physics is underrepresented
in current games: water simulation. People have an intuitive
feel of how water masses flow over terrain, how objects float
along currents, and so on. On the other hand, water exhibits
some extremely complex behaviour. Water is one of the most
common elements children use in their play, for example,
building dams or floating ships through brooks. Therefore,
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permission and/or a fee.
Academic MindTrek October 3-5, 2012, Tampere, Finland
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water simulation could provide another interesting emergent
system for gameplay.

There are a few 2D games1 utilising water as a gameplay
element, but in almost all 3D games, water is at most a
static decoration without much interaction. For example,
water simulation was mentioned in the Just Cause 2 adver-
tisement2, but the area covered by water is fixed and the
hyped simulation only creates realistic waves on the surface
for a visual effect instead of actually affecting gameplay. The
simulation is also turned off on low-end machines, appar-
ently being too computationally intensive. The only major
3D game we are aware of where water simulation forms a
significant part of gameplay is From Dust3.

Water simulation itself is nothing new. Accurate models
to simulate fluids have existed in engineering for decades.
There is a vast literature of various techniques to solve the
Navier-Stokes equations (NSE) that govern fluid dynamics.
However, the equations are hard to solve, and as a conse-
quence, a full, accurate 3D fluid dynamics solution is far be-
yond the frontier of possibility in current games. Therefore,
extreme simplifications have to be made. Another problem
posed by the complexity is the steep learning curve for de-
velopers wishing to use water simulation in their games.

This paper analyses the requirements for water simulation
in games and evaluates the suitability of current methods as
the main emergent component in a game. Our results sug-
gest that many of the heavily researched methods are still
too slow for current hardware, at least if the simulation is
to play a significant role in the game. Therefore, we demon-
strate how an old, simple method could be used instead.
We provide a comparison with some of the most interesting
current methods.

This paper is structured as follows. Section 2 describes
the requirements of a water simulation system for games.
Section 3 introduces some interesting recent approaches and
evaluates them against the criteria of Section 2. Section 4
presents our implementation of the simple pipe model solver
and compares it to some of those mentioned in Section 3.

1e.g. Sprinkle (http://www.sprinklegame.com/)
and Where’s My Water (http://disney.go.com/
wheresmywater/)
2http://www.geforce.com/games-applications/
pc-games/just-cause2/description
3http://from-dust.ubi.com/from-dust/en-gb/home/
index.aspx
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2. REQUIREMENTS IN GAMES
Efficiency is undoubtedly one of the main factors in a

water simulation system, since games most often have a
very limited resource budget and water simulation is notori-
ous for requiring considerable amounts of processing power.
Most research examples naturally use all resources that are
available in a system, but a game simulation would only
be allowed to use a fraction of those. This means we need
to bear in mind that instead of just real-time, the required
speed should be at least around 3–20 times faster, depend-
ing on how essential a part of the game the simulation is.
Most solvers can be run in a highly parallel fashion, which
makes using graphics processing units (GPUs) ideal and al-
most compulsory for these purposes.

Ease of use is largely a question of tool availability. Rigid
body physics has been feasible in games for ages, but it only
became widespread in all kinds of games after easy to use,
off-the-shelf physics engines became widely available. The
tools need to be robust and easy to set up, configure and
use. In general, the simpler the method itself is, the easier
should making good tools be.

Robustness is important for games. The NSE are con-
tinuous, but the simulation methods discretise time to finite
time steps. Increasing the time step will make the simulation
run faster, but also causes artifacts and ultimately instabil-
ity, which could ruin the whole experience if game mechan-
ics depend on the simulation. Therefore a maximal stable
time step is usually selected. This is also directly linked
to performance, since sometimes more complicated simula-
tion schemes are more robust and thus the time step can
be increased, compensating for the slower method. Thus we
think the methods should not be compared by frame rates,
but using the ratio of simulation speed to realtime, which
takes the time step into account. We present simulation
timings in this way.

Quality of Experience (QoE) is an important factor.
While many solvers try to achieve a realistic result, in games
plausibility is more important than pure realism. As QoE is
a subjective matter, comparing the methods in this regard
requires large user studies, which to our knowledge have not
been done in this area. Instead, we can use missing types
of behaviour as a crude approximation of QoE. As an ex-
ample, most users would not notice if water flows somewhat
too quickly, but losing interesting phenomena like water-
falls, breaking waves, and splashes because of limiting to
2D heightfields instead of full 3D simulation probably would
harm the experience. An extremely limiting example is forc-
ing the boundaries of the water to be static during play, since
it takes away most of the interactive possibilities.

QoE is somewhat independent of the solver used, since
procedural techniques can be used to add visual details.
They only need to correspond to the underlying simulation
roughly. With these methods and the modern shader effects
even the simplest simulation might look good enough for
games, because procedural details can be used to mask out
the fact that the simulation is missing much of the realistic
water behaviour. For examples, see [2, 3, 15].

Coupling with rigid bodies is essential for most imag-
inable games using water as a game mechanic, since it forms
the core of interaction with water. The coupling needs to be
two-way: water has to bypass the objects nicely and react
with splashes and waves when an object is in contact with
it, but on the other hand, water also needs to apply forces

to objects so that they float and are pushed by waves. In
addition to static meshes, animated characters also need to
be taken into account.

3. CURRENT SOLVERS
The NSE have been known for centuries, but they are

not analytically solvable in any practical situation. Most
methods for solving the NSE numerically are aimed for non-
realtime engineering like bridge design and are extremely
slow and unnecessarily realistic for game purposes. We con-
centrate on recent solutions that could be used in games.
For a numerical solution our domain needs to be discrete.
There are two main approaches to discretisation: grids and
particles.

3.1 Grid-based simulation
The standard grid-based simulation (Eulerian) consists of

advecting physical quantities along the flow, surface track-
ing, and projecting pressure. Pressure projection is often the
slowest part, but is required to achieve the realistic vortices
caused by incompressibility [1]. There is a vast literature on
making the method faster and more accurate, but the full
3D case is still far from usable in real-time games.

An interesting recent development is provided by Chen-
tanez and Müller [3]. They use an adaptive grid where the
vertical axis has several cells near the surface and a single
tall cell for the bottom. This method preserves most 3D
phenomena while reducing the number of cells. The quality
is undoubtedly the best of those reviewed in this paper, but
the method is also somewhat expensive because of the 3D
grid. As an example, their lighthouse scene uses a grid of
128 × 128 × 34, where the last dimension is the vertical
direction. The simulation using an NVIDIA GTX 480 card
and a time step of 33 ms takes about 14 ms giving 2.4 times
real-time performance [3]. The described method is com-
plex, because the grid is adapted on the fly. However, the
time complexity of their novel solver is linear to the number
of cells, making the method asymptotically as fast as most
others reviewed in this paper.

Faster methods can be achieved using a heightfield (a 2D
grid with a single depth value), which cannot represent many
3D phenomena. The shallow wave equations (SWE) intro-
duced to computer graphics by Layton and van de Panne [6]
are often used. They are reached from the NSE by assuming
that velocity and pressure gradient are constants along the
vertical axis. For water, we also assume that the viscosity
is zero. This model essentially only simulates a thin layer of
water, but the result is good enough for many purposes. In
this model the equations itselves are easier to solve and we
can omit the time-consuming pressure projection and sur-
face tracking steps. [12]

A recent example using the SWE is by Chentanez and
Müller [2]. They solve the SWE on the GPU (NVIDIA GTX
480). They achieve a timing of 18 ms for a grid size of 900
× 135 using a time step of 20 ms for a scene where a boat is
ridden down a river, giving a real-time factor of 1.1 [2]. Vi-
sual quality is assured by adding small-scale details using an
FFT-based method. They also use a small number of par-
ticles to add several 3D effects like waterfalls and splashes,
which is an interesting addition that any of the heightfield-
based methods could employ to relatively cheaply restore
3D behaviour. However, these effects greatly increase the
complexity of the method.
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An even faster method exists, called the pipe model, which
is functionally equivalent to solving the 2D wave equation
on the surface [8, 9]. The flow is modelled by virtual pipes
between columns of water on the grid. Hydrostatic pressure
is used to calculate the flow in each pipe. The result lacks
vortices, but is quite convincing, considering its simplicity.
Our implementation of the pipe model is examined in more
detail in Section 4.

The pipe method is equal to solving 2D wave equations
on the surface and variations of it have been used for a long
time [4, 11, 7]. Even many game developers have toyed with
it. However, most implementations use the CPU, which is
probably not powerful enough for actual usage in games. As
the current programmable GPUs are getting easier to use
for general-purpose computing, tools that make the method
easy to use on the GPU could be realistically made, finally
making widespread adoption of water simulation in games
possible.

3.2 Particle-based methods
The most common particle method is smooth particle hy-

drodynamics (SPH), which is again based on the NSE. The
physical quantities are tracked at varying particle locations
instead of a fixed grid. To find the value of a quantity,
a weighted sum of the neighbouring particles is calculated.
The weight decreases with distance. This would make the
algorithm quadratic in the number of particles, which can
be counteracted by letting the weighting function go to zero
relatively quickly and using suitable data structures, e.g.
quadtrees. [1]

The NSE are greatly simplified by this approach. What
is left is basically determining the forces that affect each
particle. The effect of viscosity and pressure is caused by the
other particles and can be calculated by iterating through
them. External forces can be simply applied to each particle
independently of the others. SPH is easy to integrate in the
current physics engines, which already support particles. [1]

Because SPH does not provide a directly renderable sur-
face, drawing could take more time than the simulation it-
self. Since the number of particles is limited, they also need
to be smoothed somehow, lest the individual particles be
seen. One solution is to find an isosurface of the density
field and triangulate it with, e.g., the marching cubes algo-
rithm [1]. Kipfer [5] developed a method using a 2D grid
where the height is displaced by the density at each grid
point to simulate large amounts of water, but this discards
the advantage of having a full 3D solution. A promising re-
cent solution by van der Laan et al. is to use screen-space
rendering [13].

A notable advantage is that using particles is that they
are automatically adaptive. We only end up simulating the
areas where water is present, while in grid-based methods
we need to simulate the whole game world or build complex
adaptive grids to take advantage of the fact that water is not
evenly distributed. This means that the less water there is,
the better the particle-based methods become in compari-
son. Indeed, particle systems are already often used in game
effects that only affect a very small area in the game world.
On the other hand, solving whole lakes and rivers using par-
ticles requires a huge number of particles, because most of
them would be sitting uselessly deep under the surface.

In an interesting development, SPH and SWE have been
combined recently by Solenthaler et al. [10]. This drastically

Figure 1: Our pipe model simulation with even rain

on a grid of 1024 × 1024.

reduces the number of particles needed, as only the surface
of the 2D heightmap needs to be simulated. The resulting
density is then interpreted as water height. However, their
GPU implementation takes about 25 ms using 128k particles
and a time step of 2 ms on an NVIDIA GTX 460 [10]. This
only gives a real-time factor of .08. In addition, this only
includes the simulation part, and drawing is more difficult
than in grid-based methods as explained earlier. On the
other hand, they do not mention using space-partitioning
data structures, which would speed up the method.

Solenthaler et al. [10] mention the ability to cope with
dynamic boundary geometry as one of the advantages over
Eulerian methods. This is essential when the water needs
to spread to new areas, but as our implementation shows,
dynamic boundaries are not a problem for the pipe model.
We also do not see why it would pose problems to the other
grid-based methods mentioned here, either.

4. A PIPE MODEL IMPLEMENTATION
We have implemented a lightweight water simulation us-

ing the pipe model (Figures 1, 2, 3). Our solution is di-
rectly based on Mei et al. [8] (excluding the terrain erosion
features), so no details of the method itself are presented
here. In our simulation, water spreads naturally to new ar-
eas, which could be used as a game mechanic. There can be
massive amounts of water on very large grids. To demon-
strate interaction, the user is able to raise and lower the
terrain on the fly. This can be used for example to block
water from reaching certain areas, which is an example of
gameplay that could be built on top of the simulation.

We implemented the simulation completely on the GPU
using OpenGL fragment shaders that read from and write
to textures. The first shader adds water at user-specified
sources or everywhere in case of rain. Another shader calcu-
lates the flows between neighbouring cells based on previous
flows and water levels. Finally, a third shader updates the
heights using these new flows.

The heightmap is simply drawn as a triangle strip. The
heights are interpolated between two last simulation steps
to allow high frame rates with relatively slow updates. We
use a basic water shader with reflection from the skybox and
a Fresnel term for translucency. In addition, the simulation
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Figure 2: A large wave is approaching.

Figure 3: Remnants of a wave going around an in-

teractively raised obstacle.

method gives flow velocity in 2D at each grid point, which is
used to distort two alternating normal maps similarly to the
approach described by Vlachos [14]. This adds small details
that seem to flow with the current, greatly increasing the
visual plausibility.

Due to the limitations of the pipe model, our result lacks
vortices. Most additions, such as particles for splashes and
waterfalls, foam, etc. employed by the other methods men-
tioned in this paper could be added to increase plausibility
and visual quality. While we have not yet conducted proper
research on the QoE of the methods, our informal opinion is
that the simulation result is good enough unless viewed right
next to one of the more complex methods. It would be in-
teresting to implement all of the compared method using as
similar a visual representation as possible to better compare
the effect of the underlying simulation on the QoE. How-
ever, before that is accomplished, it is difficult to establish
objective quality comparisons.

Timings were measured on a laptop using an NVIDIA
Quadro 1000M card, which is significantly slower than those
used in the other examples mentioned in this paper. We use
a timestep of 25 ms, which we experimentally found to be
stable even in extreme situations. This also means that there

Table 1: Timings of the pipe model example. rtkc

is the number of cells in thousands that can be sim-

ulated real-time.
Grid size Sim. time (ms) × realtime rtkc

2048 × 2048 7.1 3.5 14700
1024 × 1024 3.3 7.6 8000
512 × 512 1.1 23 6000
256 × 256 0.55 45 3000
(empty) 0.41 61 N/A

Table 2: Comparison of the performance of different

methods. Cells is the number of horizontal cells or

particles as appropriate.

Method Cells × realtime rtkc
Tall cells [3] 16k 2.4 38

SWE [2] 122k 1.1 134
2D SPH [10] 128k 0.080 10
Pipe model 65k 45 3000

are no mentionable differences compared to the other meth-
ods in robustness, since every method in this comparison
has selected a time step that makes it stable.

In this paper, we use the number of cells or particles
(in thousands) that can be simulated real-time (real-time
kilocells, rtkc) to measure the performance of a simulation
method. The number of cells or particles is proportional to
the area that can be simulated. Results for our pipe model
implementation are summarised in Table 1. The (empty)
row is for estimating the overhead that is independent of
the grid size. Larger grids seem to be faster because of the
constant overhead, but if it was removed, rtkc would demon-
strate roughly the theoretical linear time complexity of the
pipe model. We use our smallest grid size (256 × 256), i.e.,
the worst case, when comparing to the other methods, since
our references do not give timings for larger grid sizes.

A comparison of the performance of different methods is
presented in Table 2. The results are not directly compara-
ble, because different hardware was used, the timings are not
done with the same methods, and scene contents and grid
sizes are varying. Also, the comparison is not completely
fair. The number of particles in SPH is not directly compa-
rable to the number of grid cells. For the tall cell method,
the vertical dimension is simply dropped, since it does not
increase the area that can be simulated. In other words,
the 34 vertical cells are only used to add quality via real-
istic 3D surface phenomena. On the other hand, both the
hardware and the selected grid sizes do a disfavour to the
pipe model. Still, we feel that this table gives an interesting
rough idea of the relative performance of the methods, since
the differences are quite large.

The pipe model is orders of magnitude faster than any
of the other methods. With grid sizes of 512 × 512 and
upwards it seems to be the only method currently suitable
for actually simulating large amounts of water in games,
especially on older hardware. The particle-based methods
can compete if the number of particles stays low, but that
limits the amount of water. The pipe model is also much
simpler to implement than any of the alternatives, which
contributes to the ease of use and will make it easier to
create quality tools for game developers.
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We did not implement two-way coupling with rigid bod-
ies in our version of the pipe method. However, the same
methods could be used as in any other height-field based
solvers. This factor does therefore not differentiate between
methods. See Thurey et al. [12] for an example of a scheme
that could be used. The coupling was implemented in all of
the other solvers.

The water simulation could be made a part of the physics
engine where the resources could be shared directly on the
GPU. However, as long as this is not done, integrating a self-
made water simulation implementation with an off-the-shelf
physics engine could be problematic due to the fact that even
if the engines do use GPUs, they do not expose a software
interface to transfer data directly on the GPU. Therefore
costly readbacks from GPU to CPU memory will be needed
for the coupling in all of the methods unless they are imple-
mented together with the rigid body physics engine. Of the
currently popular physics engines, PhysX implements SPH4.
This tool support has enabled its use as a gameplay element
in some 2D games and for small-scale visual effects in some
3D games, but as a particle method it is not well suited for
games where large areas could be dynamically covered by
water.

5. CONCLUSIONS
Water simulation could provide games with interesting,

fresh sources of emergent interaction. Thus far it has only
been used in a very limited number of 3D games. We suspect
that the most important hurdles to cross are performance
and ease of use.

We compared some more complex methods and our own
implementation of the pipe model. Only the pipe model
is already fast enough for actual usage for large water ar-
eas in games. It also produces acceptable QoE, because
the appearance of water is not limited by the lack of real-
ism in the underlying simulation – most deficiencies of the
method could be masked using modern shader effects and
other tricks, such as using a small number of particles for
splashes. The pipe method is also the simplest of the sur-
veyed methods, which makes it the easiest to use.

To make water simulation easy enough for widespread
adoption, further tool development is needed. This includes
a method for efficiently communicating the simulation re-
sults from GPU memory to off-the-shelf physics engines.
Otherwise we feel that unlike the more complex solvers, the
pipe model could already be applied in a variety of games
as an important part of gameplay.

As further research, it would be interesting to implement
the various methods in the same framework, possibly even
an actual game example. This would enable more realistic
and fair performance comparisons, and on the other hand,
make it possible to conduct large-scale user testing to assess
the QoE for different methods.
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ABSTRACT 

During recent years “gamification” has gained significant 

attention among practitioners and game scholars. However, the 

current understanding of gamification has been solely based on 

the act of adding systemic game elements into services. In this 

paper, we propose a new definition for gamification, which 

emphases the experiential nature of games and gamification, 

instead of the systemic understanding. Furthermore, we tie this 

definition to theory from service marketing because majority of 

gamification implementations aim towards goals of marketing, 

which brings to the discussion the notion of how customer / user 

is always ultimately the creator of value. Since now, the main 

venue for academic discussion on gamification has mainly been 

the HCI community. We find it relevant both for industry 

practitioners as well as for academics to study how gamification 

can fit in the body of knowledge of existing service literature 

because the goals and the means of gamification and marketing 

have a significant overlap. 

Categories and Subject Descriptors 

H1.m. Information systems - Miscellaneous 

General Terms 

Theory, design, management 

Keywords 

Gamification, games, game design, service marketing, service 

design, persuasive technologies 

1. INTRODUCTION 
Gamification has raised a lot of interest both in industry [21] and 

also increasingly in academia [7][22][3] during the past few years. 

For example, the success of mobile services such as Foursquare 

and Nike+ are often attributed to gamification [7]. This discussion 

has remained, however, mainly in the realm of game studies and 

social sciences. Although an increasing number of games are 

offered as services to consumers, only very few academic articles 

that bridge game studies to service or marketing literature have 

been published (see exceptions e.g. [26][14][15]). Anchoring 

findings in game studies to the existing service marketing 

literature could provide a framework on how gameplay can be 

viewed as a part of the overall service and on how it supports the 

core service offering. It could also bring proven models from 

service marketing to the development of “gamified” services.  

In the next section of this paper, we give an overview to the 

central concepts of gamification in game studies. In section 

number 3, we introduce service marketing and then in section 4 go 

on in presenting some of its concepts relevant for our study. In 

section 5, we situate games to the service marketing literature and 

then in section 6, we elaborate on the experiential nature of 

games. In section 7, we present a definition for gamification from 

the service marketing perspective. In section 8, by referring to our 

definition we show how it can be used to identify four possible 

gamification providers. In section 9, we discuss how the new 

definition relates to game studies. In section 10, we summarize the 

results and discuss its contribution both to the scientific 

community as well as to the practitioners.  In the final chapter 10, 

we give some directions for future research. 

2. GAMES AND GAMIFICATION FROM 

THE PERSPECTIVE OF GAME STUDIES 
In game studies, games are seen as a collection of multiple 

necessary conditions. None of these conditions alone is sufficient 

to constitute a game and it is only in combination of them that a 

game emerges [19][7]. Juul (2003) assembled seven previous 

definitions, analyzed them and then presented a new definition. In 

the definitions assembled, the conditions necessary for games 

vary from author to author. For example, [2] described game as an 

“exercise of voluntary control systems in which there is an 

opposition between forces, confined by a procedure and rules in 

order to produce a disequilibrial outcome.” A more recent study 

[24] defines a game in turn in the following way: “A system in 

which players engage in an artificial conflict, defined by rules, 

that result in a quantifiable outcome”. Juul (2003) describes a 

game as “a rule-based formal system with a variable and 

quantifiable outcome, where different outcomes are assigned 

different values, the player exerts effort in order to influence the 

outcome, the player feels attached to the outcome, and the 

consequences of the activity are optional and negotiable”[19].  

Although, the definitions vary in emphasis they all include both a 

systemic component, defining how the game is constructed and an 

experiential component describing the human involvement within 

the game. In the Table 1 below, we have enlisted all these 

conditions of the definition of games and gamification from past 

literature. 

In addition to the division along systematic/experiential axis, 

Table 1 arranges the conditions to three separate abstraction 

levels. The first and the most abstract level is shared by all game 

definitions. It simply states that games are systems, meaning that 

games are constituted of several interacting sets of mechanisms 

and actors (systemic condition) and that games always require the 

active involvement of at least one player (experiential). The 

second abstraction level includes conditions that are characteristic 
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to games, but are not necessarily present in all games. Under this 

category fall such systemic conditions as rules, conflicting goals 

and uncertain outcomes. Deterding et al. (2011) labels these 

conditions game design elements [7]. Level 2 experiential 

outcomes are hedonic experiences, suspense (that results from 

player valuing outcomes but being uncertain of them) and 

gamefulness. Also mastery and competence stated by [23] could 

be included in this category. The third abstraction level should 

include conditions that are unique to games. However, this level 

remains empty in the light of past literature defining games. There 

does not seem to be elements that were solely unique to games. 

Table 1: Game conditions 

Level of abstraction  Systemic 

conditions 

Experiential 

conditions 

1st level (common to all 

games) 

- Games are 

system (1, 2, 3, 4, 
5, 6, 7, 8, 9)  

- Games require 

voluntary involvement 
of players/users (1, 2, 3, 

4, 5, 6, 7, 8, 9)  

2nd level (characteristic 

to games, although not 

necessarily to all 
games) 

- Rules (1, 2, 4, 5, 

6, 7, 8, 9) 

- Conflicting 

goals (1, 3, 4, 6, 
7, 8, 9) 

- Variable and 

uncertain 

outcomes (1, 2, 4, 
6, 7, 8)  

- Generates hedonic 

pleasure (2, 4, 5, 6) 

- Generates suspense (4, 

6) 

- Generates gamefulness 
(4) 

 

3rd level (unique to 

games) 

- ? - ? 

Referred articles: 1.[2]; 2. [4]; 3.[5]; 4.[7]; 5. [17]; 6.[19]; 7. [20]; 8. [24]; 

9. [27] 

The lack of systemic conditions unique to games is not surprising, 

as [19] and [7] have stated that a game emerges only as a 

combination of conditions and that none of the conditions alone is 

sufficient in constituting a game. However, it is surprising that 

none of the definitions describe an experiential condition unique 

to games. If this would be the case, how would anyone recognize 

a game? Or to put the question in [19]‟s and [7]‟s words, how 

would anyone know when a game has emerged from a 

combination of different necessary conditions if it were not for an 

experiential condition unique to games? The term „gamefulness‟ 

could be used to describe such a unique condition, just like 

McGonigal [28] has suggested. Yet, [7] make a distinction 

between games and gamified services and state that both can lead 

to gameful experiences, thus rendering gamefulness a condition 

that is not unique to games. However, we think this is up for 

debate. 

The term „Gameification‟ was first used in 2008 in a blog post by 

Brett Terill [29]. He described the term as „taking game 

mechanics and applying them to other web properties to increase 

engagement.‟ To a more widespread industry use the term became 

during 2010 in its current form „gamification‟ [7].  

In spite of the attention the term received quickly in the industry, 

the academia has been slow to react. To our knowledge there are 

only two definitions for gamification: the one given by Deterding 

et al. [7] and the one presented in the first short version and now a 

drastically different version of this paper. Deterding et al. [7] 

describe gamification as the use of game design elements in non-

game contexts. While [7] discuss the experiential aspects of 

games, their definition of gamification adopts only a systemic 

perspective to games. We argue that this approach has several 

shortcomings and we will discuss them in section 6. In order to 

give context to our arguments, let us first turn to service 

marketing literature: its origins and some of its key concepts.  

3. EMERGENCE OF SERVICE 

MARKETING 
In the late 1970‟s and early 1980‟s, a handful of marketing 

scholars started forming a new school of thought for marketing 

concentrating on services because the classical marketing axioms 

were based on the exchange of physical goods, which could not 

provide a sufficient understanding on services [13]. This line of 

research developed quite independently of the mainstream 

marketing science until the 1990‟s [12] when it started to gain 

popularity also outside the sphere of service marketing scholars. 

Marketing theory build to fit services started to seem applicable 

also for goods marketing. In 2004, [31] launched the term service-

dominant (S-D) logic for marketing and proclaimed that the 

service approach should replace the classical marketing theory. 

Since then, the S-D logic for marketing has gained growing 

interest both in academia as well as in industry.  

Two key concepts of the service approach, customer as co-

producer and value-in-use, help to explain the ubiquitous 

applicability of the service logic and the profound difference 

between the traditional, goods-dominant logic and the new 

service-dominant logic. 

In traditional marketing theory, the production is considered to be 

carried out by the company and value is considered to be created 

during the production process by the company and to be 

embedded in the resulting product. The product then “carries” the 

value in it and the value is transferred from company to the 

customer with the transaction. In service context however, this 

value-in-exchange approach becomes meaningless, as there is no 

physical product to which the value could be attached. 

Service marketing literature sees the customer always as a co-

producer of the service, i.e. participating in the production process 

as the value is generated only once the customer uses the service 

or the good. In this value-in-use model company‟s role in the 

value creation is to support the customers‟ processes by offering 

resources into them. Resources can refer e.g. to personnel, 

machinery, service setting, or to available information sources. 

Furthermore, the value is considered to be experienced and 

determined by the beneficiary phenomenologically [32]. 

4. SERVICE, SERVICE SYSTEM AND 

SERVICE PACKAGE  
For the purpose of defining gamification, three key concepts of 

service marketing need to be defined: service, service system and 

service package. 

Vargo and Lusch [31] define service as “the application of 

specialized competences (knowledge and skills), through deeds, 

processes, and performances for the benefit of another entity or 

the entity itself”. Thus, any intentional act - no matter how small - 

that helps an entity can be considered a service. 

A systematic bundle of services constitutes a service system that, 

according to [25], “is an arrangements of resources (including 

people, technology, information, etc.) connected to other systems 

by value propositions”. A service system‟s aim is to use its 

resources and the resources of others to improve its circumstance 

and that of others [33]. 
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The service package model [13] in turn helps firms manage 

bundled services or service systems. The basic service package 

consists of the core service, enabling services and enhancing 

services. Enabling services are required in the offering of the core 

service, while enhancing services support the offering of the core 

service and thus increase its value or differentiate it from 

competitors‟ services. 

5. GAMES AS SERVICE SYSTEMS  
As the previous section demonstrates, there are a lot of 

complementarities between the game literature and service 

marketing theory. Seen through the service marketing literature, 

game design elements can be described as services and games as 

service systems. This is supported by table 1 that shows that 

games are always regarded as systems that require an active 

involvement by the player. 

Games are thus co-produced by the game developer and the 

player(s). The game developer‟s part of the co-production takes 

place when the game‟s storyline is created, rules invented, game 

design patterns chosen and visuals designed etc. The player(s)‟s 

part of the co-production and of the value-creation takes place 

each time the game is played or otherwise interacted with. The 

game can also be solely or partly developed by the player, of 

course. The core service of the game is to provide hedonic, 

challenging and suspenseful experiences for the player(s) [21] or 

gameful experiences [22]. The quality of such a “game service” is 

strongly determined by the functional quality of the service or 

game experience, which is often referred to as flow [6].  

6. SUBJECTIVE NATURE OF THE 

EXPERIENCED VALUE OF A GAME 
It is noteworthy that from the service marketing perspective, it is 

always only the player‟s participation in the game, i.e. playing the 

game, that completes the production of the game service. This 

notion is consistent with the definitions of games presented in 

chapter 2 that see player‟s voluntary commitment and 

participation as one key building block of a game. However, 

according to the service marketing theory, the value of a service is 

determined solely by customer‟s subjective experience, as service 

providers can make only value propositions. What follows is that 

value of a game service, be it „pleasure‟, „suspense‟, „mastery‟ or 

„gamefulness‟, is always determined by the player‟s individual 

perception. In other words, it is possible that the use of a game 

service leads to gameful experiences with one user but does not 

do so with another user. This difference in outcomes may be due, 

for example, to differences in skills of the two users/players (see 

e.g. [30]). 

The experience of playing a game as well as determining what is a 

game is deeply individual. Thus, in our view, a game emerges 

only when the use of the service results in a gameful experience. 

What follows is that we see gamefulness as a unique experiential 

condition to games. 

This greatly differs from the gamification definition proposed by 

[7], which highlights that only non-games can be gamified. The 

obvious question is: How can a service designer possibly identify 

a non-game context, when the existence of game is dependent on 

the subjective perception of the player/user. If the sensation of 

gamefulness is not unique to games this question becomes 

impossible to answer even for individual consumers. For example, 

a stock market and dashboard for participating in it can easily be 

perceived as creating gameful experiences for some users 

although it is not generally perceived as a game by all users. 

Thinking what is a „full-fledged game‟ and what is not will only 

lead the designers astray from what should be their focus: 

customer/user/player experience. 

These incompatibilities led us to seek for an alternative way to 

define gamification from the perspective of service marketing. 

7. A PROPOSED DEFINITION FOR 

GAMIFICATION 
Based on the literature presented above, we define gamification in 

the following way: 

Gamification refers to: a process of enhancing a service with 

affordances for gameful experiences in order to support user's 

overall value creation. 

We would like to emphasize that the definition highlights the goal 

of gamification - the experiences that it attempt to give rise to - 

rather than the methods. Past definitions rely on the notion that 

gamification is based on the use of game elements. However, 

there doesn‟t seem to exist a clearly defined set of game elements 

which would be strictly unique to games, neither they 

automatically create gameful experiences. We can find similar 

elements from a variety of non-game contexts as well. If we 

subscribed to the idea that game elements create a game or gamify 

a system, then we could conclude that also stock exchange 

dashboard, decision support systems, loyalty programs and other 

services that have for example levels, points and progression 

metrics would also be games, regardless of the subjective 

experiences the users have. Furthermore, gamification is not 

always carried out through any concrete elements alone. 

Therefore, we argue that the definition of gamification (nor 

games) cannot be based on a set of methods or mechanics, but 

instead it has to be understood more broadly as a process in which 

the gamifier is attempting to increase the likelihood for the 

gameful experiences to emerge by imbuing the service with 

affordances for that purpose (be it badges or more implicit cues). 

The term affordance here can refer to any qualities of the service 

system that contributes [11] to the emergence of gameful 

experience. 

Another aspect we would like to highlight is that the definition 

does not imply that the process of gamification has to be 

successful. In the same way as game services or products, 

gamification can only attempt to support the user in creating 

gameful experiences.  

Currently, it seems that the successfulness of gamification has 

mostly been measured through sales figures, “clicks” and general 

retention of users. However, if we accept that gamification aims to 

create “gameful” experiences, then the successfulness of 

gamification should also be measured through same measurement 

instruments as games are. 

This notion also leads to another point that gives boundary 

conditions to gamification. If gamification is designed solely to 

increase figures related to marketing instead of gameful 

experiences, the designers are in danger to fall into a trap that 

leads to a conflicting situation between selling and creating 

valuable experiences. One of the defining aspects of gameful 

experience is that it is voluntary and that it is carried out by 

having intrinsic motivation. If, however, the designer attempts to 

direct player/customers decision making in a way that it reduces 

the player/user‟s free choice, then the design moves further away 

from what is in the core of a gameful experience. With „gameful 

experience‟ we refer to an experience leading to „gamefulness‟ - 

an experiential condition unique to games. However, defining 
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exactly what "gamefulness" means is outside the scope of this 

paper, as defining "gamefulness" would also require us to define 

games themselves.  

The word „enhancement‟ in the definition refers to the service 

package concept of service marketing literature introduced in the 

section 4. It entails that gamification describes a service system 

where a core service is enhanced by another one. From marketing 

perspective it is essential to make this distinction. 

According to the definition, Foursquare, for example, is not a 

gamified service in itself, but it can potentially gamify, that is, 

enhance other services, such as restaurants or bars, through rules, 

goal setting, variable outcomes, feedback and rewards. Moreover, 

the definition remains agnostic to the nature of the core service. 

This means that the core service can also be a game that can be 

further gamified, creating so-called meta games. From this 

perspective, it is not only non-games that can be gamified. 

Table 2: Examples of gamification 

Core 

service 
Enhancing service Gamified service 

Profile in 

LinkedIn 

Progress bar for 

measuring progress 

in filling personal 
details 

The enhancing service increases the 

perceived value of filling all details 

by invoking progress-related 
psychological biases. 

Café Mayorship 
competition in 

Foursquare 

The enhancing service creates a 
competition between customers 

where they have to visit the café 

frequently enough -> retention 

Dry 

cleaner 

Loyalty stamp card. 

You get 1 stamp for 
every visit 

The enhancing service invokes the 

psychological biases related to 
progress and thus increases the 

perceived value of using the same 

dry cleaner service. 

Gym Heya Heya Gym experience that sets goals and 

helps to monitor the progress of the 
training. 

It is important also to notice that according to this definition not 

all service systems combining games and other services involve 

gamification, as it is essential that the enhancing service supports 

the core service, not the other way around. For example, if a 

geocaching [10] game brings a customer to a public park, 

gamification has not occurred, as the core service is the 

geocaching game. In contrast, gamification occurs if the public 

park offers a geocaching game to its visitors. 

After the fact, it may be difficult to make the distinction between 

the core service and the enhancing service. Theoretically it is the 

customer‟s subjective perception that determines what should be 

considered as the core service. However before the fact, it is the 

gamification provider‟s perception that is decisive as it is the 

gamification provider who decides which service to gamify. Let 

us now, look how by referring to our definition of gamification we 

can identify gamification providers. 

8. FOUR POSSIBLE GAMIFICATION 

PROVIDERS 
It is not always the provider of the core service that also provides 

the gamification process. Based on our definition, we can identify 

four possible gamification providers, i.e. providers of the 

enhancing service. These are 1) The core service provider, 2) A 

third party service provider 3) The customer him/herself 4) 

Another customer. The enhanced service is provided either by one 

of these four parties or by a combination of them. Table 3 presents 

examples of gamified services with different gamification 

providers. 

Table 3: Examples of gamified services with different 

gamification providers 

Core 

service 
Enhancing 

service 
Gamified service Gamification 

provider 

Clothing 
store  

Loyalty 
program 

offered 
through 

Facebook 

deals [8] 

Customers who 
check in regularly 

using Facebook 
Places are offered 

reductions. 

Clothing store 
(core service 

provider) and 
Facebook 

Restaurant 

(e.g. 
Starbucks) 

Local Badges 

in Foursquare 

Customers who 

check in at least 
three times a week 

to a same location 

using Foursquare 
get a badge. 

Foursquare (a 

third party)  

Sports bar Drinking game 
[34] 

Deciding to 
incorporate a 

drinking game to 

watching hockey, 
for example. 

Customer 
himself/herself 

Coffee 

house 

Tip offered 

through 

Foursquare [9] 

Adding a quest-

like tip to other 

customers while 
they are waiting 

coffee. 

Another customer 

and Foursquare 

9. CONCLUSION AND DISCUSSION 
Game study literature and service marketing literature are for 

large parts complementary. However, the previously proposed 

definition of gamification by Deterding et al. [7] adopts a 

systemic approach, which seems incompatible with the 

understanding of value creation in service literature which, in 

contrast, emphasizes the experiential nature of services. 

In this paper, we have defined gamification from the perspective 

of service marketing as „a process of enhancing a service with 

affordances for gameful experiences in order to support user’s 

overall value creation. This anchoring of gamification into an 

existing body of knowledge of service marketing and its concepts 

like „service package‟, „value-in-use‟ and „service systems‟ will 

help subsequent research to examine how gamification can 

contribute to marketing sciences. It also provides the gamification 

research with proven theoretical models to build upon. The 

proposed definition is agnostic regarding the nature of the core 

service that is being gamified. Thus, it challenges the view that 

gamification can only happen when game-like elements are used 

in non-gaming contexts. 

Using the proposed definition, we have also identified four 

possible gamification providers. This will help service providers 

when designing the gamification of their service. 

One interesting line for future research could be the investigation 

of customer loyalty cards and other widely used marketing 

techniques as gamified services. Gamification could also be used 

to expand the servicescape model presented by Bitner in 1992, 

from physical settings to more abstract constructions, as [1] have 

suggested. Servicescape gives a framework for the landscape 

where the service takes place and that is under the control of the 
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service provider [13]. Servicescape affects customers‟ behaviour 

and perceptions. An example of servicescape could be the layout 

of an IKEA store. The layout design forces the customers on a 

certain path that present numerous temptations to them. 

Gamification could be used to enhance the experiential 

dimensions of servicescape that lead customers to gameful paths 

through the service process. 
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ABSTRACT
A number of commentators have proposed adapting ele-
ments derived from game mechanics to workplaces, to moti-
vate employees via techniques that, the argument goes, have
proven successful in a videogame context, and thus may have
wider motivational applications. This general strategy has
become grouped under the term “gamification”. I argue the
gamification-of-work movement has at least two major pre-
cursors, one in the Soviet Union of the early to mid 20th
century, and another in American management of the late
20th and early 21st centuries. The Soviet approach focused
on games to increase productivity, via experiments ranging
from purely competitive games directly tied to productivity,
to attempts at morale-building via team games and work-
place self-expression. The American management approach
focused more strongly on a sense of childhood play, aim-
ing to weaken the work/play split, but often with games
and competition integrated into the framework. Neither ap-
proach is identical to the gamification-of-work movement,
but there exist significant overlaps, and thus both the his-
torical movements themselves, and the critiques that have
been directed at them, should be studied in order to bet-
ter understand how to approach current attempts in light of
past experiences.

1. INTRODUCTION
A recent trend, the “gamification of work”, aims to in-

tegrate game-design elements into the workplace, to im-
prove productivity and motivation. Some predict a whole-
sale change in how work is conceptualized [Burke and Hilt-
brand, 2011, Smith, 2011] and the growth of a billion-dollar
market in workplace gamification [Silverman, 2011]. What
its proponents hope to do is to capture some of the mo-
tivating power that game mechanics appear to have, and
redirect them towards non-entertainment uses. In enter-
tainment contexts, people play many hours of videogames
without being forced or paid to do so (while enjoying it!).
The hope is that there is an underlying motivational force at
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work that can be bottled and redirected towards motivating
employees and increasing productivity.

Gamification of work presents itself as a new movement:
game mechanics, the argument goes, have long motivated
videogame players, but just now are we realizing that they
can be also applied to motivate workers performing seri-
ous, productive work. Two precursor movements, however,
have had quite similar goals. The Soviet Union’s exten-
sive experiments with workplace-based “socialist competi-
tion” hoped to use the power of games and competition to
replace capitalist competition with something that would be
simultaneously more engaging and humane, yet would mo-
tivate high productivity. In a different country and era, the
1990s–2000s American management trend of “fun at work”
proposed reimagining the workplace as a fun and playful lo-
cale rather than one of work and drudgery, recapturing some
of what was seen as an intrinsic, child-like play; in practice
this trend included many game-like elements (though not all
play and fun is made up of game mechanics).

To the extent the goals and methods of these movements
overlap with the gamification-of-work movement, it’s useful
to investigate how this third coming of the gameful work-
place builds on or diverges from the previous two. The
novelty myth in gamification discourse obscures these con-
nections, which, besides any concerns for historical accu-
racy, misses an opportunity to consider how current meth-
ods might build on successes and avoid failures of the pre-
vious strategies. Deterding et al. [2011] take a first step to-
wards historical contextualization by discussing connections
to previous proposals for “serious” uses of games, such as
the serious-games movement, training games, edutainment,
and so on. Here, I focus on precursor movements specifi-
cally based in workplace management. I sketch the Soviet
and American approaches, and several critiques each has at-
tracted, as a first step towards integrating these historical
precursors into the current debate—something that could
benefit from much more work, as neither movement has yet
received a full historical treatment in its own right.

2. SOCIALIST COMPETITION
The attraction of gamification to the Soviet Union is not

hard to fathom: It promised a way to motivate workers with-
out relying on capitalist-style monetary incentives. Lenin
[1917/1964] proposed a theory of “socialist competition”, in
which workers, groups of workers, or factories would com-
pete with each other to motivate greater production. A wide
variety of experiments followed. A factory might be awarded
points for its performance, and win commendations as it
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surpassed various point thresholds. Teams building a bridge
could compete to see which side progresses fastest. Borrow-
ing a symbolic-motivation strategy used by armies, partic-
ularly productive factories or workers might be awarded a
medal such as the Order of the Red Banner of Labor. There
are many more examples, but to my knowledge no com-
prehensive study of the Soviet use of game-like elements in
an industrial context yet exists—hopefully a gap that will
be filled in due course by historians. However, a number
of examples from the construction of Magnitogorsk (Mag-
nitostroi) are discussed by Kotkin [1993]. Zemtsov [1991]
provides some general background.

Opponents from the left objected to socialist competition.
Communism had promised to eliminate the alienation of
workers, with monetary motivation replaced by a real en-
gagement with one’s work. Replacing money with bridge-
building games, giant commendation banners, and shiny
badges might seem more like a kind of bizarro-world cap-
italism, with payment in trinkets and coercion via rankings,
rather than a real change in the relation between workers
and work. Trotsky leveled just such a charge of “backward
capitalism . . . under the whip of a bureaucracy”, though he
left the door open to “competition, whose roots lie in our
biological inheritance” returning in a different guise [Trot-
sky, 1937/2004, p. 97].1 And in one anecdote [Kotkin, 1993,
p. 79], a carpenter and veteran Soviet partisan complained
that he was happy to work to build the new socialist coun-
try, but it was nobody’s business to tell him how to work,
or line him up in competition against a comrade.

Lenin and later Stalin [1929/1954] emphasized that so-
cialist competition really was supposed to be about real mo-
tivation. The term was replaced by “socialist emulation”,
distinguishing emulation, where those further behind try to
match the best, from competition, where those ahead try to
destroy those further behind. Their arguments along those
lines actually sound fairly modern in gamification. Points
and banners were not payment, but just encouragement and
recognition for engaged workers, providing indication and
acknowledgment of progress, and a comradely way to guide
workers towards where they should be going.

Workers were even encouraged to engage in more leisurely
gamification not directly related to production, with scope
for “end-user creativity”. One factory held a competition
among divisions to “elevate the cultural level of the work-
ers”, with entries including a division that decorated its work
area with artificial palm trees [Austin, 2004, pp. 194–195].
Factory competitions could blend fuzzily into sports compe-
titions: factories would not only compete against each other
in production, but also field teams in soccer leagues [Rior-
dan, 1980, ch. 5]. This attempted to leverage genuine game
competition, together with cultural aspects such as local city
pride and sports fandom, in an ambitious strategy of com-
prehensively gamifying industrial production.

3. FUNSULTANTS AND WORK AS PLAY
It’s understandable that leftists might debate how to re-

place the notions of work and wage-labor with something
else, perhaps less alienating. Since the 1990s, however, the
idea that work needs to be replaced with a more playful no-

1This all despite the fact that Trotsky himself had been
partly responsible for the original conception of socialist
competition [Service, 2009, p. 269].

tion has become a popular view among management consul-
tants. At first glance this is a bit strange: one can imagine
why a communist would want to reconceptualize work as
something other than wage-labor, but why does a capitalist
have a problem with it, and find it in need of a revamp?
Instead of trying to organize the workplace as a game, why
not just organize it like a workplace, and, in the traditional
manner, pay people the market value of their labor to per-
form whatever work the employer desires?

Among management consultants, there appear to be two
main motivations for turning away from the traditional con-
ception of work-for-pay. The first is more mercenary: some
in business hope that there exist non-monetary incentives
that can elicit additional labor, thereby motivating workers
with things that are“free”(such as internal competitions and
points), rather than having to pay out as many monetary
incentives, such as traditional performance bonuses. The
second worry is that certain kinds of productivity are sim-
ply impossible to monetarily incentivize, and instead require
somehow producing intrinsically motivated, happy workers.

This idea seems to have largely caught on with 301 Ways
To Have Fun At Work [Hemsath and Yerkes, 1997], a survey
of things companies had started doing to inject fun into the
workplace. This book focuses mostly on “fun” in a general
sense rather than “play” or “games” per se, though there are
a few examples of turning corporate training seminars into
games. A book in a similar vein, but written at a consider-
ably more rigorous level, followed the next year: Corporate
Celebration: Play, Purpose, and Profit at Work [Deal and
Key, 1998]. It placed a bit more emphasis on targeted cel-
ebrations and team-building activities, to make employees
feel appreciated and part of a family.

An early prominent critique, albeit not a particularly aca-
demic one, comes in the 1999 film Office Space. In one scene,
employees are expected to express their creativity and the
fun of their workplace by wearing “pieces of flair” pinned to
their clothing. Not all employees appreciate this mandatory
enthusiasm, and, at least in the film, it ends up seeming
a rather dystopian perversion of fun. The general style of
workplace gamification in this example has some similar-
ity to the workplace-palm-tree example in the Soviet Union:
a recurring theme in both the Soviet and the 1990s “fun-
sultant” version of fun-at-work is to include not only play
elements that are directly connected to work (such as points
for performance, or competitions), but also elements that
attempt to make workers feel like they have a stake and
expressive role in their workplace.

The turn of the 21st century saw a flurry of activity. The
best-seller Fish! A Remarkable Way to Boost Morale and
Improve Results [Lundin et al., 2000] uses an anecdotal story
of employees having fun at the Pike Place Fish Market to
promote reconceptualizing the drudgery of work as a fun, en-
gaging experience. The same year, Lessons from the Sand-
box: Using the 13 Gifts of Childhood To Rediscover the Keys
to Business Success [Gregerman, 2000] looks back to child-
hood play, and “explores 13 key gifts or talents we all pos-
sess naturally as kids that are also essential to success in the
business world”. The advice here is a bit banal and vague,
but proposes a fun workplace where employees play together,
with the subsidiary inclusion of a few segments advising that
you set up games that motivate work goals. Parts are hard
to read without thinking of the dystopian-forced-play cri-
tique leveled by Office Space, with one example in the book

24



involving laughter-count targets:

Take Stock of Your Commitment to Play

Now make a log of your workday that records
how much time you devote to playing, having
fun, and actually engaging the world around you.
Then note the number of times you and your col-
leagues laugh. Use this “inventory” as a baseline
for redefining the role of play and fun in your
performance.

The following year, we find Fun and Gains: Motivate and
Energize Staff with Workplace Games, Contests and Activi-
ties [Greenwich, 2001]. Parts are a rehash of the late-1990s
books, but this one features an increased focus specifically
on using contests to motivate employees.

Around this time, the academic management literature
began publishing a smattering of articles investigating the
fun-at-work trend. Redman and Mathews [2002] found mixed
results, cataloguing some benefits and some problems. Some
research began to focus on the impacts on employee morale,
as well as cataloguing subjective employee opinions (and
how that might be modulated by demographics, types of
job, etc.). Other research attempted to quantify whether
this funification trend actually had measurable impacts on
corporate profits. In the latter line of investigation, a PhD
thesis, Who Put the Fun in Functional? Fun at Work and
its Effects on Job Performance [Fluegge, 2008] claimed to
find fairly positive empirical results.

The end of the decade saw academic attention arrive from
outside the business-management literature, most of it crit-
ical. The main cluster theorizes fun-at-work, gamification-
of-work, and corporate play as new forms of informal con-
trol by corporations over their employees, and in particu-
lar, forms of control that try to harness traditionally non-
employment-oriented values such as “self-expression” within
the workplace context.

Among works in this vein, several representative examples
can be mentioned. The book-length survey Authenticity and
the Cultural Politics of Work: New Forms of Informal Con-
trol [Fleming, 2009], devotes a chapter (chapter 3) to “the
antimonies of corporate ‘fun’ ”, arguing in part (as the title
hints) that workplace fun is an attempt to harness the previ-
ously subversive character of informal games that employees
play at work, incorporating even those into the official job,
which coopts them into a way of informally directing work
(but directing it nonetheless). Fleming and Sturdy [2011]
expand on similar themes, and discuss the role of play at
work as something to divert attention from more traditional
methods of control that might otherwise prove unpopular.

Fisher [2009], as part of a larger investigation into the way
modern corporations oddly reproduce some of the features
of Stalinist management style (large, dysfunctional bureau-
cracy, with a demand that workers not only obey, but ac-
tively profess to love it), recalls Office Space’s critique of
self-expression and being-yourself in a corporate context:

Here, staff are required to decorate their uni-
forms with “seven pieces of flair”, (i.e. badges or
other personal tokens) to express their “individ-
uality and creativity”: a handy illustration of the
way in which “creativity” and “self-expression”
have become intrinsic to labor in Control soci-
eties; which, as Paolo Virno, Yann Moulier Bou-

tang and others have pointed out, now makes af-
fective, as well as productive demands, on work-
ers. Furthermore, the attempt to crudely quan-
tify these affective contributions also tells us a
great deal about the new arrangements. The
flair example also points to another phenomenon:
hidden expectations behind official standards. Jo-
anna, a waitress at the coffee chain, wears exactly
seven pieces of flair, but it is made clear to her
that, even though seven is officially enough, it
is actually inadequate—the manager asks if she
wants to look the sort of person “who only does
the bare minimum”.

Focusing more on games per se rather than self-expression,
Andersen [2009], in a Foucauldian critique, analyzes the in-
creasing use of games in workplaces as a reorientation of
power away from explicit, hierarchical forms. Where the
boss and chain of authority may have structured work via
openly expressed fiat, such power-wielding looks increasingly
clumsy, and is in the process of being replaced by methods
that simultaneously structure work while claiming to sus-
pend their own power to do so, having turned it over to more
distributed, apparently autonomous decision-making within
game-like frameworks. He later expands this into a gen-
eral theory of “hybrid forms of governance”, of which work-
place gamification is one [Andersen, 2012]. These constitute
approaches to organizational management (especially cor-
porate management) that simultaneously want to exercise
traditional control, while also suspending such traditional
control: “deparadoxification machines” that try to find ways
to tell employees, “Do as I say. Be autonomous.”

4. CONCLUSIONS
There are at least two precursors to the gamification-of-

work movement, and associated literatures advocating for
each: an early to mid 20th century period in the Soviet
Union, which tried such experiments in the context of an
attempted move away from capitalist work relations; and
a more recent period in the West, which tried such experi-
ments, instead, in the context of an attempted move within
capitalist workplaces towards offices that are more efficient
and harmonious. What remains to be seen is what lessons
can be learned from these experiments, what similarities to-
day’s gamification-of-work movement may have with such
precursors, and, perhaps especially, how the critiques of
these previous efforts can be addressed in today’s. The cur-
rent assumption of many gamification proponents appears
to be that there are few precursors to their efforts, which
obscures such historical lessons.

There are likely also genuinely novel, unexplored elements
in the more recent gamification-of-work efforts, which might,
too, be better understood if viewed against this history. One
line of thought posits a generational change caused by to-
day’s younger workers having grown up playing videogames.
In contrast to the focus on childhood play in some of the
fun-at-work literature, such a hypothesis argues that in the
videogame era, game mechanics are deeply embedded in peo-
ple’s thought processes in a way that is qualitatively different
from the relationship previous generations had with games
and play. Thus, rather than business harnessing the “lessons
from the sandbox” of Gregerman [2000], perhaps there are
new “lessons from the Xbox” to harness, where videogames
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with their mechanics, rather than open-ended playground
fun, represent the most promising reference point for work-
place management to mine. Deterding [2012] traces the
origin of this gamer-generation argument—while criticizing
it—to the book Got Game: How the Gamer Generation is
Reshaping Business Forever [Beck and Wade, 2004].

A key conflation is between many of these related con-
cepts: fun, game, play. The gamification-of-work movement,
compared to what I’m grouping under the fun-at-work label,
puts more focus on motivational techniques borrowed from
games, rather than entertainment techniques; nonetheless,
a certain undertone of effortless fun is often present in gam-
ification advocacy, and game-like elements were some of the
more prominent concrete features of fun-at-work proposals.

The Soviet approach may have the most direct similarities
to gamification of work, since there the focus was squarely
on motivating productivity, and negotiating (in at times a
very modern-seeming way) the rough waters between in-
trinsic motivation, competitive sentiment, performance mea-
surement and metrics, and extrinsic rewards. Since Soviet
workplace management is not widely considered a model
to emulate (to put it mildly), a key question is whether
it serves primarily as a negative case study, or whether
some of the gamification ideas themselves were good, but
poorly implemented in the context of a Stalinist political
system. The Soviet attempt degenerated into bureaucrati-
zation and an increasingly totalitarian version of “competi-
tion” that reached its height during the Stakhanovite and
shock-brigade period. In that period, “socialist emulation”
became a dystopian management culture in which workers
were expected to “voluntarily” meet ever-higher production
quotas. Milder echoes of that potential failure case, where
internal games de facto become a means of setting quotas,
can also be found in the critiques of fun-at-work. However,
a full postmortem does not seem to have been carried out,
to clarify what really took place in the largest real-world
example of workplace gamification.
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ABSTRACT
Technology trees have been used in the digital game indus-
try for over two decades. They are in very common use at
least in strategy and role-playing games. However, the aca-
demic interest towards the matter seems to be almost nonex-
istent. Although the basic concept may be rather simple and
well-understood as far as the industrial points of view are
considered, we believe that it would be beneficial to study
the issue also academically. In this survey we discuss using
technology trees in digital games and present classification
criteria for facilitating further studies.

Categories and Subject Descriptors
E.1 [Data Structures]: Graphs and Networks; E.1 [Data
Structures]: Trees; H.5.0 [Information Systems]: Infor-
mation Interfaces and Presentation—general ; H.5.2 [Infor-
mation Systems]: Information Interfaces and Presenta-
tion—user interfaces; I.2.1 [Artificial Intelligence]: Ap-
plications and Expert Systems—games; I.2.1 [Artificial In-
telligence]: Problem Solving, Control Methods, and Search;
I.6.5 [Simulation and Modeling]: Model Development;
I.6.3 [Simulation and Modeling]: Applications; J.0 [Com-
puter Applications]: General; K.2 [Computing Milieux]:
History of Computing—software; K.4.0 [Computing Mi-
lieux]: Computers and Society—general

General Terms
Design, Human Factors

Keywords
Digital gaming, gaming, technology trees, techtrees

1. INTRODUCTION
Recently, the game industry has become an extremely im-
portant branch of industry. The computer and video game
markets are huge, as is the amount of money involved; the
U.S. sales grew rapidly from $2.6 billion in 1996 to $10.5
billion in 2009 [10]. Hence, several aspects of digital gaming
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have been studied rigorously. However, some interesting and
widely used issues have virtually been omitted. There are
some publications about optimizing decision-making policies
in strategy games, but as far as we are aware of, the funda-
mental structures defining the development possibilities in
many games – different kinds of progression graphs – have
not been studied much. This makes it hard to give mean-
ingful references to related academical work – and thus to
carry out research work on the matter.

Technology tree, also known as techtree or tech-tree, is a tra-
ditional name for a progression graph defining or depicting
the relations and dependencies between technologies. Tech-
nology trees are often fundamental parts of modern com-
puter games. This is especially the case, when consider-
ing games of the genre “explore, expand, exploit, and exter-
minate” (4X). There are technology trees in most strategy
games [17, 28]. They are used for presenting the hierarchical
structures of development possibilities of different technolo-
gies and keeping track of the achieved – for instance, scien-
tific – development levels. Nowadays, also other game genres
use similar progression graph structures, which also can be
seen as technology trees with liberal enough definition of the
word “technology”.

The aim of this paper is to consider different technology tree
semantics and usages found in actual games. We present
observations on subtypes and possible classification criteria
for technology trees. Besides, the overall purpose of this
paper is to promote and encourage further research work on
the topic.

This paper proceeds as follows. After the situation concern-
ing the related work is illuminated briefly in Section 2, our
views and basics of technology trees are discussed further
and some terminology used is explained in Section 3. Then,
a short overview of the history of using technology trees in
digital games is given in Section 4. After that, Section 5
proposes possible technology tree classification criteria. No-
tions of them, based on an example game selection, are fi-
nally presented in Section 6 before concluding the paper with
Section 7.

2. RELATED WORK
There is a wide array of literature available considering digi-
tal games. Different textbooks cover various topics like game
design (see, e.g., [3], [18], or [1]) or artificial intelligence (AI)
in games (see, e.g., [13], [7], or [6]). Some of these books
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mention the existence of technology trees, but usually only
with couple of words.

Nowadays there are also a lot of academic game publica-
tions. They, also, cover many important topics from finding
routes to creating AIs for playing a given game. However,
we are aware of only one peer reviewed publication [12] fo-
cusing on technology trees so far. In that paper, ideas for
analyzing technology trees and measuring their properties
are discussed.

Besides that, the most closely related peer reviewed publica-
tions seem to be those considering decision-making processes
and strategies in real-time strategy (RTS) game settings –
settings including technology trees in some form. Also mak-
ing decisions about constructing buildings – which buildings
should be built and when – have been included in this kind
of studies. For instance, dynamic scripting has been used
for this [23, 24]. However, the relevance of these publica-
tions for this paper is somewhat limited; while some kind
of a simple technology tree is often used in these kind of
studies for fixing the action possibilities, the research focus
is typically in completely other matters, and trees are only
used as given.

Different AI frameworks and game engines have been imple-
mented and competitions have been organized for improving
the quality of digital game AI in general. See, for instance,
[8]. However, the main focus aspects seem to differ from the
research or technology development process.

3. SEMANTICS AND BACKGROUND
Often the term technology tree refers only to the graphical
representation of a hierarchy of technologies. In this paper,
however, the term is also used, when referring to the corre-
sponding graph-like information structure or to the abstract
idea of the hierarchy with some semantics attached. The
meaning should be clear based on the context.

Despite the name, technology trees are not necessarily proper
tree structures, but resemble usually directed acyclic graphs1

(DAGs). Often nodes of different branches have common
children. This is the case, when a technology has prerequi-
site technologies (parents) from different branches. In tech-
nology trees there can also be several possibilities for the
first technology to be developed2.

A part of an example technology tree is depicted in Fig-
ure 1. There are two possible initial technologies, “Stick”and
“Stone Tools”, and the directed edges (dependencies between
technologies) are represented as arrows. One may develop

1Usually there can be at most one edge between two nodes,
but directed multigraphs can also be used – with the as-
sumption of edges being individual objects with their own
properties. This way, some expressive power can be added
to the conventional graph representation – parallel edges
can represent, for instance, different processes leading from
a technology to another.
2It would be tempting to call such nodes roots, but as they
are not necessarily roots according to the common defini-
tion in graph theory – all the other nodes in a technology
tree cannot necessarily be reached via a path starting from
this kind of a node – we refrain from calling them roots for
avoiding confusion.

Figure 1: A simple (partial) technology tree.

technologies only after having developed corresponding pre-
requisite technologies, i.e., “Agriculture” can be achieved
only after having knowledge of “Fire” and “Wheel”, and so
on.

Technology trees are usually basically dependency graphs.
The general requirement for acyclicity is easy to derive for
the common cases, in which all the dependencies must be
satisfied in order to develop a technology; if there were cy-
cles, they could not be entered. (Cycles can, of course, be
allowed, if all the edges of a graph are not interpreted as
prerequisite relationships, or if satisfying only some of the
prerequisites is enough for developing a technology. How-
ever, cyclic structures are not conventional.)

Another misleading convention is to refer to a collection con-
sisting of several separate internally connected DAGs (or
other “trees”) as a single technology tree. It would be more
clear to use the term technology tree only, when referring
to a connected digraph (used to represent development pos-
sibility relations with some needed data associated to the
nodes and edges). Collections of such separate “trees” could
be referred as technology forests, but in this paper we stick
with the convention and use the term technology tree. We
allow technology trees be arbitrary directed graphs with
semantics and possible additional data attached to them.
Thus, they may be composed of separate subtrees, not con-
nected to each other. (On the other hand, while such sub-
trees also fulfill our definition for technology trees, the term
does not need to mean always the whole subtree collection,
but may refer to a single subtree as well.) The short form
“tree” should also be understood to refer to such a technol-
ogy tree for the rest of the paper.

So-called technologies appear in many flavors. It is hard
to characterize, what makes a technology a technology in
the structures conventionally referred as technology trees.
Moreover, other progression graphs, like “skill trees”, “feat
trees”, “perk trees”, or “talent trees” used in character devel-
opment in computer role-playing games (CRPGs), do not
really differ from conventional technology trees. Therefore
we choose not to make a distinction between different types
of progression graphs; we use the word “technology” in this
paper extremely liberally: basically anything achievable by a
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research, training, building, or other process, typically with
some other technologies as prerequisites, can be seen as a
technology. Thus, we use technology trees as a general term
covering progression graphs in digital games.3 For instance
the following have been used in real games as technologies
in the sense we use the word: Armory, Barracks, Hellfire
& Brimstone, Fox Lady, Heaven and Earth, Ninjutsu, Pig
Farm, The Five Elements, Way of Chi, Rifling, Replaceable
Parts, Flight, Stealth, and Computers [27, 4, 5, 21].

By“developing a technology”we mean any process that aims
at achieving the benefits (and disadvantages) of it. Such a
process could be, e.g., simply building some advanced build-
ing. Usually the “scientific” development process is called
research; it is possible, for instance, that virtual researchers
contribute producing science points, and when there are
enough of them, the technology that is researched can be
unlocked. In many 4X games and CRPGs this unlocking
mechanism is binary: either a technology has been developed
or not. However, this does not have to be the case; tech-
nologies can, in some cases, be developed gradually. For in-
stance, in Space Empires V (Malfador Machinations 2006),
many technologies have several levels [26]. After developing
a technology to some level, one may continue researching
the same issue in order to obtain higher-level benefits of the
same technology. Often different levels of such technologies
give the same advantage, with the magnitude depending on
the level. For instance, level 1 in “crowd control” could pre-
vent one inhabitant in every city from rising up in mutiny,
level 2 could prevent two inhabitants from doing that, and
so on.

Of course, for the technology tree system to have any pur-
pose at all, developing technologies should reward the player
somehow. In modern RTS games, it is almost always ben-
eficial to traverse the technology tree [2]. New technolo-
gies may offer, for instance, access to more advanced units
or buildings, government types etc. (For some games it is
enough to have building and unit types as technologies.) On
the other hand, technologies may also have downsides. Us-
ing some advanced technology can, e.g., be expensive, or
it can disable the possibility to use some (or all) benefits
offered by another technology. Sometimes all the technolo-
gies in the tree cannot be developed, but the player may be
forced to choose between technologies or branches of the tree
to be explored. Thus, developing a technology can close a
possibly more suitable path to proceed.

So-called gating is an important concept, when discussing
the flow of a game. The term emerged from an assessment
(play-testing) program of Portal (Valve Software 2007) [20].
The idea was to limit the possibilities of a player to rush
forward too fast and thus become frustrated by too hard
challenges. Gating can be seen as a wide area of controlling
the game flow. There can be many kinds of advance-limiting
mechanisms – or “gates”. Often technology trees play an im-

3We could, of course, have chosen to use, for instance, term
“progression tree” to emphasize the inclusive nature of the
term used. However, we wanted to avoid introducing new
terminology; technology tree is an established term. It also
highlights the presence of some kind of “progression nodes”
(even if the name technology may not always be very de-
scriptive), unlike “progression tree”.

portant role in this gating process; one cannot advance (at
least successfully) in a game without good enough technolo-
gies. In addition, developing technologies may open totally
new in-game possibilities and make it possible to try and
tackle new kinds of challenges.

Technological research work can also be seen as a means of
exploration in non-physical domain [17]. If considered as
such, it is essential to offer players meaningful and interest-
ing possibilities for conducting technological development;
while humans are curious creatures, exploring new frontiers
can be intriguing. Thus, a good technology development
process – usually meaning good technology trees – can im-
prove dramatically the interestingness of a game.

4. TECHNOLOGY TREES IN DIGITAL
GAMES: A GLANCE TO THE PAST

This sections presents a short overview of the history of using
technology trees in digital games. For this purpose, some
games are mentioned, but many other good examples have
been omitted simply for brevity.

Digital games (video games) can be seen as ”natural growth
of traditional games into a new medium” [19]. The roots
of digital strategy games are in board game domain [17].
Thus, many early digital games featuring technology trees
were heavily influenced by board games. While the neces-
sary bookkeeping could be done by the computers instead
of human beings, the technology development mechanisms
were able to grow more complex than those used in board
gaming. Digital games can feature objects having states
defined by complex variable sets because of the abilities of
programs of tracking the variables. [11].

Technology trees (using our liberal definition) are known to
be used with board games (like Dungeons & Dragons (Gary
Gygax and Dave Arneson 1974)) in the 1970s, maybe even
earlier. The first – at least commonly known – technology
tree in the conventional sense appeared in the board game
Civilization by Francis Tresham in 1980.

In 1991, Sid Meier’s Civilization (MicroProse 1991) – a com-
puter game inspired, among others, by that board game –
was released. It (often called shortly Civilization or Civ)
gained popularity and influenced heavily later digital strat-
egy games. Sometimes this Civilization is mentioned as the
first digital game using technology trees.

However, technology development had been around in com-
puter gaming domain even before that. As an example, let
us mention Reach for the Stars (Roger Keating and Ian
Trout 1983) – an important game for the birth of the 4X
genre. It was published in 1983 and had possibility to de-
velop “ship tech”. In 1993, Master of Orion (Simtex 1993)
was published by MicroProse. A review of it [9] used abbre-
viation XXXX, from which 4X was derived.

Civilization and Master of Orion were early, popular ex-
amples of turn-based strategy (TBS) games, in which tech-
nological advancement (and technology trees) played a cen-
tral role. The ideas were soon adopted also to the RTS
genre. Dune II: The Building of a Dynasty (Westwood Stu-
dios 1992) featured building upgrades for developing better
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units (i.e., a technology tree). This scheme was followed by
several other representants of the genre, like Warcraft: Orcs
& Humans (Blizzard Entertainment 1994) and Total An-
nihilation (Cavedog Entertainment 1997). Technology de-
velopment based on constructing buildings became de facto
standard of proceeding in RTS games.

Still other genres adopted the idea of technology trees, most
notably CRPGs. In these games, the focus is on the de-
velopment of individual characters, not in the development
of armies or empires. Therefore, the technologies in role-
playing game settings typically represent personal abilities,
perks, traits, feats or skills – i.e., different personal charac-
teristics. Terms like “feat tree” or “perk tree” are often used,
but with our definition for technology, the term technology
tree can be used as well. Some examples of CRPGs with
technology trees are Star Wars: Knights of the Old Republic
(BioWare 2003), Witcher (CD Projekt RED STUDIO 2007),
Dragon Age: Origins (BioWare 2009), Deus Ex: Human
Revolution (Eidos Montreal 2011), and Skyrim (Bethesda
Softworks 2011).

5. CLASSIFICATION ASPECTS
There are many kinds of technology trees and different ways
to use them. Thus, there are also several aspects that could
be used for characterizing and classifying technology trees.
In following subsections, some of them are discussed.

For identifying these aspects, the usage of technology trees in
several games was considered. However, the consideration
was not based on any standard game set. In fact, giving
any explicit list of games of influence would be misleading,
as such a list would almost necessarily be incomplete: the
ideas for different aspects are results of observing numerous
games over a long time. However, some of these games are
listed in Table 1 (see Section 6). The set of games used is
definitely biased, e.g., by personal interests and availability.
Thus, we do not claim the set of classification aspects to be
complete, but rather a set of aspects identified so far.

5.1 Graph Structure and Organizational
Semantics

As we use the term technology tree rather liberally, our con-
sideration is not limited to expanding, forest-like technology
trees. Although such trees occur often, for instance, in Civ-
ilization-style strategy games, there are also different struc-
tures. For instance, technologies can be organized simply as
a set without prerequisite technologies. In other words, it is
possible to have a technology tree without edges. Of course,
the benefit of thinking technology trees as graph structures
is somewhat lost, if there are no edges. Star Ruler (Blind
Mind Studios 2010) uses a mesh-like “research web” tech-
nology collection. Some games use separate – sometimes
chain-like – technology trees for different technology cate-
gories or research tracks, while some use heavily branching
technology trees with intertwining research areas.

In addition to changing the organization and hierarchy be-
tween the technologies, one can adjust the semantics of them.
Usually edges between technologies are used to control the
possibilities to develop successor technologies. There may
be exceptions to this rule of thumb, but even in this basic

case the semantics of the edges may differ; most importantly,
there may be AND prerequisites and OR prerequisites for
technologies. By OR prerequisites we mean technologies ca-
pable of making it possible to develop a successor technol-
ogy by themselves, while in the case of AND prerequisites,
a high enough level of development (LOD) is required for
all of them, if the corresponding successor technology is to
be developed. It is not conventional to mix these different
kinds of dependencies into a single technology tree, but it is
possible. Perhaps dependency type mixing could be used for
obtaining more realistic trees; in the real world, some things
have several obligatory prerequisites, while others can be
achieved with different approaches and backgrounds (i.e.,
with different prerequisite technologies).

5.2 Rigidity
Usually technology tree structures in games are fixed and in-
variable. This is a problem, when considering replayability
[22]. As the replayability value of a (story oriented) game
can be increased by storyline variations based on player be-
havior [29], similarly variations in technology trees on dif-
ferent times a game is run make the game more interesting
and replayable. Having such variable technology trees is,
however, extremely rare. Of course, it is “safe” to use only
fixed technology trees; play-testing and balancing can then
be carried out more reliably.

Although if the technology trees are rigid, they can be dif-
ferent for different game factions. For instance, in Galactic
Civilizations II: Dread Lords (Stardock 2006), each species
has its own technology tree [22]. This way, the replayabil-
ity value can be increased with some degree – if the players
are willing to change factions from time to time (or even for
every new game).

Different tricks can be used for making a technology tree ap-
pear to be changing temporally. For instance, certain tech-
nologies in the tree can be revealed by in-game events. An
example of this is making a language translation technologies
appear only when the corresponding species is encountered
for the first time.

Sword of the Stars (Kerberos Productions 2006) and Sword
of the Stars II (Kerberos Productions 2011) are examples
of digital games with variable technology trees. They ran-
domize their technology trees for each game [14]. How-
ever, the randomization means simply leaving some non-
core technologies out. So, the “base technology tree” is still
a rigid structure, and it is modified by removing technolo-
gies. Similar randomization scheme was also used already
over a decade earlier in Master of Orion.

The variability seems to be more usual among board games,
but often they have basically only flat sets of possible tech-
nologies to develop, as, for instance, the 4X space strategy
board game Eclipse (Touko Tahkokallio 2011) does. The
lack of complex tree structures simplifies the matter of of-
fering variability.

5.3 Technology Types
Technology trees are used for various purposes. In tradi-
tional 4X games, at least following technology types are of-
ten used:
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• abstract technologies,

• building technologies, and

• movable unit technologies.

Building and movable unit technologies are “physical tech-
nologies”, of which instances – buildings and movable units –
can be produced to perform tasks. Buildings are usually spa-
tially fixed, unlike movable units. Often movable units per-
form tasks like gathering or producing resources and fight-
ing. These tasks can also be performed by buildings – for
instance, cannon tower can attack nearby enemies, oil plat-
form can be used for extracting oil, and library can produce
science. One important role of buildings is to provide mov-
able units: for instance, archers may be trained at archery
ranges, swordsmen at barracks, and so on. Both movable
units and buildings can in many cases be upgraded. Both
of them may have some “health point” amounts for keeping
track of their integrity. Because of the only fundamental
difference between movable units and buildings is usually
the ability to move, we use term unit to cover both of these
types.

By abstract technologies we mean technologies that do not
have “physical” instances in the game. Developing such
technologies can lead to possibilities to produce new kinds
of units or units of higher quality, or give other benefits.
An important role of abstract technologies is often only to
make it possible to develop other technologies; thus, they
can serve as gating factors, controlling development possi-
bilities. They can be added on a technology tree skeleton
and thus the properties of the final technology tree can be
adjusted.

Technology development process based on constructing and
upgrading buildings (or other units) is traditionally used a
lot in RTS genre, while abstract research has been heav-
ily used in TBS games. When considering the unit-based
approach, constructing a unit with production or further
upgrading capabilities can also be seen as acquiring an ab-
stract technology with the benefits given by the physical
unit. Therefore, unit technologies can occasionally be seen
– not only as products of having a technology, but as incar-
nations of technologies themselves. On the other hand, other
games offer really abstract technologies – often in a tree –
making it possible to produce certain kinds of units. In this
case, such units cannot be equated with the technologies.

Technologies in trees used in modern digital games con-
taining role-playing game elements represent typically feats,
skills, traits, or perks of game characters. Usually, these
kind of trees are used for making development of the main
protagonist (and possible party members) possible; often
the player may choose new abilities to be unlocked, when
gained enough experience and“leveling up”. Some skills may
also grow better, when performing enough actions related to
them – on the other words, through practice – as in, e.g.,
Skyrim or in preceding games of the Elder Scrolls series. For
instance, picking a lot of locks may make a game character
better in the art of lockpicking.

On the other hand, also some strategy games, like Total
War: Shōgun 2 (The Creative Assembly 2011), use perks
or traits that accumulate on units (or their leaders) – thus

adding a layer of personalities into the game. The player
may not have – at least full – control over such develop-
ment. Even if units do not have truly individual perks or
traits in a strategy game, some kind of an experience bonus
system – and technology trees for different units – may be
offered. This makes it possible to see development happen-
ing in unit level and to distinguish between otherwise similar
units. For instance, combat experience may reward a unit
with a veteran status and some advantage for the battles to
come.

5.4 Size
The size of a technology tree is usually rather small. How-
ever, there is great variance between different games. There
are games with massive technology trees with hundreds of
technologies. An example of such a game is Warzone 2100
(Pumpkin Studios 1999, nowadays developed as an open-
source game by Warzone 2100 Project) with a technology
tree over 400 distinct technologies. Civilization V (Firaxis
Games 2010), on the other hand, features “only” 74 of them
in its main technology tree. Skill trees and the like are often
even considerably smaller. For certain point of view, this is
understandable; this way players do not feel overwhelmed by
the enormous amounts of possibilities. Usually technology
trees are also planned and realized by human beings with
limited time and other resources. Balancing huge technol-
ogy trees is a very hard task [25]. It is challenging to find
and root out all the possible “invincible combinations” in a
large set of possible paths of development.

The matter of size is somewhat related to the matter of
rigidity: if “intelligent”and efficient ways of generating tech-
nology trees automatically will be developed, the sizes will
be able to grow. (Of course, players can still be protected
from the information overflow, if necessary, by limiting the
view of the possibilities or by pruning.)

5.5 Technology Development Process
Many games use simple “binary development process”, in
which technologies are either developed or not. Occasion-
ally it is, however, beneficial to have more LODs. For in-
stance, in the games of the Space Empires series, there are
often several levels to be researched for a single technology.
Technologies can be developed either one at a time, as in
Star Ruler, or the research (or corresponding) can be dis-
tributed somehow among different development projects, as
in Master of Orion.

Time for developing a technology is typically fixed or de-
pends straightforwardly on the resources allocated for the
development. However, some games, like Sword of the Stars,
try to emulate the uncertainties of the real life regarding
schedules and results; the player can see only an estimate of
the time needed for (possibly) developing a technology.

5.6 Resources
In some games technological advancement is only a matter
of prerequisite technologies and time. Often, however, also
other resources besides time – like money or metal – are re-
quired for conducting research or carrying out construction
work needed for technological advancements. In many strat-
egy games, it is essential to secure sources of resources and
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Table 1: Technology tree properties of some real games.

transport lines from them in order to be able to build units.
It is rather common to have some kind of a “worker” unit
type, capable to harvest and transport resources for storing.
A typical example of such a game would be, for instance,
Warcraft: Orcs & Humans. In Total Annihilation, resources
are not collected and transported in lumps, but they are
“streamed” from their sources with a constant rate.

There are large differences between games, when consider-
ing the amounts of separate resource types used. There are
games with very few types and others with wide collections
of them. This choice seems to be a matter of the focus and
the target audience of the game. Some kind of a way to
handle economy is usually wanted, but many games take a
somewhat simplistic line – and use only few resource types
– for keeping the game fun. On the other hand, there are
players that enjoy managing a complex economy with sev-
eral kinds of resources.

For instance, in Sword of the Stars there are only money and
industrial points in use [15], while Star Ruler features eight
resource types (six “global” resources and two planetary re-
sources). Civilization V divides its resources into three cat-
egories: there are 6 bonus resources, 6 strategic resources,
and 15 luxury resources [21]. Although the total amount
of resource types is rather large, it should be kept in mind
that not all of these are equally important for succeeding in
the game. The strategic ones are typical resources, needed,
for instance, producing certain kinds of units. Other types
can be used for gaining additional benefits, for instance, by
trading them with other factions.

Different resource types involved in technology development
processes could – especially in strategy games – be classified,
e.g., into harvestable (often “natural”) resources, refined re-
sources, and abstract resources. Traditional harvestable re-
sources are the resources that can be collected and gathered
from suitable world locations. Refined ones are the resources
that can be obtained by refining harvestable or other refined
resources (or combinations of them) by special units, like
factories. Abstract resources are resources that are not har-
vestable or refined ones, e.g., money or science points. They
can be produced by different – possibly complex – processes,
often by population or facilities.

The traditional resource harvesting process – and resource-
carrying workers – can be abstracted away; some games, like
Star Wars: Empire at War (Petroglyph 2006) and Company
of Heroes (Relic Entertainment 2006), have effectively re-
placed the resource harvesting scheme by getting resources
by controlling strategic locations.

6. OBSERVATIONS
Based on the presented classification criteria, data of some
representative real games have been gathered to Table 1.
While the data set is rather limited, it is hard to draw
definitive conclusions, but certain notions can still be made.
The uppermost games listed are taken from the TBS genre.
They are followed by representants of RTS games, and in
between there are two games, Sword of the Stars and To-
tal War: Shōgun II, mixing turn-based strategic game with
real-time battles. After RTS games appear games featur-
ing role-playing elements. Inside each of these game classes,
games appear in the temporal publishing order. (See the
“Year” column for the publishing years.)

The technology tree layouts for most of these games are
somewhat similar; the technologies are divided into differ-
ent categories based on semantics, and there is a subtree
for each category. Category amounts and sizes vary a lot.
Civilization V and Warzone 2100 can be mentioned as ex-
eptions; the division between categories is not clear, and
there are inter-category connections. Star Ruler has quite
peculiar approach with its grid-like technology tree and pos-
sibility to find connections.

Inside the “Tree size” column of the table, every asterisk
denotes 50 technologies, with rounding done upwards. Only
the sizes of the“main technology trees”are considered. Many
games, however, use technology trees for several purposes (so
that it is natural to consider them as separate trees); thus it
may be hard to define, which one is the main tree. We also
only have considered“different”technologies when determin-
ing the technology amounts, meaning that the technologies
should have, for instance, different names or influences to
the game. If each technology level is considered separately
as a technology, the total amount of such technologies may
be very high in games featuring several LODs. Regarding
to the RTS games, we only have considered building types
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as technologies, even if some unit types could also be seen
as such. Comparing the sizes of different trees in different
games with different technology development requirements
and time steps is extremely hard, so the size of the tree as
such is a poor measure, when classifying technology trees.
Thus, the sizes, as they appear in the table, should not be
considered as hard facts, but rather only as fuzzy indicators.

Generally it seems that RTS games tend to have smaller
technology trees than TBS games. (Exceptions occur, of
course, like the RTS gameWarzone 2100 with over 400 tech-
nologies.) Many RTS games focus on military combat [16].
This may explain the difference in tree sizes; the RTS games
generally emphasize battles and tactical aspects, while TBS
games put typically more weight on strategic technology de-
velopment – thus needing bigger trees. It may also be more
demanding to construct large technology trees with basi-
cally mere buildings and unit upgrades – as is conventional
in the RTS genre – than to construct large technology trees
with abstract technologies – as is often done for TBS games.
Also, in some RTS games consisting of several levels or bat-
tles, the technology development may start from the begin-
ning in each of them, which reduces the total amount of
technologies needed.

Also different trees of character perks, traits, feats, or talents
in games with role-playing elements tend to be rather small
in size. One explanation could be the fact that often such
games are strongly story-driven and “tube-like”. Often they
are also rather short. While the plot advances rapidly, there
is no need to offer many technologies, as the player would
not have possibilities to develop them anyway. If a game
is sandbox-like, offering players the freedom to explore the
world freely and advance with the (possible) plot with their
own schedules, there are often also more technologies to be
developed.

The technology types used in the considered technology trees
are given in the “Tech type” column. Abstract technologies
are denoted by “a”. There are some games, in which the
technologies can be classified as abstract ones, but many of
them represent concrete parts or weapons usable in, e.g., ve-
hicle construction purposes after developing the correspond-
ing technology. These cases are marked with“a*”. Buildings
and other structures (units) as technologies are denoted by
“b”. The character “p” stands collectively for perks, talents,
skills, and feats, as different sources tend to use these terms
in an incoherent way. In Star Wars: Knights of the Old
Republic, force powers are an interesting addition to “nor-
mal” technologies, and in Deus Ex: Human Revolution, the
technologies are called augmentations.

The “Edge type” column tells the types of dependencies.
Using AND prerequisites is a common choice. This case is
denoted by“and”, and using OR prerequisites is correspond-
ingly denoted by “or”. It is also popular to have at most one
parent technology, in which case the semantics is clear even
without such a classification. These cases are denoted by
“–” character. Especially different CRPGs tend to use these
kinds of trees, often even with linear progression and branch-
ing factor one. Often each different, separate characteristic
has its own linear tree of development, in which each level
(technology) offers related (additive) perks.

The “Rigidity” column is about offering different variations
of the technology trees. Often the technology trees used in
CRPGs, themselves, are completely rigid, but different sets
of these trees may be offered as the “whole technology tree”,
based on, for instance, the character class or species of the
player. Exactly the same scheme is often used in strategy
games: the technology tree may be combined from different
trees chosen from a predefined set with similar criteria as
within CRPG genre. Some games, like Master of Orion and
Sword of the Stars, offer more variation by randomizing their
trees for each game.

As the “Means of developing techs” column tells, each genre
discussed have their own dominant ways of developing tech-
nologies. In TBS, the main method for acquiring technolo-
gies is research, while in RTS games the technological devel-
opment is mainly driven by constructing units. In CRPG
domain, it is generally important to gather experience in or-
der to develop a character. Usually the mechanism is based
on rewarding getting experience by some kind of advance-
ment points for purchasing perks from a tree.

The“LODs”column tells if technologies have several possible
levels or not. The binary case, in which technologies can
simply be either developed or not, is denoted by the number
1, and the case of several LODs is denoted by the asterisk
character.

Entries of the “Parallel” column tell, if more than one tech-
nology can be developed simultaneously. While typically
in RTS games different buildings can be constructed at the
same time, and construction is the way of developing tech-
nology, RTS games not allowing parallel technology develop-
ment are rare. While in CRPGs the technologies are usually
developed using atomic operations (like using an advance-
ment point for purchasing a new perk), it is not seen to be
meaningful to consider the matter of parallelism within this
genre.

The rightmost column, “Time rand.”, presents information
about the predictability of the schedule of a technology de-
velopment process. In many games, the exact time needed
for completing a development project may vary because of
different factors, like the availability of resources. However,
often there are no possibilities for real surprises in the sched-
ule. Some games, however, apply some randomization, mak-
ing it possible to complete projects early or late compared to
the estimated time of development. Such games are marked
with “yes”.

Although technology development processes and their in-
game presentations have many faces and forms, the concept
of technology tree can be used without difficulties with all
the games we encountered. So, it seems that the concept is
indeed worth further scientific research; the possible results
might be widely applicable.

7. CONCLUSIONS
In this paper, different types and properties of technology
trees present in several real-world digital games have been
discussed. Also possible classification criteria for technology
trees have been presented for further use. Moreover, some
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technology tree–related general properties of different game
types have been identified and discussed.

With this paper, we wanted to emphasize the fact that tech-
nology trees and technology development processes of dig-
ital games in general are an important, yet so far scarcely
researched – at least among the general scientific commu-
nity – area; further studies should be carried out. We have
tried to demonstrate that the old concept of technology tree
– with a suitable definition – works well with quite different
games. Therefore, results for the technology development
process of a specific game may be applicable for other cases
also.

As future work, we intend to continue studying technology
trees. We are to create a generic tool for facilitating im-
plementing technology tree–based technology development
processes for games. We also intend to consider automated
possibilities for technology generation and tree balancing. It
would also be interesting to investigate, how technology tree
design relates to other subtopics of the game design field.
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[16] Ponsen, M. J. V., Muñoz-Avila, H., Spronck, P.,
and Aha, D. W. Automatically acquiring domain
knowledge for adaptive game AI using evolutionary
learning. In Proceedings of the National Conference on
Artificial Intelligence (2005), vol. 20, Menlo Park, CA;
Cambridge, MA; London; AAAI Press; MIT Press;
1999, pp. 1535–1540.

[17] Rollings, A., and Adams, E. On Game Design.
New Riders Games, 2003.

[18] Salen, K., and Zimmerman, E. Rules of Play:
Game Design Fundamentals. The MIT Press, 2003.

[19] Schell, J. The Art of Game Design: A book of
lenses. Morgan Kaufmann, 2008.

[20] Schiller, N. A portal to student learning: what
instruction librarians can learn from video game
design. Reference Services Review 36 (2008), 351–365.

[21] Sid Meier’s Civilization V. http:
//downloads.2kgames.com/civ5/site13/community/

feature_manual/Civ_V_Manual_English_v1.0.pdf,
accessed January 9, 2012.

[22] Solo, A. Innovative tech trees in space strategy
games. http://www.spacesector.com/blog/2009/07/
dynamic-and-specialized-technology-research-

in-space-strategy-games/, 2009, accessed January
18, 2012.

[23] Spronck, P. Dynamic scripting. AI Game
Programming Wisdom 3 (2006), 661–675.

[24] Spronck, P. H. M. Adaptive game AI. PhD thesis,
Universitaire Pers Maastricht, 2005.

[25] Tahkokallio, T. Designers’ notes #9: Technology
tree. http://boardgamegeek.com/thread/650731/
designers-notes-9-technology-tree, 2011, accessed
July 19, 2012.

[26] Tech tree (SEV). http://wiki.spaceempires.net/
index.php/Tech_Tree_%28SEV%29, accessed May 17,
2011.

[27] Total war: Shogun 2.
http://www.totalwar.com/shogun2/, accessed May
10, 2011.

[28] Tozour, P. Introduction to Bayesian networks and
reasoning under uncertainty. AI Game Programming
Wisdom 1 (2002), 345–357.

[29] Vanhatupa, J.-M. Guidelines for personalizing the
player experience in computer role-playing games. In
Proceedings of the 6th International Conference on the
Foundations of Digital Games (FDG’11), Bordeaux,
France (June 2011), pp. 46–52.

34



 

  

Track 2: Ambient Media 

35



 

 

36



  

 

 

 

  

Ambient Media Technologies 

37



 

38



 

ArCHI: Engaging with Museum Objects Spatially Through 
Whole Body Movement 

Ava Fatah gen. Schieck 
University College London 

WC1E 6BT, UK  
ava.fatah@ucl.ac.uk 

Ana Maria Moutinho 
University College London 

WC1E 6BT, UK  
acmoutinho@netcabo.pt 

 
 

ABSTRACT 
We explore body movement as a medium. We investigate how 
body movement may help define the quality of human experience 
in particular, when mediated through pervasive digital 
technologies.  

In this paper, we present an interactive installation developed and 
implemented in a museum context. We outline the iterative design 
methodology and compare data from the deployment. We 
highlight in particular the importance of taking into account full 
body and performative interactions as an important factor of 
human experience. 

We integrate approaches that explore the embodied, and the 
performative nature of human interactions and describe an attempt 
to develop new ways when designing for emergent experience and 
interactivity enabled through depth sensing (with Kinect) that go 
beyond traditionally applied methods within Human Computer 
Interaction (HCI). 

While the users study was successful in identifying emergent issues 
related to embodied interactions and social behavior patterns in the 
museum, our analysis highlights influences on usage and behavior 
patterns including the social dimension, the physical setting, and 
the type of body movement it affords.  

The paper concludes that we should rethink the relationship 
between the body and space through mediated interactions. The 
implementation outcome demonstrates the need to develop a better 
understanding of performative interactions generated through full 
body movement and its subjective spatial relationships. We 
suggest that these attempts will help inform further experiments 
with depth sensing and will have a critical impact on current 
research in HCI, and on future attempts to developing digitally 
mediated interactions when designing responsive environments in 
a social public setting. 	  

Categories and Subject Descriptors 
H5.2. User Interfaces 

General Terms 
Design, Experimentation, Human Factors. 

 
 

Keywords 
Body as interface, performative interactions, emergent experience, 
engagement, whole body movement. 

1. INTRODUCTION 
At the heart of the 21st century ‘interactive’ and increasingly 
‘adaptive’ built environments will become part of our daily 
experience, creating an important shift in rethinking the public 
space and its social significance. As we interact within a shared 
public space, digital pervasive technologies are increasingly 
mediating everyday interactions, creating visual and auditory 
interaction spaces that enable various types of embodied and 
performative experiences [7].   

Pervasive computing (also known as ‘ambient, embedded, 
environmental or Ubiquitous computing’) was first introduced by 
technology visionary Mark Weiser. He foresaw a world of fully 
linked devices with wireless networks where information is 
accessible everywhere. A world in which computers and digital 
information technologies become blurred with everyday life: 
‘anytime, anywhere and always on’ [21]. Weiser stated that in a 
pervasive computing environment, computers and information 
processing become common, and enter into every object in our 
daily lives. In this respect, and as digital technology becomes 
embedded in everyday things, more activities become mediated 
within the built environment,  and architecture acquires a digital 
layer in which networks extend rather than replace architecture 
(McCullough, 2004). More notably, current developments in 
pervasive sensing and computer vision systems have made depth 
sensing (Kinect) and contactless gesture-based interaction 
accessible to everybody [11]. We believe that this development 
will introduce a major shift in the way we design hybrid and 
mixed reality environments [5] and it will likely have an impact on 
current and future research in ambient computing and mediated 
architecture (either by supporting or entirely replacing existing 
approaches).  

Building pervasive systems into our built environment demands a 
new way of thinking about architectural design, and digital 
information and how it interweaves with the built environment. As 
we find ways to integrate digital media and computation in the 
built environment we must rethink this relationship. We need to 
develop new ways that extend beyond traditionally applied 
methods within architecture and Human Computer Interaction 
(HCI). In this respect, both architecture and interaction design 
together can help compose the necessary framework for a better 
integration [6]. In this context, we suggest that understanding the 
human body is key. Exploring body movement and how it relates 
to its subjective space will open up more possibilities to capture, 
and react to human experience as it is mediated through digital 
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technologies. Building on this, we suggest the need to achieve a 
better understanding of the human body and its movement in 
space including the subjective space. More significantly, now and 
as for the first time in the short history of pervasive computing, 
depth sensing is becoming available for anyone using off-the-shelf 
technology offering activity recognition and touchless user 
interaction, it is likely that Kinect sensing will replace the 
traditional computer vision approaches and this will have a 
profound impact on current research on adaptive and responsive 
environment. 
In the following section, we highlight the performative aspects and 
embodied nature of the human experience, before we present a 
mediated experience we designed using depth sensing within a 
museum context. We explain our qualitative approach and outline 
the experimental set up, including the technology, the software, 
and the sensors used. Finally, we discuss influences on the visitors 
interaction patterns triggered through this technology and 
highlight emergent performative behaviour. It is hoped that the 
feedback captured would inform and guide future research. 

2. THE EMBODIED AND THE 
      PERFORMATIVE 
Buildings are experienced through movement and use. Within a 
supportive built environment and temporal continuity, people 
perform a place ballet; a set of integrated gestures and movements 
that provide a certain aim within a habitual space-time routine in 
everyday life [20]. Psarra argues that conceptual ordering, spatial 
and social narrative are key to the way we experience and design 
buildings [17].  With the introduction of ambient and embedded 
computing, people are no longer constrained to the role of the 
spectator but are becoming participants and active agents in 
defining the emergent collective experience. In this respect, the 
integration of ambient and situated media technologies in our built 
environment may modify existing social behavior or motivate new 
performative interactions. This may interrupt the habitual nature of 
everyday interactions, creating a new stage on which people can 
play out actions mediated through these technologies. On the other 
hand, areas of architectural design are continuously shifting as 
new developments affect our physical environment in ways that 
extend the digital media into the physical, spatial and temporal 
aspects of architecture. More recently, we started to witness a shift 
in the design of mediated experiences and how people interact 
with people and the surrounding, in particular within a museum 
context where spectators are becoming performers (see Figure 1). 

 

Figure 1. Embodied interactions with the screen content. 
Museum visitors engage with museum content through whole 

body movement at Rock and Pop Museum, Norway, 1010. 

As a result, designers and educators attempt to embrace the 
ongoing digital opportunities [5]. Key to the developments in the 
field is the focus on the human. This includes understanding issues 
relating to the inhabitants such as the performative and embodied 
nature of the mediated interactions (see Figure 2), and their impact 
on the quality of inhabitants’ experience  [5, 7]. More notably, 
exploring ways to capture the personal kinesphere ie the space 
surrounding the body or the movement space [12] in order to 
understand the relationship between space awareness, perception 
and body movement; how people relate to their own space, to their 
subjective space and the environment around them, and how they 
relate to other people around them ie proximics [8]. 

 
Figure 2. Studies by MSc AAC cohort 2010-11 [3, 5]: Spatial 
perception and bodily action operate interdependently on one 
another in our experience of space. Different types of 
perceptual categorization of space would produce different 
ways to occupy and relate to the architectural space.  

Chris Salter suggests that technologies from the mechanical to the 
computational— from a ‘ballet of objects and lights’ to 
contemporary technologically-enabled ’responsive 
environments’—have been entangled with performance across a 
wide range of disciplines [18], whereas Merleau-Ponty argues that 
the lived basis of this human world is perception and the relation 
to the human body. According to him, it is a fundamental human 
experience where the embodiment is the condition for us to 
objectify reality. A body that acts in and is aware of a world that 
usually reacts with meaning, and contextual presence [14].  
Building on this, we argue that more than ever, achieving a better 
understanding of the body is essential. Understanding how the 
human body relates to its subjective space, posture and gesture 
will open up new possibilities and a better understanding of how 
to design human experience when mediated through digital 
embedded technologies. 

Furthermore, a systematic approach to designing the physical and 
digital as an integral system requires a coming together of 
Architecture and Interaction Design. Central to this 
interdisciplinary integration is the concept of space (with its 
affordance, performative and social protocols, conventions and 
attached values).  

To investigate the possibilities, we developed an interactive 
installation, and conducted a formative study to capture emergent 
performative behavior it may support. The installation was 
deployed at the Petrie Museum; a university museum at University 
College London (UCL), which is attached to the Institute of 
Archaeology. It displays objects from the original collections of 
Egyptian and Sudanese archaeology in various ways, which invite 
curiosity and playful interaction.   

The Petrie museum was selected as it has always been linked with 
innovation. Recently, the Petrie has made great efforts to support 
novel research into digital technologies that aims to change the 
way museum visitors engage with material culture and heritage. 
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Over the past two years, in particular, it has transformed itself into 
a digital test bed where new technologies being developed by 
academics across UCL can be set up and tested in the real museum 
setting [16]. The work presented in this paper must been seen in 
this context, with the focus on the dynamic interaction space 
generated through body movement. 

In the remainder of the paper, we describe our approach for 
designing technologically enabled human experience, which 
supports whole body interaction in the museum context. We focus 
on the human body and the generated interactions through full 
body movement and performative behaviour.  Through 
implementing the project in the real world, we challenge the 
current way we relate to the built environment as it is mediated 
through pervasive digital technologies. Using experimental 
approach, we investigate the mediated public space as the space of 
potential interactions: person to person, person to digital, person to 
physical, digital to physical, and digital to digital.  

3. THE MEDIATED EXPERIENCE 
To understand the effect of depth sensing on people’s mediated 
experience, we have implemented an interactive installation in the 
museum and conducted a formative study to explore the emergent 
behavior. The aim is to engage regular visitors with the museum 
objects. Various types of engaging experiences with the museum 
objects were enabled using virtual 3D objects embedded in an 
augmented museum space [15]. Through an iterative prototyping 
methodology we integrated visitors’ reactions with the design of 
the display content development including the 3D objects 
behaviour, and the installation placement (including the display, 
PC, and the Kinect camera). The human body in this context is the 
interface of communication with the display content. 

3.1 The Environment  
In the past years, museums have become a common domain for 
experimental system implementations enabling explorations of user 
interactions with new technologies in the real world setting. Also 
visitor studies research has begun to use a broader range of 
qualitative methods to explore visitors’ experience, investigating 
what makes installations engaging and underlining the social 
dimension of museum visits. In this respect, the museum context 
differs in many ways from other domains, the visitors want to be 
entertained and educated and the museum situation is primarily 
social – visitors come to spend time with family or friends, which 
makes it essential to design an experience that supports these 
aspects [10].  

In spring 2011 we were invited by the Petrie museum to 
implement the project and conduct formative user studies. The 
museum contains a number of interactive multimedia displays as 
well as non-digital interactive ones. The atmosphere is playful, 
supported by a successful effort to engage the visitors in various 
ways. The main visitor groups are young people and older adults.  

3.2 The Installation 
The installation was built in Unity 3D, with Zigfu Development 
Kit. The 3D models of the heritage objects were selected by the 
museum staff for the prototype development. In order to track the 
skeleton tracking we used the Kinect camera from Xbox 360. The 
various types of body movement and the application development 
were built in c# programming language (see Figure 3). 

 

Figure 3. The system diagram. 

The early prototype was exposed to an informal review with a 
group of students. The initial feedback and observations helped us 
to improve and perform a few changes to the initial prototype such 
as the starting position of the user’s body posture. For instance, we 
asked people initially to make a 90º degree shape with their arms, 
which is the default starting position with Kinect (see Figure 4). 
However, we realised that beside the fact that it is an 
uncomfortable position, the person may feel unnatural when 
performing this position, which will consequently inhibit 
interactions with the digital objects in the installation. The initial 
testing demonstrated that only a few users could perform this 
position in the correct way, others tried to mimic the position by 
lowering the arms, but the system would not recognize the body 
and this led to a disappointing experience. Consequently, we 
developed the prototype so that the installation can identify the 
person without the need for a specific starting position. The 
system will track one person as long as s/he is in the camera view. 
Once this person leaves the camera view, the system tracks the 
next person in view. 

 

  

Figure 4. Initial prototype: a depth-sensing camera captures 
the person’s posture and position in space. The person sees a 
projection of herself and the surrounding background on the 
display combined with the 3D virtual  objects. 

Sound and light were also implemented after the first demo. When 
a person attempts to select an object the sound acts as a feedback 
and a confirmation, which helps understanding the influence of the 
body actions on the virtual objects. In the same way, a light focus 
was added to the hand when interacting with the object. This 
helped the person to understand the depth and the distance to the 
objects. When the hand is near the object the light focus is small 
and very intense; if the hand is far, the light is weak and dispersed 
(see Figure 5). 

!
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Figure 5. Light and sound could be used to support 

interactions with the 3D virtual objects. The person can direct 
the spotlight toward the detailed parts of the object using his 
left arm and at the same time he can rotate the same object 

using the right arm. 

3.3 The Virtual Objects 
The installation enabled the museum visitors to interact with four 
different objects. Four 3D virtual objects, representing objects 
from the museum collection, appear on the display in front of the 
person. The user can move freely in space and can interact at the 
same time with each object through body movement, postures and 
gestures. In order to interact with the virtual object the person 
should move her body in space and touch the virtual objects that 
appear on the display (see Figure 6). Once an object is selected, it 
will appear in the centre of the display. 

Each object supports a different type of interaction. The first 
object from the left enables the user to control the scale of the 
object through moving the arms. The second object rotates around 
the y axis, the person can control the speed of rotation and the 
lighting source. The third object mimics whole body movement ie 
if the person wants to rotate the object around the y axis she 
should rotate her body around the y axis, and finally the fourth 
object, which is a more complex version of the second object, the 
person can rotate on any axis and also controls the light source.  

   
Figure 6. The 3D objects are superimposed on the real world 
ie the museum environment, and the person can interact with 
the 3D object through body movements (left). The interface 

shows the display with 4 virtual objects and the Kinect 
camera, which can track body movements in space (right). 

3.4 Body Movement 
In order to start interacting with one of the objects, the person 
should touch the virtual position of that object in space. An initial 
standing position was marked on the floor in relation to the screen 
and the Kinect camera. This helps people understand how their 
position in space relates to the installation as a whole and to the 
3D digital objects on the screen. The hand position is marked with 
a white sphere on the screen. This helps people understand how 
hand position in space relates to the 3D digital object selection on 
the screen.  

Figure 7 illustrates different body postures and arm movements 
that activate different types of interactions with the digital objects. 
The person can choose one object, which object s/he wishes to 
interact with. The fifth type (see Figure 7: right), describes the arm 
gesture used to activate one object. To select an object, the 
person’s arm has to touch in space with one hand on the 3D 
object. The third position of this type (see Figure 7: lower row) is 
the one that activates the action. This intersection is enabled 
through depth sensing with Kinect. The triggered actions are seen 
on the display. 

After selecting one object four different actions could be 
performed; one action for each object. The actions include scale, 
rotate, rotate around and rotate along a defined axis. The first type 
(see Figure 7: left) means to stretch both arms allowing the person 
to scale the virtual object. The scale of the object is related to the 
position of the arms. The object is smaller with the first gesture 
(see Figure 7: upper row), whereas with the third position (see 
Figure 7: lower row) the object grows bigger. The second type is 
related to the second object. The person can control the speed of 
the object’s rotation with the left hand, and with the right hand 
control the light focus. If the left hand is in front of the object, the 
object stops rotating. The third type indicates rotating around, and 
is related to the third object; however, it allows only one possible 
interaction with this object, enabled through the rotation of the 
person’s whole body. Finally, the fourth type illustrates a circular 
movement of the arm. With this type, the person can control with 
precision the rotation of the object on all axes; the right hand 
controls the light focus. 

 
Figure 7. Different types of body movement. 

4. COLLECTIVE PERFORMATIVE PLAY 
An initial study was carried out for the duration of three hours. 
The installation was implemented at the main gallery of the Petrie 
museum. The aim was to explore the relationship between body 
movement and the type of interaction with the virtual object on the 
screen; how people relate to their own space and how they relate 
to other people, how people relate to their subjective space and to 
the museum environment around them. There was no ‘task’ as 
such but we intended to observe how the museum visitors engage 
with the installation and interact with the virtual objects on the 
screen, and capture the emergent behavior ‘in the wild’ [9].  The 
visitors interacted with the installation freely as one of the 
activities the visitors would engage with during their presence in 
the museum. Once the person stands in front of the screen, she 
will see four 3D objects superimposed on her and the museum 
environment and could then start interacting with the installation 
(see Figure 8). Each interaction sessions was captured for analysis 
using a video camera. One researcher observed the interaction 
session and provided some guidance once the user asked for 
clarification. After the engagement with the installation, each 
person was asked to report on his or her experience using a semi- 
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Figure 8. People interacted with different objects using full body movement (left: the menu, middle: the 

first object, right: the second object) 

        
Figure 9. People were willing to negotiate their social boundaries when faced with the intervention in 
their spatial and social setting. Here a user is bending and rotating his body to engage with the object. 

   

    

Figure 10. The body as a spatial dynamic interface enabling interactions with the virtual objects. 

     
Figure 11. Spectators engaged with the interactions (left). Playful, unconventional and sometimes 

exaggerated body movements (right). 
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structured questionnaire. The questions related to how the 
participants found the experience generally, which objects they 
wanted to interact with initially, and which type of interaction they 
found more comfortable. However, the main aim of the 
questionnaires was to allow participants as much space as possible 
to describe their experience freely. 

During the study eight people interacted with the installations. 
Interacting with the technologically-mediated setting was a social 
inhibitor for some people, however, the installations created a feel 
of a performance that unfolded over time. Observing people 
interact was pretty much part of the experience [7].  It was clear 
from our observations that in addition to the effect of the visual 
and the auditory interaction spaces mediated by the technology, 
people themselves attracted more people. When a person started to 
interact with the installation, other people were attracted, starting 
with observing the installation for a while and then engaging with 
it.  Previous research indicated that engagement was found to rise 
when body movement was afforded in computer games [2]. 
Building on this, our initial findings also indicated that different 
people generated different types of movements when interacting 
with the virtual objects.  Some visitors reported that it was 
difficult, in particular, to interact with the first and the second 
object (see Figure 6). Nevertheless, through feedback gathered 
from participants during the study and comparisons to existing 
background work it emerged that the most interesting part of the 
experience was supporting various types of body movement 
through enabling different types of whole body interactions with 
the objects. As different objects afforded different types of 
interactions, this has led to the appropriation of the interface in 
different ways, which produced playful, unconventional and 
sometimes exaggerated body movements, for instance, through 
extending the arms, bending the whole body or rotating around, 
and interacting with the object though the back of the body (see 
Figures 8, 9, 10, and 11). Obviously, because of the small number 
of the participants and the uncontrolled nature of the study ‘in the 
wild’, the results are not immediately generalizable. 

5. CONCLUSION 
In this paper, we have presented an attempt to develop new ways 
to engage with museum objects that supports and mediate whole 
body interactions using methods that extend beyond 
conventionally applied methods within HCI, in particular, as areas 
of architectural design and interaction design are merging.  

We have outlined the concept, design, prototyping process and 
initial testing. The proposed approach was implemented in the real 
setting in a museum context, which requires applying a range of 
methods from interpretative-ethnographic to iterative experimental 
approaches. There was no ‘task’ as such but we rather tried to 
explore body movement as medium ‘in the wild’. Our analysis 
highlights initial ideas and emergent behaviour triggered when 
people interacted in this environment. In this respect, the museum 
visitors themselves were active participants in generating 
experience; they played an active role that helped in shaping and 
developing an understanding of the final outcome. 

In our set up we have focused on enabling performative 
interactions through full body movement. This results from the 
ecological setting in the museum situation and on how people 
behave in comparison to a traditional museum environment. While 
demonstrating differences in how users’ intentions can vary, the 
results show that people are willing to negotiate their social 
boundaries when faced with mediated situations in their spatial 
and social setting. Spectators engaged with the technology in 

performing interactions expressing desires to perform and interact 
in novel ways, which extend beyond the conventional ways of 
how people engage with existing museum settings. More 
interestingly, instead of using the body movements that was 
suggested by the researcher, the participants rather appropriated 
the use of the installation and developed their own gestures and 
body postures, making the installation a spatial platform for 
mediating performative and collective interactions in public space. 

The recent developments of sensors designed around natural body 
movements have changed the nature of interactions and 
contributed towards it being as a more social activity. In this 
respect, we argue that the relationship between the human and her 
environment is changing in particular when mediated through new 
digital possibilities, which are enabled through pervasive 
embedded computing and suggest the need, in particular, to gain a 
better understanding of the human body and human movement 
within space. Our current approach in designing interaction 
focuses on body awareness. It takes the view that body awareness 
and understanding body movement is key to developing hybrid 
and mixed reality environments, in particular when designing 
people’s experience enabled through technologically driven 
environments. Another aspect is the gaining of understanding of 
the importance of the subjective body (and how it relates to its 
own space) in the design of interactive and responsive 
experiences. Finally, the importance of body movement as a 
medium for the design of quality of experience, in particular in 
interacting and engaging through responsive and adaptive 
environments.  

The experience presented in this paper, has offered rewarding 
opportunities as well as challenges and dilemmas. Immersive 
mixed reality technologies offer tools that may support new modes 
of engagement with older questions. However, there are issues and 
risks inherent in such adoptions. Among these is the possibility 
that some of the characteristics that are relevant to a specific 
domain may be lost. For instance, if our approach can support the 
museum environment as an environment that offers entertainment 
and education or, conversely, the potential of new technologies 
may not be fully developed. The methodological challenge of 
developing appropriate research methods for understanding the 
emergent interactions became, in particular, apparent. 
Considerably more investigations and deeper reflections are 
required in order to address the questions raised through our 
experiments such as the kinds of movement used and how they 
influence user’s perceptions and behaviour or the degree of 
personal appropriation. Further testing therefore is needed to 
explore in depth usability and enjoyment. 
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ABSTRACT 
Over the past year the authors have been developing an interactive 

documentary project entitled 24-hours.in (www.24-hours.in), 

exploring new opportunities for participation, collaboration and 

the potential democratization of documentary production. The 

project was demonstrated at MINDTREK 2011 and is revisited 

this year to discuss how the project has progressed and discuss the 

research themes of convergence media, participation culture and 

the auto-documentary.  
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1. CONVERGENCE MEDIA & THE 

DIGITAL VERNACULAR 

The media landscape has changed exponentially over the last 

decade, and it was the development of the World Wide Web in the 

early 1990s that established the foundations for the current 

convergent media environment. The readily available tools and 

relative freedom of the web enabled a vibrant and playful new 

media environment to develop, however in 1997 it was much 

easier to imagine large numbers of amateurs producing media than 

it was to imagine large numbers consuming amateur content 

(Jenkins, 2006). 

Meikle and Young suggest that „the significant characteristic of 

contemporary media is not just that they are digital but that they 

are also networked, enabling complex relationships of two-way 

communication.‟ (2012) For them convergent media are 

networked digital media and this offers us a pertinent term for 

media today that has both currency and meaning. The most 

ubiquitous networked digital media device is the mobile phone 

and the proliferation of these devices Worldwide over the last 

decade has been, and continues to be, phenomenal. In February 

2012 the BBC News website carried a story stating „that 

according to network firm Cisco, mobile devices will outnumber 

humans this year‟ (BBC, 2012).  

The mobile phone has been assimilated into the very social fabric 

of life in the 21st century. Increasingly these devices are 

smartphones, powerful mobile computing platforms running a 

dedicated OS (Operating System) expandable by the addition of 

software applications or apps. With the smartphone we have a 

device that can record images in both still and video format, we 

can edit on the device, it is connected to the internet so we can 

disseminate or publish via the device, and we can view rich media 

content on the device. The continuous improvement in imaging 

sensors has resulted in a new breed of camera phone that can 

record Full HD (High Definition) video at 1920 x1080, including 

the latest version of Apples iPhone, the 4S. Finnish 

telecommunications company Nokia announced their latest 41-

megapixel smartphone at the Mobile World Congress in 

Barcelona in February 2012 (BBC, 2012). Video captured on 

these latest generation smart devices is impressive, especially 

considering the small size of the lens.  

The always on, always connected and always with us smart device 

facilitates a new vernacular photography of the now. In 2003 

Daisuke and Ito had noted that, 

In comparison to the traditional camera, which gets trotted out for 

special excursions and events – noteworthy moments bracketed 

off from the mundane – camera phones capture the more fleeting 

and unexpected moments of surprise, beauty and adoration in the 

everyday.  

The pervasive and ubiquitous nature of the camera phone and 

smart device signify the final stage in the process of the 

democratization of photography that began over 100 years ago. 

Eastman Kodak released the first truly consumer oriented camera, 

the box Brownie in 1900, and so began to democratize the 

practice of photography that up to then had been the realm of the 

professional, privileged or relatively wealthy. The low cost of the 

Brownie combined with it ease of use [the process was simple, the 

user just had to press the shutter, wind the film on until all 

exposures were used and then send the camera back to have the 

film developed] made photography a viable practice for the 
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general public at large. Since the invention of photography the 

camera had been used to capture or document reality, actual 

events that happened at that moment in time. The Brownie gave 

birth to the snapshot and vernacular photography, those captured 

moments in time were now of everyone and the everyday. The 

beginning of the 20th century was a significant moment in history, 

never before had such a large number of people had access to a 

camera or the opportunity to document their lives and 

surroundings.  

The early 21st century signals another paradigmatic moment, not 

only do the majority of the population in the modern world have 

access to a camera via their mobile device, but importantly they 

have it with them at all times, wherever they are. The trope of the 

camera phone as an exemplary everyday form of image capture 

carries important cultural implications, especially when it is 

joined up with a narrative and rhetoric of technologies fit for use 

for all, a certain demotic turn in photography. (Goggin, 2006). 

The photo and video sharing site Flickr lists the Apple iPhone 4 

as the most popular camera device currently being used by its 

community of over 50 million registered users. This is another 

unique 21st century opportunity, the ability to disseminate work as 

never before possible, „the networking of the snapshot provides 

something which vernacular photographers have always lacked: a 

broad audience‟ (Rubenstein and Sluis, 2008). With 80 million 

unique visitors a month, the potential audience of Flickr is 

extensive, however the number of images the site hosts is 

relatively small compared to social network giant Facebook. 

Current estimates suggest that Facebook has over 850 million 

active users; with over 250 million photos uploaded to the site 

everyday the site now hosts over 100 billion photos. Photography 

has evolved from being an analogue print-oriented practice to a 

pixel based, screen oriented, networked experience. We are 

experiencing a new vernacular photography both still and video, 

that is unprecedented.   

 

2. PARTICIPATION CULTURE IN THE 

NERWORKED ERA 

The web is not only a distribution channel but a platform for 

interaction and participation, especially with the development of 

Web 2.0, a term first coined by Tim O‟Reilly in 2004 that became 

synonymous with the move from a receptive web to a participative 

one. Although in his original usage of the term O‟Reilly was 

discussing the systems architecture and server side technologies 

he later concluded „There's an implicit "architecture of 

participation", a built-in ethic of cooperation, in which the service 

acts primarily as an intelligent broker, connecting the edges to 

each other and harnessing the power of the users themselves.‟ 

(O‟Reilly, 2005)  

In 2006 British broadcaster Channel 4 launched FourDocs a 

revolutionary user-generated online documentary channel. 

FourDocs showed four-minute documentaries, made by ordinary 

people, as well as providing a platform for anyone with a camera 

to upload a documentary they had created, on any subject they 

want. Crucially, because of Channel 4‟s Public Service 

Broadcasting (PSB) remit, it was essential that FourDocs engaged 

a mainstream audience beyond film-makers and students and 

made them feel like it was easy to do, and relevant to them. 

Previously marginalised by traditional broadcast media channels 

and outlets, the web was a liberating environment for 

documentary filmmakers. They embraced the democratizing 

potential of the web to not only disseminate work but also explore 

new forms of interaction and opportunities for collaboration that 

the online platform offered. The participatory Web 2.0 

environment enabled the development of the web documentary, in 

his pre-face to „Webdocs. An online guide for online filmmakers’, 

Peter Wintonick declares: 

The adventurous and curious within the traditional docommunity 

are re-branding themselves: docmakers, as docitizens are 

becoming produsers, i.e. producer users. They take control of their 

own media, their own voices, their own vision, their own stories. 

By doing so, they extend Vertov‟s dream by declaring that: I am a 

camera, I am a webdoc. I am my own platform. I am my own 

truth. (2011) 

Moving beyond Vertovian concepts of „cinema-truth‟, the 

contemporary documentarist can develop the framework, creating 

a platform for democratization. The Webdoc movement has 

gained considerable momentum over the last decade, with 

organizations such as ARTE (Association Relative à la Télévision 

Européenne) in France and the National Film Board of Canada 

supporting the development of innovative work and emerging 

platforms.  

In his book Introduction to Documentary, Bill Nichols proposed 

six modes of documentary representation, defining the 

Participatory Mode as one that „emphasizes the interaction 

between filmmaker and subject‟ (2001). Films that fall into this 

mode are Vertov‟s 1929 film „Man with a Movie Camera‟ and 

Jean Rouch‟s 1960 „Chronique d'un été‟, a film that explored the 

lives of ordinary Parisians and contributed to the beginning of the 

cinéma vérité movement. The filmmakers built on the 

anthropology practice of participant-observation and are part of 

the film, with the filmmaking process transparent and evident to 

the viewer. If we consider that documentary is subjective, whilst 

appearing/aspiring to be objective, the new opportunities for 

participation can challenge and address issues of mediation, bias 

and neutrality.  

As we have experienced (and continue to experience) the 

convergence of media forms and technologies, and the emergence 

of new technologies and platforms, we can move beyond modes 

of representation to begin to define modes of interaction with 

documentary. Sandra Gaudenzi has begun the process by 

proposing four modes of interaction in digital interactive 

documentary: the Conversational mode, the Hitchhiking/hypertext 

mode, the Participative mode and the Experiential mode (2011). 

Interactive documentary is a rapidly evolving field, with 

participatory projects embracing the opportunities that the internet 

and social media platforms offer, Gaudenzi suggests that, “The 

participative options of digital media enhance our acting role and 

therefore allow us to mediate reality in a shape that is more 

attuned with our way of being in the world.” (Gaudenzi, 2011) 

YouTube‟s „Life in a Day‟ project was developed to document a 

single day on Earth, the 24th July 2010. Contributors from around 

the world were encouraged to capture a glimpse of their life on 

that day and then upload their video to YouTube for consideration 

to be included in the final film. The final 95–minute film went on 

general cinema release in 2011. Inspired by Life in a Day, the 

BBC has recently collaborated with YouTube to develop „Britain 

in a Day‟ (www.youtube.com/britaininaday) „an extraordinary 
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project to create the definitive self-portrait of Britain today, filmed 

by the British public.‟     On Saturday 12th November 2011, 

Ridley Scott and director Morgan Matthews invited everyone in 

UK to pick up a camera to capture part of their day, their 

thoughts, hopes and aspirations and upload them to YouTube. 

  The resulting film and online archive will be a powerful and 

moving snapshot of twenty-fours in the life of the UK, the historic 

documentary will be broadcast on BBC Two in 2012, ahead of the 

London Olympics.  

Although embracing the participatory potential of social media via 

the YouTube platform, both Life in A Day and Britain in a Day 

are largely intended for traditional media delivery i.e. via the 

cinema screen or TV. The contribution of user generated content 

by what Jay Rosen calls „the people formally known as the 

audience. The viewers who picked up a camera,‟ (Rosen, 2012) 

remains relatively passive. The contributors had no control or 

influence over the piece, or even whether their contribution would 

be included, conventional hierarchical power structures remained 

with the director the author and perhaps to some lesser degree the 

producer and production team..  

The democratization of cultural production is not without its 

critics, perhaps the most notable being Andrew Keen, who 

commented on the rise of user-generated content and its cultural 

impact in his 2007 polemic „The Cult of the Amateur‟. In 

„PressPausePlay - a film about hope, fear and digital culture‟, 

Keen is interviewed and says: 

“There‟s no evidence that we‟re on the verge of a great new 

glittering cultural age. If there‟s any evidence, as I‟ve argued in 

my book, and everything else, I say we may well be on the verge 

of a new dark age in cultural terms. Where all we have is 

cacophony and self-opinion. We have a crisis of democratized 

culture.” (2012) 

For Keen the rise of user generated content and the 

democratization of cultural production undermines the quality 

processes of established traditional media/cultural outlets. 

However these are early days for participation culture, we have 

recently seen the development of socio-political movements and 

the wider societal and cultural impact will continue to develop. 

This is the era of the digital natives, who were „born digital‟, 

history‟s first “always connected” generation. Steeped in digital 

technology and social media, they treat their multi-tasking hand-

held gadgets almost like a body part (Pew Research Center, 

2010). Children born today will possibly experience the smart 

device or tablet as the first screen, rather than the fourth screen 

(after the TV, Cinema and PC screens), and the cultural capital of 

the convergent media device is yet to be determined. Online and 

social media platforms offer a means for participation, 

collaboration and distribution or dissemination that was 

unimaginable even a decade ago. The ubiquitous smart device 

offers the means of production. 

 

3. TOWARDS THE AUTO 

DOCUMENTARY: 24-hours.in REVISITED 

The initial prototype of the 24-hours.in project was developed in 

April 2011, Richard attended the Tampere Art Factory 

International Week hosted by TAMK School of Arts & Media, 

Tampere University of Applied Sciences, Tampere, Finland. 

During the international week he ran an interactive documentary 

workshop, working with students from TAMK to produce a „proof 

of concept‟, a collaborative, participatory, experimental 

documentary project centered on 24–hours in Tampere. The aim 

was to document the city of Tampere, with reference to (but not 

recreating) Vertov‟s „Man with a Movie Camera‟. Dziga Vertov 

produced „Man With a Movie Camera‟ in 1929, and the film is an 

outstanding example of avant-garde documentary filmmaking that 

still resonates today. The film represents „a day in the life‟ of the 

recently established Soviet Union, capturing „life caught 

unawares‟, with the filmmaking process transparent and evident 

throughout.  

Prior to making Man With a Movie camera, Vertov had worked 

on the „kino–pravda‟ newsreel series, a film version of the Pravda 

newspaper. He believed that the „kino–eye‟ or camera „eye‟ could 

not only capture life „as is‟, but reveal a deeper level of truth than 

was normally perceived by the imperfect human eye (Cousins & 

Macdonald, 2006). With the kino-eye movement Vertov explored 

a participatory model aiming to move away from the authorship of 

a single person to mass authorship and a montage vision. Vertov‟s 

aspirations for the movement encompassed the democratization 

not just of technology but also of creativity (Hicks, 2007). Man 

With a Movie Camera is often cited as the first example of 

database cinema, long before the database as we understand it 

today existed. Lev Manovich states that; “Man With a Movie 

Camera is perhaps the most important example of a database 

imagination in modern media art” (Manovich, 2001).  

For the original prototype developed in Tampere the process of 

encoding and adding to the database was laborious and time 

consuming. Using Adobe Media Encoder, each individual video 

clip was encoded and optimized, also for each clip a JPG image 

file was created for display in the main interface. All clips were 

uploaded via FTP to the project directory and a database entry 

made detailing the author of the video and time. The project is in 

continued development and with the latest iteration the 

conversion and compression of video files is accomplished server-

side via an automated process provided by FFMPEG software 

running on the server. The intention is for 24hours-in is a multi-

platform web application that uses the most appropriate delivery 

technology in response to how the project is being viewed.  With 

either the Flash or soon-to-developed HTML5 platform, the user 

is guaranteed a pleasurable experience on any device from the 

interface and, with highly compressed video, rarely is there a 

situation where streaming hinders the user‟s progression while 

exploring the project‟s contents.  

With only a simple website to house the application/video content 

and a MySQL database storing video clip details, 24hours-in is 

simple to setup and maintain.  Powering the conversion and 

compression of the video clips is a server-side script that triggers 

an automated process provided by the FFMPEG software running 

on the same server. There is already a moderation control panel in 

place ready for phase two of development when the general public 

are allowed to submit content directly to the project via the web. 

We are continuing to enhance the user-experience, for a 

participatory project of this nature putting the user-participant at 

the center of everything is a critical factor for success. The initial 

framework for uploading video clips has been refined into a step-

by-step process and should the contributor have more than one 

video to add to the project, data is retained to remove the need to 

re-input information. For the next phase of development a 

separation of the website and automated video conversion is 

48



planned freeing up server resources and allowing a more 

asynchronous video upload and conversion experience. 

Another area of particular focus for forthcoming development, 

and one that requires additional R&D is the automated extraction 

of location-based data from submitted video clips.  With this 

feature implemented the project will shift in a totally new 

direction and become totally user curated.  No longer will a user 

have to attach their captured video clips to a pre-defined list of 

available locations; it will simply display the video clip against a 

map.  The interface of course will be reworked to accommodate 

the extra step required by the viewer when deciding which 

physical location they would like to start their viewing experience 

from and various optimising methods of grouping nearby video 

clips will be implemented and respond to different levels of map 

zoom. However, the main issue with this proposed feature is the 

non-standardised approach to storing location-based data within 

video files.  Currently, it is down to the manufacturer of the 

device how the data is tagged onto the video file and this means 

extracting it is not simply a case of parsing the metadata of the file 

until the desired information is found; which is how EXIF data is 

stored on still image files.  

 

4. CONCLUSION 

The 24-hours.in project will roll out on an international basis over 

2012, continuously adding new locations to offer a fascinating 

insight into 21st century life around the world. Istanbul and New 

York are locations currently being added to the project and the 

work in progress can be viewed online. The aim of the project is 

to have an open and collaborative platform that anyone can 

contribute to, for the audience as „user-producers‟ to document 

their city or location, the people that live there and their daily 

lives. Building on Vertovian concepts, the project explores the 

potential that the ubiquitous camera phone „eye‟ may offer for a 

unique and cumulative version of „cinema-truth‟ to emerge. By 

exploring a model of participation we have moved away from the 

authorship of a single person towards mass authorship and a 

collaborative montage vision, and in doing so revisit Vertov‟s 

aspirations for the democratization not just of technology but also 

of creativity.  

Moving beyond the participation model, the project is building a 

database of location specific documentary material, developing a 

new system for collaborative documentary production and user-

curated content. The project aims to be a democratic platform for 

sharing human life experiences around the world, telling local 

stories on a global scale. In the 21st century we all have the 

potential to document reality and life as we wander the city with 

our smart devices and camera phones. We can capture the nuances 

of the vernacular of everyday life, regardless of how banal or 

seemingly unimportant they may seem at the time, for posterity 

and digital eternity. The convergence of media technologies, new 

participatory platforms and ubiquitous smart devices offer an 

unprecedented opportunity for the development of the auto-

documentary.  
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ABSTRACT 
The paper introduces a novel approach for crowd curation of 
ambient music played in venues using physical Near Field 
Communication (NFC) enabled check-ins. The CheckinDJ 
jukebox system uses NFC enabled objects that are linked to 
individuals social network accounts. CheckinDJ can thus be 
regarded as a crowdsourced DJ that curates an evolving music 
playlist based on the musical preferences of those present at a 
location at any given time. In this paper we present the design 
and operation of the currently deployed system along with 
highlights of the promising potential of this novel concept. 

Categories and Subject Descriptors 
H.5.1 Multimedia Information Systems 

General Terms  
Human Factors 

Keywords 
NFC, RFID, jukebox, DJ, ambient music, physical check-in, 
Community, Gamification, Social, Social Networks, Mobile 

1. INTRODUCTION 
In the last decade we have witnessed large sections of society 
spending increasing amounts of time socialising online through 
sensor rich mobile devices. This phenomenon is primarily 
driven through popular social networks such as Facebook, 
Twitter and Foursquare, which encourages their users to 
broadcast their activities by updating, tagging, (re) tweeting and 
now checking-in to venues.  

Many venues are already embracing the Foursquare community 
by enticing customers to ‘check-in’ achieved through many 
social mediums and also by the inclusion of such advertisements 
in window displays. More recently, venues are seeking new 
ways to engage people in the atmosphere of a location by 
seeking to change the ‘mood’ of that location through 
techniques such as ambient media. Where ambient media, is 
media that surrounds and encompasses users while changing the 
environment in subtle ways to alter the mood of a social space 
using audio and visual techniques [13]. Whilst it has been shown 
that for people to notice a change in an ambient display a severe 
change from a high intensity to a low intensity or vice versa is 
required, people notice subtler changes in ambient sound [13]. 

While ambient media music or sounds, may be more attractive 
in terms of user response, it is possible to integrate the visual by 
using audio visualizers, and video cues on a large screen such , 
informing users of changes in influence. However, one way in 
which ambient media could be transformed is by the inclusion of 
crowdsourced data.  
Over the years, local councils and communities have sought to 
change and improve upon the areas that are in their vicinity. 
However at least from the communities’ point of view these 
changes are peripheral or tokenistic [1] New methods for 
individuals to voice their opinions about public spaces are now 
coming to light with the ubiquitous mobile devices, allowing 
people to post these comments as and when they come to mind 
[6]. But what about if people only want to personalise the space 
whilst they are in it? This paper will consider the research 
question of how to create a system whereby people collectively 
change and influence public spaces for a limited time, and what 
effect it has on the community inhabiting this space. In 
particular it will use the check-in mechanic seen in Foursquare, 
to produce an adaptive crowd curated music genre playlist for a 
given venue.  

2. BACKGROUND 
The term jukebox was first used in the United States during the 
1940s describing a music-playing device that is controlled by 
someone selecting songs to be played thus changing the 
environments ambience. Users navigate through a list of 
songs/albums and are able to select a song to be played by 
inserting money (traditionally, coin operated). This selection is 
added to a playlist of already chosen songs.  However, we are 
seeing fewer public venues offering their patrons the use of such 
Jukeboxes due the high rental costs associated with the 
machines and maintenance, not to mentioned the increasing use 
of music players controlled by the venue staff.  
Meanwhile, we are seeing the rise in location aware mobile 
applications, which uses Global Positioning System (GPS) to 
determine ones location. Twitter and Facebook both provide the 
functionality to tag tweets/updates with geo locations, but this is 
arguably not their main functionality. Whereas, Foursquares’ 
entire social network is built around users sharing their location 
through a game-like activity whereby users are awarded points, 
badges and mayorships for checking-in to venues. A small 
minority of venues are offering patrons special offers, deals and 
unique experiences for those who checkin or are the current 
mayor of the venue. However, this can easily be exploited, as a 
the inaccuracies of GPS mean that a players’ physical presence 
isn’t required to check into and unscrupulous players can gain 
such offers without previously ‘stepping through the front door’ 
[8]. This could be one of the reasons we aren’t seeing many 
venues taking to this approach for attracting patrons. Hence, 
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some form of physical checkin system is required so that 
companies can truly engage with their clientele and NFC has 
been proposed as a solution.  

Over the last two decades, there has been an increase in devices 
that are able to connect to the Internet and to one another. This is 
also known as the interconnectedness of devices ‘Internet of 
Things’. This can be affiliated to the rise in the number of 
mobile/tablet1 devices and connected devices in our homes2.  
The emerging common method for recognising objects is the use 
of RFID tags that contains a unique identifying number, which 
can be assigned to specific objects. By harnessing these items 
we can find new and exciting ways to interact with people and 
devices in the world about us. 

In today’s society the use of NFC in the plastic cards we carry 
around in our wallets/purses is already present. These objects 
provide us with the ability to travel on public transportation, 
access buildings and pay for goods. It is this every-day adoption 
in RFID that is ever-increasing its availability in the re-
emergence of contactless communications (RFID and NFC) 
especially in the public domain. Cashless payments such as 
Google Wallet3, PayPal4 and Barclaycard PayBand5 are at the 
forefront in cashless contactless communications. The main 
characteristic for this, is for someone’s physical action to affect 
an outcome, for example someone wishing to travel on the 
London Underground, where people touch NFC enabled 
credited cards to travel. 

In this research we proposed to bring back control of the venue 
Jukebox to its patrons and provide an extra incentive to 
physically visit and check-in to a location. Although the use of 
NFC as a method to control music has been proposed previously 
for producing music [12, 7] to choosing individual songs via 
RFID tags [10] its has not been used to crowdsource opinion. 
Therefore we developed a platform to support users physical 
checkin where they can help crowd curate the music genres 
being played in public spaces hence the named it ‘CheckinDJ’ 
[2] which fuses the two main characteristics of the system. 

3. CHECKINDJ 
CheckinDJ allows users to interact by a simple touch of their 
RFID enabled object over the CheckinDJ controller; the system 
provides users with real-time feedback to provide notifications 
of their interactions. An additional argument for adopting a new 
social music player experience has been conceived from 
observing peoples interactions with traditional jukeboxes. 
Typically it is a single person that usually operates said 
machine, whereby people tend to spend a long time choosing 
their songs to play, the issue with this is that others wanting to 
interact have to wait or miss out. Therefore one key feature of 
CheckinDJ was to provide the user with a minimalistic interface 
that people interact with by touching their RFID object over its 
sensor. (Figure 1), hence the system can accommodate multiple 
users checking-in in quick succession. There are four main 
characteristics to the system outlined in this paper; a simple web 
interface to register interest and assign music genre preferences, 
a RFID equipped unit, a database backend to log all interactions 

                                                                    
1 Telegraph, Increase in Internet devices - http://goo.gl/8u3Im 
2 BBC iPlayer stats - http://goo.gl/tRXOB 
3 Google Wallet - http://www.google.com/wallet/ 
4 PayPal - http://goo.gl/R00X2 
5 Barclaycard PayBand - https://www.barclaycardpayband.com/ 

with the device; including user accounts, songs played with 
playlist associated, who is checked-in and leaderboards 
accompanying the use of the system and also a Spotify 
application to collate songs associated with the chosen genre of 
music, which in turns is the driving force behind the playing of 
music in the public space.  
In order for the system to work, the service relies upon several 
major components. First of which, is the interaction, where users 

communicate with the device using a contactless protocol. This 
is achieved by implementation an Arduino board connected to 
an Ethernet shield, which combined connects to an NFC 
module. The NFC module is required to read the NFC objects. 
Users can utilise any 13.56MHz RFID tag in order to 
communicate with the CheckinDJ jukebox. Therefore tags can 
be incorporated into a range of themed/fashionable objects, for 
example; embedding tags into beer cups so people buy their cup 
for the evening, and essentially is they access token to use the 
jukebox, patrons could also keep the cup as a souvenir, other 
examples include; to incorporate the RFID antenna into 
colourful wristbands, traditionally worn by people who support 
a cause or festival goers, provide people with RFID 
stickers/badges to attach to their persons purse/wallet (or body!). 

Those wishing to interface with the jukebox are required to 
register prior to using the system. The registration process 
involves users linking their RFID enabled objects’ unique ID 
number along with their personal information such as username, 
password and three genre preferences. This will assign each user 
an influence value of ‘1’ (It is this influence value that effects 
the playing order of the music genres), therefore when they 
check-in their genres would increase in the leaderboard by 1. 
User can increase their influence by authenticating their social 
network accounts with the service. The user who is the mayor of 
the venue on Foursquare has a greater influence on the system, 
so when they check-in their preferences are increased by 10. The 
whole registration process for the system is designed to require 
as little effort possible from the users perspective; one reason for 
this was because sometimes people may wish to register at the 
venue, as appose to before entering the venue, where they would 
be able to do it at their convenience.   

Designing the system to allow the inclusion of peoples existing 
social network accounts (Twitter, Facebook and Foursquare) is 
an attempt to increase the flow of social information 
disseminated around all networks, therefore it could be said that 
such systems are services built upon existing social platforms. 
This has obvious benefits, one being the project gaining a 

Figure 1. Photograph of the CheckinDJ Jukebox demo. 
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greater awareness online, but also for the venue where the music 
played consumes the public space. 

As the current system was developed without the use of an 
external display, the Arduino is programmed to give users 
feedback in the form of lighting sequences of a group of LEDs, 
this is used to indicate what stage the device is currently in 
operation, for example it shows an amber LED while checking 
the card (to indicate to the user that something is happening) 
which then changes to green depending on the notification 
delivered back from the server, this typically would imply that 
the transaction has been successful, therefore the users 
preferences have been added to the system and obviously red to 
inform the user that something has held up the process. All the 
routines for notifying the user can be found on the CheckinDJ 
website [2]. 

A backend comprising of a relational database and server-side 
scripting, form the basis of the system. The backend server 
collates all of the users preferences that have been added in the 
last 30 minutes and then returns the highest rated of these to the 
music playing system, which proceeds to remove all but the 
current and next track to be played from its current playlist and 
then adds 10 songs of the highest rated genre to the playlist. The 
system also maintains a log of all songs that have been played so 
that users can download a play log of what has been played at 
the venue. Users can either touch their NFC equipped mobile 
phone against the CheckinDJ jukebox, scan a QR code or 
browse a online catalogue on the systems website [2], to view 
current and previous play logs. 
The system also facilitates the sharing of multimedia 
information as users can easily download the current playlist 
from the system by tapping their mobile phone against the 
jukebox this downloads a Really Simple Syndication (RSS) feed 
to the users handset [2]. To monitor how users use the system 
every time they attempt to influence the system it will be 
recorded whether successful or not, hopefully this will reveal 
how people perceive the ability to influence and whether they 
have strong feelings towards wanting their own preferences to 
be played. 

In order to maintain a playlist, the music system polls the server 
for the highest rated genre every 20 seconds, in this way the 
system can react quickly to the changes in the collective users 
group. Likewise, every time the playlist or track changes the 
server is notified and updates the current playlist so that users 
can keep track of when their music will be playing. To ensure a 
variety of songs are played, the system takes the genre of highest 
rank and then searches for a group of 50 artists within that 
genre. From these 50 artists a single artist is then picked at 
random and a new search for all of their tracks is then performed 
and a random track is then selected from here. This is repeated 
10 times to fill the playlist. If the genre changes before the 
currently playing track finishes however this playlist will be 
destroyed and a new playlist with the new genre will be created. 
Simply checking-in will not get your music played there will 
have to be a majority of people wanting to listen to that 
particular genre for it to be played this is the idea behind 
crowdsourcing, by giving control to all users they have to work 
together to get their music played. A CheckinDJ Twitter account 
was set up to serve two main purposes; to broadcast tweets of 
the current song playing and its genre its associated with it and a 
Spotify URI to hear the current playlist that is being played at 
the specific venues location, this allows others who aren’t 
physically at the venue to experience the same music wherever 

they are (people would be able to listen on their computer and 
mobile phones with Spotify installed).  The web interface, which 
can be displayed on mobile devices to large screen installations, 
allows people to follow what’s going on at the venue. People 
can see who has checked-in, what’s playing now, the current 
playlist [3], genre leaderboard, any meta narratives of inter 
dialogues between users and there are also methods to share 
media information with others.  

One way of engaging people with the system is through the 
competitive element of checking-in. Players compete in order to 
get their music played, this is achieved by a flashy notification 
on the web interface that shows people that something major has 
happened or the subtle change in music will alert people to 
potentially trigger a rush of check-ins to keep their music style 
playing. Further to this, when a user checks-in their avatar will 
show up informing others that this person is currently at this 
venue, but also as that person checks-in their genres are added to 
the leaderboard, this influence is demonstrated by showing that 
users avatar next to the genre title, potentially sparking new 
social interactions as people learn more about the strangers 
around them. Users are also provided the functionality to vote 
on tracks that have been played at the venue [4,5,9,11], by doing 
so this adds to the camaraderie aspect of collaboration in such 
social spaces. The system is then able to create a leaderboard 
based on what songs are the most played in the venue versus 
what the users like, to which has a greater impact showing what 
music people actually prefer as appose to most played. Not only 
is the vote recorded with the CheckinDJ system but can also be 
distributed on social networks (Googles’ +1, Facebooks’ Like 
and Twitters’ Re-tweet, Hashtags). By allowing users to extend 
the discussions away from the venue, promotes a meta dialogue 
running alongside the system, this is useful for times when the 
venue is closed or when the CheckinDJ jukebox isn’t in 
operation. 
Currently the jukebox is being used in one of the bars on the 
Lancaster University campus, predominantly used by a closed 
student-testing group. Where people can register their interest 
using their library card number and then the system interfaces 
with the Universities IT services and facilities in order to obtain 
that students RFID number associated with their library card 
number. This allows users to register online without the need to 
use and scanning technology to read that cards RFID number. 
This decreases the difficulty associated with facilitating new 
users to the CheckinDJ jukebox system. It became apparent 
during the early stages of beta testing the jukebox in a real world 
environment, that users were seeking extra feedback in the form 
of a display beyond the sequence of flashing LED’s. Users 
indicated that they wanted to know the effect they had on the 
system, so they could visually see the effect take place. Which is 
why the authors decided to extend the web interface to fit the 
purpose of a large screen. 

4. FUTURE IMPROVEMENTS 
As previously mentioned users of the closed beta indicated a 
preference for using of an external display to provide extra 
feedback. Therefore version 2 of CheckinDJ is already 
underway with a change of system architecture to utilise the 
power and performance from the Raspberry PI, which provides 
the ability to output video using the High-Definition Multimedia 
Interface (HDMI) output. Utilising the HDMI port provides the 
system with the functionality to output to many video devices. 
By doing so the users could generate their own visual content by 
designing their own visualisations to play alongside the music, 
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therefore increasing the association with their presence, thus 
extending the impact of personalising the public space. Another 
motivation to adopt the Raspberry PI in version 2, allows the 
system to be built into one unit, as currently the Spotify 
application is running on a separate hardware. Currently only 
one unit of the CheckinDJ is deployed to the venue, if multiple 
units were required the Arduino unit would still be useful as 
only one unit needs the ability to play the music and output the 
video. Another use of all the logged data could be to extend the 
gaming element of CheckinDJ. People tend to visit public spaces 
in groups, therefore the system could enhance its reward system 
by rewarding users who come in regularly with extra influence 
on the music choices, first time users could get an initial boost to 
allow them to see their impact more readily, groups of users that 
regularly check-in together could gain a rolling multiplier, 1x for 
the first person 2x for the second etc. Obviously these are but a 
few of the options available to us for engaging users with more 
exciting and rewarding features hopefully with further research 
and development, these bonuses will be expanded to work in 
other situations. 

The overall experience of gamifying the physical check-in can 
be improved by rewarding people not just with increased 
influences on the service but also with a badge like system. By 
utilising the standard generic badge rewarded system users are 
encouraged to return and interact again, as there is a sense of 
collecting all the pieces in the set. These badges can be awarded 
to users that perform simple tasks as a form of motivation to 
continue collecting.  

5. CONCLUSION AND FUTURE WORK 
The system itself has the ability to perceive the way in which 
people view public spaces and how they change them to fit more 
with their personal preferences. Hence allowing more 
customisation than has been available before. It also allows 
different groups of users to interact and manipulate the space 
differently and yet realising the space as belonging to them. It is 
hoped that the system will bring people together and allow them 
to discover more about those around them, where people find 
out they share the same opinions on music, friendships may well 
develop. 

In this paper the research outlined, is predominantly aimed at 
improving the experience for the patrons, rather than the venue 
owner. Therefore further research is required to evaluate such 
system for both the venue and its clientele. This was evident 
from the beta testing at one venue. The venue would benefit 
from the data collected by the system, as feeding back the data 
to the venues owner would allow the venue to gain a better 
understanding of their clientele. This information could be 
useful to determine if the venue should promote musical themed 
nights based on the clientele’s musical preference. It would also 
be useful for the owner to get numbers of patrons that have 
visited the venue who have interacted with the device. A loyalty 
scheme for the venue could be linked with the physicality of 
checking-in. This could be the influence the user has on the 
system or to provide similar offers/deals seen on Foursquare [8]. 

The idea of community influenced public spaces, has been found 
to be an interesting way of perceiving the impact the individual 
can have upon the group consciousness and the way that they 
use the space afforded to them. In the future this could be 
expanded into differing methods of the community influencing 
their space. Therefore in order to determine if public spaces can 
be improved by the inclusion of a physical check-in device, a 
longitudinal study will need to be performed and evaluated in 

greater depth through ethnography to determine, what extent this 
novel service improves the experience and does it produce 
emergent behaviour within the users and venue owners. 
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ABSTRACT 
It is not customary for a research paper to start with ―Once upon a 

time…‖ Up to now, the task of envisioning novel technologies and 

how, and which, might affect future everyday life has been 

typically served thought the creation of exemplary user profiles 

and real-life scenarios depicting forthcoming technologies, along 

with their potential impact, challenges and problems. In this 

respect, this paper suggests an alternative approach to the 

―conventional‖ realistic approach to envisioning the future, based 

on the ―modernization‖ of very well-known traditional fairytales. 

In this context, this paper presents an adaptation of the original 

Grimm Brothers’ version of the ―Little red cap‖ (or, riding hood) 

fairytale, ―updated‖ with, fully-referenced, state-of-the-art R&D 

results and technologies. 

Categories and Subject Descriptors 

H5.m. [Information Interfaces and Presentation (e.g., 

HCI)]:  Miscellaneous 

General Terms 

Design 

Keywords 

Scenario-building, envisioning future technologies, design 

1. ONCE UPON A TIME… 
Once upon a time, there was a dear little girl who was loved by 

everyone, but most of all by her grandmother, and there was 

nothing that she would not have given to the child. Once she gave 

her a hood of red smart fabric [20]. The hood included electronic 

components such as processors, sensors and communication 

equipment providing several advanced functions, including on-line 

information about the wearer’s vital signs, electrical cooling and 

heating, GPS localization and lots of other cool stuff. The little girl 

liked so much this state-of-the-art gadget that she would never 

wear anything else; so everybody called her ―Little Red-Smart-

Hood‖. 

One day her mother said to her: ―Come, Little Red-Smart-Hood, 

here are some organic fruits and vegetables that I grew in our 

sensor-enhanced garden with the help of some grower 

management software [2]. Take them to your grandmother. I 

received a message from her smart pillow [17] this morning, 

mentioning that she is a little weak. Her life style assistant [21] 

suggested that some fresh fruit and vegetables is exactly what she 

needs; but when I checked her smart refrigerator [17] I found out 

that she did not have any. Set out before it gets too cold, because 

your hood is not fully charged, and, since it is cloudy today its 

solar collectors will not fully work. When you are going, walk 

nicely and quietly and do not run off the path, because there is no 

GSM coverage and you will not be able to contact me in case of 

emergency.‖ 

―I will take great care,‖ said Little Red-Smart-Hood to her mother. 

―I will continuously check on my hood’s GPS and Google maps to 

cautiously navigate through the wood.‖ 

The grandmother lived out in the wood, half a league from the 

village. Just as Little Red-Smart-Hood entered the wood, a wolf 

met her. Little Red-Smart-Hood did not hear him approaching 

since she was listening to her favorite songs through her shoes’ 

integrated MP3 player [6]. 

―Good day!‖ said the wolf. 

―I am sorry, did you say something?‖ asked Little Red-Smart-

Hood taking off her wireless headset. 

―I said, Good day!‖ repeated the wolf louder. 

―Thank you kindly, wolf,‖ answered the girl who did not know 

what a wicked creature he was, and was not at all afraid of him. 

And she was such an absentminded girl that completely forgot to 

Google him, as her mother always advised her to do, whenever she 

met some stranger.  

―Who are you and whither away so early, little girl?‖ said the wolf 

and, putting his paw in his pocket, discreetly pressed the record 

button of his 4G mobile phone. 
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―I am Little Red-Smart-Hood and I am going to my 

grandmother’s.‖ 

―What have you got in your apron?‖ 

―Some organic fruits and vegetables for my grandmother, to make 

her stronger.‖ 

―Where does your grandmother live, Little Red-Smart-Hood?‖ 

asked the wolf and showed her his mobile phone that was now 

presenting a 3D map of the wood [15]. 

―In a smart home [17] a good quarter of a league farther on in the 

wood; her house stands under the three large oak-trees, the nut-

trees are just below and there is a large satellite dish on the roof; 

you surely must know it, but I can send you the exact GPS 

coordinates via Bluetooth or e-mail if you want or you can 

download them from her Facebook profile if she accepts you as a 

friend,‖ replied Little Red-Smart-Hood. 

The wolf thought to himself: ―What a tender young creature! What 

a nice plump mouthful—she will be better to eat than the old 

woman. I must act craftily, so as to catch both.‖ So he walked for 

a short time by the side of Little Red-Smart-Hood, and then he 

said: ―See, Little Red-Smart-Hood, how pretty the flowers are 

about here—why do you not look round?‖ And as he was saying 

that, he took out of his pocket a pair of retinal display, augmented-

reality glasses [1]. ―Here put these on. When you look at a flower 

you will be able to see its common and scientific name, and even 

look it up in Wikipedia with a wink of your eye! They will also 

allow you to get videos for your room’s interactive wallpaper [9] 

and save your favorite the bird song as a ringtone for your 

mobile.‖ 

Little Red-Smart-Hood put the glasses on and raised her eyes. 

When she saw the pretty flowers growing everywhere, augmented 

with tons of digital information, she thought: ―I guess I can pick 

up some flowers, so that I can demonstrate these hip goggles to 

my grandmother; that would please her too, since she is such a 

technology freak.‖  

―These glasses are fantastic! Thank you for Mr. Wolf!‖ said the 

Little Red-Smart-Hood and, in return, handed him a nice red apple 

from her apron. Then, she ran from the path into the wood to look 

for flowers. And whenever she had picked one, she fancied that 

she saw a still prettier one farther on, and ran after it, and so got 

deeper and deeper into the wood. Her mother watched the small 

red dot disappearing from her screen and got an uneasy feeling. 

―Oh, my God‖ she thought. ―What is going on? I’d better Skype 

the wood’s system administrator right now!‖ 

In the meantime, the wolf spread some powder over the apple that 

revealed Little Red-Smart-Hood’s fingerprints. Using his mobile 

phone camera he took a high resolution snapshot of the prints. On 

the way to the grandmother's house, he made a short stop at his 

home to create a fake silicone finger [14]. 

―Who is there?‖ asked the door’s speaker verification system [9] 

when the wolf approached the grandmother's doorstep. The wolf 

took out his mobile phone and dragged his paw on its multi-touch 

surface. ―I am the Little Red-Smart-Hood‖, said the recorded 

voice. 

―Please move closer and put your index finger on the scanner to 

verify your identity‖, said the door. The wolf carefully placed the 

silicone finger on the scanner’s surface and pressed it gently with 

his paw.   

―Access granted,‖ said the door and slid wide open. As the wolf 

entered the house, a 3D dwarf appeared on a mid-air display [18]. 

―Welcome Little Red-Smart-Hood. Your grandmother is still 

resting in her room. Please try to be quiet‖ proclaimed the virtual 

character taking a deep bow. The wolf passed right through the 

display and went straight to the computer room in the basement. 

He was quite lucky, since next to the home’s server was laying 

grandmother’s RFID security card, with the administrator 

password written on a post-it note, stuck directly onto the 

computer case. He logged in and disabled the home’s firewall, as 

well as all the antispyware and antivirus software. Then, using a 1 

terabyte USB memory stick he installed some hacking tools that 

allowed him to take full control of the smart home. And if that 

wasn’t enough, he ran a peer2peer file sharing application and 

started downloading bootleg copies of the latest Hollywood 

blockbusters. 

When he had finished with his hacking actions, he sneaked into 

the grandmother's room, and devoured her. He put on her clothes, 

dressed himself in her cap and laid himself in bed. The smart 

mattress automatically adapted its shape to accommodate the 

wolf’s swollen belly, while the bed sheets cooled a little off to 

compensate for the heat produced by the wolf’s fur. 

―Curtains down! All lights off!‖ the wolf commanded 

autocratically, trying to make the room as dim as possible. After a 

while, he got bored and picked up an e-newspaper [2] from the 

nightstand, to catch-up on the latest news of the wood. To his 

disappointment, the newspaper was adapted according to the 

grandmother’s preferences, and thus mainly contained gossip 

columns, food recipes, articles about the latest fashion in knitting 

patterns, and, of course, there was no sports page! 

Little Red-Smart-Hood, had been running about picking flowers, 

and when she had gathered so many that she could carry no more, 

she remembered her grandmother, and set out on the way to her. 

As she approached the house, the grandmother’s electronic flower 

[17] started to bloom indicating that a family member was near-

by.  

Little Red-Smart-Hood was surprised to find the cottage-door 

standing open. ―I’d better have a look through the in-house web 

cameras before stepping in.‖ But she soon found out that her hood 

could not connect to grandmother’s personal Wi-Fi network. ―Oh, 

no! Grandmother must been hit by one of those nasty denial of 

service attacks [14] that lately occur very frequently in the wood.‖ 

So, she cautiously entered the house, dropping on every step tiny 

motes of smart dust [23] that kept her hood connected to the 

outside world. When she went into the room, she had such a 

strange feeling that she said to herself: ―Oh dear! How uneasy I 

feel today, and at other times I like being with Grandmother so 

much.‖ She called out: ―Good morning!‖ The curtains were 

automatically drawn back but she received no answer; so she went 

to the bed. There lay her grandmother with her cap pulled far over 

her face, and looking very strange. 

―Oh! Grandmother,‖ she said, ―what big ears you have!‖ 

―Oh, it is just a side-effect of using earcup headphones for too 

many years, my child,‖ was the reply. 

―But, Grandmother, what big eyes you have!‖ she said. 

―Unfortunately, in my days, we had cathode ray tube TVs; not 

OLED displays, my dear.‖ 

―But, Grandmother, what large hands you have!‖ 
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―Recently published scientific results claim that prolonged use of 

non-ergonomic keyboards may have such effects.‖ 

―Oh! but, Grandmother, what a terrible big mouth you have!‖ 

―The better to eat you with!‖ 

And scarcely had the wolf said this, than with one bound he was 

out of bed and swallowed up Little Red-Smart-Hood. 

When the wolf had appeased his appetite, he lay down again in the 

bed. ―Grandma, you’d better lose some weight soon, else I will not 

be able to hold you any more‖ commented the poor bed, and 

immediately requested the life style assistant to adjust 

grandmother’s diet. The wolf fell asleep and began to snore. The 

hood transmitted the snoring to the smart dust motes that the Little 

Red-Smart-Hood had left behind. The motes, in their turn, started 

propagating it to all Bluetooth-enabled speakerphones in range.  

The wood’s system administrator, who was already looking for 

Little Red-Smart-Hood, passed nearby driving his hybrid SUV. 

Suddenly, his in-car multimedia station started playing the 

snoring. ―What’s that strange sound? I’d better check where its’ 

coming from.‖ thought to himself.  Using his advanced network 

tools, he quickly traced the signal’s source and got into 

grandmother’s house.  

When he came to the bed, he saw that the wolf was lying in it. ―Do 

I find you here, you old hacker!‖' said he. ―I have long sought 

you! Your sleek bouncing attack tricks with all those proxy 

hunters and wingates, will not help you now!’‖ 

The administrator picked up a large pair of laser scissors from 

grandmother’s knitting basket and held it in mid-air. ―You seem a 

little compressed my friend. I think you need to unzip a little bit!‖ 

said to the sleeping wolf and began to cut open his stomach. When 

he had made two snips, he saw the Little Red-Smart-Hood 

shining, and then he made two snips more, and the little girl 

sprang out, holding a mobile phone in her extended arm, crying: 

―Ah, how frightened I have been! I’ve never stayed for so long in 

a place with such bad signal reception in my whole life!‖ and after 

that the aged grandmother came out alive also, but scarcely able to 

breathe. Little Red-Smart-Hood, however, quickly fetched an 

ancient Pentium II workstation with a 14-inch CRT monitor that 

her grandmother kept in the attic, with which she filled the wolf's 

belly, and when he awoke, he wanted to run away, but the 

hardware was so heavy that he collapsed at once, and fell dead. 

Then all three were delighted. The system administrator drew off 

the wolf's skin and sold it for a great price on eBay; the 

grandmother ate the organic fruits and vegetables which Little 

Red-Smart-Hood had brought, and revived, but Red-Smart-Hood 

thought to herself: ―As long as I live, I will always Google 

strangers the first time I meet them and never by myself leave the 

path, to run into the wood, until telecom companies decide to 

extend their signal coverage!‖ 

2. MOTIVATION, RATIONALE & FUTURE 

WORK 
The field of Ambient Intelligence (AmI) envisages a future where 

our surrounding environment is populated by several 

interoperating computing-embedded devices of different size and 

capabilities, which are interweaved into ―the fabric of everyday 

life‖ and are indistinguishable from it [24]. AmI technologies 

integrate sensing capabilities, processing power, reasoning 

mechanisms, networking facilities, applications and services, 

digital content, and actuating capabilities distributed in the 

surrounding environment. AmI has been conceived as a means for 

supporting and enhancing everyday tasks, the informal and 

unstructured activities typical of much of our everyday lives [18].  

Up to now, the task of envisioning and illustrating potential / 

emerging AmI technologies and how they might affect future 

everyday life has mainly been served through the creation of 

exemplary realistic user profiles and real-life scenarios, conceived 

as ―food for thought‖ (e.g., [11]). Unfortunately, since such 

scenarios have as starting point the current reality, they often 

become mundane and conventional, failing on the one hand to 

envision potential extra-ordinary aspects of life in the future, while 

on the other hand to evoke further imaginative thinking. Thus, 

more creative approaches are additionally needed.  

According to Sir Ken Robinson [21], ―imagination is the source of 

our creativity‖. Moreover, as the British writer and scientist Sir 

Arthur C. Clark states in one of his famous laws [4], ―any 

sufficiently advanced technology is indistinguishable from 

magic‖. Also, one of the techniques proposed by Carroll [3] while 

discussing about transformations employed in brainstorming 

sessions intended to identify future scenarios is ―the exchange of 

the tools and other task objects occurring in a given scenario with 

another set of tools and objects… Replacing familiar objects 

makes the scenario easier for users to criticize… this technique is 

a simple way to bridge from observed scenarios to envisioned 

scenarios. Merely inserting the objects of some alternate 

technology produces a vivid level-zero design – easy to criticize 

but also easy to improve.‖  

In this context, the key motivation behind this paper was to 

experiment with, and provide a proof of concept of, an alternative 

approach, which combines imagination with real scientific facts, 

towards envisioning novel Ambient and Ubiquitous Technologies 

as well as how, and which, might affect future everyday life. The 

rationale for employing a fairytale to achieve this goal is fivefold:  

(a) since most readers are already familiar with the basic 

storyline, the contrast between the ―past‖ and ―future‖ 

situations is more accented, thus allowing easier 

identification of change and its potential effects;  

(b) fairytales appeal to imagination rather than to reason and 

consequently can act as catalysts towards the generation of 

innovative ideas (i.e., thinking ―out of the box‖);  

(c) in fairytales magic (or very advanced technologies) is 

seamlessly integrated into everyday life; 

(d) previous research attempts [7] to combine creativity and 

humor with scientific knowledge, have proved that this 

unconventional mix can be a very effective means for the 

dissemination of new concepts, as well as a powerful 

thought-provoking tool; 

(e) good storytelling draws readers to willingly immerse 

themselves into its fictional universe (even if totally 

unrealistic as in a fairytale), providing an enjoyable, 

interesting and compelling experience. 

As nowadays, creative thinking - the ability and process of coming 

up with novel ideas of value - is being regarded as a key 

―employability‖ skill [12] and as the most important leadership 

quality [10], our next step is to further shape the suggested 

approach and formalize a related participatory process. 

Subsequently we aim to study in practice its impact as a support 

tool for creative thinking and also as a means for developing 
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related skills. The story presented in this paper is intended to be 

used for showcasing the approach and also as a tool for initiating 

brainstorming. Among our first target groups for applying the 

suggested approach are young children attempting to generate 

novel concepts and designs for future technologies. 
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ABSTRACT
In this paper, we describe a 3D mobile demonstration plat-
form that can passively track the location and posture of
multiple persons walking on a segmented floor. The pre-
sented tracking system is fully unobtrusive and requires the
user to neither wear any tags or perform any special action,
such as talk, to be tracked. Thus, it promotes the concept
of calm technology by pushing the sensing actions to the
background. The system is based on capacitive measure-
ments in transmit-mode which are performed using a com-
mercial capacitance-to-digital converter. The user position
on the floor level is calculated by measuring the placement
of feet on different transmitting floor segments. The verti-
cal head position is measured using a large receiver electrode
placed above the tracking area and the result is used to de-
termine the user posture. The implemented system is pro-
vided for hands-on evaluation for conference attendees with
a 1.8×3.0 m floor space which enables the tracking of five
persons at the same time. The position and the three-state
posture of the persons walking on the floor are displayed to
the demo attendees in real-time.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous

General Terms
Design, Experimentation, Measurement

Keywords
Capacitive, User tracking, Indoor positioning, Location,
Demo, 3D

1. INTRODUCTION
User indoor positioning, tracking and location-based ser-

vices for smart environments are a quickly broadening re-
search topic. However, many of the current positioning
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republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
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Copyright 2012 ACM 978-1-4503-1637-8/12/10 ...$10.00.

systems are based on visual observations of the users us-
ing video cameras, which require a line of sight between
the camera and a user, are sensitive to lighting and raise
the issue of user privacy. Furthermore, most people are not
willing to install any systems to their homes that they find
intrusive [4, 7]. To circumvent these problems, dozens of so-
lutions based on different technologies have been studied and
proposed during the last few decades. Nevertheless, only a
handful of them have concentrated on tracking people in 3D.
Finally, only a few non-intrusive, passive and device-free sys-
tems, that could be used in smart environments and would
promote the concept of calm technology [12], have been built
and demonstrated in a practical setting.

To fill in this need, this paper presents a three-dimensional
human tracking system that is able to both measure user
posture and position on the floor simultaneously using a
simple measurement setup. The developed method is totally
passive and does not require any tags or electronic devices to
be worn by the user. Moreover, it is insensitive to lighting,
sound and thermal properties of the user and the tracking
environment. The presented system is built of a matrix of 33
individual floor tiles that make together a 1.8×3.0 m track-
ing area. A conductive textile is installed above the user,
close to the ceiling, and provides the ability for the system
to measure the height and/or posture of the tracked users.
The capacitive position measurements are performed in a
transmit-mode [6]. That is, the person standing over the
transmitting floor tiles emanates a low-frequency measure-
ment signal and that is received as a displacement current
at the receiving electrode above the user. The measurement
circuit composes only of a single commercial capacitance-
to-digital converter (CDC) [1] and some other peripheral
components used to multiplex the control signal to the floor
tiles sequentially and to communicate the measurement re-
sults to a PC.

Built as a mobile demonstration platform, the system is
provided for hands-on evaluation for the MindTrek 2012 con-
ference attendees. With this system, the conference atten-
dees will be able to understand the basics of electric field
sensing and how this technology can be applied to ubiquitous
computing and to human-computer-interaction on a large
scale. Furthermore, the demonstrated system will stimulate
discussions and provide insights to the practical issues of in-
door positioning systems and capacitive sensing of human
beings.
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Figure 1: A photo of the demonstration platform.
The transmitting floor is constructed from 33 soft
floor tiles (9 large and 24 small) and the ceiling is
built of a silverized textile supported by plastic poles
in each corner on the platform. As shown by the dis-
play behind the platform, the system has detected
a person standing in the corner of the tracking area
and another person lying on the floor in the middle.

2. RELATED WORK
User tracking systems have been studied widely during the

last few decades and some promising passive and device-free
systems have been presented [3, 5]. However, these systems
have mainly focused on positioning the user on the floor level
and are not able to track the user posture at the same time.
In fact, up to our best knowledge, only a few non-intrusive
(i.e. no video surveillance), passive (no special actions, such
as talk, are required) and device-free (no tags or devices need
to be worn) indoor positioning systems capable of tracking
human beings in 3D have been built. In fact, apart from the
capacitive sensing methods we have developed at Tampere
University of Technology (TUT), and described in [8]–[11],
we only can list one alternative technology that has already
been studied for 3D user tracking and can meet the above
requirements.

The ultrasonic positioning system of Yoshifumi Nishida
et al. [4], presented in 2004, can be built to be totally pas-
sive, device-free and non-intrusive to the user. Their system
consists of an array of ultrasound transmitters and receivers
placed in the ceiling at intervals of around 18 cm. Their pilot
system was shown to be able to position the subject within
the vicinity of the sensors both horizontally and vertically
with about 5 cm accuracy. Although the achieved accuracy
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Figure 2: The capacitance model, shown with the
physical construction of the system, was derived
from publications [8] and [11]. The user position is
inferred based on the increased serial capacitances
of Ct

F and CB when a user stands over the individ-
ually activated transmitters on the floor. User pos-
ture can be sensed by measuring capacitance CB that
changes with the distance between the user head and
the receiver.

is excellent, it requires the installation of hundreds or even
thousands of sensors in the ceiling, if whole apartments or
houses are to be covered by the system. Thus, it may not be
a practical solution for tracking the users over large areas,
even if the amount of ultrasound transmitters or receivers
could be lowered to obtain a lower accuracy and installation
cost.

In addition to the capacitive and ultrasound sensing tech-
niques, we see that microwave radar [2] or infrared sens-
ing [3] could be used for tracking people in 3D. However,
we are not aware that they have yet been used in 3D user
tracking applications.

3. SYSTEM DESCRIPTION
The floor part of the system is constructed of the same soft

floor tiles in the same geometric arrangement that were used
in the demonstration system of [10]. However, the receiver
is replaced in this study with a silverized textile electrode
placed above the tracking area at a height of 240 cm as
in [8]. The receiver is connected to the measurement hard-
ware of [10] using a coaxial cable. The receiver is supported
by four plastic pipes in each corner of the tracking area. Fig-
ures 1 and 2 present the construction and the capacitance
model of the developed demonstration platform.

The operation of the system relies on the fact that hu-
man beings conduct well a low-frequency signal or current.
Such a current can be fed into a human body by having a
person very close to a conductive surface exciting a signal
(transmitting electrode) [9, 10]. In our system, the person
stands over such a transmitting electrode and emanates the
transmitted signal all around the person. The transmitted
signal is received as a displacement current at the receiver.
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The horizontal position on the floor level is calculated
using a center-of-mass-type algorithm originally proposed
in [9] and later used in [10] and [11]. Thus, after an initial
calibration step (see [11] for details), the system measures
the total capacitance value between a single transmitter and
the receiver, one at a time. When a person moves or stands
on the tiles, the serial capacitance of Ct

F and CB increases
for the transmitter t on which the person stands, increas-
ing the measured total capacitance. If a person stands only
over a single tile, the person is positioned in the mid-point
of that tile, because only the capacitance for the transmitter
in that tile has increased. If a person stands over multiple
tiles, we calculate the center of mass using all the increased
capacitance readings from the individually measured trans-
mitters.

The vertical position of the user, that is head position,
is calculated using a pre-calibrated capacitance-to-distance
conversion function, originally presented in [8]. The func-
tion converts in practice the capacitance CB between the
user and the receiver to an absolute distance between them,
which in turn can be converted to user height when the in-
stallation height of the receiver is known. Furthermore, the
posture of the person is determined using a simple threshold-
type classifier of [8, p. 322]. In this system, the classifier
determines the user posture with three classes, standing,
sitting and lying on the floor, which should be sufficient
for many applications. Furthermore, this small amount of
classes allows the the user posture to be detected reliably
even if shoes are worn, because the changes in Ct

F , caused
by shoes [8, p. 323], remain adequately small compared to
the changes in CB produced by posture changes. With the
classifier used, the measured height at any given moment
per the true standing height determines in which posture the
tracked person is assumed to be. Hence, the true standing
height of the tracked person must be measured prior to cal-
culating the user posture. In this demo system, this height
is measured when the person enters the tracking space, so
the tracked person must walk in (rather than crawl) for the
posture determination to work as designed.

The system can track multiple persons with this same
tracking method even if they stand right beside each other.
However, because the system cannot differentiate on which
tile each person is standing, the system may sometimes swap
the identities of closely moving people. Despite this prob-
lem with the demo system, this issue could be fixed with
computer-vision-based algorithms in real-life scenarios where
people would be walking straighter paths and not only wan-
dering about each other.

4. DEMONSTRATION PLATFORM
MOBILITY

The assembly of the demonstration platform is an easy
task and takes only about 15 minutes with two persons.
After the assembly, the system must be calibrated, but that
takes only a couple of seconds. Furthermore, because the
floor is built with soft and thin floor tiles, it can be packed
easily in a suitcase. Likewise, the textile ceiling electrode
can be fitted inside a small pouch and carried along. The
plastic pipe structure supporting the receiver, however, takes
a little bit more space, but can be well fitted in a small
car. Therefore, the presented demonstration platform can
be transported with ease from place to place.

5. CONCLUSIONS
In this demo proposal, we have presented an unobtrusive

tracking system that can be tested hands-on with multiple
people. The construction and the tracking methods are sim-
ple and are based on the previous publications of the first
author. The presented test system shows that the 3D capac-
itive user tracking methods can well be applied on a mobile
demonstration platform in a practical way.
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ABSTRACT 

Study of user groups regarding their photo sharing and managing 

practices and needs for future designs was arranged with four 

different target groups: cosplayers, snowboarders, camera club 

and the family. Group interviews of 15 people and two individual 

interviews were carried out in total. Study identifies experiences 

and features that users appreciate, current practices and 

bottlenecks in the photowork. novel needs for photo sharing 

solutions, and gives design drivers for these kinds of solutions in 

the small group context. Results of the group interviews suggest  

that new kinds of collective repositories are needed to make 

photo sharing experience more enjoyable. There are many 

services that allow publishing photos publicly to the big 

audiences or the whole user communities, but services that aim 

for supporting working with limited and intimate groups are still 

in their infancy. 

Categories and Subject Descriptors 

H.5.3. Information interfaces and presentation (e.g., HCI): Group 

and Organization Interfaces-Computer-supported cooperative 

work, Evaluation/methodology, Synchronous interaction. 

General Terms 

Design, Human Factors. 

Keywords 

User experience, photo sharing, photo work, small groups, 

personal content, content creation, content management, content 

experience, user-generated content. 

1. INTRODUCTION 
Digital content sharing has grown rapidly hand in hand with the 

development of capturing devices, social networking and file 

sharing services. Since capturing images and editing them has 

become easier and applications available and usable to everyone, 

the new focus seems to be designing pleasurable experiences for 

users to enjoy the photos.  Users are not only handling the photos 

taken by themselves, but also those taken by others. Managing 

and maintaining the ever-growing personal inventories of photos 

and other personal media and sharing the meaningful content 

with others has become an interesting area for research and 

development.  Novel ideas for support and pleasurable user 

experience are needed.  

This study aimed to identify needs, desired experiences and also 

bottlenecks in the process users go through in their personal 

content management and sharing in small group context. Namely 

this photoworking [12] process takes place after taking the 

photos. This study focuses on a photo sharing in a small group 

context. The study included group interviews of 15 people. 2 

people were interviewed individually at start for piloting the 

interview structure and the questions. After piloting the structure, 

four group interviews were carried out with groups of 

photographers. The small groups selected for the study are: 

cosplayers, snowboarders, family and camera club.  

2. RELATED WORK 
Photo sharing is a theme that has been extensively studied in the 

field of Human computer interaction. However the small group 

context of the photo sharing practices remains a less studied 

subject. This study contributes to the HCI field by collecting the 

experiences that the users have towards sharing their personal 

content within the small groups with varying intimacy levels. 

New photographing devices give great support for taking the 

photos, but all the effort that is made after photographing seems 

to create more interesting areas for development. Capturing, 

storing and editing images has taken some giant leaps and 

producing high-quality photos and photo-collections is possible, 

but at the same time people face problems with maintaining the 

inventories and sharing the meaningful photos with the people 

online. Social networking services (SNS) [16] allow users to 

share their photos, but at the same time the privacy issues and 

size of the audience becomes a problem.  

Kirk et al. in 2006 [12] has identified and named this process that 

happens after taking the photos as “photowork” and also 

identified and categorized the activities that people perform on 

their digital photos. The work identifies patterns that occur 

before sharing and publishing PC use of digital photographs and 

paper prints have been extensively studied in the past [2], [6], 

[12], [24], [31]. Frohlich introduces four categories of photo-

sharing activities: co-present and remote sharing, archiving and 

sending [9]. Current solutions of photoware [9], [15] should 

enable all of these activities within a single system and remove 

the boundaries between these practices.  
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Previous studies of photo sharing and photowork have identified 

problems in archiving the photos. Some of these problems are 

still not answered with technology. Photos are identified in many 

studies as highly personal content [[2], [6], [9], [19], [29]]. Photos 

evoke emotions, and help remembering. That is the reason, why 

people are very sensitive with sharing photos and videos of their 

close-ones and the groups they belong to. When people share 

photos with relatives and friends, the main motivator seems to be 

strengthening the existing social ties [[16], [20], [26], [27], [28]]. 

Since personally captured photos are perceived highly intimate, 

emotional and meaningful objects [[2], [19], [25]] worth of 

sharing but also for keeping them safe, sharing to the close ones 

and “inner circles” [14] also in the internet has become more and 

more valuable. Online social networking exist that enable sharing 

to large audiences, but means to share easily to small and 

intimate circles seem to be missing  [33]. Users may not be aware 

of their target audience in the SNS [17]. 

The most public level of sharing where photos are put out to 

whole community or SNS [16] includes motivational factors such 

as self-expression and getting attention from others. In Flickr for 

example sharing of photos may include motivation to gain 

feedback and recognition from others [[20], [21] [22]]. Sharing to 

bigger audience includes motivations such as gaining popularity 

and visibility in the community, getting feedback from others and 

contributing to the community [20], [22]. Self-expressional needs 

and presenting oneself through the photographs come up in both 

sharing photos regardless of the size of the target audience [7]. In 

Flickr, professional users were also interested in monitoring the 

popularity and traffic on their photos [22]. 

Adjustments of privacy levels become an issue, when photos are 

shared through online systems. Frohlich and others [9] introduce 

taxonomy of sharing usage, where time and presence are the most 

important factors. Sharing of photos includes personal archiving, 

and collecting one’s “personal digital repository” as a starting 

point, sharing to self [12].   

Previous studies also suggest that people are willing to share 

personal content on a private circles [3], [4], such as family, close 

friends and also the incoming content from these sources is most 

interesting for many [7], [8], [20]. Sharing photos to small 

groups, such as relatives, close friends or private groups has 

different motivations and needs than sharing to bigger audiences. 

Olsson et al [[26], [27] [28]], introduce three-fold motivations for 

photo collecting and sharing. The main motivator for storing 

personal photos and making private collection seems to be 

personal growth and identity-building. Sharing to small groups 

mostly includes documenting everyday life, sharing memories 

and telling stories of meaningful events and extraordinary 

occasions [2], [24], [22] as studies suggest. 

Cloud computing technology allows new solutions for archiving 

the photos outside the hard-disks and drives.  Databases and 

storages that are accessible everywhere and through different 

devices have been introduced [10], [25]. MyLifeBits [10] is a 

personal collection that aims for managing photos and as an 

addition all the other digital content. Also other services and 

concepts such as Dropbox for all the digital content and Picasa 

for photos only have been introduced lately for full content 

management and sharing. Idea of these collections is to create 

personal inventory that is accessible anywhere and by many 

devices. Cloud computing and developed features for 

synchronizing the collections play important role in these 

services. Synchronization can work with different levels: moving 

collection between devices, online services or even combining old 

and new collections. Also combining physical and digital 

collections or digitalizing the old collections is an interesting area 

[[24]].  

Small groups have special needs and expectations for the 

technology that they would use for the sharing between the group 

and for demonstrating the group identity and content more 

publicly [22], [23]. New technologies to share and present photos 

for selected and limited group have been developed recently. 

Most of these technologies use mobile phones as photographing 

device but also as a device for group formation and photo 

presentation and viewing. Feed me–system supports “directed 

sharing” [[4]] that recognizes users close contacts and their 

interests and aims to more effective and targeted sharing of 

content. 

Co-present sharing of photos with mobile phones has been 

studied [[1], [6], [18], [20], [29]]. These studies introduce new 

concepts that support novel interaction models with many mobile 

devices by synchronous and shared screens. “pass-them-around” 

prototype introduces way of using multiple mobile phones to 

view the photo collection of the group [18].  

Nunes and others [[24]] introduced “Souvenirs” prototype that 

enable users to link photos to physical memorabilia in the home 

environment. In the study, it was seen that photo collections only 

on the hard disk of the computer can prevent users from 

spontaneous presenting and experiencing the photos together. 

Previous research has identified the motivations and practices to 

share photos in an larger online context. However the small 

group context of the photo sharing remains less studied area. 

3. METHOD 
The study approach was a qualitative study. Semi-structured 

interviews were conducted in order to gain a holistic 

understanding of the photographing process in a small-group 

context and to gain deeper knowledge of the weak signals in the 

photo sharing within the small groups. Interviews aimed to 

collect current practices, needs and ideas for photo sharing and 

related photowork in the small group context. All the interviews 

were carried out in summer and fall 2011. 

3.1  Procedure and practical arrangements 
Group interviews included the following themes related to users’ 

photoworking and group photographing: 

1. Description of the group photographing practices and 

currently used tools 

2. To identify different roles among small group members in 

regard to photographing and sharing practices. 

3. To understand needs and desired features for future 

development in the small group photo work. 

 4. Problems and sensitivities in archiving and storing the 

photos.  

5. Life-cycle and sustainability of photos in the group 

6. Desired user experiences in the photowork and photo 

sharing  
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Group interviews were arranged in an informal way, where 

anybody was able to answer the questions at their own will, but 

researcher made sure that no one was left aside in the interview. 

All of the interviews were conducted at the university’s premises 

and in cafés and they lasted from 1,5 to 3 hours. They began with 

everyone individually describing their photographing practices 

and currently used technologies, then shifting to asking tasks and 

roles in small groups, afterwork and photo-sharing tools.  

Interviews were carried out in a group interview form. Group 

interviews were selected in order to get concrete information how 

they experience and share the content in the particular groups. 

Interviews also examined sharing to the larger audiences. 

Participants were contacted before the interviews and they were 

asked to select and bring 5-10 personally meaningful photos to 

the interview from their photo archives. The selection criteria 

that was given to the participants was that they either had shared 

the photos in any way or were willing to share them in the future. 

These photos were used as personal content probes in the study 

[[5], [11], [12]]. Group interviews included a interview part and 

part where the users presented their meaningful photos. These 

photos were used as concrete examples after the interviewees had 

asked questions on more general level. Bringing their own photos 

to the study helped them to remember actual experience and to 

concretize their answers. Users told about their photos in a 

narrative method, and after that a set of questions were asked. 

The photo presenting session took place at the end of the 

interview, and the themes of the interview were repeated with 

their own photos. The idea was that participants could think 

about their answers in a more personal and concrete way, when 

actually their own photos were used as study objects. 

 

Figure 1 Collage of the selected photos from the participant 

groups from the interview sessions 

The interviews were recorded in audio and transcribed. Some 

notes were also taken during the interview sessions in order to 

capture the immediate reflections from the interviews.    

3.2 Participants 
The participants were recruited through multiple mailing lists for 

students of Tampere universities and also through forums of 

photographers. Background data of the participants was collected 

by using a web form before the interviews. The participants were 

screened for the study by their answers in the web form. The 

selection was made on basis of their equipment usage, age and 

activity of photographing and sharing habits in social networking 

services. The aim was to have four groups with different 

backgrounds.  

The participant groups include both non-technical photographers 

who do not use professional equipment and more advanced 

photographers with semi-pro or pro equipment. 

Four groups that were selected for the study presented varying 

needs in photo sharing. Totally 17 people were interviewed in the 

study. Four groups of 3-5 members were interviewed; each of 

them represented different level of intimacy of the relationships 

between members. Each of the groups presented different type of 

relationships to bring out the variety of the topic, including 

family, close friends and a hobby group with not close friendship.  

Table 2 The Participants 

Group Cosplayers Snow-

boarders 

Family Camera 

Club 

Age and 

gender  

4 males 

(23-31 

years) 

3 males 

(30-33 

years) 

Mother, 

father and a 

son (10-38) 

2 females, 3 

males, (44-

67 years) 

Events for 

photograp

hing 

together 

Cosplay 

events, 

photographi

ng 

excursions 

Surfing and 

snowboardi

ng trips 

Family 

gatherings, 

holiday trips 

Photographi

ng 

excursions  

Photo-

sharing 

services 

and tools 

Online 

forum, 

photoblog, 

irc-channel 

Online 

forum, 

Facebook, 

Sendspace, 

Dropbox, 

Picasa, 

printed 

photobooks 

Family 

blog,  

e-mail, 

paper copies 

and  

albums, 

photobooks 

USB-stick, 

e-mail 

Work-

flow 

Individual: 

everyone 

takes, edits 

and uploads 

pictures 

individually  

Collective: 

whoever 

wants can 

be a 

photographe

r, camera 

equipment 

can be 

borrowed. 

Collective: 

mother 

takes 

pictures, 

father does 

all the 

afterwork 

Individual: 

pictures are 

taken and 

edited 

individually

, only a few 

shots are 

shared with 

others. 

Viewing 

and 

sharing 

practices 

Pictures are 

viewed 

individually 

on internet 

(links are 

sent) 

Pictures are 

viewed 

together 

from the 

screen 

during trips, 

they also 

organize 

viewing 

parties  

Viewed 

together 

during 

family visits 

or 

gatherings. 

Pictures are 

not viewed 

together.  

 

All the four groups have in common that they organized and 

participated in social events together and shared their 

photographs collectively after the events (Table 1). Cosplayers 

included 4 males (21-31) years. This group had founded a 

photographing service that takes part in the cosplay summits 

where they organize a studio setup where the participants of the 

event can be photographed in their costumes. They also maintain 

a cosplay community on the internet where the photos are 
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published. They used semi-professional photographing 

equipment.   

Snowboarder group consisted of three males (30-33 years). They 

mostly took photographs in the sporting-related events that 

included snowboarding, wakeboarding, surfing and such 

activities. Pictures were shared between their group with e-mail, 

file sharing services (DropBox, Sendspace) but also to bigger 

audiences with SNS (Facebook, Picasa) and dedicated forums. 

Viewing of the photos also happens in get-togethers, where 

photobooks and selected sets of photos were viewed together. 

Camera club consisted of two males and two females (44-67 

years). The group had no particular interest in using SNS, only 

one of the members used SNS regularly. They shared photo files 

through mail and USB-sticks, and mostly viewed the best shots 

together in their dedicated events. The group was interested in 

classical photographing and even used old technology and retro 

cameras in certain photographing events. They also took part in 

national and international photographing competitions so in some 

cases they also saw the other members as competitors. 

Mother, father and son (10-38 years) took part In the family 

interview. They mostly took trip and family pictures with pocket 

camera and mobile phone camera. They were stored in the family 

archives but also shared through the family blog and SNS. They 

also gave printed pictures and photobooks as gifts to the relatives.  

3.3 Analysis 
The analysis of the interviews was completed using grounded 

theory method [[32]]. At first, all the interviews were transcribed 

and users were anonymously coded to record the personal info of 

the statements and quotes. All the quotes were organized into 

groups by their themes using affinity diagram method [13]. From 

their description weak signals and emotions related to the 

photowork were identified and categorized and the design criteria 

were derived from the most important findings.  

As the findings were analysed, six main themes of findings 

arouse: roles of the devices, phototaking practices and group 

dynamics, desired features for small group sharing, archiving and 

conceptions of security, afterwork bottlenecks and experiencing 

the photos.  These results are described in the following chapter. 

4. RESULTS  
Results from the group interviews suggest that there are 

opportunities for developing better solutions to support group 

working in the photowork and sharing process. There are many 

services that allow publishing photos publicly to the big 

audiences or the whole user communities, but services that aim 

for supporting working with limited and intimate groups are still 

in their infancy.  

Our results show that there are fixed roles in some groups 

regards of who is in charge of photographs. Usually the person 

with the best equipment is the photographer. Sometimes the 

photographer can borrow camera for others, but still takes charge 

of the afterwork, since people are willing to take photographs but 

there are only few who want or can do the editing and archiving. 

However, since the groupwork changes over time the roles can be 

flexible within the group. Especially the groups of friends took ad 

hoc roles when photographing in the events.  

Even though many users were quite experienced in 

photographing, archiving and editing the photos, they still seem 

to be missing effective tools for small group sharing. Existing 

tools are efficient in some purposes but they lack much of the 

desired group functionality that users described in the interviews. 

Professional photowork software seem to be missing the sharing 

and groupworking functionalities, where SNS lack powerful tools 

for photo editing, processing and handling large sets of photos.    

In the following, interpreted findings are introduced under the 

following themes. Following chapters use the most important 

claims from the interviews as the cursive captions.   

4.1 Roles of the devices and applications 
Most users had formed routines of using the devices for different 

purposes, even though the technology limitations do not always 

require the devices to only be used for these use cases. The 

results show that people use several cameras for photo-taking and 

select the camera depending on a context. 

Systems camera was perceived suitable for planned high quality 

photos. These photographs were also considered the most 

valuable in terms of time consumed in photographing and editing, 

and were often published in blogs and portfolios or sent to 

competitions. 

Mobile camera was perceived as a social and networked camera 

device. According to interviews, mobile phone camera was for 

the “social and networked photos” which value is in sharing them 

instantly on SNS. Mobile photo is not taken for artistic purposes 

but rather for capturing exceptional and quick moments, or to 

raise discussion on SNS. Even though the picture quality was 

criticized, mobile applications such as Instagram and Retro 

Camera were popular and used for making mobile photos more 

playful and visually interesting.  

Pocket camera then again was perceived more suitable for 

various social/physical contexts, when quality is not as important 

as capturing the moment. These snapshots were not edited at all 

or required only basic adjustments. Pocket cameras were 

perceived as more reliable and also more premium for 

photographing than mobile cameras.   

4.2 Phototaking practices and the group 

dynamics   
Different groups attending the study had big variance in the 

practices of taking, storing and sharing the photos. Snowboarders 

and the family are really tight-knit groups regarding their 

phototaking and sharing, but the two other groups did the 

afterwork more individually.  

Two main categories of photographing were identified from the 

interviews: spontaneous photographing and planned event 

photographing. Most of the users expressed these practices as 

part of their photographing.  Most of the users stated that 

important object to share between their group was the photos of 

different events that their group had attended together.  

Workflow in most cases was that pictures were taken and edited 

individually, but viewed and enjoyed together. That could be 

because there are no tools for groupworking, while the photowork 

is in progress.  
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”When we are photographing in the same places with my wife we 

shift the cameras, and at the end of the day we can’t tell which 

one took which picture.”  

“To help others, I’ll sometimes pass around my camera, and take 

care of editing of pictures by others.” 

Participants expressed high interest towards a service that could 

help them do the afterwork together. Social interaction and feel 

of doing cooperation with others could certainly add motivation to 

doing the afterwork. 

4.3 Desired features for small group sharing  
The most often discussed problem that repeated in the interviews 

was a group photographing problem. Groups described situation 

where they had attended an event together. They had 

photographed with many different devices and many 

photographers authored the photos. Sharing these photos after the 

event seems to be a mess, because the photos end up scattered 

around different services. This group of friends has masses of 

photographs from an event that they want to view and relive 

together.  

Editing sorting and making collections out of these photos mostly 

end up being task of a person that has the most experience. Still, 

more social interaction and group creativity could help this 

process. For example selecting the best pictures and photo sets 

together could add wanted interaction to the work.   

In the interviews, there were some mentions of sharing pictures 

on the spot by viewing pictures from screen with a projector or 

from a screen of mobile phone or iPad. Previous studies have also 

identified this collocated sharing [2],[29]. In order to view 

pictures together, one of the groups (the snowboarders) organized 

viewing meetings together after events: “We often arrange 

meetings for sharing travel photos face to face to relive the 

event”. However meetings were not organized immediately after 

the event, so they needed other ways of getting others’ pictures as 

well. Particularly those who did not participate in social media or 

did not organize meetings were not currently able to see the 

pictures taken by others (group Camera Club).  

Selected collections of the photos were also shared remotedly in 

the SNS. Remote sharing [31],[33], [34] however has bottlenecks, 

when users are trying to reach the intimate audience. Most of the 

participants said that there are problems of targeting the content 

to the wanted audience and the real interest group. Also the vast 

number of the services for social networking and also the hobby 

forums makes the sharing process hard [14]. Among all the four 

groups, photos were also be shared by making DVD or paper 

album of the best pictures. Photobooks were mostly collected 

from pictures taken on a certain trip or an event, and these photo 

collections were treated as a memorabilia and gift. 

I want to get the credit of photos I took 

Interviewees that were most ambitious towards quality 

photographs in the population were very interested that they get 

the credit of the photos that they have taken. They were willing to 

share photos as long as the people receiving the photos are aware 

who has shot the photos. Camera club members participated 

individually in photographing competitions so their sense of 

ownership can be strong towards the quality photos.  

I want to share my own photos and follow the browsing activity 

and their popularity afterwards 

Ambitious photographers especially were interested in seeing the 

popularity and view history of the photos they were sharing and 

even gaining feedback from other photographers.  

I want to share event photographs with the participants on the 

spot 

Interviewees stated that there is pressure for sharing pictures as 

soon as possible after the event, still effective tools for small 

group sharing and collaboration do not exist. They expressed a 

need for channel for instant sharing in the event or right after the 

event. “Others photograph and some others want to enjoy the 

event but we aim to take pcitures of everyone from our trips.”  

I want to see photos of others immediately after the event  

For some the problem was that pictures have most sharing value 

right after the events but editing, selecting and putting them 

online can really take time and effort. “The photos must be 

distributed right after the event, because then they are requested 

the most!”.  

”Usually I create photosets immediately, otherwise they will 

remain in the storage and grow dust.”  

I want to share my spontaneous photos immediately 

Users appreciated mobility and support for spontaneous ad-hoc 

photographing in surprising situations. Most of the events are not 

well organized and considered for photographing and sometimes 

the most meaningful situations take place, when the professional 

equipment is not available at the hand.  

4.4 Afterwork bottlenecks 
We identified several bottlenecks and factors that prevented 

flows of photographing and sharing. This process including 

archiving and organizing the photos is called afterwork [12].   

Some participants followed certain patterns in photo archiving. 

Some practiced extreme carefulness in backup copying. They had 

up to three backup copy folders or places as an addition to their 

maintained collection folder. 

Editing was considered the most tedious and difficult, and the 

majority wanted to spend as little time with editing their photos 

as possible. Usually they made only the basic adjustments on 

lightning, contrast, cropping etc. which are applied to all the 

photos. Some said that they’d rather try to take excellent photos 

so that there’s no need for editing.  

Particularly, adding metadata manually to older pictures (taken 

before they started to use more advanced editing software) was 

frustrating, but the missing information lead to difficulties in 

archiving and finding pictures. Since the event photos were 

shared with others and were the easiest to remember, pictures 

taken outside events were more difficult to categorize. Also, 

many said that there are no places for sharing random shots or 

pictures that do not drop into a certain category. Since our 

interviewees had taken pictures during decades, their routines 

and mental models of archiving had changed over time, and due 

to that, finding old pictures was extra difficult.   

For most of the participants afterworking and editing was really a 

burden. They highly agreed on the subject of difficulties in the 

afterwork with photos. Taking photos out of cameras and moving 
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them between devices that may not negotiate with each other was 

frustrating. 

I want to store group photos with others 

Some expressed need for storing group photos together in an 

shared folder for organizing and backupping group photos 

together. Problem was that the folder has to have an organizator 

and author. 

I want to select the quality shots together 

Especially the ones that took portrait pictures, such as the ones 

from the cosplay events needed options to make the selections 

together with the target or other attending. 

”I lack the artistic eye and sometimes wish that there would be 

assistance in selecting the best pictures out of several similar 

ones.”  

Similar shots of the same subject could be detected automatically 

and this selection could be gathered after that. Sometimes it is 

difficult to select which are the best ones out of several identical 

photos, also the opinion of the photographer can differ from the 

opinion of the subject.They would like to select the best pictures 

together with the subject/other photographers.  

I want to organize my photos as a photobook together 

The end-product of all the organizing could be a photobook, 

which was highly appreciated photo collection object in the study. 

I want to see others’ photos and store them in my collection 

Interviewees were highly interested in photos of others. 

Especially the photos of the shared events were of a high interest, 

but also high-quality photos were seen valuable. As an addition 

to own collections almost all of the participants also saved 

pictures taken by other of them or the event s they attended in 

their collections. This combining habit of collections and 

removing the ownership of photos could be encouraged in the 

process. 

”It’s nice to see and compare pictures taken in the same places 

and from the same subject, and see how different they can be.”  

4.5 Archiving the group photos, conceptions 

of security and trust 
Users had some conceptions of how secure or sustainable the 

different devices and formats are for storing photos.  

As a temporary ”non-permanent” storage they saw mobile 

phones, memory sticks, iPad and other handheld devices, 

cameras, work and, web and virtual folders (Dropbox, 

SendSpace). As final and safe storages they saw external hard 

drives, servers of their own and paper copies. Digital photos were 

seen as easily lost or damaged, paper copies perceived as safe 

and everlasting. Online galleries and SNS were not trusted as 

archives of the photos.  

Everybody wanted to have highly organized set of photos and 

organizational models and tidy and clear collections are highly 

appreciated, but still most of the users are not willing to do the 

work it takes. Users wanted novel solutions to ease the pain of 

archiving and backuping the ever-growing collections. Most of 

the interviewees stored pictures temporary on their hard drive or 

on usb. Even though they knew the importance of backup files, it 

was often forgotten or remains undone.  

Almost every user followed pattern of temporary folders for 

“recently taken, to-be-organized, to-be-edited” photos. These 

temporary folders were stated to be ever-growing, because the 

organization of the photos was seen as the dull and time 

consuming part of photographing, and temporary folders were the 

places where the photos were uploaded in a hurry to wait for 

editing and organizing. 

Most often the photos were simply organized related to date and 

time, because most of the software and cameras supported that 

organizational scheme. Event photos also were also organized 

according to the event or place, similarly to the photos from 

vacation or trip. Pictures were hardly ever organized according to 

people, the only exception being folders of kids in some cases. 

Some of the users had ideas of organizing photos thematically or 

as “portfolio” of certain topics, but only two of them had really 

done some thematical folders.  

I want to have all of my photos in a safe place, that I can 

access anywhere 

Users wanted to have organizing and backupping features 

available on the mobile phone. Some also stated that access to the 

photography collection with different devices through cloud 

computing would make the organization and storing easier. 

 I want help and automatic features for organizing the content 

Everybody wanted to have highly organized set of photos and 

organizational models and tidy and clear collections are highly 

appreciated, but still most of the users are not willing to do the 

work it takes. Users wanted novel solutions to ease the pain of 

archiving the ever-growing collections.  

4.6 Experiencing and enjoying the photos 

together and alone 
Groups expressed some of the core experiences that they wanted 

to get from their photographing and photo collections. The most 

important findings are presented in the following. 

There seems to be a norm that pictures taken in social events 

should be shared as soon as possible after the event with the 

other participants: “Social media makes it easy to share, but also 

creates more pressure.” However, instant sharing was often 

laborious due to the many stages of afterwork: they felt that 

editing, selecting and tagging takes often too long time before 

pictures are shared online. Instant sharing was particularly 

difficult if all the members were not using the same SNS.  

 

Figure 2 Photobook created from Snowboarder group photos 
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We want to experience the photos together between the group 

Instant sharing on the spot by showing pictures from screen or 

mobile/iPad was done in some occasions, but when the nature of 

the event did not include that possibility viewing together after 

events was sometimes organized.   

We want to make meaningful stories, collections and objects 

out of my photos and give them to others  

Physical photos were highly appreciated in the interviews. 

Physical print outs of the photos offer a tangible, concrete and 

sustainable object that can be given as a gift or put visible for 

example by hanging it on the wall. Especially photobooks were a 

highly appreciated way to collect the most meaningful photos and 

present them.   

I want to make premium gifts out of the photos we took 

Three groups out of the four printed out photobooks of their 

digital images, and they were even willing to do that more.  

Those who did not participate in SNS’s felt that they had no 

place for sharing. Their only channels were sharing face to face 

or via e-mail, CD’s or USB sticks. 

I want to see my collection and interesting photos as a 

presentation when I have the time 

Users expressed need to see photos as different slideshows on 

devices such as laptops, television screens, tablets and mobile 

phones. Screensavers were highly appreciated by some the users, 

and they wanted options to show pictures outside of their hard 

drive collection on the screensavers.   

5. DESIGN DRIVERS FOR SMALL GROUP 

SHARING 
Six design drivers were derived from the analyzed findings and 

from the most important finding theme categories that were 

introduced in the chapter 4. Drivers are introduced in this 

paragraph as simplified guidelines. These guidelines draw 

together the study findings and aim to express the goal 

experiences that should be matched in the design process of the 

small group photo management solution. 

1. Support different devices and formats for the photo 

management. As the users have vast amount of different devices, 

software and SNS for the process, new solution should support 

different formats and help people also to combine all the work 

within a single system. 

2. Allow users to change roles in the phototaking and sharing 

process in the group. As the user roles are flexible in the 

groups, the solutions should be able to support the flexibility in 

the process. 

3. Enable collective collections. Allow users to form groups in 

the system by intuitive and easy ways. Let users to see the photos 

of others within the small groups and circles of friends. Allow 

group content sharing also to outsiders. Give access to photo 

collections with many devices and over the internet connection 

4. Enable automatic features for backup creation also for 

groups. Enable wireless communication and easy data transfer 

between different devices and platforms 

5. Allow users to do the  afterwork together. Allowing users to 

collaborate around the photos seems to raise the motivation for 

the afterwork. Enable features for social interaction during the 

afterwork process – create social presence feel. 

6. Enable easy sharing to the targeted audience. Problem for 

the most seems to be that they are not aware to whom they are 

sharing and which users are able to see the content. Helping 

users to be aware of the audience of their content and the 

browsing activity of he viewers can enhance the sharing 

experience.   

7. Enable collective and individual storytelling. Motivate users 

by giving them features for creating stories instead of piles of 

photos. Enable remote sharing with the people present with 

different devices right on the spot to ease the afterwork and 

sharing afterwards. 

6. CONCLUSIONS AND DISCUSSION  
The results of the study suggest that users desire dedicated 

solutions for the small group photo working. Selecting and 

editing the pictures that are shared with others is mostly done 

individually. Since the photographer themselves selects only the 

best shots, other group members cannot see all the photos taken 

from the events. Therefore, more collaboration to photo selection 

would be needed. Especially after events or trips there’s a need 

for sharing the pictures taken.  

As this study proposes a dedicated solution for easy and instant 

sharing of photos within the small group is needed. There’s a 

need for a collective working space for sharing large sets of 

photos, and for editing and managing them together. The results 

of this study will be validated in the continuance of the project. 

Research findings will be utilized also in constructing of the 

prototype that enables small group sharing. 
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ABSTRACT 

Expanding the bounds of digital educational games, this research 

describes the characteristics of games designed to modify player 

perspective, understanding, interests, activities or opinions.  These 

persuasive play games include social impact games, games for 

change, and others games designed to persuade players. In 

summary the characteristics of 150 such games are reported 

through three broad categories of development, design and play 

experience. This summary of results focuses on digital play and 

proves effective at providing a topographical view of the state of 

play designed for extrinsic action and understanding.  The focus 

of this research is the design and development characteristics of 

such games.  

Categories and Subject Descriptors 

K.3.1 [Computing Milieux]: Computers and Education – 

computers in education  

General Terms 

Measurement, Documentation, Performance, Design, Human 

Factors  

Keywords 

Persuasive Play, Social Impact Games, Computer Games, Digital 

Games, Advergames, Games for Change, Serious Games  

1. Introduction 
Research in persuasive play is relatively new.  Although most 

explicitly proposed by Ian Bogost in the book Persuasive Play [1], 

the concept combines the heuristics of psychology, marketing, 

education and game design to effect player perspectives and 

understanding.   Its evolution is quite expected as the mass 

adoption of specific media often results in varied attempts to 

exploit the convincing potential of that media [2]. Books, 

newspapers, film and music evolved to include a variety of 

persuasive approaches more commonly recognized as propaganda 

and marketing.   Games and the realm of play have been used to 

both sell items and ideas.  Whether used to promote social good 

or promote a brand, the use of persuasive play continues to 

evolve. 

This research provides the first formal, academic analysis of the 

state of these practices as they relate to digital games.  The goal is 

simply to catalog the state of the practice in individual areas under 

the larger umbrella of persuasive play in the digital domain.  This 

is a study of games as artifacts. It reports on characteristics 

witnessed from a wide view of persuasive play games.  It does not 

focus on the how, it merely focuses on the what.  It describes what 

choices developers and designers make, in an effort to capture the 

visual, audio, and other sensuous characteristics of such games.  

Combining such research with prescriptive observations on 

heuristics of captology [3] and general game industry research 

should produce a more complete view of persuasive gameplay.   

To clarify the focus, each of the games studied must have an 

explicitly identified game goal of persuasion.  Such persuasion 

may take the form of encouraging consumer action (e.g. 

advergame), social action (e.g. social impact game), educational 

understanding (e.g. educational game) or complimentary 

approaches. Games that aim to teach a language, for example, are 

not the focus of this research because such games may seek to 

educate, but they do not seek to persuade. If such a game sought 

to demonstrate the value of one language over another, such a 

game would fall under the domain of persuasive play.  

It is important to understand that persuasive play in non-digital 

play is not new.  It can and has been argued that analog play is 

full of argument designed to persuade players [4] [5].  The 

specific study of digital play is far more limited.  Combined with 

the nearly absent large-scale analysis of such game designs, this 

study of 150 games should prove exceptionally valuable to the 

researchers, designers, and developers of a variety of digital 

games.  It serves as a view into the state of persuasive play games. 

2. Methodology 
This research was gathered and analyzed by a group of seven 

investigators over 6 months between June and December of 2011. 

All researchers were required to participate in training to 

standardize reporting.  Each researcher learned the 

interdisciplinary terminology and data collection standards for the 

research.  

As part of the data integrity and coder evaluation process, all 

researchers coded games in a test bed database before contributing 
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to the final research data set.  All anomalies in the test database 

were evaluated and researchers were either retrained or the coding 

instrument adjusted to accommodate the anomaly.   During this 

process two prospective researchers were removed from the study 

for failure to produce consistent results. 

All researchers were between the ages of 19-35 and all were 

experienced game players who played digital games at least 5-10 

hours a week.  The final research team consisted of 2 females and 

5 males. The results from 1 female and 1 male were removed from 

the reporting data set because their data was incomplete for the 

games they were required to evaluate. The data presented here is 

based on the 5 researchers who completed the work and the 

analysis conducted by the two research architects. 

Over a period of 10 weeks each researcher investigated 10 games 

weekly.   Each researcher played the game then collected data 

based on play sessions, web metrics, developer released data, and 

game postmortems.  This data was collected in a simple relational 

database. More than 200 individual games were played and 

researched multiple times.  A subset of that data is presented here. 

This subset excludes games for which data was deemed unreliable 

or incomplete.  

All of the digital games studied were randomly collected from 

several online resources. The Games for Change festival website 

[6], Advergames.com [7], CandyStand.com [8], Molleindustria 

[9], the Meaningful Play conference [10] and others.  

The games to be studied were chosen at random. When they were 

studied the researcher used the primary developer resource for 

evaluation. This typically meant that the online resources for the 

games were not the location through which the game was played. 

If a game were listed on the Games for Change Festival website, 

for example, the researchers used the latest versions of the game 

supplied by the developer. This was essential to understanding all 

play formats available, assessing the full version of the game, and 

understanding game distribution channels.  

Inter-coder reliability was determined by two methods.  First, 

every researcher was allocated a 10% overlap in games studied.  

The duplicate data was evaluated for quality and reliability.  It 

was determined that there was no significant variance between 

redundant data collected. All such duplicate data was removed for 

accurately reporting results.  Additionally, a random set of 15 

games was re-coded by the research architects once the coding 

period had ended.  No significant difference between the recoded 

games and the original data set was noted.  

All researchers used one of two types of laptop computers to 

evaluate the games.  Each researcher had available a Lenovo 

G560 laptop, Apple Macbook Pro, and iPhone 3G.  An external 

mouse and Logitech gamepad F310 were also available to each 

researcher.   

In sum, the researchers collected 55 characteristics about their 

play sessions and the games. These characteristic groups included 

15 design items, 9 developer items, 5 art items, 5 educational 

content items, 4 implementation items,  3 sound items and 14 

researcher related characteristics.   The generalized findings for 

each of these are described in the following sections.  These 

generalized findings include only the most reliable data from this 

large set of attributes.  

3. Research Findings 

3.1 Development  
In terms of development, the researchers were primarily interested 

in understanding how persuasive play games were made.  In this 

study 92% of the games were implemented through a web based 

solution such as Flash, Java plug-ins or HTML 5.  

Windows downloads were available as primary or secondary play 

for 9% of the games, and 5% offered Mac operating system 

downloads.  The study included only 1 game for mobile devices.  

These results include games that were available in more than one 

format.  There are games, for example, that were available for web 

based play and windows download. In such cases the game play 

type was subcategorized as primary or secondary play options.  

When more than one version of the game was made available, 

primary and secondary play types were determined via the most 

widely disseminated version of a game.  Under this model less 

than 2% of the games studied offered a download as the primary 

play type, with web based solution as secondary. 

Games available only as downloads ranged from large 3D games 

like Wolfquest [11] at 214mb to small 2D games like Harpooned 

[12] at 11mb.   

The human-factors interactions were largely based on mouse-

keyboard interaction.  76% of the games required a mouse or 

single point touch device to play or initiate play. 56% required a 

conventional keyboard as well.  

Part of understanding the production model, is understanding the 

organizational structure under which these games were produced. 

74% of the games studied were explicitly developed by a private 

or public business. 7% were developed by a governmental or non-

governmental organization. Just under 3% were developed by 

students. The remaining games had developers that could not be 

determined or were purposefully obscured.   

To determine the organizational structure, researchers combined 

multiple resources.  Public companies based in the United States 

and some European countries are required to provide annual 

reports indicating company size, profits, and number of 

employees.  Other developer information was collected from 

developer provided post-mortems, grant announcements, festival 

announcements, competition prize announcements and related 

publicly available data.  

Game length was recorded as less than 10 minutes, less than 1 

hour, 1-10 hours and 10 or more horse. These intervals were 

revised, after preliminary tests of the coding instrument revealed 

that an initial linear, half hour increment (e.g. less than 30 

minutes, 30-60 minutes, 60-90 minutes) did not provide useful 

data. Play lengths were calculated by averaging multiple play 

sessions from the first moment play interaction started to the point 

at which the game announced its end or redirected the player to an 

external resources like a sponsor website 

The games themselves were most often simple and short. 26% of 

the games could be completed in less than 10 minutes. 55% could 

be completed in less than 1 hour.  Only 3% could be played for 10 

or more hours without explicitly restarting the game multiple 

times.  These long games tended to offer no explicit end (e.g. 

algorithmic play). In sum, 81% of the games could be completed 

in less than one hour  
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The games studied were overwhelming free.  96% of them could 

be played without fee. They were also fairly solitary experiences, 

with 90% requiring only one player. Multiplayer opportunities 

were generally offered as networked play with other players in 

remote locations.  

3.2 Design 
A larger collection of attributes were collected about the design of 

these games.  To understand design objectives, researchers 

collected data on the type of objectives developers pursued. 68% 

of the games studied advertised a product. 25% were designed to 

create social impact or awareness. 10% were designed to deliver 

an explicit training agenda, and 8% sought to advertise a service.  

Each of these groups was not considered mutually exclusive, 

although the games’ primary objective was used to record game 

type.  As an example, a game designed to teach colors through the 

Thomas the Train website, would be a game designed to advertise 

a product and education. This is because the goal of the developer 

is both to offer support in the development of color recognition in 

toddlers and perpetuation of the Thomas the Train product brand.  

It should be noted that while it could be argued that all advertising 

is educational, the researchers were trained to categorize 

educational content. The fundamental criteria involved 

determining if the game provided extrinsic knowledge with 

demonstrable benefit beyond brand building.   

3.2.1 Instructions 
One factor determining the quality of play experience is the clarity 

of play instructions and play goal. 96% of the games provided 

some set of instructions.  4% of the game provided no visible or 

audible instructions at all. A lack of instructions did not always 

make a game unplayable. 

83% provided the instructions at the start of the game, while 39% 

continued to offer them during gameplay. Interestingly, 31% also 

offered instructions after gameplay had been executed. These 

post-play instructions were most commonly offered after players 

performed poorly in the game or the game sought to emphasize its 

themes by explaining how the player could improve their 

performance. A few games provided instructions outside of the 

game, requiring players to visit a website or non-game resource to 

understand how to play. These external instructions represented 

only 6% of all the games studied.   

The ease of understanding instructions can also be used to 

understand the relative complexity of a game. Only 76% of the 

games had instructions that could be understood by players in less 

than 1 minute. In particular, social impact games had the largest 

percentage of instructions that required more than 5 minutes to 

understand. 10% of all social impact games studied left players 

unclear as to game goals or how to accomplish games after 5 

minutes of instruction review.   

One particularly challenging instruction set was present in 

Garbage Dreams [13], a game about recycling. The game provides 

9 separate instructions at the start of play. Once the instructions 

were reviewed, game goal was clear, but understanding how to 

play the game remained confusing. This was further compounded 

by a busy interface and a design that demanded extrinsic 

information about how to sort organic, paper and landfill waste. 

Although the game is part of a series of classroom lesson plans 

devised by the Public Broadcasting Service, it is publicly 

available and somewhat confusing to the uninitiated. The 

confusion comes from a heavy reliance on the extrinsic experience 

of classroom training before play.  The game is designed for 30 

minutes of play by middle school students, but seems to require 

more than 10% of that time for preparatory instructions on 

playing the game.  In this case, the instructions are part of a larger 

lesson plan which is not part of the casual player’s general 

experience.  Out of context, such a game would seem problematic. 

In context, and with an understanding that the game is both an 

evaluation tool and a persuasive tool, the game is considerable 

less problematic.  

3.2.2 Image Representations 
Image representations in games can be described as natural, 

abstracted or geometric. Using the general language of visual 

design, a natural form is one that is found in nature. An abstracted 

form represents its subject in a simplified, but recognizable 

manner. A geometric form is generated from common shapes. 

Using the criteria in this research, examples include an 

appropriately proportioned human player character (natural), a 

stick figure (abstracted) and a representative circle (geometric).  

As shown in figure 1, 62% of the games studies used natural 

forms, while 31% used abstracted forms and 7% used geometric 

forms as the primary representation in the game. No game studied 

used only geometric forms, but some, like the Free Culture Game 

[14] had strong geometric forms. Pure natural forms typically 

came from interactive video games like Range Rover’s Being 

Henry [15] which used filmed actors in play.   

 

 

 

Image rendering perspective information was also collected. 

Games were categorized as either two dimensional (i.e. 2D), 

three-dimensional (i.e. 3D), or 2D isometric/imitated 3D. 2D 

games offered no perspective projection. 3D games included both 

perspective projection and transformations (i.e. move, rotate, 

scale) within the gameplay environment.  The third category, 2D 

isometric/imitated 3D was reserved for any game that provided 

perspective projection, but no transformations. Researchers coded 

depth based on the primary gameplay experience only. 

These distinctions helped prevent ambiguity in perception 

between varied forms of projection (e.g. diametric, trimetric, 

oblique).  Games that looked 3D, but afforded only 2 dimensions 

of movement were categorized as 2D isometric/imitated 3D.  

Distinguishing 3D from other categories of perspective was 

simplified by including movement criteria. If a player could not 

move in 3 dimensions with appropriate 3D projections, then the 

Figure 1. Image representations in persuasive play  

(with example image type) 
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game was considered 2D isometric/imitated 3D, even if it were 

rendered using a 3D game engine.  This helped eliminate the 

deductive ambiguity of games with 3D art from games rendered in 

3D. This categorization system precipitated from prior analysis 

which reveled the ambiguity of 2D or 3D from player perspective.  

As shown in figure 2, two-dimensional gameplay was most 

common at 63% of the games studied.  23% of the games were 2D 

isometric/imitated 3D and only 14% were 3D.  No games in the 

collection included stereoscopic 3D, which would have been 

recorded as a note on researcher’s collected data about the game.  

 

 

 

As demonstrated in the collected data, the compound image 

representations of 2D, natural forms are most common.  This may 

imply that persuasive play producers bias toward literal 

representation (e.g. natural forms) at low computational costs (i.e. 

low commitment to 3D). Further investigation is required to 

understand this hypothesis.   

3.2.3 Sound Representations 
Two attributes of sonic qualities were recorded for each game. 

These were general sound timbre and overall music rhythm.  The 

art and science of describing sounds qualities can be quite 

complex, but in keeping with the rest of the study researchers 

were introduced to the basic principles of the attributes they were 

recording.  

Sound timber, or more simple, tone color was recorded as bright, 

neutral, or dark.  These classifications were mutually exclusive, so 

that neutral timber indicated a relatively even combination of 

bright and dark tone color.  52% of the games used a neutral tone. 

34% of the games used bright timbre, and 14% were dark toned. 

Social-impact games demonstrated the most neutral tone use at 

72%. 

Music rhythms were recorded as fast, moderate or slow. 49% of 

all games were considered moderately paced. 32% were fast paced 

and 19% were slow. Games designed to advertise a service tended 

to be paced faster than any other group. 50% of games designed to 

advertise a service were fast paced, and 36% were moderately 

paced.  Social impact games tended to be paced slower, with 61% 

moderate pace, and 26% slow. As social impact games covered 

serious topics, it may not be surprising that their audio is both 

paced slower and more neutrally toned. The faster pace of service 

selling games could relate to implied quality of service (i.e. fast 

rhythm connotes fast service), but further research needs to be 

conducted to make any assertions about the effect of such 

decisions. At this stage it as reasonable to believe fast rhythms 

connote fast service as it is to hypothesis fast rhythms imply 

sloppy service.   

3.3 Play Experience 
Researchers were asked to answer a series of questions related to 

their personal experience with the game. These questions were 

asked to both understand coder bias in the collection of data and 

to identify qualitative observations about the games studied.  

Coders were allowed to choose whether to play the game via the 

web or as download.  92% of the coders chose to play the game 

through a web page when available. 5% of the games were played 

as Mac operating system downloads, and 3% were played as 

Windows downloads. The collected data indicates that when 

given the choice, the researchers chose to play the game online 

instead of available download versions. 

98% of the games were played by a single player as a product of 

convenience.  Researchers were not required to study the games 

with others, so it was often more convenient to play the games 

alone than invite another player into the lab for a play session. 

Future studies will seek to address this bias of convenience.  

Researchers reported that they understood 91% of the games. The 

remaining 9% had at least one instruction that was unclear to the 

player.  Regardless of their understanding, all researchers played 

each game to the best of their ability. 

Researchers were required to play each game multiple times. 54% 

of the games were played between 15 and 45 minutes, with the 

average play session lasting just under 30 minutes. Each game 

was played for a minimum of 3 separate sessions.  

After all play sessions for an individual game were completed, the 

researchers were asked to describe their feelings about the play 

experience. Only 54% of the games provided enjoyable 

experiences for the researchers. The most common complaints 

about the games were that they were poorly play balanced.  

Common statements about games that were not enjoyed included 

“too easy” or “difficult to play.”  However, games that were liked 

were often identified as “simple and easy” or “addicting.”  Such 

assertions hint at the fundamental concept of flow [16] offered by 

positive psychology. Enjoyable play balanced challenge with skill 

level, avoiding anxiety and preventing boredom. 

The researchers were asked to evaluate whether or not the game 

could be deemed offensive.  The criteria was very liberal, and 

included anything to which a person or group of persons might 

take offense, including put downs, stereotypes, or demeaning 

caricature. 31% of the games contained content such offensive 

content.  

4. Observations 

4.1 Human Computer Interactions 
Several positive indicators are revealed from this study. It seems 

that some development decisions align well with the scope and 

scale of the games. The majority of these games were short, 

simple and web-playable. This is an essential and somewhat 

obvious consideration. A 5-minute download and installation 

seems disproportionate to a 10-minute play experience. This 

observation was also supported by the habits of the research team. 

The type of casual gameplay offered in these games lends itself 

well to the simple persuasive play goals pursued by the games 

studied. The games were generally easy to run and quick to offer 

Figure 2. Image depth in persuasive play  

(with example image type) 
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play.   By these patterns, persuasive play games are more often 

like slogans than documentary films. They are quick, short, easily 

understood and require little player investment. The term “slogan 

gaming” applies to this persuasive play design model. 

Web playable games were not always short play or simple games. 

The Great Piggy Bank Adventure [17] a web-playable training 

game for effective savings habits, offered some of the longest 

gameplay and complexity. However, it, like Get the Glass [18] 

derived their play from virtual board games. This design approach 

was rare and required more time than other games studied. Virtual 

dice rolls, picking character pieces, and watching players move on 

virtual boards added to the play time, but not the time the player 

committed actions in the game.  The games require substantial 

amounts of time for players to complete, but also delivered 

persuasive content evenly over an extended period of time.  Basic 

education and psychology theory indicates that extended exposure 

assists retention [19]. The benefit of this model requires further 

research, but such an approach sharply contrasts the general 

slogan gaming approach that dominates persuasive play. 

From a human-computer-interaction perspective, the games 

studied were generally accessible.  Notably, more games could be 

improved by considering the changing landscape of the web. 

While the previously dominant mouse-based interaction is losing 

ground to touch-enabled devices, many touch devices treat a 

single touch as a mouse selection. This means that in theory, 

single click games can be played on a touch device. Qualitatively, 

experimenting with playing some of the HTML5 games on the 

small screen of the Apple iPhone 3G resulted in several mis-

clicks.  The result, although not part of the formal research, 

indicates a general issue in universal accessibility.      

However, the high number of games requiring both Adobe Flash 

and a computer keyboard is perhaps more concerning.  As the use 

of tablets and web-enabled phones increases, these games will 

become less playable. Small touch screens struggle to provide on-

screen keyboards and display games in the same limited space. 

Likewise Adobe’s retreat from Flash support on mobile devices is 

likely to make Flash based games unplayable for such users.  

HTML 5 based games are more robust from this perspective, but 

they could benefit from a more sustained watch on universal 

accessibility standards. In particular zones of interaction and scale 

of text revealed incidental issues.  

4.2 Game Design and Rule Sets 
In a competitive environment attracting players is strongly 

effected by the clarity of rule sets and the enjoyability of play. 

Social Impact games demonstrated the most significant derivation 

from typical rule sets. As mentioned, as many as 10% of the social 

impact games studied offered instructions that were unclear after 

5-minutes of review.   

From the analysis, a few characteristics of such games became 

clear. These games tended to combine instructions with 

educational information about the social impact issues they 

address.  This mean that players had to learn how to play at the 

same time they were learning about the game’s topic.  In basic 

educational terms, the player had to compete with two non-

complimentary learning goals. The first is learning how to play 

the game, the second is learning about the game’s topic.  

Unfortunately for these game designers, the player’s learning goal 

is often tied to their most pressing need, playing the game.  

In contrast games designed to sell products and services were 

often the simplest. These games relied heavily on common game 

mechanics, but also tended to offer the fewest minutes of 

gameplay.  Landmark International Group’s Hazard Lane [20] is 

designed to help players understand how to identify profitable real 

estate while avoiding environmental hazard properties. The player 

must catapult characters into appropriate properties and then read 

about the environmental risks present. The game offers no new 

game mechanics and the same basic challenge throughout. This 

lack of increasing challenge or ramp up limits the games potential 

as something players would like to share or replay.  Hazard Lane 

is easy to understand, but lacks the novelty of gameplay 

experience more common to social impact games.  

It’s also important to recognize that rule sets apply to fundamental 

human-computer interactions like moving in 2D or 3D space. As 

the standard for interaction on most computers is in 2D, the 

instruction set is somewhat intrinsic knowledge for computer 

users.  3D introduces ambiguity that may complicate the ability to 

understand a designer’s persuasive message.  Non-game players 

may struggle to navigate with the WASD letter keys while using 

the mouse to look at objects. Likewise, moving with arrows keys 

in 2D is a bit simpler to understand, as it does not contain 

ambiguities like an up arrow meaning forward (Z-axis translation) 

or jump (Y-axis translation).  These differences, coupled with low 

technical barriers to entry for 2D games, may account for the 

generally high frequency of 2D play. 

4.3 Enjoyability and Availability 
Enjoyability of play varied widely between games, but did not 

vary between duplicate reviews of the same game. The primary 

concerns in the enjoyability of play came from play balancing. 

Players complained about games that were too easy or too 

difficult, but were satisfied with games that balanced challenge 

and ease. There was no correlation between enjoyability and the 

type of aesthetic forms chosen.  Players enjoyed games with 

natural forms as much as they enjoyed games with abstracted or 

geometric forms. This is an important observation as it has 

ramifications in both implementation and design.  At the very 

least it hints that the quality of the game system is a higher 

priority than its aesthetic representation. Unsurprisingly, a game 

that looks good may not play well.  

One final overarching observation should be made about the study 

of these games. Games designed to sell products and services are 

often ephemeral. During the 6 month period an estimated 20% of 

the games that were studied were no longer made available by the 

original producer.  This seems to occur for a few reasons. Many 

such games are part of short-lived debuts or promotions which are 

shuttered once the promotion ends. Some of these games reside on 

secondary sources that act as clearinghouse repositories for such 

games (e.g. Advergames.com). Other games are produced by 

small design studios that fail, are subsumed by other companies, 

or become effected by some other fate that is not immediately 

clear. This trend was less common for games designed for training 

or social impact.   

Importantly, games from all the categories studied were subject to 

software atrophy.  An estimated 10% (20 games) of the games 

chosen for play could not be played because of changes in 

software dependency. This includes downloadable games made 

with Torque, a previously popular game development tool, 

Shockwave and others.  It is not surprising that such problems 

were often limited to small budget projects with smaller scale and 

aspiration.   

81



5. Conclusion 
Overall the attributes of digital persuasive play games indicate 

reasonable decisions in development and design.  The simplest 

games are typically delivered solely via the web, have simple 

instructions and are designed to be played over short periods of 

time.  Such games slogan games are also fairly literal in their 

representation of visual forms, favoring natural and abstracted 

forms to full geometric. These attributes seems to set a standard 

for basic functional play within the persuasive play domain.  They 

coincide with heuristics from other human-computer interaction 

domains supporting wide audiences with easy to learn 

experiences. 

However, the experience of these games is greatly varied in 

enjoyability and ease. As demonstrated by the data, careful 

attention to the clarity of rules sets and game balance should help 

facilitate success.  Likewise, game designs looking to distinguish 

their aesthetic experience from others could consider employing 

the minority aesthetic of geometric forms if their persuasive goals 

support it.  

Lastly, to support the greatest audience in the diverse universe of 

player technographics, developers should consider input beyond 

tactile keyboard and mouse.  As the proliferation of portable, 

touch screen based devices increases many persuasive play games 

will cease to be played. 

The number of large-scale studies revealing data about design 

decisions in digital games is fairly rare. It would seem beneficial 

to conduct similar analyses on other sectors of game design.  

Cross sector comparisons of traditional commercial games to 

persuasive play, for example could yield a set of characteristics 

that would help designers and developers follow or reject 

standards across games.   

It should also be noted that the design of this study was not meant 

as a heuristic guide.  This study was meant as topography, 

providing a view of the large landscape of persuasive play. Once a 

critical lens is applied to validating the success or failure of many 

persuasive play projects the task of appropriately studying and 

reporting persuasive play success complicates. It is not enough, 

for example, to list the attributes of award winning persuasive 

play as that may only indicate which projects are good at 

submitting and winning contests. It is also limiting to look at the 

number of players, sales, downloads, and other common industry 

metrics.  Some of the games studied address specific, limited 

topics where the ability to persuade 70 stakeholders may prove 

more useful than 7,000 unassociated players.  

Persuasion itself rests on a spectrum between the non-persuasive 

and the very persuasive. The results of these persuasions vary, as a 

game may change a player’s opinion for 5-minutes and be 

forgotten, or leave an indelible notion on a person’s mind.  This 

research seeks only to provide a snapshot as a map for more 

detailed analysis.   

It is hoped that this brief overview of ongoing research findings 

on games designed to modify player perspective, understanding, 

interests, activities or opinions proves useful to project leaders in 

a wide variety of game design development domains. It is also 

hoped that such efforts support the continued improvement of 

games designed to modify player behavior.  The researchers 

involved in this project expect to continue their efforts in 

analyzing this distinct subset of games in an effort to effectively 

understand the characteristics of successful projects.  
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ABSTRACT 

This paper looks into how modern digital game theory uses the 

theory of parasocial interaction and parasocial relationships to 

describe the relationship between the player and digital entities 

such as bots, the avatar, the player character and other players‟ 

digital representations. First, the original definition of parasocial 

interaction by Horton and Wohl from 1956 will be defined and 

compared to the various uses of the theory in the field of digital 

games theories. In the following analysis it will be established that 

it is possible to enter into a parasocial relationship with many 

different constructs of digital entities, if they live up to the 

requirements for a constructed persona as established by Horton 

and Wohl. However, parasocial interaction in relation to the 

player‟s own digital representation might only be experienced in a 

digital game context when the player experiences himself as being 

separate from the character of the avatar. 

Categories and Subject Descriptors 

K.8 [Computing Milieux]: Personal Computing – Games. 

General Terms 

Theory 

Keywords 

Parasocial Interaction, parasocial relationship, avatar, character, 

player, computer game, media characters, digital entities 

 

1. INTRODUCTION 
The term parasocial interaction is used in the current academic 

discussion on digital games without any clear clarification of the 

concept. The definitions and perspectives of the theory originally 

belongs to the medium of television, and though the application of 

the theory differ from one researcher to another, the theory has 

already been described and tried applied to the field of digital 

games. The work of Klimmt et al., who looks into how players 

perceive their own avatars as interaction partners, is used as a 

point of departure by researchers such as deBuys and Chung et al. 

and seems to have led to an acceptance of applying the theory to 

digital games in a general sense. Other researchers such as Lewis 

et al. distinguishes between the player avatar and other digital 

entities, and implies that applying the theory to digital games 

might be more complicated than first assumed. Thus it seems like 

the complicated task of describing the relationship between a real 

life human player and a digital entity has inspired digital game 

researchers to look in the context of other media theories in order 

to establish tools and theories that might help in understanding the 

medium of digital games. In doing so, conceptual confusion over 

the circumstances of applying the theory has arisen. Thus the 

question remains whether the theory can be directly translated into 

the field of digital games despite that it originally belongs to a 

different media, or whether the theory has to accommodate to the 

new medium in order to be practicable. 

It is not within the scope of this paper to discuss or judge whether 

earlier works‟ application of the theory is right or wrong, as the 

continuous development of the field calls for a continuous 

development of its theories as well. Neither will this paper go into 

an analysis of why parasocial relationships might occur between a 

player and a digital entity. Instead, this paper seeks to look into 

the original definition of the term, hold it up against its different 

applications to the field of digital games specifically, and 

conclusively try to establish in which circumstances the original 

term of parasocial interaction can be applied to the different 

digital entities that the player might interact with, and in which it 

cannot. 

Before going into the different applications of the theory to digital 

games however, the following section summarizes the original 

definition of parasocial interaction as defined by Horton and 

Wohl. 

2. DEFINITION  
In 1956, the term parasocial interaction was introduced by 

sociologists Donald Horton and Richard Wohl to describe 

interaction taking place in an interpersonal relationship between 

two parts; an audience and a performer living out a personality for 

an audience. It has frequently been argued that the following of 

Horton and Wohl‟s definition is central to their concept of 

parasocial relationships:  

…one-sided, nondialectical, controlled by the performer, and not 

susceptible of mutual development […] These "personalities", 

usually, are not prominent in any of the social spheres beyond the 

media. They exist for their audiences only in the para-social 

relation. Lacking an appropriate name for these performers, we 

shall call them personae. [Horton and Wohl 1956].  

Opposite traditional theater‟s clear distinction between the actor 

and his fictional role, the performer thus exists as a continuous 

interplay between the performer‟s fictional and actual persona. 

Horton and Wohl originally contributed the term to a television 

persona, such as a host on a TV show, who through behavioral 

manipulation can be used to encourage the audience to e.g. buy a 

particular product. This is done by presenting the product for the 

audience through a static, engaging and trustworthy persona that 

can serve as a fixed point in the lives of the audience: 
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“The persona offers, above all, a continuing relationship. His 

appearance is a regular and dependable event, to be counted on, 

planned for, and integrated into the routines of daily life […] 

Thus his character and pattern of action remain basically 

unchanged in a world of otherwise disturbing change. The 

persona is ordinarily predictable, and gives his adherents no 

unpleasant surprises”. [Horton and Wohl 1956] 

The parasocial relationship that is established with the audience is 

stated to be due to the fact that the persona can “claim and 

achieve an intimacy with what are literally crowds of strangers”. 

The actor “makes available nuances of appearance and gesture to 

which ordinary social perception is cued” while he “faces the 

spectator, uses the mode of direct address [and] talks as if he 

were conversing personally and privately” [Horton and Wohl 

1956]. Thus the audience experiences a one-on-one interaction 

with the performer, and gets to know and bond with the persona 

through direct observation and interpretation of his appearance, 

his gestures, his voice, his conversation and conduct in various 

situations. But a parasocial relationship is not reserved for the TV 

persona and his audience. Horton and Wohl states that the term 

might be extended to cover personae in other media and even 

personae that are not necessarily enacted by physical human 

actors: 

They are alternately public platforms and theatres, extending the 

para-social relationship now to leading people of the world of 

affairs, now to fictional characters, sometimes even to puppets 

anthropomorphically transformed into "personalities," and, 

finally, to theatrical stars who appear in their capacities as real 

celebrities. [Horton and Wohl 1956]. 

Thus the performer behind the persona might be a single person, 

but also an organization or even an entirely fictional character. 

The persona is emphasized as the pivotal point in the parasocial 

relationship because “the relationship between persona and 

audience is one-sided and cannot be developed mutually, very 

nearly the whole burden of creating a plausible imitation of 

intimacy is thrown on the persona and on the show of which he is 

the pivot” [Horton and Wohl 1956]. The audience is however also 

emphasized for their contribution to the relationship, as they are 

“expected to accept the situation defined by the program format 

as credible, and to concede as "natural" the rules and conventions 

governing the actions performed and the values realized” [Horton 

and Wohl 1956]. The continued association between a persona 

and an audience accumulates a history between the two parts, a 

shared pool of past experiences that functions as an additional 

dimension of sense-making for the experienced performance. 

The concept of sense-making elucidates the one-sidedness of the 

parasocial relationship. According to Karl Weick, sense-making 

encompasses seven properties: Identity, retrospection, enacting, 

social, ongoing, extracting cues, and plausibility over accuracy 

[Weick 1995]. When experiencing sense-making in the context of 

a parasocial relationship, a person takes on the role of the 

audience (identity) and initiates the relationship (retrospection) by 

constructing an interaction with the persona (enacting). The basis 

and narrative of the relationships differs from one member of the 

audience to another, and is both an individual and shared 

experience (social) that changes and develops over time (ongoing) 

as the performer supplies the audience with new information and 

interaction possibilities (extracting cues). Lastly, the audience 

accepts the created relationship even though they might deep 

down be aware that the relationship is created and maintained 

largely by themselves (plausibility over accuracy). As the 

personal narrative for the audience and a member of the audience 

is constructed, the parasocial relationship may consolidate so 

deeply and seem so real that the audience may ignore the 

boundaries of the fictional persona: 

Given the prolonged intimacy of para-social relations with the 

persona, accompanied by the assurance that beyond the illusion 

there is a real person, it is not surprising that many members of 

the audience become dissatisfied and attempt to establish actual 

contact with him [Horton and Wohl, 1956]. 

The relationship thus reaches beyond the stage of the persona, 

beyond the imagined world that the audience and persona shares.  

While the exact nature of the audience has not been specified by 

Horton and Wohl, the emotionally complexity ascribed to the 

audience in a parasocial relationship, such as the aspect of sense-

making, establishes that the audience first of all must be human. 

Secondly, parasocial interaction can be experienced by both a 

group of persons and an individual member of the audience as 

well. 

 

3. LITERATURE REVIEW 
One of the earliest works that comes near the concept of the term 

parasocial interaction within digital culture can be found in the 

research of Nass and Moon from 2000. While they do not mention 

the actual term in their article Machines and Mindlessness, Nass 

and Moon‟s research is used as one of the foundations for several 

other articles referred in this paper. The theme of the paper is 

closely related to parasocial interaction, as it relates how users of 

digital programs and machines attribute digital entities with 

human-like qualities. They state that “individuals mindlessly apply 

social rules and expectations to computers” and that “individuals 

overuse human social categories, applying gender stereotypes to 

computers and ethnically identifying with computer agents” [Nass 

and Moon 2000].  This happens to such a degree that the players‟ 

behavior towards the digital entities is affected as well, as the 

players are seen exhibiting “social behaviors such as politeness 

and reciprocity toward computers” [Nass and Moon 2000]. In 

2003 Klimmt, Hartmann, Schramm and Vorderer they apply the 

term parasocial interaction to digital entities as they in the 

perspective of parasocial relationships examine how media users 

perceive their own avatars as interaction partners. They conclude 

that media users psychologically interact with characters 

appearing on-screen, and theorize that parasocial interaction is 

developed by frequent exposure to the persona similar to how a 

relationship is created and maintained by a television persona and 

her audience through time, as they grow into the parasocial 

relationship by sharing a common history [Klimmt et al. 2003]. 

This research is later used by Chung, deBuys and Nam in 2007, 

who analyze how attitude, empathy, presence, and parasocial 

interaction changes in a group of female non-gamers that is 

presented to either a pre-generated avatar or to one that the test 

participants have created themselves. With the two forms of 

player representations as a point of departure, Chung states the 

following hypothesis: 

If people are more exposed to their avatars by creating their own, 

it was supposed that the avatar creation group would have a 

greater sense of para-social interaction. Therefore, we 

hypothesized that: Gamers who create their own avatar will have 

a greater sense of para-social interaction than gamers who 

receive an avatar by default. [Chung et al. 2007]. 

The research done did however not support the hypothesis stated, 

as the players‟ 15 minutes exposure to the game avatar was 
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deemed too short. Instead Chung suggests that “para-social 

interaction is discovered through repeated exposure in a 

relatively long term situation” [Chung et al. 2007]. The research 

of Chung et al. was also used as an example by deBuys, one of the 

co-authors, in his own article about the application of the player‟s 

own face to the avatar. In this deBuys states that it is possible for 

a player to have a parasocial relationship with a player character 

with an already established identity: 

Parasocial interaction is a relevant concept when dealing with an 

avatar with a somewhat previously established identity. Though 

the user controls the avatar taking on the perspective of the 

character for the purpose of gameplay, plot advancement, etc., 

there remains a separation due to the independent identity of the 

character. It is through this separation that parasocial interaction 

can occur. [deBuys 2007]. 

The idea of a separation between the player and the player‟s 

representation in a digital game as a precursor to parasocial 

interaction is shared by Konijn, who states that the term parasocial 

interaction can apply to personae in new interactive media 

settings, as long as they are “perceived as sufficiently authentic 

and distant” [Konijn 2008]. Opposite these are Lewis, Weber and 

Bowman who shortly discuss how the parasocial relationship 

between the player and the avatar in a digital game seems to be of 

a much more direct, bodily nature, compared to that of a TV 

character and her audience. They state that:  

In interactive video games, there is no parasocial interaction with 

a fictitious character, no felt connection per se, but an actual, 

tangible connection between the gamer and a fully functional, 

completely controllable avatar [Lewis et al. 2008]. 

This view on the relationship between the player and his digital 

representation as a close, direct connection between the two is to 

some extent shared by Jin and Park, who look into how new 

virtual environments affects “self-presence”, the sense of 

inhabiting and identifying with one‟s own virtual representation. 

They state that the media user‟s experience in a virtual 

environment is of a more personal nature and this affects their 

parasocial relationships when interacting with digital entities such 

as websites and robots. The virtual environments can be 

participated in through the avatar, through which the player can:  

“observe the embodied manifestation of the self and its visually 

presented actions. Encountering their para-authentic self, players 

can form a parasocial relationship with their own avatars” [Jin 

and Park, 2009].  

Thus parasocial interaction is described as a player‟s interpersonal 

involvement with his avatar and the extent to which the player 

perceive himself as interacting with the avatar. This form of 

parasocial relationship with the player‟s own avatar is taken up by 

Hai-Jew as well, and named “self-love”. This concept is one out 

of two sides of “parasocial immersion” in relation to learning in 

virtual environments that refers to “the one-way relationships 

people may form with anthropomorphic automated „bots and 

avatars” [Hai-Jew 2009]. She refers to parasocial relationships as 

“one-way relationships with a media character or avatar 

representation, without a true human connection” [Hai-Jew 2009] 

and claims that the concept of parasocial relationships can be 

divided into two usages; self-love and other-love: 

“The social presences of human-embodied avatars, in individuals 

and groups, and their communications-heavy interactivity, have 

encouraged the development of parasocial relationships in 

several forms: self-love of people for their own avatars [which 

they may build up with a range of attractive features and digital 

powers], and other-love for others‟ online personas.” [Hai-Jew 

2009]. 

Self-love is described as a “self-reflexive concept—a kind of self-

love of one‟s digital representation” [Hai-Jew 2009], while other-

love describes the relationship between a player and other players‟ 

online personae. This division of parasocial interaction into 

several concepts is repeated in the work of Bowers and Lakhmani. 

Their work is formed on the basis of Jin and Park, which serves as 

the basis for their definition of parasocial relationships. Through 

the article they analyze how avatar personalization can be used as 

a mean to maximize player investment in serious games. The 

article briefly looks into the interaction taking place between a 

player and the digital entities of a virtual world, which is 

described as encompassing several forms, all interpreted as having 

human-like qualities by players: 

While users can form parasocial relationships with their own 

avatars, they can also form social bonds with the digital figures 

that populate a virtual world, be they human-controlled or 

otherwise. When users see an avatar, be it their own, someone 

else‟s, or even one controlled by a computer, they interpret it as 

they would a human. […] In the virtual environment, these people 

form social relationships to other people's avatars and they form 

a parasocial relationship with their own avatar. Because these 

relationships are emphasized, these users show a higher level of 

self-presence [Bowers and Lakhmani 2011]. 

The phenomena of other-love is also analyzed by Taylor, who 

during a research on emotional involvement with online 

communication presented test participants with an online 

questionnaire, in which a number of questions were presented by 

an avatar. He stated that “Seeing a visual representation of a 

human figure or face may give readers a stronger sense that they 

are communicating with a person” [Taylor 2011] and that 

“research has demonstrated that individuals often develop 

emotional involvement with virtual others, even in the absence of 

any opportunity for real-time interaction” [Taylor 2011]. He 

compares the interaction to parasocial interaction, stating that 

“Inasmuch as avatars provide a concrete image around which to 

imagine a virtual other, those avatars may contribute to the 

perception of realism, and thereby facilitate the establishment of 

an emotional response or link akin in some ways to PSI 

[Parasocial Interaction]” [Taylor 2011]. 

The different works listed in this section form the backbone of the 

following discussion, where it is attempted to systematize some of 

the different views on the relationship between the player and a 

digital entity. 

 

4. DISCUSSION 
The theory of parasocial interaction was originally developed by 

Horton and Wohl to describe a media relationship based on a 

television personae. The theory, as with other theories within the 

field of television and film, is therefore not necessarily applicable 

to the field of digital games. But as Horton and Wohl include 

platforms such as “alternate public platforms and theatre” 

[Horton and Wohl 1956] in their theory, and as organizations and 

fictional characters can take on the role of the performer, one 

might argue that a digital game with digital entities can indeed be 

subjected to the theory of parasocial interaction. There is an actual 

audience in the form of the players of the digital game, and these 

are subjected to information-exchanging personae in the form of 
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the digital entities inhabiting the digital game world. However, 

when discussing digital game worlds, this paper does not go into 

the border-areas of digital games such as virtual reality, 

Performance Theater and live action roleplay. Though interesting, 

parasocial relationships in such areas will not be addressed, as this 

would require extensive research and systematization of the 

medium not fitting for the current paper. 

While digital games as a media might live up to the preconditions 

for experiencing parasocial interaction, the question remains 

whether all digital game entities actually follow the requirements 

for being a persona and thus being able to enter into a parasocial 

relationship with a player.  

In a digital game world there might be several types of digital 

entities whose concepts and mechanisms need to be taken into 

consideration when discussing applying the term of parasocial 

interaction to the field of digital games. First and foremost the 

game world is inhabited by digital entities that the player might 

interact with defined beforehand by a designer: bots. Secondly 

there is the player‟s own representation in the form of his avatar 

or player character. Lastly the player might meet other players‟ 

representations in a digital multiplayer world. In order to analyze 

whether these different digital entities can form a parasocial 

relationship with the player, I will hold them up against the 

guidelines for a persona as defined by Horton and Wohl, who 

describe a parasocial relationship as: 

 Being one-sided, specifically the relationship is 

established and maintained by the performer. The 

audience should be passive, but do have to accept the 

parasocial relationship and its development.  

 Not being susceptible of mutual development, as the 

audience cannot change the parasocial interaction, only 

participate in it. If an audience is not satisfied with the 

parasocial relationship he can only withdraw from it, in 

the same way that a theater guest would not be able to 

influence a performance that he did not find satisfying, 

only leave the theater. 

 Consisting of an audience and a persona controlled by a 

performer. 

 Being nondialectical in the sense that the audience 

accepts the persona and the parasocial relationship and 

interaction without examining competing ideas, 

perspectives or arguments related to the persona and the 

relationship. 

These requirements will through the following sections be applied 

to the various digital entities and player representations that 

potentially could be a part of a parasocial relationship. 

 

4.1 Bots as Digital Entities 
In this paper the term “bot” is used to describe any pre-

programmed AI not controlled by the player that imitates aspects 

from the behavior of a human ranging from imitating speech, 

visual appearance or a digital entity following and helping the 

player by interacting with the virtual environment (Such as 

shooting against enemies or placing herself on vital puzzle 

squares). A large amount of digital games use bots as digital 

entities to provide the player with e.g. guidance with regards to 

playing the game, to create and support a narrative or to create an 

incentive for the player to perform a certain task. In other games 

the player might have the possibility to initiate a conversation 

with the digital entity by interacting with her. These conversations 

can take place through text or dialogue options with multiple 

answers that are part of a preprogrammed dialogue tree, but while 

the player may get the impression that the conversation involves 

him and the digital persona, the persona can only follow the static 

dialogue tree defined by a programmer. Thus, the interaction 

taking place between a player and a bot can as such be compared 

to the one-sided, static conversation that a performer with a 

predefined manuscript expresses to her audience through her TV 

persona.  

A good example of such a digital persona is the character 

GLaDOS from the digital game Portal [Valve 2007]. In the game, 

the player is subjected to lengthy monologues from the passive-

aggressive, witty, narcissistic, and sinister computer GLaDOS, 

who only wishes the player dead. The player has no means of 

answering back or in other way interacting with GLaDOS. The 

actions and comments made by GLaDOS are fixed by a script, 

and thus the relationship between GLaDOS and the player cannot 

be developed mutually. Instead the player takes on the role as the 

passive listener as he traverses through the game levels, 

uncovering the increasing psychotic personality of the only 

intelligent and human-like entity keeping him company 

throughout the game. While a digital persona such as GLaDOS 

“acts” on her stage that is the digital world, there is as such no 

direct connection to a single real life performer behind the 

persona. Instead the performer behind the digital persona consists 

of several people responsible for various aspects of the digital 

persona, such as game designers, artists, voice actors, models and 

programmers. But this kind of complex digital persona might not 

be so far from the television host‟s persona, which is likewise 

created and supported by stylists, designers and writers. Or the 

way that a fictional cartoon character in a commercial for a 

product is created by illustrators, voice actors and writers. At least 

in the case of GLaDOS, the presence of a persona is very distinct 

as she is referred to by many players as an entity with personality 

and depth: 

“Even when she‟s mocking your progress through the Aperture 

Science testing facilities, the ferocious wit streaming from her 

sentient machine brain kept us in stitches. We only killed her 

because we had to.” [Killingsworth 2009] 

Conclusively, many of the players playing the Portal series had a 

positive response to GLaDOS and she was celebrated as the sixth 

best Video Game Characters of the Decade (2000-2009) 

[Killingsworth 2009]. The GLaDOS persona was also used 

extensively in the marketing of the successor Portal 2. As such, 

GLaDOS is an excellent example of a digital entity that not only 

lives up to the requirements set by Horton and Wohl, but who also 

engages in actual parasocial relationships with her audience, the 

players of the Portal series. 

The possibility of having a parasocial relationship with a digital 

entity is especially evident in the cases where some game 

characters succeed in establishing a relationship with a player that 

is so deep and heartfelt that the player wishes to break the 

boundaries between the digital and physical world in order to 

pursue the relationship. Thus, some players express love for a 

digital entity, some going as far as to marry her. In 2009, the 

groom “Sal 9000” married the character “Nene” from the 

Nintendo DS game "Love Plus." [Lah 2009]. In an article, the 

relationship between the player Sal and the digital character Nene 

is described as slowly developing into a genuine love-affair: 

“The courtship began in September when he started playing the 

game, in which players nurture a deeper relationship through 

game play. Sal started carrying Nene around the streets of Tokyo 
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and taking her to Disneyland and to a beach resort in Guam” 

[Lah 2009] 

At some point while playing, the player Sal started focusing on 

the character of the digital entity, instead of her digital nature, as 

he states that “I love this character. Not a machine” [Lah 2009]. 

The marriage is a good example of the realism of parasocial 

interaction also described by Horton and Wohl. 

4.2 The Avatar and the Player Character 
Besides digital entities consisting of a more or less complex AI 

and a designed appearance, the player himself uses a 

representation in the game world. In the literature review 

researchers such as Chung et al., Jin and Park, Hai-Jew and 

Bowers and Lakhmani state that it is possible for a player to have 

a parasocial relationship with his own player character or avatar, 

while deBuys and Konjin state that it is only possible if the avatar 

is perceived as another, distant character. Opposite these are 

Lewis et al. who argue that the connection between a player and 

his avatar is tangible, not fictive and distant, and thus there can be 

no parasocial interaction. The many theories presented are in 

some cases conflicting with each other, and the overall impression 

of the relationship between the player and his representation in a 

game is inconsistent and unorganized. This is possibly because 

there so far have been no systematization of the player 

representation in relation to parasocial interaction. In order to 

make it clear when a parasocial relationship might be established 

between a player and his representation in a game, a clear 

distinction between the different roles and mechanisms of the 

representation must be made. As deBuys along with other 

researchers states the player representation might be divided into 

two aspects; the avatar and an actual character, I will use his 

definition and distinguish between a player avatar and a player 

character. In this section I will try to set up conditions for 

distinguishing between the two, and briefly go into their 

differences, in order to lay down the boundaries between when a 

player representation is and is not a persona, and therefore is 

capable of taking part in parasocial interaction. 

 

4.2.1 The Avatar 
The word avatar in its original context in Sanskrit refers to a 

“manifestation of an immortal being on earth”, but the word is in 

modern days more often used in a digital context to describe the 

player‟s representation in the digital world [Waggoner, 2009]. In 

his dissertation [Klevjer 2007] states that the avatar is different 

from the player character in that it is mainly described as a tool 

for the player, a means for interacting with the digital world as 

“the avatar combines the principle of the perceptual prosthesis 

with the principles of fictional agency and fictional embodiment.” 

[Klevjer 2007]. A good example of player representation that fits 

the description of the avatar is the protagonist in the game Skyrim 

[Bethesda Game Studios 2012]. In the beginning of the game the 

race, name, appearance, voice and skills of the avatar is defined 

by the player, who steps into the body of the protagonist, the 

famed Dragonborn, a legendary and rare person able to absorb 

slain dragons‟ souls and use them as special powers. And that is 

what little character is established in the start of the game. But 

apart from that, the player is free to roam the game world, 

behaving as he pleases. In such an example, where it is the player 

that uses the body as his own extension into the virtual game 

world, the concepts of parasocial interaction and relationships are 

hard to apply. It is first of all difficult to see how the player can 

take on the role of a passive member of an audience to his own 

avatar, as he basically is the avatar. One might argue then that the 

player is taking on the role of the performer, expressing himself as 

a persona through the avatar, but that on the other hand leaves the 

player without an audience. If the player is the performer, he is no 

longer the audience and vice versa. The player might perform as a 

persona to other players in a digital multiplayer environment, and 

enter into parasocial relationships with them, but that also 

excludes him as an audience. This trouble with the missing 

audience also complicates how the relationship can be described 

as being one-sided, as there is no other person to make up the 

other side of the relationship. There is only the player. With 

regards to a relationship with an avatar, the concept of the 

relationship being susceptible of mutual development and being 

nondialectical is troublesome as well. In e.g. the case of Skyrim‟s 

Dragonborn, the relationship between his avatar is defined by 

himself, and is therefore neither able to develop beyond the player 

himself or nondialectical, as the player knows what will happen, 

why he reacts the way he does etc. Thus, when the player 

representation is in the form of an avatar, it is not possible to 

experience parasocial interaction between the player and the 

digital entity. 

 

4.2.2 The Player Character 
Opposite, or maybe beside the avatar, is the player character. By 

analyzing the word “player character” it becomes clear that it 

consists of two concepts: The player and a character, or an already 

defined persona that the player controls. While the avatar is 

nothing more than a representation, a steering mechanism that 

allows the player to steer around the game world, the player 

character on the other hand describes something that has 

characteristics. Klevjer describes the notion of “character” as 

being different from the avatar as follows: 

“A character is an independent subject, someone who can act, and 

who can be related to as a human person or some sort of 

animated being with goals and intentions. As players, we may in a 

certain sense be able to act, think and feel „vicariously‟, as it 

were, via the acts of a character, but […] this is a relationship of 

identification, not a prosthetic extension of agency and 

perception.” [Klevjer 2007] 

Thus, the player might use a player character to steer the game 

world, but the player character is defined by someone other than 

the player to have certain opinions, features and a story. As 

already discussed in section 4.1, the player character is, as other 

digital entities, defined not by a single performer, but rather by 

several performers responsible for small parts of the character. 

The player character has a persona that is separate from the player 

and this is what distinguishes it from the avatar. In this 

relationship, the player is the audience and that makes it possible 

for him to enter into a parasocial relationship with the player 

character. 

Many distinct player characters such as e.g. Guybush Threepwood 

of Monkey Island [Lucasfilm Games 1990] is a great example of a 

digital representation of the player that is both distant from the 

player and pre-defined by someone else than the player. Some 

might however argue that the player is not represented in the 

game through the character of Guybrush, but rather through the 

mouse cursor, often represented by a bodiless hand, which is used 

to click on the game screen to make the character perform a 

desired task. In that case, Guybrush remains in the game as a 

player character, as he is still controlled by the player, although 

the player utilizes the cursor/hand to do so. Another player 

character existing as a separate character from the player is the 

transmedial character of Lara Croft [Eidos Interactive 1996]. 
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Croft is an excellent example of a player character that forms 

parasocial relationships with her player, as the persona of Lara 

Croft not only exists through the game series, but is also portrayed 

through film and the popular press, represented by several 

actresses and voice actors. The persona thus exists beyond her 

physical appearance, recognized by her characteristic hair, body 

and clothing. The persona of Croft can thus be represented in a 

number of ways, ranging from a digital low poly 3d figure or the 

real-life actress Angelina Jolie, while still being accepted by her 

audience. In that sense, the relationship with Croft is 

nondialectical as well, as the player has no other choice than to 

accept the persona of the player character, or not play at all. He 

can do nothing to change the behavior or opinions of the persona, 

as they are pre-scripted and static. 

Lastly, bordering between an avatar and a player characters is 

player characters such as Shepard from the Mass Effect series 

[BioWare 2007]. The player inhabits and controls the body of 

Shepard to such an extent that he is able to select Shepard‟s 

gender, appearance, sexual orientation, and even moral and 

political orientation through predefined choices in the game. One 

could therefore argue that the persona of Shepard goes beyond the 

concept of being a separate player character controlled by the 

player. The player actually have the ability to influence the player 

character by e.g. choosing conversation topics or deciding what 

the player character should do, and that could imply that the 

relationship therefore is not truly one-sided. With the player 

having such a large degree of influence on the character, Shepard 

could be described as being a separate player character created, 

performed and experienced by the player alone. I will however 

argue that the character of Shepard still inhabits a separate 

persona created by someone other than the player. Even if the 

player is presented with different choices that to a quite large 

degree enables him to control the narrative and progress of the 

game, the choices are incorporated into the game by game 

designers, and adjusted to the player character so that no matter 

what choice the player chooses, it will still seem as a valid, 

personal choice, true to the persona of the character. The persona 

of Commander Shepard will always be that of a space faring 

commander on the spaceship Normandy, who is trained as a 

spectre agent and who inevitably will end the crisis with the 

terrifying Reapers, one way or the other. The choices of 

customization that the player is given might alter the individual 

experience of Shepard for the players to some extent, but some 

strong characteristics still remain.  

 

4.3 Player Representations 
Lastly, there might be digital entities that are neither controlled by 

bots nor by the player himself. In digital multiplayer environments 

such as MMORPGS or digital worlds such as Second Life [2003 

Linden Research, Inc], the player might encounter other real life 

players‟ digital representation and interact with them. The 

important detail when it comes to parasocial interaction between 

other players‟ representations is whether the player interacts with 

and establishes relationships with another player behind the screen 

or another player‟s fictional representation online. And this choice 

is entirely up to the other player. The other player can choose to 

present herself by her own name, simply using her avatar as a 

mean to play the game. In that case, the player interacts with an 

actual person, not a persona, and thus no parasocial interaction is 

taking place. But the other player might also take on a persona 

that is different from her actual self to use in the virtual world. 

She might customize her player representation to express certain 

characteristics, or even a different gender and ethnicity. In the 

case of e.g. a legendary guild leader that through a carefully 

developed persona role-plays with other players on a forum or 

interacts with low-ranking players, the relationship is controlled 

by the guild leader. She gives out orders to other guild members, 

writes passionate incitements before a raid and can as such be 

seen as a local celebrity. In either case, the player can either 

choose to accept the other player‟s persona and engage in a 

relationship with her, or not play with her. Player representations 

therefore might serve as a basis for a parasocial relationship, if the 

other player chooses to act out a persona through her 

representation. 

 

5. CONCLUSION 
Even if the theory of parasocial interaction was originally used to 

describe the medium of television, Horton and Wohl state that it 

might be usable in other media. This is to some degree true for 

digital games. There are different instances where the theory of 

parasocial interaction might be used to describe the relationship 

between a player and a digital entity, dependent on whether it is 

controlled by a bot or a player. First and foremost, a player might 

form a parasocial relationship to a digital entity controlled by a 

bot, or even another player‟s digital representations as he would to 

a TV persona, as these digital entities lives up to the guidelines of 

parasocial interaction. It is when the discussing turns to the 

relationship between the player and his own player representation 

that the boundaries for parasocial interaction get complicated. I 

will argue that it is possible to establish a parasocial relationship 

with a player‟s own representation in a digital game in cases 

where the player character is separate from the player to such a 

degree that the player character has a distinct persona. However, 

there are several other cases when the player representation is 

inhabited and defined by the player to. In such cases, the player 

cannot take on the role of the audience. Instead, he might take on 

the role of the performer himself, but is then lacking an audience. 

Thus the interaction taking place between the player and the 

avatar does not follow Horton and Wohl‟s guidelines for a 

parasocial relationship, and therefore the interaction and 

relationship is of another nature than parasocial.  

Conclusively I find that the theory of parasocial interaction fits 

several digital entities in digital games as can be seen in table 1, 

but can as such not be applied to the area in a general sense.  

Table 1: The requirements of parasocial relationships and 

how they apply to the different digital entities 

 Digital 

Entities 

Avatar Player 

Character 

Represen-

tations 

One-sided x - (x) (x) 

Non-

dialectical 

x - x (x) 

Performer (x) - (x) x 

Non-mutual 

development 

x - x (x) 

 

The question of parasocial interaction between the player and 

digital entities raises some interesting thoughts on both the 

relationship between man and digital entities and agents, but also 

on the extremely complex relationship between the player and his 

own representation. However the field of exploring players‟ 
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relationship with their player representations has not yet been 

fully explored and it might prove to be more deep and facetted 

than what has been established here.  

As with many other theories intended for film or literature, 

applying the theory of parasocial interaction to the field of digital 

games is not a simple transfer from one medium to another. 

Digital game worlds are different from other media; just as the 

mechanisms of literature are different from a film. And while 

theories and research from other areas of media can uncover and 

systematize valuable knowledge in the field of digital games, it is 

evident that one needs to distinguish between games as potentially 

being mechanically different. 
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ABSTRACT 

Component-Based Software Engineering (CBSE) focuses on the 

development of reusable components in order to enable their reuse 

in more systems, rather than only to be used to the original ones 

for which they have been implemented in the first place (i.e. 

development for reuse) and the development of new systems with 

reusable components (i.e. development with reuse). This paper 

aims at introducing a methodology for the extraction of candidate 

reusable software components from open source games. The 

extracted components have been empirically evaluated through a 

case study. Additionally, the component candidates that have been 

extracted are available for reuse through a web service.   

Categories and Subject Descriptors 

D.2.13 [Reusable Software]: Reusable Software – domain 

engineering, reusable libraries, reuse models 

General Terms 

Measurement, Design and Experimentation 

Keywords 

Component selection, class dependencies, metrics, case study 

1. INTRODUCTION 

In most countries video games are a prevalent entertainment form, 

concerning their social and economic impact. Particularly, 

according to Consumer Electronics Association [4] reports, the 

worldwide revenue of the game industry increased from nearly 

$11 billion in 2003 to nearly $50 billion in 2007. In addition to 

that, according to the same data, playing games has outperformed 

many other entertainment forms, like listening to music and 

watching movies. 

Additionally, according to [1 and 11] computer game 

development lifecycle is so intense that implementation phase is 

in need of techniques that will shorten the product time to market, 

while minimizing the effort spent for debugging and testing 

activities. In [6, 7 and 9] the authors propose innovative 

architectures that enhance the reusability of games and game 

engines. Such architectures produce more stable and extensible 

software, increase interoperability, improve robustness and 

scalability, minimize coupling between modules and shorten the 

architecture learning curve. Finally, in [5 and 12] reuse 

opportunities in game development are examined. However, the 

way of extracting software components that can be used in game 

development has not been considered in the game engineering 

literature. Games can be large, complex software projects and 

despite their individuality there are a lot of common concepts. 

Thus, techniques that can aid developers through reuse 

opportunities are worth exploring.  

In software engineering, software components are typically 

equivalent to software packages and classes [13]. In [2] the 

authors suggest that software components can be extracted on the 

basis of pattern instances [8] and compared the internal quality of 

patterns with packages and classes. One drawback of the above 

mentioned approaches is the fact that the set of classes that are 

involved either in the package or the design pattern instances are 

not compileable, i.e. there are dependencies to classes out of the 

package or the pattern instance. In such cases, the reuser should 

modify the code of the package or the pattern instance in order to 

be adopted in the target system without compile errors. Further 

problems are the understanding of the game code (program 

comprehension) and the cost of component adaptation. Thus, the 

minimization of external dependencies of the candidate 

components is expected to reduce its adaptation cost.  

In this paper, we propose a methodology for automatically 

identifying well-formed subsets of Java classes from open source 

games, further referenced as Component Candidates. Such sets of 

classes might not be ready to use as components for black box 

reuse, in the sense that they are not necessarily compilable and 

their functionality has not been examined. However, the extracted 

component candidates are considered fitting for white-box reuse 

purposes, since they are expected to exhibit minimum external 

dependencies, useful functionality and reusability. At this point it 

is necessary to clarify that the paper deals neither with subsystem 

identification nor with feature extraction, but only with the 

identification of candidate components, which should be further 

examined so as to discover their provided functionality and 

semantic meaning. 
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The main idea of the methodology is to perform a dependency 

analysis on a UML class diagram and extract component 

candidates based on the class structural dependencies and make 

them available for reuse by others. In order to evaluate the 

Candidate Components that are extracted with the proposed 

methodology, we applied it to fourteen (14) games, and the 

extracted components have been evaluated through a case study. 

The findings of the paper have been used in order to populate the 

dataset of a web repository on components for game 

development1. At this point, the web repository holds about 3 

million component candidates, extracted from 135 open source 

java games and 16.015 java classes. 

2. METHODOLOGY 

The proposed methodology aims at extracting the most easily 

reusable sets of classes from a Java open source project, using 

path-based strong components algorithms. The methodology is 

applied to every class of the system and produces a set of 

candidate components. The prerequisite for applying the 

methodology is the creation of a graph that depicts the 

dependencies among classes of a system.  The graph is created by 

a tool that has been created by the authors. In the graph each node 

represents a class and each edge a relationship between the 

classes. The direction of the arrow suggests which class is in need 

of the other, in order to compile. An example of such a graph, 

created from an existing open source game, namely Scotland 

Yard2, is presented in Figure 1. The outcome of the methodology 

will be the suggestion of sets of classes that are as independent as 

possible and provide significant functionality to the rest of the 

system. 

 

Figure 1. Dependency Graph of Scotland Yard OSS Game 

Next, for every class the following steps are performed: 

step 1. Create a data structure where Candidate Components 

are stored. The structure is a dynamical two dimensional 

array. The number of rows defines the maximum 

number of classes that can be included in a Candidate 

Component. The number of columns represents the 

count of possible Candidate Components that can be 

used for any component size. Create the first 

                                                                 

1 http://www.percerons.com, Patterns and Components Repository 

Extracted from Open Source Software. 

2 http://sourceforge.net/projects/scotland-yard/  

Component Candidate, of size 1, for one class of the 

system. 

step 2. Identify the classes that the participants in the 

Candidate Components are connected to. 

step 3. Place the dependencies in a list sorted by their number 

of external dependencies in a descending order. 

step 4. For every dependency in the list create an updated 

Component Candidate and place it in the corresponding 

position in the data structures.  

step 5. Return to step 2, for every Component Candidate 

created in the previous step, according to the order that 

they have been added in the data structure. The process 

stops if the maximum number of components is reached 

or if there are no external dependencies. 

An example of how the methodology is applied is presented 

below.  Suppose the system of Figure 2 and the dependency graph 

of Figure 3.  

 

Figure 2. Methodology Demonstration 

 
Figure 3. Methodology Demonstration Dependency Graph 

Lets suppose that the starting class is A. The first step creates a 

Candidate Component of size 1 that contains only the starting 

class.  

Table 1. Candidate Components (1st pass) –  

Starting Class A 

Size 1 Α   

Size 2    

Since class Α has only one dependency (class Β), in second pass  

there will be only one Candidate Component with size 2, that 

consists of classes A and B. 
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Table 2. Candidate Components (2nd pass) –  

Starting Class A 

Size 1 Α   

Size 2 Α,Β   

Classes A and B do not have any other dependencies. Thus, the 

process of creating Candidate Components that start from class A, 

is completed.  

In order to have a better understanding on the steps executed in 

every algorithm pass, we present an example on how algorithm 

works if starting class is A1. Similarly to the previous case, pass 

1, creates only one Component Candidate that contains only the 

starting class, i.e. Α1. 

Table 3. Candidate Components (1st pass) –  

Starting Class A1 

Size 1 Α1    

Class Α1 has two dependencies Α and D. Using these two classes 

the algorithm will create two Candidate Components with size 

two. First Candidate Component A1,D will be created because 

class D has less external dependencies than class Α. 

Table 4. Candidate Components (2nd pass) –  

Starting Class A1 

Size 1 Α1    

Size 2 Α1,D A,A1   

The candidate component extraction algorithm is recursive and 

traverses the dependency graph in a depth first manner. Thus, in 

3rd pass the starting node will be Α1,D. This Candidate 

Component has one external dependency, i.e. class Α. Thus, the 

first size 3 component that will be created is Α,Α1,D. 

Table 5. Candidate Components (3rd pass) –  

Starting Class A1 

Size 1 Α1    

Size 2 Α1,D A,A1   

Size 3 A,Α1,D    

Candidate Component A,A1,D has one external dependency, class 

Β, and will create an additional Component Candidate of size 4 as 

shown in Table 6.   

Table 6. Candidate Components (4th pass) –  

Starting Class A1 

Size 1 Α1    

Size 2 Α1,D A,A1   

Size 3 A,Α1,D    

Size 4 Α,Α1,Β,D    

Candidate Component Α,Α1,Β,D has no external dependencies 

and the algorithm will backtrack to a smaller size Candidate 

Component that has not been checked, i.e. components of size 2, 

Α,Α1. The corresponding component candidate has two external 

dependencies, classes Β and D. The new Candidate Components 

of size 3 are A,A1,B and A,A1,D, with the former component not 

to be added in the list, since it already exists. Thus the list after 

pass 5 is presented in Table 7. 

Table 7. Candidate Components (5th pass) –  

Starting Class A1 

Size 1 Α1    
Size 2 Α1,D A,A1   
Size 3 A,Α1,D A,Α1,Β   

Size 4 Α,Α1,Β,D    

From Table 7 and Figure 3 we can observe that there is no distinct 

path beginning from class A1. Thus, the algorithm has identified 

six Candidate Components for a reuser that wants to reuse class 

A1, as shown in Table 8. 

Table 8. Final Candidate Components – Starting Class A1 

Component 
Candidate 

External 
Dependencies 

Component 
Size 

A1 2 1 
A1, A 2 2 
A1, D 1 2 
A1, A, D 1 3 
A1, A, B 1 3 
A1, A, B, D 0 4 

After applying the method for all classes of Figure 2, the final set 
of Candidate Components is created and presented in Table 9. 

Table 9. Final Candidate Components – All Classes 

Size 1 Α A1 A2 A21 B C D 

Size 2 A,B A1,D A,A1 A,A2 A2,A21 A21,C A,C 

Size 3 A,A1,D A,A1,B A,A2,B A,A2,A21 A,A21,C A2,A21,C A,B,C 

Size 4 Α,Α1,Β,D A,A2,A21,B A,A2,A21,C A,A21,B,C    

Size 5 A,A2,A21,B,C       

3. CASE STUDY 

In this section we evaluate the components that are retrieved with 

the selected methodology. The validation method is a case study. 

Case studies are fitting evaluation methods when a large dataset is 

available and when the environment that the method is applied is 

not controlled. The case study organization is similar to [2] where 

the authors performed a case study to evaluate the reusability of 

design patterns. 

3.1 Case Study Plan 

The aim of this case study is to investigate the quality 

characteristics of the software components retrieved by applying 

the proposed methodology, against components that are retrieved 

based on software packages. The steps that have been followed 

during case study execution are the following: 

 Define research questions 

 Build the dataset 

 Identify the method of comparison 

 Execute case study 

 Analyze and report the results 

3.2 Define Research Questions 

The research question of the paper can be described by the 

following scenario: “A developer wants to implement a specific 

requirement. He identifies a class that provides the main 

functionality that he wants to implement, through keyword search. 

Such keywords may be domain entity names (e.g. detective) and 

player actions (e.g. ShortestDistance). Which classes should be 

selected, modified and reused in the final project?” In our research 

we investigated three alternatives for the reuser: 
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 Select a component based on the proposed methodology 
[Alternative A1 – Candidate Component]. 

 Select the package that the class belongs to [Alternative A2 - 
Package]. 

 Select all packages to which any class of the proposed 
component of Alternative A1 belongs to [Alternative A3 - 
PackageSet]. 

3.3 Build the Dataset 

In our case study we performed the proposed methodology on 

fourteen (14) open source games written in java. The projects 

have been randomly mined from an open-source repository and 

are therefore of different quality levels, in order for our results not 

to be affected by the quality of the subjects. After applying the 

methodology in all classes of the projects (2.803 classes), 577.319 

component candidates have been proposed. In order to evaluate 

the component candidates we created a twelve column dataset, for 

each of the component candidates. The list of columns is 

described below: 

 Size of Alternative A1 

 External Dependencies of Alternative A1 

 Functionality of Alternative A1 

 Reusability of Alternative A1 

 Size of Alternative A2 

 External Dependencies of Alternative A2 

 Functionality of Alternative A2 

 Reusability of Alternative A2 

 Size of Alternative A3 

 External Dependencies of Alternative A3 

 Functionality of Alternative A3 

 Reusability of Alternative A3 

3.4 Identify the Method Comparison 

In order to compare the three alternatives, we selected several 

structural quality metrics, which have been used for assessing 

size, independency (Efferent Coupling), functionality (Afferent 

Coupling) and reusability of the components retrieved by each 

class selection alternative. The selected metrics are described in 

Table 10. We have preferred not to discuss the nature of the 

measurements in more detail. The interested user can access their 

definitions in the primary studies in which metrics have been 

defined. The three alternatives have been compared based on 

descriptive statistics, frequencies and charts. 

Table 10. Metrics Used in Evaluation 

Attribute Metric Definition 

Size Number of 
Classes 
(NOC) 

Counts the number of classes 
that are involved in the 
component 

Dependencies Fan Out 
(FO) 

Counts the number of classes 
outside the component that 
are essential for the 
component to compile [10] 

Functionality Weighted 
Fan In (WFI) 

Ratio of the number of classes 
outside the components that 
use at least one class inside 
the component, to the total 
number of classes outside the 
component [10] 

Reusability Reusability 
(R) 

Equation that calculates the 
ease for a set of classes to be 

transferred to another system. 
Uses size, coupling, cohesion 
and messaging metrics [3]. 

3.5 Results 

In Table 11 we present the descriptive statistics for the case study 

sample. As it is observed, the fourteen games considered had an 

average size of about 340 classes. The average component size 

that was extracted with Alternative A1 is almost 20 classes that 

have an average reusability index of about 5.4, the proposed set of 

classes is used by about 34% of the remaining classes of the 

system and in order to compile they need an average of 18 classes. 

Alternative A2 created component candidates of about 68 classes 

that have an average reusability index near 3.1. The proposed set 

of classes is used by about 8% of the remaining classes and in 

order to compile they need an average of about 20 classes. 

Finally, concerning Alternative A3, the proposed set of classes 

(about 165 classes) have an average reusability of about 3.6, they 

are used by 24.8% of the remaining classes of the system and in 

order to compile they need about 19 classes. 

Table 11. Descriptive Statistics 

 N min max mean std. dev. 

Project Size (NOC) 576803  13.000 590.000 340.520 179.880 

Alternative A1 (NOC) 576803    1.000   40.000   20.310   11.190 

Alternative A2 (NOC) 576803    1.000 323.000   68.300   99.654 

Alternative A3 (NOC) 576803    1.000 576.000 166.540 127.843 

Alternative A1 (R) 576803 -16.460 177.794     5.476     4.426 

Alternative A2 (R) 576803 -  1.937   35.162     3.090     2.590 

Alternative A3 (R) 576803 -  1.937   35.162     3.672     1.700 

Alternative A1 (FO) 576803    0.000 119.000    18.370   20.667 

Alternative A2 (FO) 576803    0.000 108.000    20.210   23.251 

Alternative A3 (FO) 576803    0.000 250.000    19.040   25.586 

Alternative A1 (WFI) 576802    0.000    1.000      0.376     0.172 

Alternative A2 (WFI) 543514    0.000    0.500      0.083     0.100 

Alternative A3 (WFI) 540218    0.000    0.857      0.248     0.195 

The results of Table 11 provide an outline on the structural quality 

characteristics of the class selection alternatives. However, so as 

to investigate if the above results are uniform among all possible 

candidate component sizes, we had to split the dataset and 

perform further analysis. 

In Figures 4 to 7 we present line charts that represent the average 

number of classes, fan out, weighted fan in and reusability, for the 

components created with the three component selection 

alternatives. The x-axis represents the size of components, 

whereas the y-axis of the graphs represents the value of the metric 

score. 

 

Figure 4. Size of Component Candidate 

96



 

Figure 5. Fan Out of Component Candidate 

 

Figure 6. Fan In of Component Candidate 

 

Figure 7. Reusability of Component Candidate 

In Table 12 we present the percentage of cases when each class 

selection alternative is the optimum selection strategy, w.r.t fan 

out, weighted fan in and reusability. A graphical representation of 

the same information taking in account the size of the component 

retrieved by Alternative A1 is presented in Figures 8 to 10. In the 

line charts the x-axis represents the size of components, whereas 

the y-axis of the graphs represents the count. 

Table 12. Optimum selection Alternative 

 Fan Out Fan In Reusability 

Alternative A1 37.8% 69.2% 64.2% 

Alternative A2 13.7% 0.6% 15.3% 

Alternative A3  30.3% 29.1% 13.7% 

Tie 18.1% 1.1% 6.7% 

The results suggest that in the majority of cases, Alternative A1 

indicates the optimum set of classes that should be reused w.r.t all 

metrics considered. 

 

Figure 8. Optimum Selection Alternative Frequencies  

(Fan Out) 

 

Figure 9. Optimum Selection Alternative Frequencies (Fan In)  

 

Figure 10. Optimum Selection Alternative Frequencies 

(Reusability) 

From the above figures we can observe that there are class set size 

thresholds, where the proposed methodology retrieves the 

optimum candidate components. Concerning FO, the proposed 

methodology presents optimum results for components size less 

than twenty nine (29) classes. Additionally, concerning FI and R, 

the proposed methodology is the optimum solution for 

components size more than three (3) classes. Thus, if the size of 

the selected set of classes is between 3 and 29, the reuser should 

prefer Alternative A1for selecting the set of classes to be reused 

4. PRACTICAL CONSIDERATIONS 
In order for the results of this study to be available and easily 

applied to practice we have registered the extracted components in 

an existing component web repository. The search engines of the 

repository enable the user to search for a specified component, 

and filter the result set retrieved w.r.t. component size, external 

dependencies, functionality and reusability. Some screenshots of 

the repository are presented in Figures 11 and 12. 

Next we will provide an illustrative example on how the results 

can be used. Let a developer of a Risk game who wants to 

implement the features related to the functionalities of Countries. 

The developer uses the search engine of Percerons and sorts the 

results w.r.t. size and external dependencies. The metric scores for 

the selected component (Number of Classes: 6, External 

Dependencies: 0, Functionality: 22, Reusability: 8.8283) are 

better than the corresponding package, i.e. 

net.yura.domination.engine.core (Number of Classes: 7, 

External Dependencies: 2, Functionality: 7, Reusability: 9.56). 

Suppose that one developer wants to setup a Risk game with two 

human players and one computer player, with their initial regional 

settings. 

The extracted component provides functional requirements such 

as country and continent manipulation, i.e. defines boundary 

regions, region capitals, military resources, and mission control. 

The component is neither involved in the game mechanics of a 

Risk game nor with the graphical representation of the world. 

Thus, the reuser can use it with his own game mechanics, such as 

offensive and defensive rules, and GUI. Additionally, the 

component updates automatically the statistics that are related to 

each player and the game world. The source code of a sample 

component execution scenario is presented in Figure 13. The class 

diagram of the proposed component is presented in Figure 14.  

5. CONCLUSIONS 
This paper introduces a methodology that can be used for 

extracting candidate software components from open source 

games. The component extraction method is based on class 

dependencies, in order to minimize the number of external 

dependencies of the candidate component. The methodology has 

been evaluated by comparing 577.319 candidate components with 

corresponding software packages. In the majority of the cases, the 

components extracted with the proposed methodology seem to 

provide minimum external dependencies, maximum functionality 

and maximum reusability. In order for the extracted components 

to be helpful for software developers, they have been recorded in 
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an online web repository, which makes them available, through a 

web search interface. 
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Figure 11. Web Repository Search Screen 
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Figure 12. Web Repository Search Screen 

 

public class RiskExecutionScenario { 

 

    public static void main(String[] args) { 

        Continent europe = new Continent("1", "Europe", 10, 1); 

        Country france = new Country(1, "1", "France", europe, 0, 0); 

        Country spain = new Country(2, "2", "Spain", europe, 15, 15); 

        Continent asia = new Continent("2", "Asia", 15, 2); 

        Country india = new Country(3, "3", "India", asia, 50, 50); 

        Country china = new Country(4, "4", "China", asia, 40, 100); 

        Continent africa = new Continent("2", "Africa", 100, 0); 

        Country egypt = new Country(5, "5", "Egypt", africa, 100, 10); 

        Country algeria = new Country(6, "6", "Algeria", africa, 100, 50); 

         

        Card card1 = new Card("Infantry", india); 

        Card card2 = new Card("Cannon", france); 

        Card card3 = new Card("Cavalry", spain); 

        Card card4 = new Card("Infantry", china); 

        Card card5 = new Card("Infantry", egypt); 

        Card card6 = new Card("Cavalry", algeria); 

         

        Player player = new Player(1, "angor", 1, "player1address"); 

        player.addArmies(5); 

        player.setCapital(france); 

        Mission mission = new Mission(player, 6, 1, europe, asia, africa, "Conquer the world!"); 

 

        Player player2 = new Player(1, "apostolos", 2, "player2address"); 

        player2.addArmies(5); 

        player2.setCapital(china); 

        Mission mission2 = new Mission(player2, 6, 1, europe, asia, africa, "Conquer the world!"); 

         

        Player player3 = new Player(0, "bot", 3, "player3address"); 

        player3.addArmies(3); 

        player3.setCapital(algeria); 

        Mission mission3 = new Mission(player3, 6, 2, europe, asia, africa, "Conquer the world!"); 

        } 

} 

 Figure 13. Country Component Execution Scenario 
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Figure 14. Continent Component Class Diagram 
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ABSTRACT 
In this paper, we propose an explanation for why some media 
technologies fail to disappear from the market after having been 
displaced from their ‘dominant design’ status. Our point of 
departure is the observation that established models of 
technological change can not provide such an explanation because 
their foci do not extend beyond what happens to previously 
dominant technologies after technological discontinuity. We use 
the LP record as an empirical basis for our theorization. Our 
results suggest that the central mechanism at play explaining post-
dominance market presence is the successful recasting of central 
technological features from a functional-utilitarian to an aesthetic 
realm.*  

Categories and Subject Descriptors 
J.4 [Arts and Humanities]: Music 

K.6.0 [Management of Computing and Information Systems]: 
General – economics. 

General Terms 
Management, Economics, Human Factors, Theory 

Keywords 
Media, Music, Technological change, Aesthetics 

1. INTRODUCTION 
Sometimes a technology, in media a media industry or elsewhere, 
retains some user patronage despite the fact that it has, following 
technological discontinuity, been replaced by a newer and ‘better’ 
technology. As a current example from a media industry, despite 
the overwhelming popularity of digital photography, some people 
still prefer film-based photography. In fact, the Polaroid-like 
instant film technology has experienced a revival after a short 
absence from the consumer photography market [1]. Similarly, in 
the music industry, not only has the vinyl-based long play (LP) 
record remained in the consumer music market but in fact 
increased in popularity in the recent years [2]. Furthermore, while 
perhaps not media technology according to a strict interpretation, 
                                                                    
* Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that copies 
bear this notice and the full citation on the first page. To copy otherwise, 
or republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. 
MindTrek 2012, October 3-5, 2012, Tampere, FINLAND. 
Copyright 2012 ACM 978-1-4503-1637-8/12/10.$10.00. 

there is a vibrant retrocomputing community embracing obsolete 
computing platforms, and within it at least an equally active 
retrogaming scene [3]. 

Arguably, in the media industries the dynamics of technological 
change is currently a very topical issue – and perhaps more so 
than ever before. For example, the music industry is amidst an 
(arguably painful) transition from physical media to non-physical 
media (i.e. electronic distribution), and such a transition appears 
to await the (home) movie industry in the near future. Similarly, 
newspaper and magazine publishers are struggling with their 
business models as they face diminishing sales of their traditional 
paper-based products, and it is likely that book publishing will 
follow suit within a few years.   

As our focus in this paper is why some technologies are capable 
of retaining market presence after having been replaced in the 
market, our theoretical point of departure is that the established 
models of technological change are not able to provide a 
satisfactory explanation because they focus on the changes in 
technological dominance, not on what happens to displaced 
technologies after that. Consequently, our intent in this paper is to 
draft a preliminary theoretical explanation, using the vinyl LP 
record as our empirical case, as an attempt to fill this gap in our 
knowledge on the dynamics of technological change. Thus, our 
empirical focus is in the music industry but towards the end of the 
paper we will briefly expand our discussion to other media 
industries as well. 

2. CURRENT MODELS OF 
TECHNOLOGICAL CHANGE 
The current models of technological development in the literature 
are quite intimately connected to the notion of dominant design 
which is a particular design which dominates a particular product 
category or a domain of technology [4]. A widely used example of 
a dominant design is the QWERTY layout in computer (and 
previously typewriter) keyboards [5].  

Consequently, the current models of technological change are 
mostly concerned with technological discontinuities where an 
existing dominant design is contested by one or more newer 
technologies, eventually leading to the emergence of a new 
dominant design [6]. A well-known, relatively recent example of 
such a transition in the (home) movie industry is the Blu-Ray vs. 
HD-DVD ‘standards war’ (i.e. competition over the position of 
dominant design) as these formats sought to replace the 
previously-dominant DVD in the home movie industry [7].  

Such discontinuities are in the foci of current models of 
technological development because ‘getting the insight right’ with 
regard to future dominant designs has been found to be highly 
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consequential for companies in an industry experiencing a 
discontinuity [4]. For example, Benefon, a Finnish mobile phone 
manufacturer, was an appreciably competitive player in the 
mobile phone industry during the analogous dominant design 
(NMT†) era, but failed to foresee the transition to a digital 
dominant design (GSM‡) in the early 1990s, and (later known as 
GeoSentric) consequently withered into eventual bankruptcy in 
April 2012 [8]. 

Thus, the current models of technological development are 
concerned with investigating what gives rise to a technological 
discontinuity and, perhaps even more importantly, what 
determines the establishment of a new dominant design [9]. 
Consequently, they have very little or no interest in what happens 
to previous dominant designs after they have been replaced. For 
example, it is commonplace to depict the performance 
improvement of successive dominant designs as a succession of 
‘S curves’ [10], but for any given technology, such an S curve 
always is depicted to terminate at the point of time when it 
becomes displaced.  

For this reason, our intention in this paper is to go beyond the 
existing models of technological change and explicitly investigate 
the ‘later life’ of displaced technologies by asking why some 
technologies remain in the marketplace long after the current 
models have lost the interest in them. 

3. THE LP RECORD AS A DOMINANT 
DESIGN AND ITS DISPLACEMENT 
While a full historical account of the history of the vinyl record is 
beyond the scope of this paper (see [11] for such an account), let 
us provide the very broad outlines of it (based on [12-16]). 

The ‘album-type’, 33⅓ rpm vinyl-based LP record emerged after 
a number of technological and commercial innovations during the 
1940s, and the music industry, especially in the USA but also 
elsewhere, organized itself predominantly around this recording 
format. During the ensuing decades, the LP was the dominant 
technology (i.e. the dominant standard) for prerecorded music 
even though the compact cassette (hereafter ‘cassette’) posed an 
emerging threat since its introduction in the mid-1960s.  

The competitive pressure started to mount during the late 1970s, 
however. First, after having peaked in 1977, the LP sales started 
to gradually decline (and were eventually surpassed by the 
cassette in 1983). Second, the blank, re-recordable cassettes were 
sold in increasing numbers enabling consumers to create their 
own recordings – by copying content from other cassettes or LPs 
or recording it from radio broadcasting. This, in turn, created 
substantial ‘piracy’ fears among music industry executives. Third, 
a new music playback technology, the ‘digital-disc’ (later labeled 
as the compact disc, CD), was preannounced by Philips and Sony 
in August 1980.  

Thus, in the early 1980s the LP was under attack from two fronts: 
the cassette and the CD. The music industry quickly organized 
itself to promote the CD as it, as a non-recordable medium (at the 
time), would help it to solve the escalating ‘piracy’ problem. 
Namely, it was envisioned that if the consumers would get used to 
the superior audio quality of the non-recordable CD, they would 
                                                                    
† Nordic Mobile Telephone, an analogous mobile telephony 

standard. 
‡ Global System for Mobile Communications, a digital mobile 

telephony standard. 

no longer content themselves with the inferior quality of copied 
analogue cassettes. Moreover, the CD offered the consumer with 
some clear usability improvements over the cassette, such as the 
ability to directly and quickly access any given track on the CD. 

Consequently, when the CD was made commercially available in 
1983, there was global ‘pressing’ capacity to manufacture about 
10 million CD records annually, to be doubled during the 
following year. Correspondingly, concentrated industry efforts 
reportedly drove down the price of a CD player from about $1000 
in 1983 to about $150 in 1987 (an annual price reduction of about 
38%).  

While there was, at the time, some critical commentary about the 
CD in the ‘culturally aware’ circles (usually claiming that the CD 
as a digital medium was too ‘sterile’ because it was not faithful to 
the analogous nature of music), the CD became the next dominant 
design in music recordings. In terms of sales, the CD surpassed 
the LP in 1987 and the cassette five years later and has remained 
in this position ever since (although appears, in turn, to be 
currently under attack by various media-independent electronic 
music distribution methods). 
Thus, from the point of view of the existing models of 
technological development, from the early 1990s onwards the LP 
record has ceased to have a market presence.§ 
 

4. THE RE-EMERGENCE OF THE LP 
While there have been, during the dominance of the CD, critical 
commentary praising the merits of the LP and forecasts predicting 
its revival [16], there are at least four relatively strong arguments 
against its comeback. 

First, consumers had already expressed their preference for the 
CD over the LP as the CD displaced the LP (and the cassette) 
already overt two decades ago. Second, general sociological 
theory on consumerism maintains that people (i.e. consumers) 
constantly want something new, not old [17]. Consistent with this, 
and third, it is widely taken as a given that the music industry is 
amidst a transition, though a reluctant one, to business models 
without physical media altogether [18]. And fourth, the theory on 
technological development suggests that there is yet another 
technological discontinuity at hand which signals the forthcoming 
‘death’ of yet another technology – in this case the CD – not the 
re-emergence of an already ‘dead’ one. 
Despite these arguments, instead of having been relegated to 
history, the LP record has, during the past half a decade, enjoyed 
steadily increasing sales. In the USA, for example, the sales of LP 
records have increased every year since 2006. What is more, with 
an average annual increase of over 45 per cent during this period, 
the LP has actually been the fastest-growing music format, 
including all the electronic formats. Admittedly, the absolute sales 
volume the LP is not very significant in comparison to the most 
prominent formats. In the USA, for example, in 2011 LP sales 
amounted to about 2.4% of CD sales and to about 5.6% of digital 
album sales. But nonetheless, as a phenomenon, the revival of the 
LP is highly interesting. After all, if one simply extrapolates the 
                                                                    
§ To be precise, during the 1980s and 1990s there were also other 

new record standards introduced to the market, such as the 
MiniDisc (by Sony), the Digital Audio Tape (DAT, by Sony), 
and the Digital Compact Cassette (DCC, by Philips). We have, 
however, omitted such retrospectively inconsequential 
technologies from our description for simplicity. 
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sales trends for the CD and the LP since 2006, the LP sales would 
surpass those of the CD in 2018, six years from now. [19] 

Such a phenomenon has not escaped the attention of academia. 
There are some prior accounts aiming at explaining the somewhat 
counterintuitive re-emergence of the LP. In comparison to our 
study, prior scholarly accounts have typically relied on 
interviewing a relatively small number of LP enthusiasts in order 
to uncover their underlying motivations to embrace the format. 
According to our reading of these studies, their explanations fall 
into six broad categories (which are not necessarily mutually 
exclusive) [16, 20]: 

1. Better sound. Some people prefer the analogous sound of the 
LP over any digital alternatives which are, due to their digital 
nature, too ‘sterile’ or otherwise unfaithful to the true nature of 
music. 

2. Nostalgia, romance. Some people are able to reconnect with 
the(ir) past by listening to music on LPs – either for sound-related 
or for use experience-related reasons. 

3. Resistance towards new technology. Some people are 
inherently recalcitrant towards new technology – either in general 
or in the particular case of music listening – and therefore still 
stick to the LP. 

4. Music availability. Some people prefer music genres which are 
– either only or predominantly – available only on LP records and 
therefore, for practical reasons, ‘must’ listen to LPs. 

5. Tangibility of the medium. For some people, the ability to 
actually ‘see’ how music is being played (instead of it just 
‘happening’ inside a digital media player) is important because 
they want to understand how things actually work and therefore 
they prefer LP record players and records. 
6. Fragility of the medium. The LP, due to its vinyl-based nature, 
is a fragile medium and therefore subject to flaws. Some people 
perceive this fragility as a human trait and, as they are fragile and 
flawed human beings themselves, they are therefore sympathetic 
to the medium. 

As noted above, these insights are typically obtained with 
interviews of rather few enthusiasts of the focal technology. The 
present research differs from these studies as we have, with an 
objective textual analysis, aimed at tapping into the collective 
sentiments of an appreciably large number of users of the 
technology. Moreover, our results are somewhat different from 
those of the previous studies. Nonetheless, let us next describe our 
research methodology in more detail. 

5. METHODOLOGY 
Our central research methodology is discourse analysis, and more 
precisely objective content analysis of written communication. 
Consequently, our basic assumption is that people reveal their 
attitudes, expectations, motivations etc. as they engage themselves 
in communication. Moreover, we assume that people are more 
truthfully forthcoming in this regard when they participate in an 
unforced, spontaneous conversation in contrast to participating in 
an interview, a survey or a focus group. [21-22] 

Consequently, our textual corpus consists of the contents of an 
online discussion forum where anyone can participate in 
discussion concerning the focal technology, the LP. 

This forum is the discussion forum of a prominent LP-related 
website, the Vinyl Engine**, established in 2002. At the time of 
writing, the forum had about 340,000 messages posted by about 
220,000 members around the world. The forum is free to use and 
open for everyone upon registration, and is not moderated (even 
though the administrators can retroactively remove offensive or 
fraudulent content). The corpus used in the study includes all the 
messages posted to the forum until the end of 2010, the last full 
year available at the time when the corpus was compiled. 

The corpus amounts to 222,584 messages with an annual average 
of 24,732 messages. Even though the corpus is fairly large, 
amounting to about 20 million words (corresponding to about 200 
full-length novels [23, p. 13]), an average message is fairly short, 
about 90 words, which implies that the conversation on the forum 
is a rather informal exchange of opinions and other information. 
For analyses, the corpus was divided into annual sub-corpora. 

Content analyses were conducted with SPSS Text Analytics for 
Surveys (v. 4.0.1). Specifically, we conducted two different 
analyses: a thematic analysis (an user-defined analysis) and a 
sentiment analysis (a default analysis in the software). Let us 
briefly describe both analyses end their purposes. 

1. Thematic analysis. The purpose of the thematic analysis was to 
study how frequently different themes appear in the target 
discussion and how these frequencies develop (annually) over 
time. In other words, we wanted to see what discussion themes 
were most effective in animating the discussants, and, conversely, 
which themes were of only marginal interest. For example, if the 
primary reason for people to embrace the LP really were its 
unique sound (c.f. the “Better sound” explanation above), one 
would expect that this theme appears in the discussion with great 
frequency. 

For this purpose, we categorized the 400 most frequently used 
thematically meaningful concepts†† in the corpus into 11 thematic 
categories (examples of such concepts for each category in 
brackets‡‡): (1) technology, hardware, tweaking [cables, 
subchassis], (2) products, brands, companies [denon, td150], (3) 
communication, interaction, exchange [suggestion, opinions], (4) 
sound, listening experience [treble, loud], (5) music, records, 
songs, artists [jazz, beatles], (6), functioning, technical 
performance [wobble, hum], (7) emotions, evaluations [enjoyable, 
dislike], (8) monetary issues [expensive, price], (9) experience, 
expertise [expert, knowledgeable], (10) notions of retro and non-
mainstream [vintage, mint], and (11) competing technologies [cd, 
mp3].  

                                                                    
** http://www.vinylengine.com/turntable_forum/index.php 
†† Thematically meaningful concepts refer to concepts in the 

corpus which are semantically consequential (i.e. excluding all 
articles, for example), and do have some context-specific 
meaning (i.e. excluding universal words such as ’large’, 
’Monday’ and ’here’). 

‡‡ To be precise, the 400 most frequently used concepts are not 
individual words (i.e. lexical concepts) but ’concept roots’ as 
defined in the software. Thus, the 400 concept roots include also 
synonyms for, and different forms and inflections of the roots. 
For example, the concept root “dislike” includes also 
expressions such as “don’t like”, “didn’t like”, “wouldn’t like”, 
“do not like”, “hate”, “don’t really like”, and “loathe”. 
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In the analysis, we calculated, for each year, how many of the 
messages mentioned a concept in each of the thematic categories 
at least once. 

2. Sentiment analysis. The purpose of the sentiment analysis, was 
to investigate, again annually aggregated, users’ sentiments in the 
discussions. This built-in feature of the software analyses 
sentiments in six categories: (1) general, (2) functioning, (3) 
budget, (4) competence, (5) feelings, and (6) attitude. With regard 
to each of the sentiment categories, the software calculates how 
many text items (in this case forum messages) use a positive or a 
negative expression pertaining to the category.  

Consequently, we calculated, for each year and with regard to 
each of the sentiment categories, a sentiment index by subtracting 
the number of messages with a negative expression from that with 
a positive expression and divided this result by the total number of 
messages. For example, if, in a given year, there are 10,000 
messages of which, with regard to some sentiment category, 2,000 
contain a negative expression and 1,000 contain a positive 
expression, the corresponding sentiment index would have a value 
of -0.1. 

6. RESULTS 
Let us present the results of the thematic analysis first. The 
following figure presents, in a graphical form, how each of the 11 
discussion themes presented above were annually present in the 
discussion. The percentages denote the proportion of all the 
messages, each year, containing an expression for each of the 
categories.  
 

 
Figure 1. Annual percentages of messages with each of the 11 

discussion themes. 
 

As the figure depicts, the most common discussion theme, and 
with a relatively large margin, is “Technology, hardware, 
tweaking”, followed by the metadiscussion–category 
“Communication, interaction, exchange”, and another equipment-
related theme “Products, brands, companies”. Thus it seems that 
the discussion is, to a large extent, about equipment itself. Indeed, 
according to our sampling of the messages – while not a formal 
analysis per se – reveals that a typical message on the forum is 
about seeking or offering advice about or otherwise commenting 
on some technical difficulty (‘fixing’) or opportunity (‘tweaking’). 
Moreover, the quite high amount of metadiscussion suggests that 

the such ‘fixing’ and ‘tweaking’ is an appreciably communal 
effort. 

Thus, our thematic results offer quite little support for some of the 
prior explanations for the re-emergence of the LP. First, the 
category “Sound, listening experience” is mentioned, in relative 
terms, quite seldom. Thus, it seems that the output – sound – of 
the equipment is of significantly lesser interest for the discussants 
than the equipment itself. Therefore, according to our results, 
people embracing the LP – at least those active enough to 
participate in an online discussion about it – are not primarily 
animated by the ‘rough’ analogous sound of the medium. 
Similarly, the nostalgia-based experience does not gain support 
from our results as the corresponding discussion theme “Notions 
of retro and non-mainstream” is, among the least frequently 
mentioned one of them all. 

The same applies to the prior explanations based on music 
availability and avoidance of new technology as the 
corresponding discussion themes “Music, records, songs, artists” 
and “Competing technologies” are, especially in the beginning of 
our period of analysis, quite infrequently mentioned. However, 
the music-related theme is on the rise towards the end of our 
period of analysis. 

As an additional observation, it is interesting to see that 
“Monetary issues” are not very frequently mentioned either. 
While this issue is discussed more in detail below in conjunction 
with the sentiment analysis, it tentatively implies that the 
discussants are not highly concerned with prices and costs 
associated with their focal interest. 

In sum, the thematic analysis suggests that the discussants are 
mostly interested in – or perhaps even animated by – the 
equipment itself rather than how such equipment performs, what it 
costs or what can actually be done with (even though there 
appears to be a slight trend in disfavor of this hardware-
centeredness). We will elaborate on this interpretation more in our 
discussion below, but let us next turn to the results of the 
sentiment analysis.  

The following figure depicts the annual values for the six different 
sentiment indices. 
 

 
Figure 2. Annual values for the sentiment indices. 
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As the figure depicts, two sentiment categories differ from the 
others in terms of their annual values over the entire period of 
study. First, the general sentiment in the discussion is appreciably 
positive even though there is slight annual variation. At the same 
time, and secondly, the sentiment concerning functioning (mostly 
of equipment, as this is the most common discussion theme as 
noted above) is quite negative. Thus, at the first glance there 
seems to be some kind of an inconsistency in the discussion: the 
discussants appear to constantly face functional difficulties but 
they appear to be equally constantly happy about it. 

However, it should also be taken into account that the sentiment 
concerning competence (i.e. how competent the discussants feel 
themselves based on the language they use in their messages) is 
quite positive throughout the period of study. Thus, the 
discussants appear to be technically confident people who face – 
or perhaps even seek – technical (i.e. functional) challenges and 
have a good time resolving them. This interpretation gains support 
from feelings-related sentiments – the discussants express 
predominantly positive feelings in their writing. In our opinion 
this is consistent with the results of the thematic analysis which 
also suggest that equipment-related discussion is the main theme 
of the discussion. 

Considering the monetary sentiments, it appears that the 
discussants are generally (except for the year 2006) positive about 
monetary issues. Taking into account that monetary issues were 
mentioned quite infrequently in the discussion, this would imply 
that the discussants are not very concerned with the costs 
associated with acquiring and using the focal technology. 
 

7. DISCUSSION 
In our opinion our results construct a fairly consistent view 
concerning the preferences, interests and motivations of current 
LP users – assuming that the 190,000 discussants on the Vinyl 
Engine forum constitute a representative sample of such users 
(which may be challenged, as discussed below). Moreover, our 
results, perhaps because of our different methodology, challenge 
prior explanations of this phenomenon. Indeed, our results suggest 
that a typical LP user today is highly interested in the technology 
itself instead its practical uses or applications. Moreover he or she 
appears to be (or at least perceive him- or herself as) technically 
proficient, probably even a willing tweaker, who is not really 
constrained by money with regard to his or her hobby.  

Simply put, our results suggest that the typical modern-day LP 
user is not a mass-market consumer but an enthusiast or – dare we 
say – a connoisseur. And, like usually in connoisseurship, he or 
she is intent upon discussing about his or her connoisseurship with 
other like-minded people – sharing the experience. 
Thus, our results do not offer support for most of the prior 
explanations for the re-emergence of the LP. In the light of our 
results, unique sound, nostalgia, technological resistance, or the 
availability of desired music seem not to be significant motivators 
for people to use the LP today.  

Considering the two other explanations, those of 
fragility/humanness and tangibility, our results offer some support 
but, in our opinion, from a slightly different point of view than in 
their original form. According to our interpretation of these 
results, it is not the fragility or tangibility as such that draws 
people to the LP, but the fact these properties of the format allow 
people to be active and influential agents in using their equipment 
and playing back music. Indeed, preparing to listen to an LP 
record, one might first dust off the record, adjust the tonearm 

tracking weight, calibrate the anti-skate mechanism, and check the 
cartridge alignment – all of which influence the resulting sound 
output. Moreover, the LP player allows numerous user-made 
modifications ranging from different platter and tonearm weights 
to a wide selection of different styluses, cantilevers, and platter 
bearings – all of which, again, have a bearing on the resulting 
listening experience. Comparing this to subsequent music 
playback technologies such as the CD and various electronic 
formats (e.g. the MP3 and the corresponding music players), they 
have increasingly disallowed the user to exercise agency with 
regard to the music playback process, in the name of enhanced 
‘usability’. 

Thus, we propose that the explanation for the continued existence 
of the LP despite the availability of ‘better’ alternatives is not 
because the LP ‘gets the job done’ better in a utilitarian-functional 
sense but because the LP does it in the right way in an aesthetic 
sense§§. In other words, the modern-day users of the LP are not 
really concerned with the end result (i.e. listening to music) but 
rather with the very essence of the technology – how the end 
result is produced. 

Moreover, the prior accounts on the current popularity of the LP 
don’t really take the social, or communal, aspects into account. 
Yet, in the light of our results, it seems that the ability to interact 
with fellow enthusiasts is a significant contributing factor. Given 
that what we have discussed above, however, this is not surprising 
because one of the signature characteristics of connoisseurship 
actually is just such interdiscursivity [24, p. 483]. 

Prior scholarship on the dynamics of technological change has 
revealed that customers’ (or, to use precise terminology, 
adopters’) characteristics change as the life cycle of a technology 
progresses. In fact, this literature has identified five distinct 
customer types: (1) innovators, (2), early adopters, (3) early 
majority, (4) late majority, and (5) laggards [25]. The first two 
types are characterized with appetite for novelty, active 
information-seeking, technical expertise, risk tolerance, and 
willingness to pay for the new things they desire. 
Correspondingly, just the reverse is true for the fourth and 
especially the fifth types. Our results suggest that there probably 
is a sixth customer group, labeled here as the ‘post-adopters’ (to 
refer to the fact that they are the focal customers in the ‘post-
dominance’ era of a technology). 

In the light of our results, the post-adopters seem to share many of 
the characteristics with the innovators and early adopters: they are 
active information seekers, have (or perceive themselves as 
having) technical expertise, tolerate (or even seek) risk and are 
willing pay for the target of their enthusiasm. What differentiates 
the post-adopters from the innovators and early adopters is that 
the latter relish newness whereas the former enthuse over vintage 
and traditionality. 

Correspondingly, prior literature on technological development 
suggests that there are different success factors at different stages 
in the life cycle of a technology. In the very beginning, 
technological novelty is important, later superseded by 
functionality and reliability, and finally availability and price. If 
our results are to be trusted, in the post-dominance stage the 
crucial consideration is the aesthetic ‘essence’ of the technology – 
how it does what it does. 

                                                                    
§§ By ’aesthetic’, we don’t refer to visual considerations alone, but 

more generally to any kind of taste judgments and 
appreciations. 

109



Thus, according to our interpretation, our results offer a 
contribution to the literature on the dynamics of technological 
development by (1) extending the life cycle model to also include 
the post-dominance stage, and by (2) outlining the signature 
characteristics of the focal customer group associated with this 
stage and consequently (3) proposing the central success factors 
for a technology at this stage. 

If we are on the right track, this would, business-wise, suggest that 
post-adopters would be quite a lucrative group of customers not 
only because of their willingness to pay but also because of their 
emphasis on aesthetic appreciations. Indeed, if one just considers 
a technology or a product from a utilitarian-functional point of 
view, one is quite willing to embrace a new technology or product 
when it comes around if it ‘gets the job done’ better (given, of 
course, that the associated costs are reasonable). However, if one 
appreciates a technology or a product because of its aesthetic 
qualities – its essence – it is very likely that there is appreciable 
cognitive dissonance associated with abandoning this technology 
or product for the benefit of another. 

Nonetheless, the post-adopters admittedly are likely to constitute 
quite a small fraction of the overall market. After all, the very fact 
of being at the post-dominance stage in a technology life cycle 
implies that something else is dominant (i.e. constitutes the mass 
market). For example, in the USA in 2011, the sales of LP records 
amounted to only about 2.6 per cent of that of the CD, the 
currently dominant, if challenged, format [19]. However, in 
monetary terms the LP market is worth about 89 million dollars in 
the USA and, according recent industry statistics [26], about 163 
million dollars globally. Correspondingly, estimating the global 
market for turntables (i.e. LP record players) by extrapolating 
from U.S. statistics from 2007 [27, pp. 61-62]***, according to our 
best knowledge the latest available, the current annual worldwide 
turntable sales would amount to about 4 million units. Assuming 
that an average price for a turntable is about 200 dollars, perhaps a 
conservative estimate [28], the global annual turntable sales 
would total about 800 million dollars. Moreover, taking into 
account that LP users purchase also related parts and accessories 
such as needles, tonearms and cartridges, the global LP-based 
industry is probably worth significantly over 1 billion dollars 
annually – and it is a growth industry. 

Taking the preceding discussion together, while it is possible to 
argue that within the music industry the LP is a fringe 
phenomenon, we maintain that it is worth attention, both for 
scholars and business practitioners. From a scholarly point of 
view, it illustrates a highly interesting phenomenon – continued 
existence and even a comeback of a ‘doomed’ technology – which 
requires extending our theories of the dynamics of technological 
development. This is what we explicitly have set out to do in this 
paper. And from a business practitioners’ view, it represents a 
niche market comprising of apparently committed and willing-to-
pay customers. 

Even though we have empirically investigated only one media 
industry, the music industry, and within that only one technology, 
our (admittedly tentative) results may have implications in other 
media industries facing difficulties in the wake of technological 
disruptions. Our central message is that, in the light of our results, 
it may be possible for some industry incumbents to follow a 
strategy of a mindful retreat. Such a strategy would entail 
                                                                    
*** Assuming that the correlation between LP record sales and 

turntable sales remains 1.0 over time and across geographical 
regions. 

identifying a niche of post-adopters in the market, finding out 
what is the essence of the displaced (or soon-to-be displaced) 
technology such customers really relish, and embracing this 
essence as the central basis of differentiation. Of course, such a 
strategy is not feasible for a large number of incumbents as the 
notion of ‘niche’ already suggests, but it may be for some. 
In book publishing, for instance, it is probable that books which 
are to be just ‘consumed’ in a functional sense will eventually be 
consumed in an electronic form with e-book readers or tablet 
computers because of functional-utilitarian reasons (e.g. price, and 
ease of purchasing, storing and travelling with). However, the 
printed book does have some essence, its very ‘bookness’. Based 
on our results, we believe that when the ‘printed book is dead’, 
there still are people who embrace books because of their 
bookness – not because they are recalcitrant towards electronic 
books per se, but because they are avid bibliophiles. If this turns 
out to be the case, this customer niche probably constitutes a 
viable customer segment for some book publishers even though 
the vast majority of books are sold in non-physical form. 
Moreover, because of the very nature of being bibliophiles, such 
customers constitute very likely a quite profitable market segment 
in comparison to mass market publishing. 

While it is certainly very difficult to envision in advance which 
technologies, products, standards or formats have an essence 
amenable to post-dominance enthusiasm (for example, does the 
CD have any such qualities), our key proposition is that the 
central mechanism at play in post-dominance market performance 
is the successful transition of key technological features from an 
functional-utilitarian into the aesthetic realm. Thus, the very 
features which constitute a functional disadvantage in the mass 
market can, in the light of our analysis, can be used as the 
aesthetics-based means of differentiation among the post-
adopters. 

Having said this, our study is not, by any means, without some 
concerns with respect to its validity and reliability. To begin with, 
in comparison to prior studies on the recent popularity of the LP 
record, our methodological approach is clearly unorthodox as it 
relies on a computerized content analysis of a significant amount 
of written text rather than on personal interviews of a small 
number of informants. Thus, our analysis is clearly not as rich and 
nuanced as an interview. However, in comparison to interviews 
our approach has also its strengths: it is objective (i.e. does not 
involve subjective human judgment including its well-known 
weaknesses) and it is able to use a large textual corpus well 
beyond any reasonable subjective analysis. 

Nonetheless, the nature of this corpus raises another set of 
concerns. As this corpus comprises written messages on an 
international online discussion forum, it may be that people 
express themselves otherwise there (because they have to write) 
than they would do when speaking. Furthermore, it is certain that 
textual interchange between people is different (probably more 
thoughtful and formal) than spoken exchange between the same 
people. Nonetheless, it is less certain which of these modes of 
interchange better reflects the ‘true’ beliefs, values and 
preferences of the discussants. In any event, as the forum is an 
international one, some of its members are not native English 
speakers and therefore most likely are not capable of expressing 
themselves as fully as they would be using their native language. 
Furthermore, another bias might result from the fact that the 
forum is an online one; participating in the discussion requires not 
only an access to a computer connected to the internet, but also 
some fluency in navigating there and confidence in using online 
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services. Thus, it may be that the technical proficiency of current 
LP users that our results showed may partly stem from this 
underlying selection bias. Furthermore, the fact that the corpus 
contains messages of online discussion, we may witness undue 
emphasis on the communal features of current LP enthusiasm – 
after all, participation in discussion, online or otherwise, is an 
inherently communal act. 

Moreover, the software we have employed is not, strictly 
speaking, intended for analyzing online discussion. Rather, the 
primary purpose of the software is to analyze the contents of 
customer surveys. Nonetheless, we believe that people don’t use 
drastically different language in answering to customer surveys 
(concerning their use of or preference for the LP technology, for 
instance) in comparison to free written discussion.  

In the thematic analysis, however, we restricted the analysis to the 
400 most frequently mentioned root concepts. This implies that 
there is a ‘long tail’ of root concepts which were omitted from the 
analysis. This may or may not affect our results depending on the 
nature and distribution of the root concepts in the ‘long tail’. If the 
nature and distribution of the omitted root concepts corresponds to 
that of the 400 most frequently used concepts, the results are not 
affected, but the results are affected if this is not the case. 

And finally, we studied the discussion conducted on only one 
online forum, the Vinyl Engine, and it may be that we might have 
gotten different results had we have retrieved our corpus from 
some other forum. However, in this regard we would like to note 
that the focal forum is quite notable – both in the LP scene and in 
the music scene more generally. To give a point of comparison, at 
the time of writing, the Vinyl Engine forum has about 220,000 
members while the iLounge, a premier discussion forum for 
Apple’s significantly more popular and culturally resonant iPod, 
iPhone and iPad product lines, has about 210,000 members. 
Nonetheless, there are, of course, alternative forums in both of 
these scenes. 

These apparent methodological concerns notwithstanding, we feel 
that our study focuses on a phenomenon of both scholarly and 
practical interest: the post-dominant life of technologies. 
Moreover, in our evaluation our results offer some initial 
directions towards an explanation of this phenomenon, which 
appears to revolve around users’ aesthetic instead of functional-
utilitarian appreciations. 
In the future, we would warmly welcome studies like ours 
conducted in other technological contexts. For instance, the 
retrocomputing and –gaming communities, and the Polaroid 
photographers would constitute highly interesting empirical 
settings. 
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ABSTRACT 
In this paper, we describe how hybrid media will change print 
product’s value chain and what kind of opportunities it brings to 
print media in the future. We interviewed 20 actors of Finnish 
advertising and media business in order to find out, what kind of 
opportunities they see that augmented reality (AR) and hybrid 
media in general bring forward, and what are the critical 
challenges. One of the key findings was that AR should be part of 
a broader hybrid media framework. At the moment, the technical 
performance of smart phones is high enough for AR applications 
and also the penetration of smart phones is increasing rapidly. 
Thus markets are ready for mass marker AR applications. 
According to the results, the actors in print media value chain 
have mainly very enthusiastic attitude towards augmented reality 
enriched hybrid media. Especially the interactivity and the new 
kind of measurability it brings along were found important. The 
interviewees were unanimous about the components in the hybrid 
media value chain, although the roles of the actors were not set. 
The owner of the AR hybrid media framework could vary case-
by-case. The need for standardization has been observed.  

Categories and Subject Descriptors 

H.5.1 [Multimedia Information Systems]: Artificial, augmented, 
and virtual realities; J.7 [Computers in other systems]: 
Consumer products; 

General Terms 
Design, Economics, Experimentation, Human Factors, 
Standardization.    

Keywords 
Augmented Reality, Hybrid Media, Value Chain, AR, Augmented 
Reality Advertising, Media Business, Print Media. 

1. INTRODUCTION 
The media advertising dropped remarkably after year 2008 and it 
is still behind of those numbers. The spending on advertising 
correlates strongly with the world economic situation. However, 
in the print media the advertising spending is growing slower than 
the economic situation indicates. On the other hand, the internet 
advertising is still growing rapidly, and it is already the third 
biggest advertising media after newspaper and TV. [1] Thus, there 
are interests to find ways how digital media could assist print 
media and make it more desirable in advertisers’ viewpoint. 

The aim of this study was to clarify, how the current actors in 
print products’ value chain see the applicability of hybrid media 
and particularly augmented reality solutions in the future print 
product. Discussions about the future of the print media and how 
the augmented reality could change it were conducted with 
several professionals in the print product’s value chain. The focus 
was on the practical implementation of augmented reality 
solutions and how AR would affect the print product’s value 
chain. The 20 interviewees represented advertising and media 
business: brand owners, advertising agencies, media agency, 
publishing business and printing business (see Table 1). The 
interviews were conducted at the end of 2010 and the data was 
analysed 2011. 

1.1 Augmented reality and hybrid media  
In this study hybrid media is defined as the solution to link the 
printed product with the digital content. In its simplest form it 
means pointing printed matter with a smart phone’s camera, and 
accessing an internet address via the interpreted information to 
receive additional content. [2] 
Augmented reality (AR) is a technology that combines real and 
digital data in real time. Typically, virtual 3D models are 
superimposed over camera images. AR applications rely on 
detecting objects or markers (e.g. pages of a magazine or special 
2D barcodes printed on the pages). Application recognizes what it 
sees, and deduces camera’s location and orientation based on how 
the known object is transformed. This way, it can augment virtual 
object as it were part of the reality.  

Hybrid media can exploit augmented reality in two ways. Mobile 
applications combine augmented reality and other digital content 
to printed media easily. In practice, the user scans a magazine 
with a smart phone that shows augmentation on display over the 
camera image, for example. Alternatively, the user can show 
printed material to a web cam on PC environment and the 
augmentation is done over the web camera’s image on the display 
or laptop’s screen. The application can use data connection to 
update and download the content or it can be a stand-alone 
application with fixed content. Augmented reality has been used 
to enrich printed media since 2009. Magazines and newspapers 
such as Esquire, Süddeutsche Zeitung, Grazia, The New York 
Times and InStyle have provided AR content. AR has been used 
in brand campaigns by Pepsi, Coca-Cola, Benetton, Calvin Klein, 
and others.  
Figure 1 shows examples of Finnish AR advertising campaigns in 
printed media. Dibitassut AR advertisement was launched in 
Katso magazine13-14/2010 (on the left). Dibitassut AR 
application was a stand-alone PC application that user was able to 
download from a given webpage. It was implemented by VTT 
Technical Research Centre of Finland in collaboration with 
Futurecode and Aller Media. In the application an augmented 
digital figure (the dog) appeared on the top of magazine page. On 
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the right is Sparkly mobile AR application that was as well 
implemented by VTT in collaboration with Aller Media and 
Sinebrychoff (the brand owner of advertised Sparkly product). In 
the application a sparkling wine bottle appeared on top of 
magazine page, and the user was supposed to interact with the 
application and keep the bottle in balance for certain time to win a 
discount ticket. The mobile application for iPhone is available in 
AppStore, and the printed add was in Elle Magazine 11/2012.1 

 

 

 

 

 

 

 

Figure 1. Examples of AR advertising campaigns: on the left 
screenshot from “Dibitassut” PC application, on the right, a 

screenshot from mobile AR advertising application “Sparkly”. 
In this research, we studied the future framework of AR 
advertising in printed media, beyond individual cases and 
demonstrations. This research concentrated on advertising 
content. However, it is clear that AR can be used to enrich 
editorial content as well. 

1.2 Markets are ready for AR 
The characteristics of the technology and use situation influence 
the technology acceptance process: what advantages new 
technology brings compared to other technologies, how complex 
or simple it is. [3, 4] In addition, the assumed benefit and attitude 
towards use affect how users come to accept and use a 
technology, as well as voluntariness of use, experience, output 
quality, demonstrable results, perceived ease of use and social 
acceptance. [5, 6] Besides the technological factors, personal 
characteristics affect how individuals adopt new technologies. 
Based on how easily people adopt new technologies, they can be 
categorized into different groups on technology adoption 
lifecycle: innovators, early adopters, early majority and late 
majority, and the laggards. [7] For disruptive innovations, there is 
a chasm between visionaries and pragmatist: some technologies 
are never adopted by others than early adopters [8]. 

The current development of mobile devices makes them suitable 
for AR applications. The processing capacity of smart phones has 
increased, they support graphics features, and they have enough 
memory and bandwidth to support functionalities of AR 
applications. Tablets have in addition large displays. Besides 
improved characteristics of mobile devices, the development of 
mobile application marker places such as AppStore and Android 
Market, have made buying and installing mobile applications 
routine for many users. The using mobile applications have 
reached the majority in the technology acceptance model. All in 
all, the overall mobile ecosystem supports mass market mobile 
applications, including AR hybrid media applications.  

2. METHODOLOGY 
A qualitative research methodology was chosen to study the 
subject in depth and across many organisations in order to find 
                                                                    
1 www.vtt.fi/multimedia 

patterns in data. Qualitative research method is applicable, when 
the area being researched is not well known beforehand or the 
target is to reveal new and unexpected viewpoints from the area of 
interest. [9] Due to the objective of the study, i.e. understanding 
the current mindset towards AR in print media value chain, the 
qualitative research approach was utilized. The selection of the 
interviewees was based on their assumed ability to give new 
viewpoints on the subject. Companies in this study represent the 
different actors in different kinds of print products’ value chains. 
Selected 12 organisations represent advertising, publishing and 
printing sectors. Thus, the sample gives an overview on the future 
of print media business in Finland. The interviewees are 
characterized in Table 1. 
A focused interview method was used. Focused interview is a 
semi-structured method, which means that some of the features of 
the interview, for example the focus and the themes that are of 
interest, are decided beforehand by the interviewer. The method 
has features from the unstructured interviewing, for example the 
objective is to understand respondents’ point of view more than 
make generalisations of their actions. [10, 11] Both individual and 
focus group interviews were conducted. Representatives of same 
company were interviewed simultaneously.  

Table 1. The interviewees. 
Position in the value 

chain 
Expertise Number of 

interviewees 

Brand owner Marketing 3 
Brand owner Product development, 

marketing 
3 

Advertising agency Digital content 1 
Advertising agency Digital content 1 

Media agency Media planner 1 
Publisher On-line publishing 2 
Publisher Social media, sales 2 
Publisher Production 1 
Publisher Marketing 1 
Printing Sales and development 1 
Printing Digital printing 2 
Printing Direct mail 2 

 

At the beginning of the interviews, a brief introduction to 
augmented reality and the latest pilot applications in hybrid media 
field were presented. The interviews were conducted as 
discussions starting from following themes: 
Roadmap of print media and the role of AR in it: What is the 
role of print media and print advertising today and how it will 
change in next five years? What kind of opportunities and 
challenges AR will give to print media? 
Target groups for AR applications: In what kind of print 
products will AR applications suit best? What target groups will 
be reached? 
The new hybrid media value chain: How the print media value 
chain will change if AR applications will be integral part of print 
advertising? Who will take the leading role in AR production and 
who will make business out of it? 

3. RESULTS 
An interesting feature is that almost every interviewed party 
consider their own role and opportunities in the value chain 
stronger than the others (i.e. Media houses consider advertising 
agencies’ role less important than advertising agencies 



themselves.)  However, there is consensus of the components of 
the value chain, although the roles of the actors are not fixed.  

3.1 AR advertisement and framework 
So far, AR applications for printed media have been separate 
applications created in separate projects, and often stand-alone 
applications that must be installed first. However, this is not how 
things should be. Our study shows that there is need for a higher 
level system, where new content can be easily updated into the 
application, and where the authoring is independent of the end 
user’s program. In this AR context, authoring means defining 
what is augmented where and how. For example, defining on 
which 3D models and augmented on which pages, and defining 
also possible interactions, animation paths etc. for each 
augmented object.  

With a framework, we refer to a whole system that defines all 
necessary parts of the AR advertising: how the data is authored 
and managed, how the augmented data is linked to the printed 
matter, how the applications are distributed etc.  

In the sketched framework, the augmented reality advertisement 
consists of five different parts: printed advertisement, AR content, 
AR tool, AR viewer, and a terminal device (Figure 2). AR tool is 
an authoring tool, where the creator defines connexion between 
digital content and printed matter. The intended terminal device 
affects to the content and functionalities of the AR. For example, 
tablets and smart phones have different graphics support. 

 
Figure 2. Components of AR advertisement. 

Mobile AR browsers such as Junaio, Wikitude and Layar augment 
information based on user’s location. User can upload new 
information environments, and choose which information the 
application augments. In a hybrid media solution, the presented 
information would be based on detected printed content. The 
information environments could be e.g. magazine wise, printing 
house wise or brand wise content. 

Similarly as with website editors, users can update and define 
content to a webpage without any knowledge about HTML or 
coding. An AR tool should enable definition of content, relations 
and interactions without any knowledge about detection 
technology, rendering or coding. Also AR researchers consider 
user-friendly authoring tool as one of the key issues, before AR 
will be used in massive scale [12]. 

In further considerations, AR reality was considered more like to 
be part of a broader hybrid media framework.  In figure 4, we 
present the value chain of hybrid media solution for print media. 
In this framework, AR tool and AR viewer are substituted with 
hybrid media tool and viewer. 

3.2 Target users and use cases 
Advertising agencies, brand owners and media houses had 
congruent opinion with each others about early adopters of the 
technology. Teenagers and active young people who swap 
between different media were considered as the first potential 
target users of this kind of service. However, depending on the 

application area, all technology oriented people were seen as 
potential users. The other interviewees did not have clear opinion 
on target users. 

3.3 Roles in the hybrid media value chain  
Different printing houses see their role very differently. 
Traditionally printing house is at the end of value chain, they just 
print what customer wants. Digital printing house might take more 
active role in advancing hybrid media solutions. They might even 
provide all-in-one solution for their customers: Including 
everything from content, framework to personalized printing that 
enables personalized content and individualizing the users. 
Advertising agencies see their role as innovator and early adapters 
who market new technology for their customers i.e. brand owners.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Value chain of hybrid media solution for printed 
publications. 

Brand owners outsource campaign design and implementation for 
advertising agencies. They consider that they could own the 
framework i.e. brand wise application, but they hope for a bigger, 
standardised framework. 
Media houses’ opinions on who is the driver of the technology 
vary: It can be a big international brand owner that has the 
possibilities to create a widely used system and thus manage the 
framework, or advertising and media agencies could ideate and 
apply AR in advertising for brand owners. Some media houses see 
their own role as the framework creator and manager. They 
consider themselves as one of the brand owners. 

3.4 Possible use cases 
Augmented reality suits well for advertising because of its 
interactive and visual nature. One advertising agency considers 
campaign wise or event specific use as most interesting way to 
exploit AR. The other advertising agency and digital media house 
are into a widely used application. Media house would also prefer 
a widely used system or standard that they could exploit in all 
campaigns.  
A new actor could provide a nation wide or international system. 
Creator of the framework can also be a software house who 
provides AR framework product. A new actor could also provide 
AR framework service, and may also master the framework. 

3.5 User data and measurability  
Media agency, as well as advertising agency, brand owner and 
media house, sees the possibility of measuring the user data 
especially important. It is of the utmost importance to get as much 
data from the users as possible: who uses the application, from 
which advertisement the user entered the internet site, and how 



long does he or she stay on the site. The data makes it possible to 
segment the users, and thus, target the message more precisely. 
For the media house, in addition to the above-mentioned factors, 
the reliable user data is one of their key assets.  

4. DISCUSSION AND CONCLUSIONS 
One conclusion of this study is that augmented reality should be 
part of a broader hybrid media solution. Augmented reality as 
such is often not enough, but it enriches a hybrid media solution. 
The same application could also provide other forms of digital 
information i.e. videos, links to web pages etc.  
Based on the interviews, the ease of use is the most important 
aspect. The system must be easy for the end-user, but also for the 
application provider. In addition, most of the interviewees 
highlighted the importance of a general widely used system, and 
the difficulty of downloadable software and desire of ready 
installed software. In PC environment, Flash-applications were 
considered the most important alternative as they function on a 
browser, supposing commonly used Flash-player plug-in is 
installed. The most important aspects are all factors that help 
surpassing the critical chasm of technology adoption. Although 
web based AR applications provide interesting functionalities for 
electronic  newspapers,  printed  media  would  benefit  more  from  
mobile hybrid media solution. The user could enrich the reading 
experience with a mobile application independent of reading 
location. 
Lack of standards slows down the adoption. Today several 
incompatible systems exist and different software is used in 
separate projects. On the other hand, as the AR and hybrid media 
domains are still changing, there is an opportunity to create a de-
facto-standard and integral system, but it requires a big player, 
which is able to ensure enough critical mass.   It might be Google 
with Google Goggles, or some other new player from outside of 
traditional printed media value chain. But as well, some actors of 
the value chain may take new roles and manage an AR hybrid 
media framework. One of our interviewees sums up the scenario 
of the field as “Hybrid media is part of the future print media”. 

4.1 Importance of the user data 
In the media market the information on the users has the central 
role. First of all, the user data reveals who uses the media or 
service. This information can be utilized in targeting the message. 
Secondly, the user data might also give information about the 
media use habits and changes in them. This information can be 
utilized in planning the communication strategies. Hybrid media 
solutions bring a new dimension to collecting of user information. 
Today media houses collect information of how many magazines 
are sold, and how many visitors a webpage has, and from which 
webpage the visitor came. In case the user comes directly to the 
webpage, or using a search machine, there is no indication of how 
user got the idea in the first place. Hybrid media solution can 
collect the information through which printed matter the user 
came to a webpage. In addition, application may collect data 
about time of the day and location where user reads something. 
An immersive mobile application may increase the time user 
spends with the application, plus collect this information. 
Naturally, privacy legislation sets limits for data collection. 

4.2 Augmented reality brings interactivity to 
the reading experience 
Augmented reality definitely changes the reading experience: AR 
brings interactivity to reading experience. Instead of an 

advertisement, the application can be an interesting service for the 
user, “Interesting encounter with the product or brand”. For 
instance, with a mobile device, a printed furniture ad transforms 
into a digital service where the user can furnish own living room 
with virtual furniture using AR features of the application. What 
is more, the application can link the user directly to the electronic 
market place. How often do people see interesting URL in a print, 
but forgot it before next time sitting next to a computer, or are too 
lazy to start typing it on the mobile phone? Hybrid media solution, 
where user points a page with a smart phone, and the link to the 
service is done automatically based on visual recognition, pass 
this gap and have a lot of potential.  
Together with other engaging technologies, AR can be the trigger 
that gets the reader to use the service. AR and hybrid media is not 
limited to the advertisements; it can also enrich editorial matter 
and be part of the magazine’s imago.  
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ABSTRACT 

The aim of this paper is to explore what kinds of factors are used 

by business-to-business (B2B) companies in order to motivate 

their B2B customers to participate in innovation processes 

utilizing social media. This qualitative multiple case study is a 

preliminary step in an attempt to understand how to motivate B2B 

customers to participate in social media innovations initiated by 

B2B companies. There has been little research conducted 

regarding social media use in innovation processes in B2B 

contexts and good case studies are rare. Therefore the aim of the 

present paper is to explore the motivational factors used by B2B 

companies that have successfully implemented social media in 

innovation processes involving their B2B customers. Existing 

literature is reviewed and five cases are analyzed in order to 

highlight how B2B companies can motivate participation.    

Categories and Subject Descriptors 

K.4.3. Organizational impacts: Computer-supported collaborative 

work. 

General Terms 

Management, Performance, Design, Human Factors. 

Keywords 

Motivation; innovation participation; business-to-business; social 

media. 

1. INTRODUCTION 
 

The current paper describes an explorative study investigating 

strategies or factors employed by B2B companies in order to 

motivate their B2B customers or partners to participate in online 

innovation, more specifically through social media. Social media 

has been defined as “a group of internet-based applications that 

build on the ideological and technological foundations of Web 

2.0, and that allow the creation and exchange of user generated 

content” [14]. The definition was extended by adding that social 

media applications and their value are based on user-generated 

content and user activity [13].  

Although social media has been utilized in the B2B context, there 

is still a quite low adoption of social media in innovation in the 

B2B context [16]. Major reasons for this include failure to 

comprehend the opportunities of social media in innovation, 

difficulties assessing the financial gains, difficulties in adopting 

new mental models and practices needed for adoption, and the 

lack of evidence from similar cases using social media in 

innovation [17]. However, B2B companies have been found to 

realize the potential of social media innovation and social media 

do offer novel ways of enhancing and enriching B2B customer 

interaction and creating new knowledge and information related 

to customers [3, 4, 5, 13]. Benefits that producers might derive 

from using social media are ideas for product or service 

development, feedback on products or services at different 

development stages, identification of trends and general know-

how of professionals outside of the company etc. [17]. Further 

motives found for B2B companies to invest in B2B integration 

through social media are: transparency, integration of partners, 

new distribution channels, customer loyalty, information sharing, 

an optimization of time, i.e. a more time-effective re-organization 

of processes in labor hours, as well as an optimization of costs, 

i.e. reducing process-related costs in regard to process 

performance and maintenance [6].  

In order to gain the above mentioned benefits and to successfully 

adopt social media in B2B innovation, an understanding of what 

kinds of factors motivate, drive and discourage engagement, 

participation and contribution of B2B customers and partners is 

required. Due to the novelty of social media concepts and 

approaches as well as the fact that academic B2B-oriented 

research regarding social media use in innovation in general is 

limited [13], this issue is not well understood and good case 

studies are rare. Therefore, the objective of the current study is to 

explore how B2B companies who have successfully implemented 

social media in collaborative innovation processes motivate their 

customers to participate in online innovation. The investigation is 

an initial attempt at understanding the factors driving B2B 

customer engagement in innovations realized through the use of 

social media. 
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2. MOTIVATION TO PARTICIPATE IN 

B2B SOCIAL MEDIA INNOVATION 
 

Successful communities require active engagement by the users. 

Hence, in order to create successful social media platforms for 

innovation in B2B contexts, it is important to understand what 

kinds of factors drive and discourage engagement, participation 

and contribution of the B2B customers. Being motivated is about 

being moved to do something, i.e. a “person who feels no impetus 

or inspiration to act is […] characterized as unmotivated, whereas 

someone who is energized or activated toward an end is 

considered motivated” [24, p. 54]. Ryan and Deci [24] made a 

basic distinction between intrinsic motivation and extrinsic 

motivation. Intrinsic motivation refers to the motivation of doing 

something because it is inherently interesting, enjoyable and 

satisfying. “When intrinsically motivated a person is moved to act 

for the fun or challenge entailed rather than because of external 

rewards or pressures” [24, p. 56]. Extrinsic motivation on the 

other hand refers to the motivation of doing something because it 

leads to a separable outcome, such as a reward.  

Hence, successfully utilizing social media in the innovation 

process should provide intrinsic benefits and/or extrinsic benefits 

for the B2B customer or partner. However, a review of the 

research literature revealed that existing studies focus on 

business-to-consumer and intra-organizational contexts. There is a 

lack of academic research and case studies regarding motivators 

involved in B2B social media innovation. As B2B environments 

differ significantly from B2C environments [13] regarding 

products, product development, markets and the nature of the 

relationship and interaction between customer and producer or 

distribtor, it may be assumed that the factors motivating 

participation in the B2B context is different from those in B2C 

contexts [19]. It has, for instance, been doubted that recognition, 

sense of community or self-esteem are important enough to drive 

actual participation in the B2B context [19], whereas these factors 

are important in motivating participation in the B2C context. 

Also, issues related to legal contracts and IPR as well as issues 

concerning security might restrict the usability of social media in 

the B2B context [12, 13, 20]. On the other hand, as the 

participants in the B2B context are still individuals, there might 

be similarities regarding motivational factors involved in the 

different contexts as well. Participation in the B2B context needs 

to provide value for both the business and the individual.  

Therefore, a short review of findings related to motivational 

factors involved in B2C contexts and intra-organizational context 

is presented next. 

Motivational factors driving users and consumers to participate in 

and engage in online innovations in B2C contexts and intra-

organizational environments, including new product development, 

collaboration and knowledge sharing, have been studied to some 

extent. Current research in these environments shows that there 

are numerous reasons for why people participate in online 

innovation initiated by a company. These reasons include intrinsic 

motivational factors such as altruism (i.e. concern for the 

community), a sense of belonging, enjoyment, social relationships 

and social support, ideology, interesting objectives, intellectual 

stimulation, knowledge exchange and reciprocity, a sense of 

efficiency and empowerment as well as a sense of obligation to 

contribute [1, 2]. Further extrinsic motivational factors found are 

tangible rewards such as money, products, pay checks, trophies 

and awards. Intangible rewards have also been found to motivate 

participation[1, 2]. Examples of these types of motivators are 

praise, approval, honor-roll lists, top ten lists, privileges, 

attention, public recognition, special titles [1, 2]. Dissatisfaction 

with existing products or services and the need for software 

improvement, as well as the enhancement of professional status 

have also been found to drive participation [1, 2]. Similar results 

have been found in the area of virtual new product development 

[7, 10] and intra-organizational knowledge sharing utilizing social 

media [8, 22, 27]. The research literature further implies that 

intrinsic motivators are more effective in driving behavior than 

extrinsic factors [23]. Empirical evidence for this has been found 

in several studies investigating motivation for participating in 

online knowledge sharing [11, 18, 26], virtual new product 

development [20] as well as crowdsourcing contests [25]. For 

instance, intrinsic interest and curiosity have been found to be the 

most important motives for the consumers‟ willingness to 

participate in virtual new product development [21]. However, 

incentives and monetary rewards have been shown to be effective 

in motivating short term engagement and participation. In general, 

researchers [10] suggest using a set of different motivators.  

 

3. CASE STUDY REVIEW 
 

The purpose of this exploratory multiple case study is to develop 

insight and an understanding of motivational factors involved in 

online innovation participation in the B2B context. In this section 

successful cases are presented with a focus on factors used by the 

company to motivate participation in innovation. The 

organizations are Autodesk, Bombardier, Psion, RS Components, 

and SAP.  The information has been collected from publicly 

available sources including published literature, organizational 

websites, and company reports and presentations. The cases were 

selected because they are among the most successful B2B 

companies utilizing social media in innovation processes and 

because they use different strategies of motivating participation. 

They also represent different business sectors, as two companies 

develop and produce software, two companies develop and 

produce electronic devices and one company is a transportation 

company.   

 

3.1 Case study 1: Autodesk 
Autodesk is a software company creating programs for 3D design, 

engineering and entertainment. The company introduced the 

AutoCAD software, a design program, in 1982. A few years ago 

the company created a fan page on Facebook in order to reach and 

engage their young AutoCAD customers, including young 

designers and students. The main aim of the effort was brand-

building but the company encourages active engagement by the 

customers as they are able to share and post comments, views, 

likes, questions etc. 

 

In order to engage their B2B customers and to encourage two-way 

interaction, the company delivers informative and entertaining 

content through the fan page. Examples of interesting content 

provided by AutoCAD include: Facecasts where AutoCAD 

specialists discuss different topics and the audience is able to 

interact with the presenter; sessions from the Autodesk University 

event; different types of tips, quizzes and polls. The company has 
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also made a live software launch on Facebook where the audience 

could interact directly with the people launching the software. The 

company has also aired a series of five short episodes called 

Technology Makeover. In this series a company received a full 

tech makeover and Autodesk is planning to conduct a Facebook 

contest in order to find the next firm to participate in a similar 

series.  [9] 

 

Examples of other ways of rewarding and encouraging 

engagement include designer sun glasses handed out to the ten 

first members who had the right answer to a quiz posted on the 

Facebook fan page when it was first launched. Further, when 

AutoCAD was about to launch MAC software they asked their 

fans to co-design the launch announcement as well as give ideas 

for when and how the launch would take place and who would be 

involved. [9] 

 

Autodesk has also created an online hub called AutoCAD 

Exchange which offers customers learning and productivity tools, 

tips and tricks, news, discussions, blog posts, design showcases, 

possibility to ask experts, etc.  

 http://autocad.autodesk.com/?nd=home 

 

3.2 Case study 2: Bombardier 
Bombardier is a global transportation company operating two 

industry-leading businesses, namely aerospace and rail 

transportation. In 2009 Bombardier created an online innovation 

community, where the company launched the YourRail interior 

design contest.  The contest was about creating new and 

innovative interior designs for trains. The contest‟s target group 

was broad, including professionals, students, hobby designers and 

those interested in the topic. The participants were asked to 

submit designs that were either hand-drawn or computer-

generated using a 3D configuration tool, or in written form 

explaining the interior idea. The participants could either design a 

seat upholster or freely create interior design for different types of 

passengers (leisure, business and everyday).  The submissions 

were ranked by community members as well as transportation 

experts using a five-star system. Later a jury composed of 

company executives and external experts selected the winning 

designs. 

  

In order to generate interest in the contest, the company used 

social media channels like Facebook and Twitter. Further, in order 

to encourage engagement the company kept a dialogue going with 

the members of the YourRail community. The winning designs 

were rewarded by recognition and tangible rewards. The winning 

designs were presented at InnoTrans 2010 and they received 

special recognition on the website. The tangible rewards included 

monetary prizes in the range of 200-2000 euro depending on the 

contest category and placement among the top three designs. 

Netbooks were handed out to designers, whose designs didn‟t 

make it to the top three but still were among the top ten. Also, the 

most active contributor in the community (with regard to the 

number of ideas, votes, and comments) was also recognized on 

the website. The web-based "open innovation" generated 4,300 

entries and 2,500 registered community members. The platform 

has remained available as a network and new campaigns are being 

planned. 

http://yourail-design.bombardier.com/  

 

3.3 Case study 3: Psion 
Psion is a manufacturer of ruggedized handheld devices. In 2010 

the company launched a community called IngenuityWorking to 

help improve product performance, innovation, support, and 

marketing. The target group of the community is Psion's 

employees, partners, and customers. The company‟s social media 

strategy also entailed setting up corporate Facebook and Twitter 

accounts as well as a new blog. The company also required that 

all employees open Twitter accounts and become active on 

IngenuityWorking. The company‟s new values include openness, 

trust and collective ingenuity. [15] 

 

Through IngenuityWorking the members are able to communicate 

and collaborate and to share expertise regarding software, 

hardware, best practices, innovative technologies etc.  The 

members of the community work with Psion on developing 

solutions, however, the community also allows members to find 

collaboration partners among the other members. Psion shares 

components and tools with the users which enable them to create 

tailored modules for mobile devices built on Psion‟s platform. 

The platform provides centrally located tools and support to allow 

anyone to help customers. Top executive leaders participate in 

discussions and run blogs, and the community also provides a 

marketplace for partners to advertise and sell their innovations 

(IngenuityLive). Solutions that are highly rated are recognized as 

they appear on the IngenuityLive landing page. Psion was able to 

develop and launch a new device platform called Omnii, which 

was developed in collaboration between the company and a 

network of international partners in the IngenuityWorking 

community. [15] 

http://community.psion.com/  

 

3.4 Case study 4: RS Components 
RS Components is a large distributor of electronic products. In 

order to engage and facilitate collaboration among electronic 

engineers, the company created a social media hub called 

DesignSpark.  In order to reach their target group, the community 

was launched in four different languages (English, German, 

Japanese and Simplified Chinese). RS Components made the 

effort of creating DesignSpark in a different branding to that of 

the company in order to facilitate a more open atmosphere of 

asking questions, solving problems, and interacting. DesignSpark 

also include DesignSpark PCB, which is a fully featured free 

design tool available for the members of the community. 

 

RS Components is also running competitions in the DesignSpark 

hub. The chipKIT Challenge, which ran until 27th March 2012, is 

a competition of designing an Open-Source energy-efficient and 

eco-friendly device and an extension card developed using the 

DesignSpark‟s PCB tool. Entries judged to have the most energy 

efficient solution won a share of US Dollars $10,000 cash. All of 

the entries are Open Source which means that the design entries 

are shared with the community at the end of the competition in 

order to enable others to gain from the knowledge and expertise.  

In the beginning of 2012 the company also ran the Community 

Choice Awards for the most popular and most creative project 

proposal. 

http://www.designspark.com/home  
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3.5 Case study 5: SAP   
SAP, a major software company, created the SAP Community 

Network (SCN) (http://www.sap.com/communities/index.epx) in 

order to facilitate connections between SAP customers, partners, 

employees, and experts. The SAP Community Network covers 

developers, IT professionals, business process experts, business 

users, business intelligence pro‟s, professors and students.  

 

The network enables members to network, exchange ideas, build 

reputation and give feedback to the company. In order to further 

motivate members to make high quality contributions the 

company has established a Community Recognition Program 

based on contribution points 

(http://www.sdn.sap.com/irj/scn/recognition-program). Points are 

assigned differently between different content areas (i.e. forums, 

blogs, wiki and articles) in the community. In the forums, the 

original poster gives points to other members for the best answers 

provided, SCN Moderators (SAP and external moderators) assign 

points for blog posts and wiki contributions and they also assign 

points to articles, white papers, rich media content, etc. The points 

members receive for contributing grows over the years but the 

SCN recognition program is based on the points gathered during 

the last 12 months.  This means that in order to maintain the 

contribution status obtained during the year the members have to 

contribute on a regular basis, as it is tied to the most recent 

contributions. [23] 

 

Active contribution in the community is further recognized by 

badges (bronze, silver, gold or platinum depending on the number 

of points collected) assigned to the member‟s name in the 

community. Active contributors are also highlighted in various 

places on SCN and in some of the company‟s communications. 

The names of all active contributors are listed on the website at 

the end of the year. Active Contributors with Gold and Platinum 

status may also be featured in SCN Spotlights. Topic Leader is a 

title given, at the end of the year, to the top three contributors in a 

specific category on SCN. They receive additional recognition on 

SCN and are involved in exclusive activities at events such as 

SAP TechEd. To achieve Topic Leader status, points across all 

areas of contribution (blogs, forums, wikis, articles and rich media 

content) are considered. SAP mentors are experts nominated by 

the Community and SAP. They are chosen for their quality of 

contribution and influence in the community, on SCN and outside 

SCN. [23] 

 

4. MOTIVATORS EMPLOYED BY B2B 

COMPANIES  

The following motivational factors were found in the illustrative 

cases reviewed in this paper: 

 

Intrinsic motivational factors: 

 Interesting, relevant, unique and entertaining content 

 Knowledge exchange and reciprocity 

 Interaction with other members by discussing, asking 

questions, giving feedback, collaborating, etc. 

 Networking possibilities 

 Active participation and engagement by company 

leaders 

 Possibility to influence by giving feedback, voting, 

rating, generating ideas etc. 

 Reputation and enhancement of professional status/ 

building a level of credibility 

 

Extrinsic motivational factors: 

 Products 

 Money/Monetary prizes 

 Design and learning tools available for members 

 Marketplace for selling and advertising members‟ own 

innovations 

 Recognition such as visibility at events, on websites, 

titles, top ten lists, honor-roll lists, awards 

All of the companies studied used a set of motivators instead of 

only relying on one. As the case review and table 1 show, the set 

of motivators used in each case differ from each other to some 

extent. A between-case analysis revealed that tangible rewards 

were only used for driving participation in contests. 

Autodesk/AutoCAD, Bombardier and RS Components use 

monetary rewards in order to facilitate contributions in contests. 

Further, Autodesk/AutoCAD, Psion and RS Components also 

allow members to freely use design tools or learning and 

productivity tools. Intangible rewards as well as motivators 

related to more intrinsic factors are used in all cases. These 

include giving recognition for contribution, publishing interesting 

and relevant content, creating networking opportunities as well as 

possibilities to influence by, for instance, voting, and giving 

feedback. In the recognition program developed by SAP, the 

members that receive recognition for active contribution also 

receive a quite large number of privileges (see the case 

presentation above). Further motivational factors that weren‟t 

explicitly mentioned in the cases studied but that can be implicitly 

concluded to be involved include giving the members different 

types of challenges, giving them the opportunity to build 

reputation and keep an active dialogue with the company. Some 

of the companies‟ leaders (Autodesk, Bombardier and Psion) also 

run blogs and are active in the discussions in the communities. A 

final motivational factor found in the case of Psion, is a 

marketplace for partners to advertise and sell innovations. 
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Table 1. A summary of motivators identified in the illustrative cases 

 

Autodesk/AutoCAD 

 

Bombardier 

 

Psion 

 

RS Components 

 

SAP 

Fan page on 

Facebook 

Interaction and 

collaboration 

Active participation 

by company leaders 

and experts 

Informative and 

interesting content 

Products 

AutoCAD exchange  

Networking 

Interaction and 

collaboration 

Valuable content 

Idea and knowledge 

exchange 

Learning and 

productivity tools 

 

Interaction 

Active participation 

by company leaders 

Design contest/ 

challenge 

Recognition 

Possibility to rank or 

rate contributions  

3D configuration tool 

available 

Money 

Products 

 

Networking 

Interaction and 

collaboration 

Active participation 

by company leaders 

Support 

Idea and knowledge 

exchange 

Recognition 

Possibility to rank or 

rate contributions  

Free components and 

design tools available 

Online marketplace 

for marketing and 

selling innovations 

 

Networking 

Interaction 

Support 

Idea and knowledge 

exchange 

Unique and relevant 

content  

Contests/Challenges 

Free design tools  

Monetary prizes 

 

 

Networking 

Interaction 

Idea and knowledge 

exchange 

Build reputation 

Recognition program 

 

 

5. DISCUSSION AND CONCLUSION  
 

The current study was a first step in illuminating what kinds of 

motivational factors are relevant for driving participation in online 

innovation in B2B contexts. The results from this multiple case 

study are in line with previous research conducted in the B2C 

context and intra-organizational context. For instance, the analysis 

revealed that monetary rewards and products are used as 

motivators only in contests, which is in line with research arguing 

that tangible rewards are most effective when it comes to short 

term engagement. Further, a set of different motivational factors 

was used by all of the companies reviewed, which corresponds 

with the recommendations made by researchers. Recognition for 

active participation was found in most of the cases as well as the 

distribution of interesting, relevant and unique content. Factors 

related to intrinsic motivation, such as interesting and relevant 

content, knowledge exchange, networking and interaction 

opportunities, different types of challenges, support etc. were also 

found to be similar to those found in previous research.   Further 

motivational factors found include active participation by 

company leaders, free design and learning tools as well as a 

marketplace for the B2B customers to market and sell 

innovations. However, as this explorative study investigated what 

kinds of factors B2B companies that have successfully 

implemented social media in innovation processes use, the 

questions still remains regarding what kind of factors actually 

drive B2B customers and partners to participate. Further research 

investigating motivational factors involved in the context from the 

B2B customer perspective is needed. Also, the question of 

whether motivational factors being effective in driving 

participation differ due to company size, industry, innovation 

phase, situational context as well as personality characteristics of 

the B2B customers needs to be addressed.  
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ABSTRACT
Only a few media companies have so far (as of April 2012) 
publicly declared engagement in the area of Linked Data. 
Nevertheless among the chosen few are BBC Online, the New 
York Times, The Guardian and Reuters who utilize Linked Data 
to add significant value to the news production process. This 
paper discusses achievements and challenges in utilizing semantic 
metadata in the news production process. By discussing a BBC 
use case it illustrates how Linked Data can be integrated into the 
content value chain and provide added value to content-related 
workflows without necessarily disrupting them. This is insofar 
critical as publishing companies react very sensitively to radical 
changes in their working settings and are often very suspicious of 
technologically induced innovations. Given the fact that from the 
perspective of media professionals Linked Data is a highly 
technology driven phenomenon that incrementally incorporates 
the culture, speech and logic of the engineering discipline, it is 
necessary to translate the benefits of Linked Data into the 
thinking and understanding of the publishing sector by illustrating 
the intersections between the traditional editorial content value 
chain and Linked Data as a complementary resource to innovate 
existing products and services. 

Categories and Subject Descriptors
E.0 [General]; K.4.3 [Organizational Impacts]; K.5 [Legal 
Aspects of Computing]

General Terms
Management, Economics, Human Factors, Standardization, Legal 
Aspects. 

Keywords
Linked Data, Content Value Chain, Semantic Metadata, Semantic 
Web, Data Journalism, News Production, Editorial Workflows, 
Media Economics, IPR, Data Licensing 

1. Introduction
The increasing availability of highly structured data as part of 
open data strategies by governments, companies or crowd-
sourcing initiatives drives the question of how the content and 
publishing industry can benefit from this trend and incrementally 
integrate this new kind of resource into their production and 
business processes. Although we have seen conceptual work 
about the value chain related to the production of Linked Data 
[33], no attention has so far been paid to the question how Linked 
Data contributes to existing value chains in the content industry. 
This paper tries to close this gap by pointing to existing 
achievements and discussing a BBC (British Broadcasting 
Corporation) use case in the utilization of semantic metadata for 
the management of news content along the content value chain.  
Experience shows that due to risk aversion, lack of financial 
resources and expertise actors in the media industry tend to 
behave very cautiously when it comes to the adoption of new 
technologies and methodologies of content creation and reuse, 
especially when they carry a strong disruptive potential and affect 
their core business, competencies or corporate culture. But with 
the renaissance of data driven approaches towards journalistic 
content creation – i.e. Data Journalism [1; 6] – the acceptance 
towards automated data analytics and visualization methods 
which support the time critical creation of new knowledge, is 
rising. 
Given the fact that media professionals perceive Linked Data as a 
highly technology driven phenomenon [52] that incrementally 
incorporates the culture, speech and logic of the engineering 
discipline it is necessary to translate the benefits of Linked Data 
into the thinking and understanding of the media sector by 
illustrating the interfaces between the traditional editorial content 
value chain and Linked Data as a complementary resource that 
adds value to existing products and services. For reasons of 
validity this will be exemplified by focusing on the news sector as 
this branch of the media industry is especially sensitive to 
technological innovations and its disruptive potential to existing 
business models and editorial production cultures. This is insofar 
ironic as the news industry has been among the early adopters of 
the World Wide Web for publishing purposes but very few actors 
have succeeded in adjusting to the “open and collaborative spirit 
of the Web” as exercised by technology-driven market entrants 
like Google, Yahoo! or Facebook that are now being perceived as 
the biggest challengers to traditional journalism and advertising 
based business models. 
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The paper is structured as follows: Section 2 illustrates the role of 
metadata in the news production process and highlights the added 
value when the design principles of Linked Data are being applied 
to them. Section 3 introduces the concept of the Content Value 
Chain and gives an overview over academic research done at the 
intersection of news production and semantic metadata. Section 4 
discusses licensing issues in connection with semantic metadata. 
Section 5 discusses a use case provided by the BBC who use 
semantic metadata to improve their editorial workflow. Section 6 
gives a conclusion and outlook on future research. 

2. The Renaissance of Metadata and the News 
Industry
With the emergence of the World Wide Web as a universal 
platform for the creation and distribution of information the 
nature and importance of metadata has changed significantly. To 
illustrate this Saumure & Shiri [41] conducted a survey on 
research topics in the Library and Information Sciences by 
analyzing publications from the LISTA Database (Library, 
Information Science, and Technology Abstracts)1 with the year 
1993 as a demarcation line of a pre-web and a post-web era. Table 
1 shows their research results. 
Table 1. Research Areas in Library and Information Science 

Research Area Pre-Web Post-Web 

Metadata Applications / Uses  -- 16 % 
Cataloging/ Classification 14 % 15 % 
Classifying Web Information  -- 14 % 
Interoperability  -- 13 % 
Machine Assisted Knowledge 
Organization 

14 % 12 % 

Education 7 % 7 % 
Digital Preservation/ Libraries  -- 7 % 
Thesauri Initiatives 7 % 5 % 
Indexing/ Abstracting 29 % 4 % 
Organizing Corporate or Business 
Information 

 -- 4 % 

Librarians as Knowledge Organizers 
of the Web 

 -- 2 % 

Cognitive Models 29 % 1 % 

The survey illustrates three trends: 1) the spectrum of research 
areas has broadened significantly; 2) while certain areas have kept 
their status over the years (i.e. Cataloging & Classification or 
Machine Assisted Knowledge Organization), new areas of 
research have entered the discipline (i.e. Metadata Applications & 
Uses, Classifying Web Information, Interoperability Issues) and 
others have declined or dissolved into other areas; and 3) 
metadata issues have significantly increased in importance in 
terms of the quantity of papers that is explicitly and implicitly 
dealing with corresponding issues.  

                                                                
1 See: http://www.ebscohost.com/academic/library-information-

science-technology-abstracts-lista, as of April 4, 2012 

2.1 Metadata News Standards – Traditions 
and Pitfalls  
The “Metadata Shift” [18] described in the above mentioned 
survey can also be observed in news-related metadata initiatives 
like the International Press Telecommunications Council (IPTC)2

that predominantly releases media-relevant metadata and schema 
recommendations for areas like news, sports, events, photos and 
more. According to their self-understanding the IPTC does not 
only provide “news exchange formats to the news industry but 
also creates and maintains sets of concepts to be assigned as 
metadata values to news objects like text, photographs, graphics, 
audio- and video files and streams, [which] allows for a consistent 
coding of news metadata over the course of time.”  
Theses metadata resources are called IPTC NewsCodes3 and can 
be distinguished by descriptive codes, administrative codes, 
transmission codes and exchange-format codes. The 
corresponding controlled vocabularies (schemata) and taxonomies 
are based on XML and incorporate so called Globally Unique 
Identifiers (GUID) that are unique, unambiguous and persistent. 
Over the recent years some individually created RDF/SKOS-
representations of IPTC codes emerged that in the meanwhile are 
also officially provided and maintained by IPTC. Nevertheless the 
design and purpose of the IPTC codes is primarily targeted at 
inhouse use with limited semantic interoperability in terms of 
http-based de-referenceable URIs. Additionally interviews with 
industry insiders [52] reveal that the practical uptake of the IPTC 
codes among the news industry and its usage in editorial content 
management systems and applications is limited to a small 
fraction of the existing vocabulary which is a strong indicator for 
over-specification on the one side and a lack of an elaborated 
“metadata culture” in the management of information within 
editorial workflows on the other. There have even been proposals 
from the scientific community to extend the expressivity of IPTC 
codes [i.e. 48; 29] but they have not been taken up by industry. 
Nevertheless the problems of over-specification and de-
referenceability have recently (as of November 2011) been 
addressed by the IPTC with the release of a semantic web-enabled 
microformat called rNews v1.04. rNews can be serialized as RDFa 
or HTML5 Microdata. Its data model is composed of a reasonably 
manageable amount of concept classes with a sufficient level of 
semantic expressivity in terms of vocabulary and data types that 
cover the most important attributes of a news item. If necessary 
the vocabulary can be extended with other IPTC sources or any 
other controlled vocabulary that adhere to the RDF specifications. 
In this respect rNews represents the first serious step towards the 
implementation of Linked Data principles into institutionally 
governed metadata infrastructure for the news industry that does 
not just meet the formal requirements of a machine-readable, 
semantically interoperable standard but also provides it in a way 
that meets the requirements of newsrooms. 
Beside the IPTC news-relevant metadata sources are also 
provided by the Newspaper Association of America5 (i.e. ANPA-
                                                                
2 See: http://www.iptc.org/site/Home/, visited April 4, 2012 
3 The IPTC NewsCodes consist of the following subsets: 

EventsML-G2, NewsML-G2, SportsML-G2, rNews, IIM, 
NewsML 1, IPTC 7901, NITF 

4 See: http://dev.iptc.org/rNews, visited April 4, 2012 
5 See: http://www.naa.org/, visited April 4,2012 
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1312, a 7-bit news agency text markup) or the microformat 
hNews6 as provided by Associated Press. Additional standards7

commonly used in the media industry are EXIF, Dublin Core, 
XMP, DIG35, P/Meta, ETSI/TV Anytime or MPEG-7. 
Nevertheless, most of them are designed for multimedia purposes 
and play a minor role in the news production process. 

2.2 Benefits of Linked (Meta)Data 
Semantic interoperability is crucial in building cost efficient IT 
systems that integrate numerous data sources. Since 2009 the 
Linked Data paradigm has emerged as a light weight approach to 
improve data portability among various systems. By building on 
Semantic Web standards and principles the Linked Data approach 
offers significant benefits compared to conventional data 
integration approaches. These are according to Auer [2]: 
� De-referencability. IRIs are not just used for identifying 

entities, but since they can be used in the same way as URLs 
they also enable locating and retrieving resources describing 
and representing these entities on the Web. 

� Coherence. When an RDF triple contains IRIs from 
different namespaces in subject and object position, this triple 
basically establishes a link between the entity identified by the 
subject (and described in the source dataset using namespace A) 
with the entity identified by the object (described in the target 
dataset using namespace B). Through these typed RDF links, 
data items are effectively interlinked. 

� Integrability. Since all Linked Data sources share the RDF 
data model, which is based on a single mechanism for 
representing information, it is very easy to attain a syntactic and 
simple semantic integration of different Linked Data sets. A 
higher-level semantic integration can be achieved by employing 
schema and instance matching techniques and expressing found 
matches again as alignments of RDF vocabularies and 
ontologies in terms of additional triple facts. 

� Timeliness. Publishing and updating Linked Data is 
relatively simple thus facilitating a timely availability. In 
addition, once a Linked Data source is updated it is 
straightforward to access and use the updated data source, since 
time consuming and error prune extraction, transformation and 
loading is not required. 

On top of these technological principles Linked Data promises to 
improve the reusability and richness (in terms of depth and 
broadness) of news content thus adding significant value to the 
news production process. Along this line of argument the 
following section will elaborate how these characteristics can be 
utilized to add value to the content value chain in the news 
production process. 

                                                                
6 See: http://microformats.org/wiki/hnews, visited April 4, 2012 
7 See: EXIF - http://www.exif.org/; Dublin Core - 

http://dublincore.org/; DIG 35 - 
http://www.i3a.org/technologies/digitalimaging/metadata/;
P/Meta - http://tech.ebu.ch/metadata/p_meta; TSI/TV Anytime - 
http://www.etsi.org/website/technologies/tvanytime.aspx;
MPEG-7 - http://www.multimedia-metadata.info/, visited April 
20, 2012 

3. Linked Data in the Content Value Chain – 
Related Work 
The concept of the value chain is rooted in industry economics, 
where it is used to provide an analytical framework for business 
management processes. It has been first introduced by Michael 
Porter [39] and since then been adopted in a variety of ways to 
describe the structure of sector specific value creation 
mechanisms and sequential production logics. According to this 
notion the news production process can be conceptualized as a 
value chain generally consisting of five steps: 1) content 
acquisition, 2) content editing, 3) content bundling, 4) content 
distribution and 5) content consumption. As illustrated in Figure 1 
Linked Data can contribute to each step by supporting the 
associated intrinsic production function.  

Figure 2. Linked Data in the Content Value Chain 

Beside elaborating on these conceptual thoughts the following 
sections will present related scientific work along the various 
steps of the value chain.  

3.1 Content Acquisition 
Content acquisition is mainly concerned with the collection, 
storage and integration of relevant information necessary to 
produce a news item. In the course of this process information and 
facts are being pooled from internal or external sources for further 
processing.  
At the time of writing there is a limited amount of work on data 
pooling in connection with journalistic practices and Semantic 
Web / Linked Data sources. While the underlying “immature 
integration capabilities” have already been subject to criticism 
back in 2006 [16] modest approaches exist that address the topic 
of structured data acquisition from a general perspective [i.e. 21; 
17] and mainly in connection with multimedia. Schandl et al. [42] 
provide a general overview over the possibilities to retrieve 
media-relevant information from Linked Data sources like 
DBpedia8 or the Linked Movie Data Base9. Messina et al. [36] 
describe a Hyper Media News System that makes use of large 
scale automated data acquisition from RSS feeds for Electronic 
Programme Guides. Hausenblas [19] and Kobilarov et al. [28] 
provide an insight how the BBC is pulling Linked Data to 

                                                                
8 See: http://dbpedia.org, visited April 10, 2012 
9 See: http://www.linkedmdb.org/, visited April 10, 2012. See also 
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improve existing web applications for purposes like content 
syndication, enrichment and page navigation.  
Anyway, all of these works refer to the technological feasibility 
of Linked Data integration but none of them addresses aspects of 
data quality like provenance, reliability or trustworthiness. But 
data quality is a crucial factor in the news production process and 
should be targeted carefully when integration issues are 
concerned – especially in the context of journalistic practices.  

3.2 Content Editing 
The editing process entails all necessary steps that deal with the 
semantic adaptation, interlinking and enrichment of data. 
Adaptation can be understood as a process in which acquired data 
is provided in a way that it can be used in the editorial process. 
Interlinking and enrichment are often performed via processes 
like tagging and/or referencing to enrich media documents either 
by disambiguating existing concepts or by providing background 
knowledge for deeper insights.  
Especially the enrichment of media documents in the editorial 
workflow has been subject to numerous works and is probably the 
most elaborated area in the utilization of semantic metadata. Early 
work [37; 30; 45] provides design principles for a metadata life 
cycle management and demonstrates the value of well-structured 
metadata for indexing and compiling multimedia documents 
across various modalities like text, speech and video. Hee et al. 
[20] illustrate how RSS feeds from various content providers can 
be used to enrich TV Anytime data and utilize it for news 
packaging services thus aggregating content from various sources 
into one stream.  Hu et al. [23] present an ontology-based 
reasoning system that supports the automated analysis and 
aggregation of news items from very large corpora. Their system 
is capable of extracting names, terms, temporals (i.e. time stamps 
and durations) and locations incorporating metadata from 
OpenCyc, EventsML-G2, NewsML-G2 and News Industry Text 
Format (NITF) and reason over these elements to detect semantic 
similarities between news items. Kim et al. [26] discuss the 
benefits of domain ontologies as integration layers for tagging 
purposes in collaborative environments like a newsroom. They 
demonstrate that shared knowledge models can help to improve 
the reuse of tags from various systems and increase flexibility in 
the editorial process without disrupting it. Yu et al. [49] describe a 
system that uses a two-staged SOA-based approach for 
semantically annotating and brokering TV-related services in 
Electronic Program Guides. By utilizing the light-weight 
semantics available from Linked Data they were able to 
significantly lower the integration complexity of external data and 
improve the maintenance of the system for developers. And 
Mannens et al. [35] propose a system for automated metadata 
enrichment and indexing to improve customized delivery of news 
items based on the IPTC NewsML-G2 standard. They enrich the 
IPTC news model with extracted entities from DBpedia and 
generate facets that help the user to fuzzily browse a knowledge 
base thus improving content discovery. 
The work discussed in this section is of high importance in the 
editorial news process. Content editing is a highly time- and cost-
intensive activity and any measure that helps to reduce the 
resources needed to produce high quality content are at the core 
of the news production process. Unfortunatelly the work 
discussed above builds on the premise that a sufficient amount of 
quality approved metadata is already available. As this is rarely 
the case for news content, further research is necessary on the 
(semi-)automatic generation of high quality metadata on the one 

side and its reuse for the semantic adaptation, interlinking and 
enrichment of news content on the other. 

3.3 Content Bundling 
The bundling process is mainly concerned with the 
contextualisation and personalisation of information products. It 
can be used to provide customized access to media files i.e. by 
using metadata for the device-sensitive delivery of news items, or 
to compile thematically relevant material into Landing Pages or 
Dossiers thus improving the navigability, findability and reuse of 
information. 
In the area of content bundling we find a large amount of work 
that is dealing with the role of semantic metadata in the 
development of new products and delivery services. Back in 2001 
Jokela et al. [25] have proposed a system called “SmartPush” that 
adapts to the personal preferences of the user by linking user 
feedback to the well structured set of metadata used to annotate 
news items. They applied a Mixed-Initiative-Approach which has 
outperformed purely algorithmic recommendation services but 
suffers from a cold-start problem. A similar approach has been 
proposed by Bomhart [3], Zhou et al. [51] and  Gao et al. [13] 
who utilize behavioral data (i.e. browsing history) to match 
personal reading preferences with structural similarities between 
news items. And Knauf et al. [27] present a system that uses a 
rich set of metadata derived from manual and automated video 
annotations to discover semantic links and similarities between 
multimedia files and use this for personalized delivery purposes 
especially on mobile devices.  
Utilizing behavioral data to personalize services, enrich the 
reading experience and improve advertising relevance has a long 
tradition in human computer interaction [53; 54; 55]. Anyway, 
excessive collection and reuse of behavioral data poses threats to 
user privacy and can cause adverse effects among the targeted 
users. Additionally these systems often suffer from a cold-start 
problem that can negatively impact the user experience.   
In contrast to these mixed-initiative approaches that match news 
items to user profiles Liu et al. [34], Bouras & Tsogkas [5] and 
Scouten et al. [43] illustrate how the extraction of metadata from 
media files can be used to calculate similarities between media 
files and thus improve the relevance of automated news selection 
and recommendation services. They achieve this by combining 
rule-based natural language processing techniques with domain 
ontologies thus providing fuzzy-search mechanisms to the user 
that lets him conveniently explore a news database. This approach 
is also followed by Ijntema et al. [24] who propose ATHENA, an 
extension to the HERMES framework [10], used to build news 
personalization services by combining domain ontologies with 
text analytics from GATE and WordNet. This work is extended 
by Goosen et al. [15] who use a Concept Frequency – Inverse 
Document Frequency algorithm for personalized news services on 
top of the ATHENA framework.  
What the latter approaches have in common is that they utilize 
domain ontologies to organize metadata and pull reasonable 
information from linked vocabularies. This allows new forms of 
knowledge discovery and delivery services that go beyond the 
established search and retrieval paradigms and provide the users 
with a richer interaction experience without necessarily intruding 
their privacy.  

3.4 Content Distribution 
In a Linked Data environment the process of content distribution 
mainly deals with the provision of machine-readable and 
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semantically interoperable (meta)data via Application 
Programming Interfaces (APIs) or SPARQL Endpoints [50]. 
These can be designed either to serve internal purposes so that 
data can be reused within controlled environments (i.e. within or 
between newsrooms) or for external purposes so that data can be 
shared between unknown users (i.e. as open SPARQL Endpoints 
on the Web).  
From a technical perspective any work dealing with Linked Data 
Publishing is relevant to this specific step in the content value 
chain and lots of media-related datasets are already available as 
Linked Data (i.e. LinkedMDB [7], music and movie related data 
on DBpedia10, MusicBrainz11 or the Linked Media Framework by 
[31]). Over the past years we have also seen several examples 
where media companies have started to offer news-relevant data 
as Linked Data. Since 2009 BBC is offering public SPARQL 
Endpoints for their program, music and sports data [28; 44; 40] 
and in the same year the New York Times has started to offer 
large amounts of subjects headings as SKOS via their Article 
Search API12 [32]. The Reuters Open Calais API13 supports 
SOAP, REST and HTTP requests providing data in RDF [8]. And 
The Guardian is offering an MP Data SPARQL Editor14 from 
which data about British politicians can be retrieved in RDF [9]. 
Despite these encouraging examples news companies have not yet 
embraced the logic and culture of open publishing – especially 
when data assets are concerned. Here we face a typical chicken-
and-egg-problem where the willingness of opening up data 
sources heavily depends on the quantifiable added value that can 
be derived from such a strategy. Due to the lack of differentiation 
possibilities competing news-products are usually substitutes of 
each other. Thus there is little incentive for news companies to 
diversify their business models into this direction as they 1) need 
to protect their revenue channels and 2) often face licensing 
constraints when reusing content outside of established practices.  

3.5 Content Consumption 
The last step in the content value chain is dealing with content 
consumption. This entails any means that enable a human user to 
search for and interact with content items in a pleasant und 
purposeful way. So according to this view this level mainly deals 
with end user applications that make use of Linked Data to  
provide access to news items i.e. by providing reasonable 
visualizations.  
While most of the methodologies for contextualisation and 
personalization and corresponding applications like search and 
recommendation services described in Section 3.2.3 (Content 
Bundling) serve the purpose of content consumption, increasing 
attention has also been paid to visualization and interaction issues 
associated with Linked Data although most of it is still in an 
experimental phase. A comprehensive overview is given by 
Paulheim [38], who himself introduced a tool called Semantic 
Data Explorer. And Freitas et al. [11] discuss recent challenges, 
approaches and trends in querying and visualizing heterogeneous 

                                                                
10 See http://dbpedia.org/About, visited April 20, 2012 
11 See http://musicbrainz.org/, visited April 20, 2012 
12 See http://developer.nytimes.com/docs, visited April 20, 2012 
13 See http://www.opencalais.com/documentation/calais-web-

service-api, visited April 20, 2012 
14 See http://api.talis.com/stores/guardian, visited April 20, 2012 

datasets on the Linked Data web. Anyway, tools that specifically 
target the needs of journalists or that make explicit use of news-
related content are still very rare.   
Fu et al. [12] provide conceptual thoughts how to visualize time 
series data from consumer-generated media and news archives but 
do not explicitly touch upon the benefits of Linked Data. Böhm et 
al. [4] present a tool for journalists called GovWild that integrates 
and cleanses open government data at a large scale thus providing 
easy access to linked government data via a simple search 
interface. A similar approach is followed by Hoxha et al. [22] 
who provide a research tool for journalists to visualize Albanian 
Government Data using the Google Visualization API to process 
RDF data retrieved via an easy to use SPARQL endpoint. 
Research on and the improvement of interface design for the 
handling of semantic data services will be one of the crucial 
success factors in the broad adaptation of Linked Data in the news 
environment. Tools and functionalities need to be designed to 
meet the requirements and IT skills of technology lay persons. 
Technology should be harboured from them as good as possible. 

4. Beyond Standards & Technology – 
Licensing Linked Data  
New technology has never been a sufficient precondition for the 
transformation of business practices but has always been 
accompanied by complementary modes of cultural change [14]. In 
the case of Linked Data one of these non-technological modes is 
the availability of alternative legal instruments (i.e. commons-
based approaches) that allow the owner of intellectual property 
rights to design a licensing environment that suites the attributes 
and specificities of the digital asset concerned and allows to 
establish new modes of value creation. 

4.1 Traditional IPR Instruments 
Semantic metadata is a fairly new kind of intellectual asset that is 
still subject to debate concerning the adequate protection 
instruments [47]. Table 2  gives an overview over the 
applicability of various IPR instruments. The table illustrates the 
complex nature of semantic metadata as intellectual property. 
Various instruments can be applied to various assets, while 
copyright, database right and competition right are the most 
relevant ones.  
Copyright basically protects the creative and original nature of a 
literary work and gives its holder the exclusive legal right to 
reproduce, publish, sell, or distribute the matter and form of the 
work. Hence, any literary work that can claim a sufficient degree 
of originality can be protected by copyright. 

Database Right protects a collection of independent works, data 
or other materials which are arranged in a systematic or 
methodological way and are individually accessible by electronic 
or other means. Databases are also protected as literary works and 
need to have a sufficient degree of originality that requires a 
substantial amount of investment. 
An Unfair Practices Act protects rights holders against certain 
trade practices, which are considered unfair in terms of 
misappropriation, advertising, sales pricing or damages to 
reputation. Especially the first aspect is relevant to semantic 
metadata, which actually occurs, when data is being reused 
without appropriate compensation i.e. in terms of attribution or 
financial return.  
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Patenting does not directly impact the protection of semantic 
metadata as – at least in Europe – patents can just be acquired for 
hardware-related inventions. But as soon as semantic metadata 
becomes indispensable subject of a methodology that generates 
physical effects, has a sufficient level of inventiveness and can be 
exploited commercially these components can be protected under 
Patent Law. 

Table 2. IPR Instruments for Semantic Metadata 

Copy-
right 

Database 
Right 

Unfair 
Practice 

Patents 

Documents YES YES YES NO 
Base Data NO NO PARTLY NO 
Description YES NO YES NO 
Identifier NO YES NO NO 
Name Space YES YES YES NO 
Vocabulary PARTLY YES YES NO 
Classification PARTLY PARTLY PARTLY NO 
Ontology PARTLY YES YES PARTLY 
Rules PARTLY YES YES PARTLY 

4.2 Commons-based Approaches 
The open and non-proprietary nature of Linked Data design 
principles allow to easily share and reuse this data for 
collaborative purposes. This also offers new opportunities to news 
publishers to diversify their assets and nurture new forms of value 
creation (i.e. by extending the production environment to open or 
closed collaborative settings) or unlock new revenue channels 
(i.e. by establishing highly customizable data syndication services 
on top of fine granular accounting services based on SPARQL).  
To meet these requirements commons-based licensing approaches 
like Creative Commons15 or Open Data Commons16 have gained 
popularity over the last years, allowing maximum re-usability 
while at the same time providing a framework for protection 
against unfair usage practices and rights infringements. 
Nevertheless to meet the requirements of the various asset types, a 
Linked Data licensing strategy should make a deliberate 
distinction between the database and the content stored in it. This 
is necessary as content and databases are distinct subjects of 
protection in intellectual property law and therefore require 
different treatment and protection instruments. An appropriate 
commons-based protection strategy for a data provider could look 
as follows: 
� The contents of a linked dataset, which are comprised of the 

terms, definitions and its ontological structure, are protected by 
a CC-By v3.0 License17, which allows the commercial and non-
commercial reuse of any published artefact as long as the owner 
is mentioned. 

� The underlying database, which is comprised of all 
independent elements and works that are arranged in a 
systematic or methodological way and are accessible by 

                                                                
15 See http://creativecommons.org/, visited April 22, 2012 
16 See http://opendatacommons.org/, visited April 22, 2012 
17 See http://creativecommons.org/licenses/by/3.0/, visited April 

20, 2012 

electronic or other means, are protected by a ODC-By v1.0 
License18, which also allows the commercial and non-
commercial reuse of any published artefact as long as the owner 
is mentioned. 

� Additionally to these two aspects the licensing strategy also 
should incorporate a Linking Policy Community Norm, which 
explicitly defines the expectations of the rights holder towards 
good conduct when links are made to the various artefacts 
provided in the dataset.19 This norm should provide 
administrative information (i.e. creator, publisher, license and 
rights), structural information about the dataset (i.e. version 
number, quantity of attributes, types of relations) and 
recommendations for interlinking (i.e. preferred vocabulary to 
secure semantic consistency). 

All in all the three elements of a commons-based licensing policy 
- the CC-By v3.0 License, the ODC-By v1.0 License and the 
Community Norm - provide a secure and resilient judicial 
framework to protect against the unfair appropriation of open 
datasets.  

5. BBC’s Dynamic Semantic Publishing – A 
Use Case 
The BBC (British Broadcasting Corporation) was among the first 
media companies to utilize Semantic Web standards and Linked 
Data principles within their content management system. In 2009 
they released the BBC Music Beta website [28] where they 
exercised semantic content enrichment by pulling large amounts 
of music related data from open repositories like the MusicBrainz 
database and DBpedia (the semantically linked database version 
of Wikipedia). In 2010 they extended this approach by publicly 
launching the BBC World Cup 2010  website [56] which 
semantically processed all information related to the soccer world 
cup 2010, hereby coining the term Dynamic Semantic Publishing. 
This approach has been further extended to the BBC’s Olympic 
Games 2012 website [57] to improve the editorial process for 
journalists and provide the audience with a semantically powered 
rich media experience. According to the value chain approach 
described above their solution works as follows20:
� Content Acquisition: Editorial content is pulled from over 

700 internal sites that contain sports related information and a 
couple of automated XML sports feeds from various external 
sources that provide statistics on matches, teams and players. 

� Content Editing: The editing process is powered by a sports 
ontology that contains all concepts and relations relevant to the 
domain. The ontology’s concepts are being de-referenced 
against linked data sources like GeoNames21 and DBpedia to 
disambiguate concepts and ensure semantic soundness. This 
interlinked ontology is utilized for various purposes. It supports 

                                                                
18 See http://opendatacommons.org/category/odc-by/, visited 

April 20, 2012 
19 See for example the community norm provided by the Leibniz 

Information Center for Economics: 
http://zbw.eu/stw/versions/8.08/mapping/gnd/, visited April 20, 
2012

20 [56 & 57] provide a detailed description of the technical 
architecture. 

21 See http://www.geonames.org/, visited May 5, 2012 
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the (semi-)automatic annotation of media files by matching 
labels from a text against labels in the ontology and suggesting 
it to the editor for annotation. Additionally after the editor has 
chosen relevant concepts automated semantic enrichment is 
exercised by using forward-chaining reasoning which adds 
hierarchically related concepts to the media file. 

� Content Bundling: An additional meta-model has been 
created that represents the editorial structure of the websites. 
This ontology pulls editorial content (profiles, stories and 
videos) from the repositories, enriches it with dynamic content 
(stats for matches, teams and players) and automatically 
compiles a contextually sound, near-real-time (1 min delay) rich 
media site for the reader.   

� Content Distribution: For sharing and syndication purposes 
the BBC has developed a clear IRI schema through which 
various assets like pages, indices or stories can be identified 
adding significantly to the de-referenceable granularity of the 
BBC content. Additionally it provides its well documented 
sports ontology for download22 so that it can be reused for third 
party purposes. An open API for the retrieval of instance data 
and multi-platform syndication has not been provided by the 
time of writing.

� Content Consumption: The dynamic bundling of content 
has been optimized to serve millions of page requests every day 
providing the audience with multimodal reading experience. 
The system offers thematically clustered landing pages and 
provides a deep granularity of content by compiling various 
information types like text, videos and stats to profiles of 
athletes, matches and disciplines that can be accessed via a 
shallow facetted search. A bookmarking functionality allows to 
compile personal dossiers out of page favourites. 

� Licensing Strategy: The BBC follows a hybrid licensing 
strategy. It licenses static content under traditional copyright 
law but provides its ontologies and metadata under a creative 
commons CC-BY-3.0 attribution to the public. A Community-
Norm for the repurposing of ontologies and metadata is missing. 

BBC has announced to extend this technological approach to 
additional sites and domains. According to their experience 
“[r]eplacing a static publishing mechanism with a dynamic 
request-by-request solution that uses a scalable metadata/data 
layer will remove the barriers to creativity for BBC journalists, 
designers and product managers, allowing them to make the very 
best use of the BBC's content.” [57]  

6. Conclusion & Outlook 
Without claiming exhaustivity this paper tried to illustrate the 
large amount of scientific research accomplished in the utilization 
of semantic metadata for news-related purposes. Additionally it 
discussed the issue of Linked Data licensing as a complementary 
practice to derive economic value from semantic metadata and 
briefly discussed a use case that illustrates how semantic metadata 
can be applied within the news production process. But a wider 
look into newsrooms reveals that there is a mismatch between the 
scientific progress and the uptake of semantic metadata in the 
realm of the news industry.  

                                                                
22 See http://www.bbc.co.uk/ontologies/sport/2011-02-17.shtml,

visited May 5, 2012. 

One of the reasons lies in the underdeveloped metadata culture 
within news companies where due to missing competence, dense 
delivery dates and a lack of convenient service-supported 
workflows the collaborative maintenance of a well-curated 
metadata base is simply out of scope. Most of the work discussed 
in this paper builds on technological preconditions – like available 
domain ontologies, well annotated media files or competence in 
natural language processing – that have not yet been integrated 
into the content and workflow management systems available in 
newsrooms. Examples like BBC provide valuable inspiration and 
proof of concepts that semantic metadata can add significant 
value to the news production process. Hence we might see a 
gradual shift in the media industries from static to dynamic 
publishing of content. But as long as Linked Data is not 
seamlessly integrated into the technological production 
environments of newsrooms and the efforts of creating and 
maintaining domain ontologies are not significantly lowered there 
is little chance that his resource will soon be part of a journalist’s 
daily routine. 
Another aspect that has not been touched upon in this paper is the 
quality assurance of Linked Data with respect to validity, 
trustworthiness and provenance. Given the fact that journalists are 
highly sensitive to such quality criteria, efforts have to be 
undertaken to significantly improve the quality of Linked Data 
and provide reliable measures for quality maintenance – 
especially when it is created via crowdsourcing or similar 
collaborative practices. Tackling this challenge is equally 
important as managing the technological feasibility of Linked 
Data in editorial processes but probably much harder to 
accomplish.  
A third aspect that should be mentioned here affects the issue of 
business and revenue models. Linked Data will make a big leap 
forward if it can prove to either significantly reduce the costs of 
news production in existing editorial workflows or create new 
revenue channels by either adding value to advertising clients or 
providing incentives for readers to pay for content or services. If 
and only if one of these aspects can be proven privately owned 
media will be willing to invest substantial amounts of money into 
a new generation of network technologies. 
Beside any obstacles to realization this paper tried to illustrate 
that there exists a significant value for the news production 
process that can be derived from Linked Data. But it still requires 
a modest leap to bring its benefits from scientific research into 
industrial practice. 
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ABSTRACT 

The aim of this research is to explore the use of crowdsourcing 

especially from business-to-business companies‟ innovation 

perspective, and to create a more comprehensive picture of the 

possibilities of crowdsourcing for companies operating in 

business-to-business markets. Business-to-business context was 

chosen because it is in many ways a very different environment 

for crowdsourcing than business-to-consumer context, and we 

found no academic studies on the topic. A systematic literature 

review was performed to gain an understanding of the state-of-

the-art, and to create a research framework on the concept of 

crowdsourcing in innovation covering e.g. the type of 

crowdsourcing used, which crowds were used and in what 

innovation process phase crowds were utilized. Concerning the 

current ways of using 'crowds' and crowdsourcing in B2B 

innovation process, we found evidence of using crowdsourcing in 

B2B‟s in all the three innovation process phases: front-end, 

product development, and commercialization. Furthermore, 

evidence was found for crowdsourcing to be used in innovation 

mainly in the manner of crowd creation, crowd wisdom and 

crowd funding. We found that the role of social media was quite 

essential in all the found B2B crowdsourcing examples. 

Categories and Subject Descriptors 

J.4 [Social and Behavioral Sciences]: Economics.  

General Terms 

Management, Economics, Human Factors 

Keywords 

Crowdsourcing, Social Media, Business-to-Business, Innovation 

1. INTRODUCTION  
Literature in innovation management, Henry Chesbrough [7] in 

the front-row, has recognized an increasingly important 

innovation paradigm. This paradigm, “open innovation”, 

emphasizes the importance of the efficient use of all available 

knowledge and information. Besides the knowledge inside the 

company borders, it emphasizes the significance of particularly 

the knowledge residing outside the company borders. This is 

because valuable innovation-related knowledge is being 

increasingly widely distributed to different actors, organizations 

(e.g. companies, customers, suppliers, universities etc.) and 

communities.  

Some increasingly important relatively novel means of involving 

customers, end users and their expertise and knowledge in 

innovation are social media [2] and crowdsourcing [16] in 

particular. Social media is an important driver for a quick-paced 

increase in crowdsourcing approaches. Crowdsourcing has 

become a buzzword often associated with unrealistic expectations 

for innovation and a vague understanding of its benefits, 

challenges and requirements. 

The current lack of organized and analyzed case evidence and 

examples, as well as a lack of a suitable framework for evaluating 

and pinpointing useful crowdsourcing approaches especially for 

companies operating in business-to-business markets makes it 

difficult for managers to estimate the possibilities of 

crowdsourcing in innovation. Due to some characteristics of the 

B2B sector, such as B2B's having typically far fewer customers 

than B2C's [11], often make it difficult to locate sufficiently large 

crowds of customers for crowdsourcing purposes. Second, the 

ways to motivate and engage business customers is very different 

from motivating and engaging consumers [33] for crowdsourcing 

purposes. Third, various IPR and information security issues [25] 

set limitations and challenges for social media use and/or 

crowdsourcing in the B2B sector. Due to the above 

characteristics, currently available academic studies that almost 

merely present crowdsourcing examples of companies operating 

fully or mainly in B2C markets, are useful only in a very limited 

way to B2B's. 

The current studies have failed to bring understanding about the 

usefulness and most potential areas of application of 

crowdsourcing in B2B sector, which is often much more 

problematic in the sense of locating useful and sufficiently large 

crowds, as well as motivating such crowds to function as a useful 

resource in innovation. 

Due to the existing found gaps in current crowdsourcing literature, 

using a systematic literature research, our aim is to understand the 

use of crowdsourcing in specifically B2B and innovation contexts. 

We arrived at the following research questions:  

 Is crowdsourcing possible in innovation purpose for 

companies operating in business-to-business markets? 

 What different kinds of current ways of using 'crowds' 

and crowdsourcing exist for companies operating in 

business-to-business markets in their innovation 

process? 

 What is the role of social media in the analyzed 

crowdsourcing platforms used by companies operating 

in B2B markets? 
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We concentrate on the newer forms of crowdsourcing that have 

been brought up by e.g. novel forms of internet-based 

collaboration and social media. 

A systematic literature review was performed to gain an 

understanding of the state-of-the-art, and to create a research 

framework on the concept of crowdsourcing in innovation 

covering e.g. the type of crowdsourcing used, which crowds were 

used and in what innovation process phase crowds were utilized. 

We have shown that B2B sector is really in many ways a very 

different context for applying crowdsourcing than B2C sector, 

which has not been discussed in current research. On the basis of 

our study, the use of crowdsourcing is, within certain limitations, 

possible not only in B2C but also in B2B sector. The cases and the 

case analysis demonstrate that companies operating in business-

to-business markets have been able to apply crowdsourcing in a 

large variety of innovative ways. The extant application ways 

have been analyzed and described in this study. 

The study adds the understanding of crowdsourcing specifically 

from B2B sector standpoint, as no earlier academic studies have 

analyzed and described the use of crowdsourcing in this specific 

context. 

2. CROWDSOURCING IN B2B 

INNOVATION 
In this section, we try to define the concept crowdsourcing to be 

able to answer the given research questions in a useful sense, 

carrying out the literature review on the basis of this section, and 

to allow other researchers to evaluate the results, as well as refine 

and extend the conclusions in later studies. 

Crowdsourcing definitions 

Crowdsourcing is a relatively new concept which has transformed 

into a fashion word. One widely accepted useful definition 

clarifying the general nature of crowdsourcing has been presented 

by Howe [16]. He describes crowdsourcing as an “act of taking a 

job traditionally performed by a designated agent (usually an 

employee) and outsourcing it to an undefined, generally large 

group of people in the form of an open call.” However, a couple 

of fuzzy concepts in the definition, making it somewhat difficult 

to explicitly understand “crowdsourcing“ are related to terms 

“undefined”, “generally large group of people”, and “open call”. 

First, “undefined” meaning fully undefined, or focused to certain 

populations, markets, groups or communities? Second, “generally 

large” is not easily defined – how large a group could be 

considered “large”: 100, 10.000 or 1.000.000, where should the 

limit be drawn? Third, “open call” is not easily defined, either, 

because in practice, calls are always restricted in some sense. Is a 

call open if in principle anyone can find and answer to the call, 

but in practice, is very difficult to find or run into, and is 

presented e.g. in certain language and within a certain 

community? Is a call that is presented within a certain community 

requiring registration or community manager acceptance an open 

one? Is a call open if it is presented in a global very large 

company‟s intranet or is it open if the call is presented very 

openly but it is given in English, Portuguese or Chinese? As a 

conclusion, we find it not very easy to give a straight-forward 

answer, trying to define whether a certain approach is 

crowdsourcing or not. Therefore, we have to make some 

limitations in our study for the concept to be able to give a useful 

answer to our research questions. 

We adopt Penin and Burger-Helmchen‟s [26] concept of open call 

as a call in which everybody  can  (at least in principle) answer  

the  call - individuals  can  participate  in  addition  to  restricting 

the call within firms only, as well as non-profit organizations,  or  

communities  of  individuals. 

In current crowdsourcing literature the definitions have varied 

from very specific notions to broad generalist concepts depending 

on the subjects or the scopes of research projects. To unify the 

vague group of definitions Estellés-Arolas and González [9] 

studied over two hundred documents, related to crowdsourcing, 

and  found 40 different crowdsourcing definitions which they 

used to form one universal interpretation to act as a theoretical 

base:  “Crowdsourcing  is  a  type  of  participative  online  

activity  in  which  an  individual,  an  institution,  a  non-profit 

organization,  or  company  proposes  to  a  group  of  individuals  

of  varying  knowledge,  heterogeneity,  and number, via a flexible 

open call, the voluntary undertaking of a task.” In addition, they 

also emphasize the mutual benefit between the crowdsourcer and 

users (individuals who perform the given tasks) by not only 

recognizing the nature of the task and different efforts needed to 

fulfill the task, but also distinguishing the different needs that both 

actors have during the process [9]. 

A very central concept, „crowd‟, has no generally accepted 

definition. A number of authors [e.g. 28] have defined crowd as a 

large set  of anonymous  individuals. Implicit  in  this  definition  

is  the  idea  that  a  firm  cannot  “build  its  own  crowd” [28], 

which would be in disagreement with principles of „crowd‟, „open 

call‟ and probably at least partly the voluntary nature of 

crowdsourcing. Still, a crowd may be composed of professionals, 

such as scientists and experts in various fields, but also of novices 

(ibid). 

Crowdsourcing is, by its very nature, receiving various types of 

value and benefiting from outside capabilities, information, 

knowledge, monetary resources, or other kinds of valuable 

resources. 

Crowdsourcing types 

Along with the above definitions, classifications of crowdsourcing 

have earned substantial attention in recent crowdsourcing 

literature. For example, Howe [16] has described four primary 

types of crowdsourcing: crowd wisdom, crowd creation, crowd 

voting and crowd funding. His classification is based on the 

conclusion that is achieved with help of the crowd by emphasizing 

the diversity of the crowd [24]. Schenk and Guittard [28, 29], 

instead, have collected and classified different crowdsourcing 

practices based on the type of tasks sourced (simple, complex or 

creative), as well as the nature of the crowdsourcing process 

(selective or integrative). Similar kind of classification is 

introduced by Brabham [6], who categorizes crowdsourcing into 

four dominant approaches: the knowledge discovery and 

management approach, the broadcast search approach, the peer-

vetted creative production approach, and distributed human 

intelligence tasking. In addition, Vukovic [34] classifies 

crowdsourcing by its function (spanning the different parts of 

product life cycle) and crowdsourcing mode (whether the request 

is a tender or a competition). These classifications manage to 

bring some further clarity to the vague topic of crowdsourcing. 

However, the current categorizations are fairly generalizing and 

they fail to bring forth the differences in using crowdsourcing 

between B2C and B2B sectors. 

For the above reasons, we will try to enhance the above and other 

existing definitions of crowdsourcing by defining crowdsourcing 

from the specific viewpoint of companies in B2B markets. First, 

B2B crowdsourcing could be defined from a very narrow 

viewpoint, defining it to be B2B companies crowdsourcing a 
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certain task from the individuals of some other companies. This is 

the way many commonly currently understand the concept of B2B 

crowdsourcing, due to the very nature of B2B‟s: by definition, 

they mainly deal with some direct customers being companies that 

pay for the product, seldom dealing directly with the products‟ 

end users and consumers. The problem is that this definition 

excludes very many currently existing and yet non-existing 

innovative ways for B2B companies to benefit from 

crowdsourcing. Furthermore, quite often crowdsourcing is 

understood as something directed towards utilizing merely the 

customer side of the supply chain, not the supplier or partner side. 

We decided to currently include both directions, not excluding 

any particular source of crowdsourcing. We neither exclude e.g. 

non-profit organizations, such as universities or research 

institutions, nor individual professionals or entrepreneurs, or 

intermediary companies such as InnoCentive that may themselves 

act as crowdsourcers making the crowdsourcing calls if a 

company operating in B2B markets benefits from it in some way. 

Furthermore, we include also other crowdsourcing sources such as 

communities or communities building around community 

platforms in the manner of NI Community, even though these are 

sometimes referred to as community sourcing. What we naturally 

do exclude, is e.g. actors that are not B2B companies, aiming to 

benefit from crowdsourcing, i.e. individuals, non-profits, 

institutions, public organizations, and B2C‟s, as referred to above 

in Estellés-Arolas and González‟s [9] crowdsourcing definition. 

Secondly, we exclude intra-organizational crowdsourcing, 

because even if this is possible on a voluntary basis, we think it 

does not really fulfill the criteria of „crowd‟, „outsourcing‟ or the 

„openness‟ of the call. Thirdly, we exclude traditional well-known 

and already much studied forms of sourcing, for instance open 

source activities and conventional forms of beta-testing with end-

users, such as Microsoft and other companies giving out beta 

versions of novel program versions in the purpose of outsourcing 

parts of their product development. Open source is not actually 

crowdsourcing while in crowdsourcing, firms usually make 

traditional use of IPR (e.g. patenting), in large part contrary to 

open source ideology. We concentrate the more novel forms of 

crowdsourcing enabled by e.g. developments in internet- and 

social media-based forms of collaboration and interaction. 

So finally, we end up for defining „B2B crowdsourcing‟, drawing 

from the above commonly cited crowdsourcing definitions, rather 

extensively as “companies operating in B2B markets, using 

crowdsourcing in any way to their business benefit”, thus not 

necessarily the B2B‟s starting or making the actual crowdsourcing 

call themselves, or only between companies (as name “business-

to-business” might refer). We will transform the above definition 

to a generic format, allowing us to make the definition compact 

and us to analyze usefully what B2B crowdsourcing really is, and 

how it can be used in B2B innovation. The generic format is thus 

defined as participatory online activity, carried out via an open 

call, in which 

“companies operating in Business-to-Business markets propose 

themselves or aim to benefit in some other way from voluntary 

provision of A from B in C purpose, benefiting from this in D 

sense” 

in which 

A = concepts, ideas, information, knowledge, funding or other 

resources 

B = a  group  of  individuals  of  varying  knowledge,  

heterogeneity  and number,  consisting from individuals from any 

companies, organizations, non-profits, intermediaries, 

communities or individual professionals 

C = new product development (NPD) or the whole innovation 

process, from ideas and concepts to commercialization (excluding 

e.g. purely marketing purpose), and  

D = cost reduction, quality increase, increased customer 

orientation and customer understanding, time-to-market time 

reduction, sales / profit increase, etc. NPD or innovation related 

benefits 

Thus, in this study we seek to a) enhance the understanding of 

B2B company- related crowdsourcing by focusing and extending 

the current crowdsourcing definitions towards the purposes of 

companies operating in the B2B sector, and b) understand broadly 

the uses and the potential of B2B company –related 

crowdsourcing in the specific purpose of enhancing innovation 

process. We use the above preliminary definitions concerning A, 

B, and C, aiming to find their current status on the basis of found 

B2B company -related crowdsourcing cases and examples. D will 

be examined in future research. 

Generic benefits and restrictions of crowdsourcing in B2B 

Some common generic characteristics of the B2B sector, such as 

B2B's having typically far fewer customers than B2C's [4], 

sometimes only few customers, often make it difficult to utilize 

crowdsourcing in the same sense than it is commonly used in the 

B2C sector – by locating and involving large crowds of users and 

customers for crowdsourcing purposes. Furthermore, the ways to 

motivate and engage business customers is very different from 

motivating and engaging consumers [33] for crowdsourcing 

purposes. Third, various IPR and information security issues set 

limitations and challenges for crowdsourcing in the B2B sector 

[25]. Due to the above characteristics, the currently available 

academic studies that almost merely present B2C crowdsourcing 

examples, are useful only in a very limited sense to B2B's. For the 

same reasons, many companies and managers have serious doubts 

against the usefulness of crowdsourcing in the B2B sector. 

Current research and research gap 

In current academic literature, we found no other studies on 

analyzing the topic of using crowdsourcing in companies 

operating in B2B markets in a broader sense, and no research on 

crowdsourcing in the innovation purpose in B2B‟s. In individual 

studies, some examples of crowdsourcing platforms suitable for 

B2B context were found [e.g. 28, 34], but the results included no 

analyses on the use, potential or usefulness of crowdsourcing in 

the specific context of the B2B‟s and their innovation process. 

Thus, we cannot currently draw any well-argued conclusions on 

the possibilities and or restrictions of crowdsourcing in companies 

operating in the B2B markets, or the above presented research 

questions, and the academic evidence on the subject is very 

fragmented in individual studies and is almost non-existing. Some 

non-academic white papers and writings in authoritative blogs on 

the topic do exist, which bring forth the need and the topicality of 

the subject [e.g. 32]. 

3. RESEARCH APPROACH 

3.1 Literature Review 
A systematic literature review of state-of-the-art business-to-

business crowdsourcing was performed. For the information 

search, five databases were consulted: ACM, IEEE, 

ScienceDirect, SAGE and Emerald using “crowdsourcing” as a 
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keyword. The information search resulted in 1305 documents that 

were more or less related to our subject (Table 1). 

Table 1. Consulted databases 

Article 

Type 
ACM IEEE 

SCIE

NCE 

DIRE

CT 

SAGE 
EME

RALD 
Total 

Journal 112 20 175 69 47 423 

Confe-

rence 

Paper 

773 102 0 0 0 875 

Books 0 0 0 0 7 7 

Total 885 122 175 69 54 1305 

The discovered articles were skimmed by evaluating their 

relevance to B2B, innovation and for building an evaluation 

framework of B2B crowdsourcing. Articles that dealt with only 

intra-organizational crowdsourcing were excluded. After 

removing duplicates from the search results of different databases, 

there were 59 unique documents in total that matched our criteria. 

These documents were chosen for further analysis. Summary of 

the selected documents can be seen in Table 2. 

Table 2. Selected articles 

Docu

ment 

type 

ACM IEEE 

SCIE

NCE 

DIR

ECT 

SAG

E 

EME

RAL

D 

Total 

Tota

l 

Uniq

ue 

Journ

al 
15 2 12 3 6 38 33 

Confe

-rence 

Paper 

16 9 0 0 0 25 24 

Book

s 
0 0 0 0 2 2 2 

Total 31 11 12 3 8 65 59 

In addition, authorative B2B social media and crowdsourcing 

blogs were used for discovering more B2B case examples. 

Socialmediab2b.com, dailycrowdsource.com, and crowd-

sourcing.org were searched using B2B and crowdsourcing as 

keywords and 10 additional B2B crowdsourcing cases were 

discovered. 

3.2 Case Study Approach 
Case study method was used to evaluate crowdsourcing 

initiatives. Crowdsourcing initiatives that were applied in B2B 

sector according to the literature were included in the study. The 

18 discovered B2B crowdsourcing initiatives are described in 

Table 3.  

For further analysis B2B crowdsourcing initiatives that 

represented variety regarding crowdsourcing type and innovation 

process phase were selected by using the maximum variation case 

selection strategy [10]. Six platforms were excluded from further 

analysis on the basis that no evidence for use in innovation was 

found, although the services or approaches could also be used in 

innovation. By using the maximum variation selection strategy, 

five crowdsourcing platforms were excluded from further analysis 

because of the similarity with other approaches regarding the 

crowdsourcing type and applied innovation process phase. 

Triangulation of researchers was used in the data gathering and 

data analysis in order to explore the phenomena from multiple 

perspectives [1], and to avoid bias of individual researcher. The 

data was mainly gathered by direct observation of the discovered 

different B2B crowdsourcing services and using secondary data to 

complement the observations. Direct observation was carried out 

by signing in the crowdsourcing platforms and for instance 

observing the functionalities and common social media roles in 

the platforms. Secondary data included scientific articles, blogs 

and other internet sources such as non-scientific magazines that 

described the use of crowdsourcing platforms in B2B companies. 

 

Table 3. Discovered B2B crowdsourcing initiatives 

Case Description 

Type of 

crowd-

sourcing 

[16] 

Evidence 

of use in 

innovation 

Alibaba 
E-commerce 

marketplace 

Crowd 

Creation 
No 

Amazon 

Mechanical 

Turk 

Online marketplace 

for work 

Crowd 

Creation 
No 

Atizo 
Online 

brainstorming 

Crowd 

Creation 
Yes 

Bombardier 
YouRail design 

contest 

Crowd 

Creation 
Yes 

Clickworker 

Online marketplace 

for text creation, 

research, and 

translation services 

Crowd 

Creation 
     Yes 

GoldCorp 
GoldCorp 

Challenge 

Crowd 

Wisdom 
No 

IBM 

Innovation Jam 

„massively parallel 

conference‟ 

Crowd 

Creation 
Yes 

InnoCentive Problem solving 
Crowd 

Wisdom 
Yes 

Kickstarter Funding platform 
Crowd 

Funding 
Yes 

Lilly 
PD2 drug discovery 

concept 

Crowd 

Creation 
Yes 

Microtask 

Online marketplace 

for document 

processing and data 

entry 

Crowd 

Creation 
No 

Mydeco 
Interior design 

community 

Crowd 

Creation 
No 

National 

Instruments 
NI Community 

Crowd 

Creation 
Yes 

SAP  
SAPiens Idea 

Community 

Crowd 

Creation 
Yes 

Scoopshot 
Photo and video 

broker service 

Crowd 

Creation 
No 

Tecnisa 
Ideias open 

innovation program 

Crowd 

Creation 
Yes 

TopCoder 
Online development 

community 

Crowd 

Creation 
Yes 

Wilogo 
Graphic designer 

community 

Crowd 

Creation 
Yes 
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4. CASE STUDIES 
Based on the case selection strategy 7 platforms (see Figure 1) 

were chosen, from the original list of 18 platforms (Table 3), for 

further analysis. By a crowdsourcing platform we mean a website 

or other system which handles all the data needed to carry out the 

crowdsourcing effort (e.g. authentication of users, history of 

completed requests, charging and payments [34]). Thereby 

platforms work as a mediator between the working crowd and the 

crowdsourcing initiator [15], organized by the initiator itself (e.g. 

Bombardier YouRail) or a special intermediary organization (e.g. 

InnoCentive). In order to understand how business-to-business 

companies use crowdsourcing, it was necessary to look deeper at 

specific applications of the platform by a case company, not just 

the platform itself. InnoCentive is illustrated with 3 business-to-

business cases: EMC that used InnoCentive in the front end, a 

company that used InnoCentive in product development and 

Flextegrity that used InnoCentive in commercialization.  Atizo is 

examined through Pago AG case, where the site was applied in 

the front end of innovation. Kickstarter is illustrated by case 

examples of use in product development by Jensen and Mogensen 

and in commercialization by A Quick CNC. On general level all 

the selected cases represent the various ways of using 

crowdsourcing in different business functions in B2B sector. 

These business functions covered funding (e.g. Kickstarter), idea 

generation and selection (e.g. Atizo), design of new product 

concepts (e.g. Bombardier), research and development (e.g. 

InnoCentive). 

Majority of the analyzed crowdsourcing cases were focused on 

the front end phase of innovation process. InnoCentive and 

National Instrument‟s Community were applied in all of the 

innovation process phases including product development.  Figure 

1 shows the connections between the innovation process phases 

and the selected platforms.  

 

Figure 1. Crowdsourcing approaches in different innovation 

process phases 

The selected crowdsourcing approaches that supported the front 

end phase of innovation process were Atizo, Bombardier and IBM 

Innovation Jam. Atizo serves as an interesting example of hybrid 

crowdsourcing and innovation consultancy service provider that 

has been applied in business-to-business context. Atizo service 

offering includes five steps: 1) devise questions, 2) find ideas, 3) 

select ideas, 4) rate ideas, and 5) plan the implementation. Crowds 

are used in finding and rating ideas, whereas Atizo‟s experts are 

used in selecting ideas and planning the implementation. [14] 

Bombardier is a global company specializing in aerospace and rail 

transportation business. Bombardier used a crowdsourcing contest 

to generate new consumer made interior designs for trains. [4, 5] 

IBM Innovation Jam is a crowdsourcing concept designed by the 

multinational company IBM. Differing from other selected cases 

Jams are global events that gather together not only IBM‟s 

employees but also IBM‟s partners and other companies around 

the world to take part in an online brainstorming session. IBM has 

used Jams under different themes and subjects to develop 

business. More specific details and examples of used 

crowdsourcing approaches with B2B examples from each case are 

described in appendix 1. 

InnoCentive and NI Community were the only cases where 

crowdsourcing was used by B2B companies in every phase of 

innovation process. InnoCentive is an intermediary company 

which provides a web-based market for solving scientific 

problems. Through its online platform various companies can post 

their problems to the site and let the users, either individually or 

collaboratively, find the best solution for it. The users vary from 

individuals to highly professional members of expert 

communities. [27] National Instruments is a multinational 

corporation which manufactures and supplies measurement and 

automation products. NI‟s crowdsourcing approach is focused 

around NI Community, which includes an online environment for 

gathering ideas and sharing solutions regarding the development 

of application software called LabView. LabView is NI‟s main 

product used by engineers and scientists all over the world to 

create products for their specific needs. The environment is 

powered by Jive. [8, 20] B2B examples of each phase of the 

innovation process regarding the above two platforms can be 

found in appendix 1. 

The rest of the cases, Kickstarter and Tecnisa Ideias, were used in 

two different phases of the innovation process. Kickstarter is an 

online crowd funding site where users can participate in 

innovative and creative projects by giving project organizations 

monetary support. [22] In general, there are two ways of using the 

funding platform: some companies seek funding for product 

development phase when others gather funds for manufacturing 

phase or the launch of the product (commercialization). 

Tecnisa uses crowdsourcing in front end and commercialization 

phases of innovation process. Tecnisa is one of Brazil‟s most 

profitable constructors with a lot of experience in property 

markets. Tecnisa operates in all areas of the real estate 

development sector. Tecnisa‟s crowdsourcing approach, Tecnisa 

Ideias, is an online platform for idea generation that helps the 

company to gather valuable customer knowledge from any 

consumer (engineer, architect, city planner, designer etc.). [30] 

Tecnisa Ideias‟ and Kickstarter‟s examples are described in 

appendix 1. 

We also discovered that social media plays an important role 

generally in crowdsourcing. In previously described 

crowdsourcing cases social media is used in many ways to enable 

or enhance the initiative. We use the 5C model [35] to help 

characterize the different roles of social media in each of the 

selected cases. 5C model classifies social media tools by the 

action they enable. Different categories are: 1) communicating 

(publishing and sharing content), 2) collaborating (collective 

content creation), 3) connecting (networking people), 4) 

completing (adding, describing, and filtering), and 5) combining 

(mixing and matching information for different purposes). [35] 

The results of the characterization are presented in table 4. 

Table 4. The role of social media in the selected 

crowdsourcing cases 

Case 1 2 3 4 5 

Atizo X X X X  
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Bombardier YouRail X X X X  

IBM Innovation Jam X X X X X 

InnoCentive X X X X  

Kickstarter X  X X X 

NI Community X X X X X 

Tecnisa Ideias X X X X X 

Furthermore, social media is often used to share the open call and 

information about the crowdsourcing initiative to a larger 

audience. For example in Kickstarter and Bombardier YouRail 

cases the open call can be shared via other social media services 

(e.g. Facebook and Twitter). Some crowdsourcing initiatives even 

encourage and motivate people to share the call to their network. 

For example B2B companies operating with InnoCentive can use 

Challenge Referral Program to reach a larger and more diverse 

audience for solving the challenge. InnoCentive‟s Referral 

Program gives substantial monetary incentives (e.g. $5,000 USD) 

for referring the winner of the challenge. [18] 

5. DISCUSSION AND CONCLUSIONS 
First of all, we defined the concept B2B crowdsourcing, utilizing 

the earlier common definitions of crowdsourcing. The definition 

was used in finding examples and evidence of B2B 

crowdsourcing, and to analyse the nature of B2B crowdsourcing. 

The definition itself can broaden the understanding of the 

possibilities of crowdsourcing in B2B context. 

We were able to find a number of useful applications of 

crowdsourcing in a large variety of different application areas in 

B2B companies‟ innovation process. Thus, the study clearly 

demonstrates that not only companies that operate in B2C 

markets, as commonly earlier presumed, but also companies 

operating in B2B markets can make use of crowdsourcing in a 

variety of ways. Concerning the first research question, the 

possibility of using crowdsourcing in innovation purpose for 

companies operating in business-to-business markets, the study 

shows, first, that crowdsourcing is possible for companies 

operating in business-to-business markets, despite the mentioned 

challenges typical for B2B‟s, and the very restricted possibilities 

to benefit from available B2C sector examples, and second, that 

crowdsourcing is possible in supporting their innovation 

processes. All the nine studied cases related to seven 

crowdsourcing platforms demonstrated the studied companies 

operating in B2B markets to have applied crowdsourcing to 

support their innovation process. We found evidence in the cases 

of the use of crowdsourcing by B2B‟s with their direct customers, 

end users, professionals from companies not in direct business 

relationship with the target B2B‟s, and non-profits such as 

universities. A more detailed analysis is done in future studies. 

This contributes to the existing crowdsourcing literature, because 

there are no found earlier academic studies on the use of 

crowdsourcing in the innovation process in the specific context of 

companies operating in B2B markets, in addition to the 

fragmented few academic studies presenting individual related 

cases and examples, without reflecting the wider usability of 

crowdsourcing in the B2B sector.  

Concerning the current ways of using 'crowds' and crowdsourcing 

in B2B innovation process, first, we found evidence of using 

crowdsourcing in companies operating in B2B markets in all the 

three major innovation process phases: front-end, product 

development, and commercialization. Majority of the studied 

crowdsourcing approaches were focused on the front end phase of 

innovation process (Appendix 1), but the other phases were also 

actively supported by found B2B company approaches. Most 

approaches and platforms concentrated on individual 

crowdsourcing tasks and individual innovation process phases, 

even though InnoCentive and National Instruments made use of 

all innovation process phases. Many of the found approaches were 

a combination of using crowds and employed personnel. Crowds 

were used to create, preliminarily screen, elaborate, and test  

ideas, product and service concepts, visual designs, software code, 

and even business plans produced by crowdsourcing approaches. 

Furthermore, evidence was found for crowdsourcing to be used in 

innovation mainly in the manner of crowd creation, crowd 

wisdom and crowd funding. 

On the basis of our results, it seems that several of the found 

crowdsourcing approaches are clearly different from 

crowdsourcing practices of companies operating in B2C markets, 

as could be expected due to differences of B2B and B2C sectors. 

For example the approaches themselves, the type of crowdsourced 

items, and the motivators for participation seem somewhat 

different.  Thus, B2B‟s can learn from B2C sector crowdsourcing 

examples only in a very limited way. This means that B2B 

crowdsourcing should be studied separately, and B2B examples 

should be developed and analyzed systematically, taking into 

consideration the B2B and B2C differences, some major 

differences of which were introduced in this study. Since B2B‟s 

have fewer customers and in this manner, smaller direct-customer 

crowds than in B2C sector are available, B2B‟s made use, instead 

of merely direct customers, of non-direct customers such as end 

users (e.g. Bombardier), partners and other stakeholders (e.g. IBM 

Innovation Jam). In general, the crowdsourced tasks were 

relatively simple, but e.g. InnoCentive has been used to 

crowdsource even very complex concepts and tasks. 

Concerning the role of social media in B2B sector crowdsourcing, 

we found that the role of social media was quite essential in all the 

found B2B crowdsourcing examples. Our results demonstrate that 

social media was integrated in many important ways to the 

platforms and approaches. In all approaches, at least three out of 

five studied social media roles were utilized. The roles of 

communicating (publishing and sharing content), connecting 

(efficient networking of people in many ways), and completing 

(adding, describing and filtering information) were applied in all 

cases. Collaborating and combining were also quite essentially 

supported by social media, e.g. for prioritizing more important 

and filtering less important content. Least evidence was found in 

the use of combining (mixing and matching content e.g. by means 

of mash-ups or embedding content from other medias), but in a 

limited way, e.g. embedding content from Slideshare or other 

medias was done.  Importantly, the roles were applied in a quite 

systemic sense, and different social media roles supported each 

other quite organically. E.g. collective content creation, 

commenting others ideas to support collective sense making and 

content filtering roles supported each other.  

Preliminarily, our study has shown that the B2B‟s involved in 

crowdsourcing activities have been able to make use of 

crowdsourcing in many ways in their innovation process. Benefits 

mentioned in found cases include e.g. increased quality and 

customer-orientation of products, as well as more efficient and 

speeded up innovation process. Since this was not in the central 

focus of this study, however, in further research we will analyse in 

more detail the benefits that B2B‟s have received from 
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crowdsourcing efforts, as well as the motivators used for 

involving crowds in B2B crowdsourcing. 
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ABSTRACT 

The ‗Life Story‘ service for writing and publishing memoirs was 

iteratively constructed with the aim of offering a domain for 

senior citizens for writing short, personal recollections and a 

lower threshold for entering the social media. To confirm that the 

needs and requirements of the forthcoming users – in this case 

elderly citizens – were well understood, potential users 

participated in the process from the beginning. This occurred 

through user evaluation studies aimed at understanding how users 

perceive and experience the service. Users were expected to 

provide design information for constructing the ‗Life Story‘ 

application. The first focus-group study concentrated on ordinary 

senior citizens, the method for studying their expectations being 

the semi-structured focus group interview. The aim of the second 

user study was to evaluate the first version of the application. 

Here the study focused on critical users: members of a memoir-

writing group.  

Categories and Subject Descriptors 

D.2.10 [Software Engineering]: Design – Methodologies;  J.5 

[Computer Applications]: Arts and Humanities –  Literature  

General Terms 

Design, Experimentation, Human Factors. 

Keywords 

Social media, design requirements, front end of innovation, user 

experience, constructive design research 

1. INTRODUCTION 
The study was part of the DiYSE –research programme, which 

aimed at enabling ordinary people to create, set up and control 

applications easily in their smart living environments, as well as 

in the public Internet-of-Things space, by allowing them to 

leverage aware services and smart objects for obtaining highly 

personalized, social, interactive, flowing experiences. This idea 

determined the research study of the ‗Life Story‘ service. 

The aim of the ‗Life Story‘ service was to provide elderly people 

with tools for using social media to write their memoirs [8, 16]. 

The hypothesis was that the design of such a service should start 

from understanding people and life around them, and thus focus 

on the reasons why technology would be developed. This 

constructive design research [10] study concentrated on the 

experience factors and aimed at discovering design proposals for 

constructing and modifying the service according to user 

requirements. The study was carried out on ordinary senior 

citizens and senior citizens who were interested in writing their 

memoirs in a writing activity group. This paper describes the ‗Life 

Story‘ service and its application through the evaluation process, 

and defines the system from the user perspective [17]. In this 

study, the design – the visualizations and application – has been 

used as a driver for user-centred innovation. 

2. RELATED WORK 
This paper proposes an experience-based design approach [2,7,8] 

by illustrating users‘ design proposals and requirements for the 

‗Life Story‘ service. The scientific practice according to which the 

study was carried out falls soundly under the category of 

constructive design research proposed by Koskinen et al. [10]. 

According to Koskinen, constructive design research refers to 

design research in which construction — be it product, system, 

space, or media — takes centre stage and becomes the key means 

in constructing knowledge. Constructive design research aims at 

building new things and explain the constructions. In constructive 

design research, the epitome of analysis is an expression such as a 

prototype [18] – in this case the ‗Life Story‘ application and the 

service around it. The prototype integrates many types of 

information.  

Interaction design has focused increasingly on the social aspects 

of interaction: how products and services mediate communication 

between people [4]. Experience is a social process which may be 

studied by providing design insights for new services [2]. 

Experience prototypes create a shared experience and provide a 

common point of view among participants. Prototypes are used to 

understand existing contexts, to explore and evaluate design ideas, 

and to communicate about ideas with the audience [3]. 

The experience was studied against the critical user experience 

factors [9] that Mark Hassenzahl [7] has explained as being 

essential in experience design approach. Hassenzahl explains that 

the subjective approach is often neglected in Human-Computer 

Interaction (HCI) studies, even though the approach might lead to 

rich user feedback. In this study the subjective feedback of the 

critical participants was seen to construct the underlying service. 

The holistic approach aims to extend the view beyond mere do-

goals [6] that heuristic evaluation methods usually aim to 

highlight. Schmitt [15] explains further that no two experiences 

are exactly alike, and this leads to a conclusion that user 

experiences are highly situated. The dynamic approach demands 

that a research study should have a sufficient duration for 

determining the design requirements. In our case, this was created 

by organizing two self-regulating evaluation phases.  

 

Permission to make digital or hard copies of all or part of this work for 
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not made or distributed for profit or commercial advantage and that 
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3. STUDY METHODS 
Experience-based design provided the framework, while the key 

method chosen for evaluating concepts was focus group interview 

[11]. According to Krueger and Casey, focus group evaluation is a 

method mainly used in gathering detailed requirements through 

group interviews. The second evaluation phase was conducted by 

interviewing participants [12] through simple usability heuristics 

[14]. However, had there been strict usability heuristics in this 

early design phase this would have created the risk of paying too 

little attention to the social aspects of use, as the technology 

development would have taken priority [10]. A further problem 

with usability measures in this study was that heuristic evaluation, 

while it would have helped to manage design problems, would not 

have informed future development about the ―context‖ — the 

environment and situations in which this service was supposed to 

operate.  

The participants of the study were selected carefully. The most 

important criterion was the domain expertise of the participants: 

local experts were expected to have an intimate understanding of 

the domain in which the service would be used [1]. Such local 

experts are crucial in formulating the needs a service should cater 

for, and to define the preferred way of interacting with it. In 

addition, it was presumed that local experts were more willing to 

contribute to the time-consuming constructive design process, as 

they had personal motives for developing their personal expertise 

and domain [19]. What was important was that the first focus 

group participants determined local experts for the context-driven 

evaluation period - the members of a writing group. 

4. SET-UP 

4.1 User Evaluations 
The initial experience-driven user studies for the ‗Life Story‘ 

application were carried out in September 2010. Research was 

conducted in four separate focus group sessions: three at an 

institution for senior citizens, and one at a participant‘s home. The 

user studies focused on senior citizens who were presumed to 

have an interest in the proposed service concept.  

The method decided upon for learning about the acceptance 

values of the service was the semi-structured focus group 

interview. In a small focus group all interviewees are able to bring 

out their opinions, refine and comment on each other‘s ideas. At 

the beginning of the sessions interviewees were introduced to the 

material: in this case, visualization of the application (see figure 

1.) which were printed on paper. Interviewees were first 

encouraged to discuss the service on a more general level. At this 

phase the visualizations presented a portable tablet device, since 

the aim was also to resolve the settings for using the service, and 

determine if the technology was accepted among the user group. 

4.2 Context-driven Interviews  
The second user research study for the ‗Life Story‘ was carried 

out in November 2010, at a time when the first version of the 

application was complete. The evaluations concentrated on 

acceptance values of the service: usage situations, social aspects, 

issues relating to sharing, and the benefits and most common 

deficiencies of the application, in addition to the design 

requirements. The method used was the semi-structured interview 

and light usability evaluation. After the two weeks‘ testing period 

each user was interviewed individually.  

 

 

Figure  1.  A visualization of the 'Life Story' application. 

During the introduction the interviewees were first shown the 

application and given the domain name where the resources were 

located. The interviewees were then expected to use the system on 

their personal computers and to share their personal domain with 

others. The application was enabled to work with different 

browsers, and participants used the application via their personal 

computers.  

4.3 Participants  

4.3.1 User evaluations 
The initial user experience evaluations were carried out on a total 

of 15 users, with an average age of 70. The participants were 

senior citizens living independently, most of whom had rich 

leisure activities. One group was composed of casual writers, and 

three groups of expert writers. All interviewees were familiar with 

information technology, using mobile phones and computers on a 

daily or weekly basis. Most of them were acquainted with social 

media. 

4.3.2 Context-driven Interviews 
Altogether five users, varying in age between 55 and 69 years (4 

female, 1 male), participated in the following interview study. All 

were senior citizens – four retired and one self-employed – and all 

writers in the same activity group. All interviewees were familiar 

with information technology, using mobile phones and computers 

on a daily basis. Most were acquainted in some way with social 

media, using e.g. Facebook, genealogy- and chat applications (see 

Table 1).  

Table 1. Background information on participants in the 

second user evaluation 

User Age Use of social media  

F1 63 Blog writing 

F2 69 - 

F3  55 Facebook, Blog writing, Chat 

F4 62 Genealogy app., Facebook 

M5 69 Genealogy app. 
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5. Results 

5.1 User evaluations 
During the initial user studies, participants learned about the 

service concept from the facilitators. They saw visualizations of 

the ‗Life Story‘ application, which presented the life story service 

that could be used by a tablet device.  

5.1.1 Acceptance factors of the application 
Participants described often having been in situations in which 

they desired or needed to know something about their own past; 

e.g. about their parents and deceased family members, but no 

information could be found. They pointed out that the need to 

trace one‘s personal history and commit it in writing often 

increases in old age. 

The focus groups were unanimous over the usefulness of the idea; 

the service appeared beneficial and feasible, and provided a novel 

solution for sharing memoirs. The service was viewed as enticing 

with also the interviewees who wrote less being attracted to the 

idea. Interviewees thought that most of their friends would find 

the service interesting. The application interface was seen as 

pleasurable in the sense that it provided means for ―trying and 

doing‖, instead of e.g. reading instructions. According to the 

participants, learning to use the application was expected to bring 

out the joy of learning new things. 

The writing, as a performed action, was seen more as recording 

and storing recollections. In one of the focus groups the 

interviewees developed their own word for the activity, writing 

down the Finnish word ―muistelus‖, which could be regarded as 

―short retrospections‖. The term signifies that the writing outcome 

wasn‘t expected to be as thoughtful and complete as a full 

memoir. This might suggest a lower threshold for beginning the 

writing process. The participants went on to say that the 

application should be constructed by keeping in mind the 

expression ―the more you do, the more you can do‖. In other 

words, if the writer wants to broaden short recollections into a full 

memoir (the writing process potentially being alluring enough for 

a short story to grow into an entire novel) one should be able to 

extend the process to cover publication of the writer‘s work. On 

the other hand, the publication process was not viewed as 

essential, except perhaps for a small group that were seen to be 

the critical users – people who write copiously and are interested 

in genealogy. 

5.1.2 Most rewarding features 
The answer to the question ―What was seen as the most critical 

issue in the activity of writing memoirs and sharing them?‖ 

referred to the final outcome: being able to leave something 

behind for the children and grandchildren. On the importance of 

writing down the memoirs one interviewee said:  

“I have been thinking all the more about the knowledge lost, now 

that my mother is in a nursing home and has dementia. There is 

no longer any way to uncover her life experiences. If only I had 

asked her earlier!” 

The participants also stated that it would be interesting to find out 

about personal family ties with the help of a service. One of the 

interviewees described having recently spent considerable time 

looking for the tombstones and birth certificates of family 

ancestors. Another interviewee mentioned having a large amount 

of pictorial material concerning past life that lay about 

haphazardly and that could easily be organized within such a 

service, e.g. with the help of siblings. 

5.1.3 Sharing  
When the focus group considered the issue of sharing memoirs 

they came to the conclusion that the audience would usually be 

very small, namely closest friends and family. More specifically, 

the audience would be family and relatives, rather than friends. 

Family members were seen as those who would be most 

concerned about the context. The reality, said the participants, is 

that children might not be interested in the memoirs once they 

have been published. However, as one participant stated: 

“Sooner or later the family lineage becomes an interesting topic 

for everyone.” 

According to the participants it was important that each person 

could be called in to give feedback individually. If there were too 

many invitations to read someone else‘s book the situation might 

become too stressful. 

The option that the memoirs could be published through a service 

where anyone could read them was viewed uncomfortable. The 

participants anticipated an inevitable danger of misuse should any 

private information be shared. The service might provide an 

opportunity for spreading false information, e.g. persons could use 

the service to spread gossip intentionally. 

As an additional feature, the participants requested the option of 

combining the memoirs of several persons and building a full 

package of information within the service. 

5.1.4 Writing alone or with someone else  
Most interviewees responded to the question ―Would you prefer 

to write alone or with someone else (and with whom)?‖ by 

answering ―alone‖. The reason for this was that interacting with 

somebody else during the writing process seemed to contain the 

risk of conflict. A further explanation was that people tended to 

remember things differently. As a result, the comment field  

―Comments from friends and family‖ that appeared in one of the 

visualizations was considered more useful than an option for co-

writing retrospections.  

5.1.5 Reader’s point of view 
The spouse was stated to be the person most interested in reading 

the memoirs, but friends would be the ones who could refine 

them. Trusted friends could help with their comments during the 

writing process, and could revise the written material. All 

interviewees were furthermore confident that they would read 

their friends‘ writings and comment on them in turn. Participants 

stated that it could be educational to learn how other people write. 

It would not be worthwhile, however, to read a memoir of 

someone who is only partly an acquaintance, although here it was 

suspected that interest might correlate with the relevance of the 

content. The participants emphasized that the generation 

interviewed would appreciate the opportunity to write about 

wartime events. This was seen as attracting an even wider 

audience. 

One interviewee mentioned that information about everyday life 

would be the most rewarding aspect when reading another‘s 

memoirs. The audience finding the memoirs most useful would be 

the small, familiar audience. For such an audience it might prove 

inspiring to read a piece of writing and add to it, or write one‘s 

own version.  

5.1.6 Place to write and technology 
A specific, comfortable, private place, such as a computer desk or 

rocking chair, was perceived as the usual place to write. It was not 

considered important at this point in the study for the activity to 

be performed by mobile device. The focus group participants had 
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no experience of touch pads, digital text platforms or any other 

electronic device that could be thought of here. One interviewee 

nevertheless mentioned that it would be beneficial to be able to 

change location if the period of writing was longer than intended. 

The personal computer was considered adequate for the use of the 

service for the time being.  

5.1.7 Comments about features according to the 

visualizations 
The participants commented that according to the visualizations 

the application interface appeared straightforward, while the 

template provided helpful instructions. A guided structure would 

be useful for users unaccustomed to writing memoirs. Templates 

could help the application provide the instructions and enticement 

to write more. The participants also proposed categories for the 

instruction template; the categories related to childhood, school, 

youth, etc. and could be arranged in chronological order. The 

instructions would help to broaden the content and to maintain 

enthusiasm for producing information and continuing to write.  

The comment field, intended for friends and relatives, was stated 

to be an excellent feature, as one may pick the most important and 

useful comments into the text, and decide if they are suitable. As a 

participant explained:―They bring more colour to the content and 

help to remember things”.  

Attaching images and photographs was also seen as a good idea, 

as all participants ―had so many of them lying around”. Even just 

browsing with friends and relatives to choose the best images to 

fit the story was thought to be a pleasurable activity. Photographs 

were stated as helping to support memory but would be more 

useful if they included a caption expounding the content. The date 

when the image was taken could also be helpful.  

5.1.8 Topics for the templates 
The focus groups considered the prospects of diversifying the 

selection of topics for the service; these could be provided as 

alternative templates within the application. The topics were 

related to the interviewees‘ leisure activities. The outcome was the 

following: 

Genealogy, a cook book, the days of the needlework club, school 

attendance; former classmates, a diary, peer groups, events (of 

relatives and friends), organizational activities, child care, senior 

citizens’ debating club, recollections of specific places, and a 

journal of a special interest group. 

5.1.9 Voice recognition 
According to the interviewees not everyone of their generation 

has the ability to use information technology. A friend of one 

interviewee was a keen writer, but did not own a computer or 

have the means to use one. Two of the interviewees had trouble 

writing with the computer as they had never learnt to typewrite. 

They explained their difficulty in finding the correct button to 

press and the consequent extreme slowness of the writing process.  

The interviewees were proposed the possibility of using voice 

recognition technology instead of typing, as at this point of the 

study this was a substituting technology. It was assumed that 

recognition of the sentences would be reasonably fluent, but the 

participants were not provided with an example. As this was the 

case, interviewees were unable to provide evidence for or against. 

Most interviewees nevertheless suspected that they would prefer, 

in any case, to write. Anyone unable to type could co-work with 

another person (a spouse). The interviewees were also convinced 

that anyone could learn to type when the matter was important, 

and that in fact the service could teach writing through doing.  

 

Figure  2.  A participant using the 'Life Story' application. 

5.2 Context-driven Interviews  

5.2.1 Design requirements 
Determining the requirements for the service continued with an 

expert writing group, who evaluated the first version of the 

service application during a two-week testing period. All 

participants were interviewed individually afterwards.  

The following contains a detailed description of the comments 

provided by the interviewees for the design process of the ‗Life 

Story‘ application. The design proposals are presented as a series 

of tactics that provide support in developing a more usable 

system. The comments are presented with a high level of detail 

that applies only to this context. The acceptance and usability 

issues are nonetheless important as they provide the design 

knowledge that is based on the experience of the local experts. 

5.2.2 Phases preceding the writing mode 
Before being able to begin writing the memoir the user needed to 

complete certain phases preceding the writing mode. The first 

operation was to give a name for the memoir. All interviewees 

wanted to be able to change the name of the retrospection 

afterwards, specifying that the first, given title should only be the 

working title. This had not been provided as an alternative. 

Users were then requested to feed in some personal information. 

According to the interviewees it would have been beneficial for 

some of the information in the field to be shared later with other 

people (according to 3 raters); this would help to identify the 

writers in case the memoir was shared to a wider audience. 

Domicile, place of birth and year of birth were stated as the most 

informative data. This information would not be too intimate for 

sharing (according to 3 raters). Discussion revealed, however, that 

some would not be keen in sharing any information, so that the 

option of not providing any information should also be available. 

It was not clear why feeding in all the information was mandatory 

in the application (4 raters). 

There were two alternative modes for writing the memoir: 

automatic fields and free-mode fields. The automatic fields were 

in the template context that was proposed by the focus groups: 

childhood, school years, youth and older age. All interviewees 

began the process with the automatic fields, but soon noticed a 

need to alter the fields. This need also arose later when evaluating 

the free-mode fields in which they had generated topics for 

themselves. In all phases that preceded the writing mode, once the 

information had been typed in and saved it was no longer possible 

to change the content. In general, all the content in all phases 

should be interchangeable afterwards (all raters).  
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Figure 3. Application layout. 

The subheadings could be dragged to change the chronological 

order of topics/chapters, and this was often made use of (3 raters). 

Where the user was writing for the first time, the automatic fields 

were stated to be useful; however, according to the expert writers, 

it was neither interesting (2 raters) nor appealing (1 rater) to write 

according to the given topics. 

5.2.3 The writing mode 
The most significant remark from the interviewees was a 

suggestion that there should be a service front page for the writing 

mode containing all the latest updates of other writer‘s memoirs 

and comments. According to one interviewee (F4), “There should 

be all the recent events and updates on the first page and 

everything that has happened lately”. She also mentioned that it 

could be stated the writing that had been most popular, as this 

kind of competition might inspire some people to write more.  

Column size was insufficient for writing in the given text field: all 

text was in one long, narrow, continuous field, i.e. there was too 

much ‗scrolling‘ in the application (4 raters). However, if the 

alternative was to divide the text into several pages, users 

preferred scrolling, as the network connection might sometimes 

be slow (1 rater). One interviewee had a monitor of such low 

resolution that the narrow text field was not a problem. According 

to all interviewees, there was a need to divide the text into 

paragraphs; the subheadings and interleafs were not seen as a 

sufficient solution to this need. 

The interviewees required some, or at least a few, means of 

forming the text: bolding, italics, spacing, hyphenation and 

indentation were mentioned. Without these it was considered 

impossible to write a story (1 rater). It could also be useful if a 

commentator could mark some part of the text, e.g. by colouring it 

yellow, to highlight the text in order to inform the writer which 

part needed to be refined. 

5.2.4 Reading mode 
It was not obvious that the writing and reading modes were two 

separate fields. The reading mode should be marked clearly as the 

one that others can read and see (3 raters). The column to be read 

was also considered too short and too narrow (4 raters). In the 

free-form mode the subtitles unfurled widely at the bottom of the 

page (2 raters). One interviewee suggested that the topics could be 

placed on top of each other. The relationship between image and 

text should be flexible in both the writing and reading modes (1 

rater). 

5.2.5 Comment field 
The overall logic of the comment field was well defined, but the 

field as presented was insufficient as it created feeble interaction 

with other writers (4 raters). The interviewees preferred using e-

mail to communicate more profoundly with each other (3 raters). 

It was suggested that the comments would be placed straight into 

the text (3 raters). The comments were considered even more 

important than images (1 rater). ―Send‖ was thought to be more 

appropriate than ―Comment‖ as a headline in the comment field (2 

raters). It was also pointed out that the writer could indicate the 

need for any comments and where in the text they would be 

needed (1 rater). 

5.2.6 Images 
According to one interviewee, “Images have a significant role. In 

this case they are not meant to be illustrative decoration, but have 

an informative role.”  

The images, in fact, were stated to be the best part of the 

application (2 raters). These should nevertheless be positioned in 

the appropriate places in the text, not in the side column (2 raters). 

Interviewees further suggested that the entire comment/image 

column could be transferred to a third, publishing mode (2 raters). 

The task of adding images to the application was problematic 

throughout the two weeks of the testing period. The images 

should be on top of each other, not scrollable as they were in the 

application (2 raters). However, the interviewees were concerned 

that this would lower the position of the comment field (2 raters), 

which was highly important. Images that one of the interviewees 

had loaded from a camera proved to be too large, i.e. the 

photographs required editing before being adding to the 

application. 

5.2.7 Sharing 
The interviewees gave consideration to the critical users of the 

application, stating that this type of writing would be suitable for 

writing groups similar to the expert evaluation group, or any other 

do-it-yourself, hobbyist society that wanted to share information, 

or persons with similar interests, e.g. a philosophy group. In the 

memoir application, relatives were seen to be the commentators, 

but they needed to be requested personally to provide comments 

(3 raters). Interviewees wanted to share their memoirs most often 

with their childhood friends (2 raters). 

It was considered a novelty to share memories with relatives, and 

to discover how differently e.g. siblings remember the past. The 

fact that people have such different kinds of techniques and 

various levels of writing skills was expected to be challenging. 

Some write discursively, while others have a more ―engineering‖ 

type of approach. This application was seen to support both types, 

however (2 raters). 

Some saw it as important that the memoirs could be published 

afterwards as a complete work (3 raters). If publishing activity 

were the goal, some users would probably be more interested in 
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the application (1 rater). Some interviewees saw the application as 

a place to re-write private memoirs, and that publishing would be 

completed in some other domain (2 raters), perhaps even as a 

printed version of the retrospections. However, the ultimate goal 

was unanimously seen to be creating a finished, i.e. publishable, 

life story that anyone interested could read. The extreme necessity 

of the unfinished work not being shared, even by accident, was 

emphasized strongly, however (all raters). 

One interviewee saw that there was no difference between this 

application and writing to a blog (1 rater). Another interviewee 

perceived this as ‗Facebook for senior citizens‘ (1 rater), since 

many older people do not want a profile in Facebook. “It is a 

place for younger people. There are so many games, 

advertisements and light friendship relations”. For such a 

purpose, the application would require a public domain where the 

writing is shared and no longer refined or commented upon. 

5.2.8 Appearances 
The visual appearance of the application was thought to be old-

fashioned, minimalistic and well designed. The font colour (4 

raters) and the background colour (3 raters) were stated to be 

pleasant. The default size of the font was agreeable; none of the 

interviewees would have changed it, although there was an option 

to do so. One of the interviewees mentioned that she would not 

use the application if it contained any advertisements. 

5.2.9 Voice recognition 
Brief discussion on whether the interviewees thought voice 

recognition technology would be useful in the application was 

repeated in this evaluation phase. According to interviewees, the 

voice recognition option would certainly be a function worth 

implementing in the service, but as this was absent in the 

prototype they were unable say if it would be usable or not. Voice 

recognition functionality was thought useful for persons unable to 

use the keyboard, but some interviewees (2 raters) stated that the 

feature could also be used when interviewing subjects who would 

not otherwise be able to contribute to the process. 

 

Figure 4. The interviewees used the system on their personal 

computers, but thought the system should be accessible 

regardless of location.  

6. DISCUSSION  
This paper presents the ‗Life Story‘ application and service as the 

evaluators, the future users of the service, described it. The design 

– the application and visualizations – was used merely as drivers 

for user-driven innovation. Consequently, the main research 

questions were formed around user-driven inspiration and 

exploration rather than usability [10]: the study concentrated on 

finding new design opportunities rather than optimizing the 

service, although this was also achieved on a smaller scale.  

This field research produced ―local‖ understanding [5, 19] that 

described the context – the study cannot be applied uncritically to 

other, even similar, cases. Its contribution may be seen as 

temporary rather than something long-standing, which Geertz 

remarks is typical when pursuing local knowledge [5]. Koskinen 

suggests focusing on unique cases that provide an opportunity to 

concentrate on creativity [10]. Our study of senior citizens using a 

unique prototype of a social service can be seen as an attempt to 

focus on these strategies. Stappers has noted: ―a prototype is an 

embodiment of design practice, but it also goes beyond theory‖ 

[18]. According to him, research prototypes are not only 

expressions of theory; they also embody design values. The 

success may be the design process itself, which was the reason for 

describing the process so comprehensively in this paper.  

7. CONCLUSIONS 
According to the initial user evaluations the participants were 

enthusiastic about the service concept and convinced that it would 

make the writing of memoirs entertaining and a much simpler 

process. It was thought that any group of relatives, organizations 

and clubs would benefit from using the application. Moreover, the 

focus group participants were certain of their preference for using 

ready-made templates when writing their memoirs, and provided 

suggestions for several templates for the service. The participants‘ 

preference for guidance throughout the process was an important 

design requirement.  

The second context-driven evaluations were carried out with the 

specified critical users, the interviewees providing detailed design 

requirements and critical evaluation of the service application. 

The interviewees claimed that the average user would need to be 

highly motivated in order to begin the writing process with the 

service. The design task was expected to be challenging as the 

interviewees described several necessary writing techniques and 

skills, i.e. there are different types of persons writing, and many 

potential users in the age group do not have a computer.  

The most significant design information in the experience-driven 

evaluation concerned the template topics provided by the 

participants. The most significant design suggestion related to the 

third mode for the application, i.e. the participants suggested that 

after the writing and reading modes there should be a separate 

publishing mode. During both evaluation phases, participants 

highlighted the many ethical issues relating to the publishing of 

the memories that should be taken account of when designing the 

application, as one interviewee said: ―There are always people’s 

lives and stories involved with this type of writing”. 

The study reveals that there seems to be a definite need for social 

media services targeted specifically at senior citizens. The 

constructive research study of the ‗Life Story‘ service was one 

attempt to answer that need, and this paper presents the outcome 

of that process. It is important to note, that the ‗Life Story‘ service 

was not published or developed further after the research project. 
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ABSTRACT
Tens of thousands of mobile services and applications are
available to end-users through app stores and developer web sites.
From these sources, the end-users need to find and select the ones
that best suit their needs. Recommendation in different forms and
through different mediums from other end-users can act as an
additional, and more specific, channel for this purpose. In this
paper we present the results of an interview study in which the
aim was to explore the motivations and means of recommending
mobile services to potential users in people’s social circles. We
found that recommendations are largely made face-to-face, but the
emerging role of social media in recommending services offers
possibilities for wide service distribution. Our findings highlight
the importance of specific and personal recommendations,
pointing to a consideration in incorporating social media tools in
app stores and markets. In addition, users should be able to share
rich experiences in such tools and provide context-sensitive
recommendations based on their experiences.

Categories and Subject Descriptors
H.5.m [Information Interfaces and Presentation (e.g., HCI)]:
Miscellaneous;

General Terms
Human Factors.

Keywords
Mobile services, recommendations, app store, social media,
experiences.

1. INTRODUCTION
The markets of mobile services and applications have gone
through an immense growth period over the past few years and
continue to follow this trend further. App stores for various smart
phone models contain tens of thousands of mobile applications
and services (henceforth services) which can be downloaded for
immediate use in domains such as interpersonal communication,
games, utilities and media management.
On the one hand, the situation is advantageous for end users as
there are many services – even with similar functionalities – to

choose from. On the other hand, the huge offerings have led to a
situation where end users stand confused as to which services they
should choose; which services serve their needs best? From the
service developers’ viewpoint this is a marketing challenge; how
do they distribute the services effectively to a target group?
In this paper we address this challenge from the end-users’
perspectives. How do people find the services which would be
useful and/or fun for them? Some services are pre-installed in the
mobile device, some are found in the service developers’ web site
but the app stores and markets are the main channels for end users
to turn to. However, it is not clear what role end-users have in
advancing mobile service distribution within their social circles –
their friends, acquaintances, and so on. The goal of our research is
to explore the role end-users have in participation in the
distribution of mobile services. The main research question for
this study was: Why and how do end-users recommend mobile
services (successfully) to each other
In a previously conducted survey study [1], the focus was on how
people recommend mobile services to their peers. In this paper,
we report the findings of a follow-up interview study in which we
investigated the more detailed motivations to recommend, the use
of specific means for recommendations, contextual factors that
make for successful recommendations and how people see the
role that recommendations have in service distribution.
The contribution to the Mobile HCI community is two-fold. From
the end-user perspective, our findings provide insights on how
users can acquire mobile services which fit their needs. From the
service developers’ perspective, the results lead to new
understanding of how service distribution could be improved with
the support of the end-users’ own practices.

2. BACKGROUND AND RELATED WORK
The number of services in the app stores and markets continues to
grow and thus finding appropriate services amongst the offered
solutions is crucial. App stores and markets such as the Apple
App store, Android Market and GetJar offer visitors the
possibilities to browse through recommended lists and highlights.
Further service recommender sites such as AppAware
(www.appaware.com) and BestAppsMarket
(www.bestappsmarket.com) provide ratings and comments based
on end-user and expert feedback. The comments and rates are
means for the end-users to navigate through the massive lists of
available services in order to select the ones worth downloading
and  testing.  There  are  also  numerous  blogs  and  review  sites  that
specialize in providing the ‘best’ options amongst a selection of
similar services based on a set of criteria. However, these means
are based on an approach to end-users as active seekers of
information and new content.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
MindTrek 2012, October 3-5, 2012, Tampere, FINLAND.
Copyright 2012 ACM 978-1-4503-1637-8/12/10…$10.00.
.
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Further means by which end users might become aware of new
services is through active marketing and community support from
service developers. An emerging approach is to utilize word-of-
mouth in  which  enterprises  take  into  account  the  possibilities  of
community engagement and actions through social media
channels [5]. This moves away from the typical one-way
communication in which service distribution efforts would be
controlled by the producers, to focus on active involvement and
engagement from the consumers [7]. Through digital marketing
(discussion sites, forums, interactive media, Twitter feeds,
Facebook presence, competitions and games) and traditional
mediums (flyers, news ads and distributed posters), engagement
and consumer-to-consumer communication disseminating
(positive) information about a service is motivated reach more end
users [5].
The above developments point to an additional means by which
end-users discover new services, that is, through
recommendations from others in their social circles. Previous
work on mobile media sharing suggests that sharing media
content to others is one way to gain personal satisfaction,
strengthening social bonds or expressing oneself to the public [3].
Researchers have also investigated various recommender systems
and deployments of research prototypes in app stores to
understand  its  dynamics  [4,  6].  These  developments  lead  to  the
possibility that end-users can be motivated to give and receive
service recommendations on a direct and personal level.

3. THE SURVEY OF RECOMMENDATION
PRACTICES
Previously, an online survey study was conducted on people’s
mobile service recommendation practices (see [1, 2] for details).
203 people world-wide (mostly from Western countries)
responded, of which 157 completely filled the survey. The age
range  was  17-84  years  (average  34  years)  with  129  male,  67
female  and 7 did  not  reveal  their  gender.  The survey focused on
specific, recent mobile service recommendation cases that the
respondents had experienced.
Key findings in the results revealed that most typical
recommended mobile service types were games, location-sharing
services, utilities (such as a weather service) and social
networking services. Most often the recommendations were made
between friends, colleagues and live-in partners (incl.
wife/husband). The reasons to recommend were mostly related to
good  user  experience  that  the  recommender  had  had  with  the
service and that the recommender thought that the other person
would appreciate the service. In the survey, the clearly most
common means of recommendation was face-to-face discussion
during physical encounters (in 78% of the described
recommendation situations). The other used means were social
media (13%), email (7%), phone call (7%), and discussion forum
or blog (4%). The main conclusion was that talking about and
showing the recommended service in person is essential.

4. THE INTERVIEWS STUDY OF
RECOMMENDATIONS
To dig deeper into the practices and motivations of end-user
recommendations, we conducted an interview study.

4.1 Participants
We invited interviewees from the subset of the survey respondents
who had given us the permission to contact them for further
participation. We selected eight active service users, four men (R-
43Y; G-33Y; Lu-26Y; A-22Y) and four women (Lo-31Y; S-35Y;

D-39Y; V-21Y), with the average age of 31.3 years. They live in
Sweden  (2),  UK  (2),  Austria,  Canada,  Finland  and  the  USA.
Three were students and the rest professionals, all of them in
professions or studies related to information technology. This
selection was a subset of the survey study, in which we targeted at
frequent mobile service users.

4.2 Interviews and Analysis
We conducted 8 interviews via Skype and phone calls during fall
2011. The interviews were semi-structured and they lasted 1-1.5
hour each. Interviews covered topics such as: Specific
recommendation instances, types of services recommended,
means of recommending, reasons for choice of the means,
attitudes towards recommendations in general and typical
methods for personal service acquisition. The interviews also
enquired ideas for better recommendation practices.
The interviews were transcribed to text files. We then went
through all answers, extracting relevant statements by the
interviewee with regards to the topics listed above. The data was
analyzed by thematic coding. Altogether 241 notes created a
grouping of 32 sub-topics under three main themes:
recommendations made by the interviewee, recommendations
given to the interviewee and the general role of various
recommendation practices.

5. RESULTS
5.1 Types of Services and Reasons for
Recommending
The recommended services were mostly for everyday purposes,
such as music streaming (e.g. Spotify), travel (BusChecker,
Kayak), utility (e.g. pregnancy calendar PregCal, iPasta for pasta
recipes, a cinema service) and mobile games. Most often services
are recommended between friends, live-in partners and
colleagues. These findings are in line with the survey results.
The reasons to recommend services were threefold: 1) Sharing
good experiences:“I recommend applications on the same basis
that I recommend good restaurants or fine wines, that I would like
my close friends receive the good experience.” (Lu) 2)
Responding to another’s immediate needs:“I got this
recommendation [of a network strength service] because the
administrator thought I was in need of it.” (G) 3) Demonstrating
technical know-how and expertise:“From a computer vision
perspective Photosynth is very powerful, the way it does
stitching.“ (A) The recommendations may thus arise from a need
or interest from either the recommender or the recommendee.

5.2 Means of Recommending
5.2.1 The Means Used to Recommend
The most common means of giving recommendations is a face-to-
face meeting: “I showed it to my wife, among other people, and
demonstrated it in person, showed how it worked.” (G) Situations
in which face-to-face recommendations of mobile services
typically take place are closed gatherings (such as dinner at
someone’s home), at the work place and in some cases also public
spaces  (such  as  in  a  gym)  or  at  a  specific  gathering  (e.g.  with
other pregnant women in the city).
Social media was clearly an emerging channel for this purpose,
where giving and receiving recommendations occurred on a
general as well as a personal level:“The most common way right
now [to recommend] is through social media, typically via
Facebook.” (Lu) In a specific case the service developers
contacted an interviewee via Twitter in an attempt to introduce an
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alternative to what he was currently using:“The developers of the
(keyboard) app contacted me based on my Twitter posting in
which I was mentioning their competitor, and they suggested ‘try
ours’.” (G) This had delighted the receiving person.

5.2.2 Factors Affecting the Choice of Means to
Recommend
Face-to-face recommendations were done for two main reasons.
Firstly, during discussions, people often formulate an interest or
need for certain functionalities. Secondly, face-to-face encounters
enable  ‘show  and  tell‘:”I think face-to-face is the best one,
because we can explain more, we can express more, and we can
even show them.” (V)
People may be more cautious of offering recommendations
through the digital media. They have to know that there is a need
or specific interest of the recipients of the message:“I email only
if I would be asked. It would be very rare for me to be so excited
about an application that I would email.” (S) Social media was a
choice when a clear match to the community was identified: “I
wouldn’t post anything about apps, unless it’s a Twitter account
about chocolate and it’s a chocolate.” (S); “If somebody posts on
Facebook saying ‘hey does anybody have a recommendation for x
y z’, then I’ll recommend something, if I know anything useful.”
(S) It seems that the need of the recipient(s) has to be apparent for
such a “public” recommendation.

5.3 Successful Recommendations
5.3.1 Elements of Successful Recommendations
The credibility of the recommender matters (e.g. professional
knowledge, trusted and appreciated friend): “He’s one who
usually has a good overview of what he’s talking about, his
judgement is one I highly value.” (Lu)
A recommendation may work well when it is personal: “When my
friend recommends a game to me, he recommends a game that he
thinks I would enjoy. And I would say about 80% of the time, I
do.” (S) It also helps if the description of the service is specific:
“I'm mostly relying on a recommendation if it’s a strong enough
description of a product.” (Lu)
The successful recommendation may also come in an opportune
situation in which explorations of services become a part of the
activity: “When you go out with friends you just talk about stuff,
so it's more typical to have a discussion like, look at this funny
game and just download it.” (A); “Finding when people have a
need and responding in such a way that is relevant to what they’re
doing.” (G)

5.3.2 A Good Recommender
Credibility of the recommender – especially based on subject
expertise – is a key factor in judging the recommendation: ”If  I
sense that it’s a person with a good technical judgement, a person
who is good at giving tips about tech, then I take in the
information more gravely.” (Lu) Excitement of the recommender
may also be convincing: “He gets really excited about a new app
and he tells me why he likes it and he thinks I might like it, then I
might give it a try.” (D)
When recommendations are done through social media, the
credibility of the recommender also relates to their expertise
displayed through the medium: “People who really keep track of
what’s going […] and look regularly at the App Store and what’s
coming out. Or people who have influence in social media.” (Lu)

5.4 Roles of Different Types of
Recommendations
5.4.1 General Importance of Recommendations
When asked, all the interviewees expressed advantages to
receiving recommendations when selecting new services.“I
personally don’t install anything on my phone without some form
of recommendation.” (G); “[They have] a completely central role.
Important way for me to gain information about apps I yet don’t
have.” (Lu)
However,  there  has  to  be  a  need  behind  taking  on  a
recommendation seriously: “Recommendations are rarely the first
that makes people try an application. They’re the second thing,
because the first thing is need so, it’s very rare for people to say,
to try out this app out of the blue.” (S) Recommendations are not
taken for granted and people still filter them before acting upon
them:“While my recommendations would be taken seriously, they
wouldn’t be taken unquestioned. The people would research [the
services] themselves.” (S)

5.4.2 Individual Recommendations
Recommendations targeted at individual users are seen as the
most powerful and most effective recommendation forms because
of their specificity: “To me it has a much bigger influence than
stars and comments [in an app store].” (A) Individual
recommendations are also seen efficient: “Letting others know
what could be good for them to have a look at, without going into
the app store.” (R) None of the interviewees expressed annoyance
on receiving too many personal recommendations.

5.4.3 Social Media for a Broader Audience
Social media has a great role to play in reaching beyond one-to-
one recommendations: “My friends are a good seeding
process [through social media], so I gladly take their
recommendations.” (Lu) Social media can also raise curiosity and
become convincing by creating visibility: “I thought that since it
had been mentioned so often in different people’s blogs and posts
about interesting apps, I thought I should try it.” (Lu)
Even if social media can reach a larger audience, from an
individual viewpoint, face-to-face recommendations might still be
perceived stronger: “With social media you can go further, you
can get to more people, but face-to-face I would take more
seriously, because that person is choosing to recommend to me,
knowing something about me.” (Lo)

5.4.4 App Stores
While app stores and markets provide end users with a starting
point to explorations of content, the current supports for
navigation and selection of services are not optimal: “If you look
at the app store itself, then you always have the recommendations
or appraisals. And on that level there is a lot of rubbish.” (R)
“The whole app store concept would be built on general, broad
recommendations. For example, ‘it has been recommended this
many times’.” (Lu)
Something clearly stated as missing by the interviewees is the
offer of more specific recommendations:“More specific
information [would be good in app stores]: ‘45% of people likes
this because of x.” (S) Social media can also show what other
have done, which may help in decision making: ”On Amazon,
when buying books, I really like what it recommends, it shows me
‘people who got this also got these’. I think that something like
that could work [also for app stores].” (Lo)
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6. DISCUSSION AND CONCLUSIONS
People recommend mobile services as a result of three contextual
factors: 1) the communicated need of another for a specific
functionality in a service; 2) a display of know-how and expertise;
3) casual conversations leading to explorations of what
likeminded peers are using or have tried lately and what they have
found interesting. In general, recommendations may be successful
when the they fulfill a need, are directed to a specific person or
likeminded people, when the recommender is a credible person
with evident expertise about the subject area or when the end-user
simply is curious about the service.
Face-to-face recommendations during physical encounters
between individuals are currently experienced as the strongest
means for recommending mobile services. Among the identified
success factors are the ability to ‘show and tell’ about the details
of the service, discussions and formulations of specific needs, and
more personal, targeted recommendations.
Although digital means lack some of the properties that direct,
personal encounters offer, social media has an emerging role in
service distribution. On the one hand its potential lies in the
visibility and a reach to a wide audience. On the other hand, social
media could also support the specificity of the recommendations
for example through social navigation [9] which utilizes traces of
other users in the service, i.e. their actions, ratings and comments.
Recommendations are taken seriously over a social media channel
when they are personal, i.e. posted to someone in particular rather
than to a larger community. Still, social media can go beyond on-
to-one recommendations with a more lasting effect: As
interviewee Lu pointed out, social media can support a “seeding
process” by which friends distribute services to others, who can
spread them further.
The design of means for recommending mobile services between
end-users should lean on contextual (situation-fitting)
recommendations,  for  example  in  terms  of  tasks  the  user  is
performing (e.g. sports in the gym) or location they are at (e.g.
visiting a city for the first time). Recommendations should ideally
be  received  from  a  person  who  has  credibility  in  the  receiver’s
mind, instead of any people who have used the service. We
consider especially important that instead of ratings and brief
comments, the system should allow sharing of rich descriptions of
positive experiences with the services. These could be textual but
also enriched with other media such as video and audio. Such
experience sharing approach could complement the approach of
AppJoy [13] which makes personalized application
recommendations by analyzing how users actually use their
installed applications. We argue that experience sharing could
become a strong motivator for like-minded people with similar
needs. Social media tools, combined with app markets, can offer a
platform for such experience sharing.
The main limitation of our study is the small sample size of eight
people. However, for a qualitative interview study this sample is
an adequate start to indicate the main issues which arise in terms
of user needs and practices of mobile service sharing. Further
studies should be conducted “at large” [1] with a broader and
more versatile user sample and with actual recommendation
solutions to study the issue and make stronger and more
generalizable conclusions.
A new practice is emerging where end-users discuss and share
mobile services with each other through social media, thus
creating a new, user-centered digital distribution channel. Future
work in this topic should address the implications of the above

mentioned recommendation practices onto the interfaces for
individual services and app stores. The future solutions should
also lean on the knowledge of solutions developed in the existing
recommender systems [10], but with the specific emphasis on the
sharing of emotional experiences [11]. Social media integration or
increased support for social navigation could be a starting point in
recommending right services to the end-users.
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ABSTRACT 
Movies are one of the biggest sources of entertainment, in 
individual and social contexts, and increasingly accessible as 
enormous collections of videos and movies over the Internet, in 
social media and interactive TV. These richer environments 
demand for new and more powerful ways to search, browse and 
view videos and movies, that may benefit from video content-
based analysis and classification techniques. In this paper, we 
present and evaluate extended features of content processing, 
search, overview and browsing in the MovieClouds, from 
overview clouds at the movies space down to the movies, based 
on the information conveyed in the different tracks or perspectives 
of its content, especially audio and subtitles where most of the 
semantics is expressed. Tag clouds are adopted as a unifying-
paradigm, complemented with other approaches, to extend to 
movies the power, flexibility, engagement and fun usually 
associated with clouds, in a consistent way. Evaluation results 
were very encouraging, reinforcing the previous approach and 
reflecting the improvements and new features. 

Categories and Subject Descriptors 
H.3.3 [Information Storage and Retrieval]: Information Search 
and Retrieval – retrieval models; H.5.1 [Information Interfaces 
and Presentation (I.7)]: Multimedia Information Systems – 
video; H.5.2 [Information Interfaces and Presentation (I.7)]: 
User Interfaces – GUI, interaction styles, screen design, user 
centered design; H5.5 [Information interfaces and Presentation 
(I.7)]: Sound and Music Computing – signal analysis, synthesis, 
and processing. 

General Terms 
Design, Experimentation, Human Factors. 

Keywords 
Content-Based Retrieval, Search Exploratory Browsing, 
Entertainment, Emotion, Mood, Movie Affective Classification, 
Summarization, Overviews, Visualization, Timelines, Serendipity, 
Subtitles, Audio, Video, Tag Clouds, User Experience. 

1. INTRODUCTION 
By combining diverse symbol systems, such as images, texts, 
music and narration to tell stories, movies often engage viewers 
perceptually, cognitively and emotionally, having great power to 
affect us [2]. Technological advances are enabling the access to 
movies on the Internet, in social media, and through video on 
demand services on iTV, changing the way users search, browse 
and view videos and movies [5]. However, all the richness that 
makes these movies spaces so interesting comes with a challen-
ging complexity to handle. Many researchers [6,10] have stressed 
the importance to develop methods for extracting and highlighting 
interesting and meaningful features in video to effectively summa-
rize and view them, at the level of subtitles, audio and video 
image. There are many situations when users lack the knowledge or 

contextual awareness to formulate queries and have a genuine need 
for exploratory search systems, where they query to discover a local 
neighborhood of interest and browse to explore this area in detail 
for results they recognize (exploratory browsing), or engage in 

discoveries by accident exploration (serendipity browsing) [3,18].  

In this paper, we present and evaluate extended features of content 
processing, search, overview and browsing in the MovieClouds, 
from overview clouds at the movies space down to the movies, 
based on the info conveyed in the different tracks or perspectives 
of its content, especially audio and subtitles where most of the 
semantics is expressed, with a special focus on emotions expres-
sed in the movies or felt by the users. Tag clouds are adopted as a 
unifying paradigm, complemented with approaches such as particles 
for movie clouds, and colors to help visualization in overviews and 
browsing, and search techniques. Although defying much of the 
orthodox wisdom about visualization, the increasing demand for 
tag clouds indicates an important class of data that users want to 
visualize: unstructured text [24,18], and also, we hypothesize in 
our work: unstructured info like video, through extracted features 
represented by text and possibly closer to their semantics, helping 
to fill the semantic gap and allowing viewers and movie industry 
professionals, new insights and discoveries in movies. This way, 
we aim to extend to movies the power, flexibility, engagement 
and fun usually associated with clouds, complemented with search 
and browsing mechanisms that allow for richer & more powerful 
access to movies based on their contents. 

Following this introduction, section 2 makes a review of most 
relevant related work. With a focus on new approaches and 
features: section 3 presents content classification in MovieClouds; 
section 4 presents search, overview, and browsing from movies 
space down to movies in MovieClouds; and section 5 presents the 
user evaluation method and results. At the end, section 6 draws 
conclusions and identifies perspectives for future work.  
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2. RELATED WORK 
In this section, we present a review of more closely related work, 
summarizing and complementing what was present in [18]. 

2.1 Video Visualization and Access 
Sites like IMDB (imdb.com), Netflix (.com) and YouTube (.com)  
provide info and search about actors, directors, characters, genres, 
ratings by users, title, keywords, etc., some allow watching the 

movies, commenting, getting recommendations, or even publi-
shing your own videos. But they do not support access to info 
conveyed in subtitles or audio tracks nor emotional info, and 
navigation does not go much further than through lists [18].  Infor-
media [10,18] relies on automatic video content-analysis, mainly 
video images and speech, to index, search, navigate, and visualize 
video. It provides visual summarization of video scenes, and sup-
ports search by words in the speech, not overviews of speech and 
audio, nor emotional info. Film Finder [1] supported film search 
and visualizations based on movie duration, genres, titles, actors 
and directors, and movies space zooming for more or less detailed 
info. Among the few visualization tools and applications that 
address video [18]: 1) the visualization of videos in YouTube as a 2D 

view representing videos as circular scattered still images, 2) Video 

Sphere (bestiario.org/research/videosphere), representing TED’s 
videos around a 3D sphere. In our previous works (see [18]: 
Video Space used 3D interactive visualization of videos, to 
explore their cultural and aesthetic properties; and Colors in Motion, 
a 2D interactive application based on physical particles, allowed 
visualizing and exploring videos based on their color dominance, 
rhythm and movement. These systems address video visualization 
of properties like country, style and author and visual features like 
color and motion, but not audio, subtitles or emotions.  

2.2 Music and Image Search and Access 
www.rockola.fm is an Internet music radio recommendation and 
search engine that plays music in accordance to user’s selected 
mood, the year, similar artists, and preferences. Mood is chosen in 
a colored valence (optimistic-melancholic) - arousal (intense-senti-
mental) based wheel [18]. Musicovery (.com) allows selection of 
radio music based on mood. In a square region (vertical: energetic-
calm, horizontal: dark-positive), where musics are placed as small 
colored rectangles based on their genres (18: metal-gospel). More 
recently, Kuhn et al [12] present an interface to retrieve songs by 
selecting a tag in a user dependent (on their music collection) tag 
cloud on a mobile device, in a retrieval scenario very similar to 
Last.fm. [23] present a content-based query-by-tag music search 
system, that allows multiple tags and multiple levels of preference,  
by colorizing desired tags in a tag cloud interface. On click, the color 
of the tags change cyclically (dark blue - bright red) for level of 
preference (0-1). The search is based on song auditory features 
and tag labels (e.g.“female”, “jazz”, “piano”, “pop”, and “vocal”). 
These systems focus more on search than exploratory browsing. 
[8] proposed a visual playlist creation method for large music collec-
tions, using 2D maps to represent mood, genre, year and tempo, 
where users appreciated flexible browsing and searching with the 
possibility to find unexpected results [3,18].  Multicolr (http://labs 
.ideeinc.com/multicolr) allows image search on Flickr, based on 
their colors. The users can select and deselect up to 5 colors from 
a palette of 16x16, and specify their percentage by multiple selec-
tions of same color or by dragging the horizontal borders between 
the selected colors. Retrievr (http://labs.systemone.at/retrievr/) also 
allows image search based on color, but the users paint on a canvas 
(by sketch), or select an image (by image). In both cases, the 
search is based on the percentage of colors painted or present in 

the selected image. Tagged Colors (http://nuthinking.com/did/tag-
ged_colors_03/) adopts a tag cloud paradigm to access the images 
from the Color Fields group of Flickr. Images are presented in colo-
red rectangles with their colors and a tag stating the dominant color, 

linked by their similarity. These systems present the possibility to 
search for or overview and browse images based on content 

features and their frequency, but mostly their color dominance. 

2.3 Video and Movie Content Classification 
Video content analysis and indexing deals with the extraction of info 
from video and finding meaningful segments that can be used for 
search, browsing, and summarization [18]. We will briefly refer to 
most relevant work in the areas related to our approach. For more 
details see [13,18,20]. Very few published work used subtitles for 
Video Information Retrieval. For e.g. in [11], subtitles are used in 
conjunction with WordNet domains as the only info sources to 
classify documentaries. Regarding the audio stream analysis, most 
related work is in Computational Auditory Scene Analysis (CASA) 
where the research goal is illustrated by the “cocktail party problem” 
describing a hypothetical room with several people talking and other 

audio events (musical background, phone ringing etc.) [22], to iden-
tify different sound sources. The difficulty depends mainly on recor-
ding conditions. If the number of microphones is superior or equal 
to the number of audio sources, Independent Component Analysis 
techniques may be used to decompose the mixed signals; otherwi-
se, the problem becomes extremely difficult. Our case (video’s audio 
stream analysis) corresponds to the worst case scenario, because the 
recording conditions are unknown and the audio signal is likely to 
have been engineered. There have been several proposals of techni-
ques for detecting specific sound events in surveillance systems, 
differing by the set of features extracted and by the kind of classifier 
used [21,13], applied to recognize specific sounds (e.g. crying, kno-
cking, speech, music, impact, alarms, gun shots) or auditory environ-
ments. More recently, Chu [4] described a new feature extraction 

method to classify audio environments (not speech or music). The 
Music Information Retrieval community has recently seen an increa-
sing number of propositions toward the resolution of the Autotag-
ging task. Tags usually designate musical genre, instruments used, 
or mood. The techniques used consist in extracting a set of acoustic 

features and use Support Vector Machines for the classification [15].  

3. CONTENT CLASSIFICATION IN MOVIE 
CLOUDS 
In our project VIRUS [13], we are interested in the identification of 
topics and events and especially of moods and emotions, expressed 
in the content or felt by the viewers. We are building a set of algori-
thms to process and classify video, audio and subtitles, and mostly 

its audio and subtitles, where most of the semantics is expressed. In 
[18], we presented our first approaches for the five tracks of info: 
Speech in Subtitles; Emotions in Subtitles; Audio Events; Mood 
in Audio Track; and Felt Emotions. Here we will focus on new 
developments, mainly in the subtitles and audio events. 

3.1 Indexing the Subtitles 
Subtitles represent the movie speech, where a very significant part of 

the movie semantics is conveyed. The objective here is to use sub-
titles for content overview, and to access video excerpts that feature 

a particular topic. The first attempt was to build a cloud of words 
based on the most frequent words, where stop-words (e.g. articles, 
pronouns etc...) were removed. This approach was useful but not 

totally satisfactory, because each word is considered separately and 
similar words may appear in the cloud. The main objective is now 
to refine the cloud of words, to present the most relevant terms. 
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3.1.1 Stems 
The second attempt was to build a one-to-many relation between 
the words in the cloud and the possible matches in the subtitles, using 
stems [7] to define groups of related words. A stem represent the root 

of a word, i.e. “eat” and “eating” share the same stem. This way, tags 

on a cloud may be related and highlighted, and lead to more results 
in a search for any of these related terms. The Snowball library 
(http://snowball.tartarus.org/index.php) was used for stemming. 

3.1.2  Wordnet relations 
In order to improve the quality of answers to user queries, we ex-
perimented the use of richer relationships between words, based 
on the resources of Wordnet [19] (http://wordnet.princeton.edu/ 
wordnet). E.g.  Hypernyms define superordinate type of a term 
(dog=>animal); Hyponyms define subordinate types (tool=> 
hammer, screw-driver…); Word Forms define a set of synonyms 

(single=>unmarried, undivided,…); Verb Group relates verbs that 
express a variant of the corresponding action (e.g. “whisper” and 
“talk”). The related terms are used to expand the number of 
matches in the set of subtitles, performing a pruning to remove 
terms that do not belong to the universe found in the subtitles. 

3.1.3  Using tf*idf filtering 
The clouds of terms computed as described in the previous sections 

may contain words irrelevant for the user. We would like to select 

terms that are specific to a subset of series, or movies, because they 

are more likely useful to guide users’ search. To this end, the terms 

candidates for the clouds are ranked according to the Term-Frequen-
cy times Inverse Document Frequency measure (tf*idf) [25],  consi-
dering each series or movie as a document. E.g., when applied to 3 
series (Grey’s Anatomy, The Sopranos and 24) the top-ranking 

words correspond to names of characters, but also slang terms whose 

use was apparently only allowed in “The Sopranos”. Lower in the 

ranking are medical terms (“intern”, “tumor”, “nurses”), specific to 

“Grey’s Anatomy”, and words like “division”, “military”, “govern-
ment”, “threat”, “terrorist” that are specific to the 24 TV series. 

3.1.4 Emotions in Subtitles 
Subtitles also convey emotional information. Like in the previous 
version [18], subtitles were processed to find explicitly mentioned 
emotions, from most known categorical and appraisal emotional 
models, complemented with words following “feel” and “feeling”, 
inspired by the approach of wefeelfine.com [18]. More sophisti-
cated approaches based on resources specialized in sentiment 
analysis (www.sentiwordnet.isti.cnr.it) are under development. 

3.2 Indexing the Audio Stream 
Due to the great variety of sounds found in movies’ audio streams, an 
approach significantly different from the subtitle indexation process 

was adopted. We define an audio similarity measure between audio 

excerpts, used to retrieve pieces that are similar from a given excerpt. 

The problem is therefore to find a compact representative form of 
the audio signal for which we can compute a distance measure. 

3.2.1  Discretization and local estimate of probability 
density function 
The audio signal extracted from movies and series episodes is divi-
ded into 20 sec windows and classical audio features are extracted 

using the yaafe library (yaafe.sourceforge.net) for feature extraction 

(zero crossing rate (ZCR), Mel Frequency Cepstrum Coefficients 

(MFCC), Spectral Flux) that result into sequences of vectors with 
17 dimensions. Each feature vector is computed on a 96 ms frame 
with 50% overlap. The second step consists in computing a discrete 

representation of the signal. We use the k-means clustering 

algorithm on the set of feature vectors to identify k2 centroids, that 

constitute our short-term features audio dictionary. When the data 
set is very large (often the case) the k-means algorithm is 
computed on a subset of the data, obtained by extracting randomly 
k1 feature vectors from each audio sample (details in [14]). The 
dictionary is used to transform the 20s audio samples into 
sequences of terms (or symbols), by computing, for each audio 
frame, the nearest element in the dictionary, using an Euclidean 
distance. To deal with sequences with different lengths, each 
audio excerpt is represented by an histogram of symbols frequen-
cies. Our representation is therefore an estimate of the probability 
density function of the symbols found in the sequence.  

3.2.2  Distance metric 
The distance between two excerpts is computed as the Euclidean dis-
tance between histograms. In order to retrieve audio excerpts similar 
to the one chosen in the tag cloud (the query), the query histogram 
is computed, and the distances between this vector and every audio 
piece in the database are computed and sorted (pre-computed for 
excerpts belonging to the database). The top ranked audio excerpts 
are then presented to the user (section 4.2.1 and Fig.4d). 

3.2.3 Audio Events 
The access to video excerpts via audio events will be addressed 
using: 1) the distance calculation described in the previous section; 
and 2) input from the user. By allowing the user to attribute labels 
to the sounds, we will be able to progressively propagate these 
labels to neighboring sounds. This way, it will be possible to 
access audio components using words and clouds of words. 

3.2.4 Mood in Audio Track 
The mood component of movies audio tracks is mainly delivered 
through the choice of music. Several problems have to be addres-
sed: 1) identify parts of the audio that have music; and 2) identify 
the mood of a particular music even if it is mixed with other 
audio. The first problem may be solved using the similarity approach 
described earlier. The second will be addressed using Music Infor-
mation Retrieval techniques developed earlier by our team [18]. 

3.3 Felt Emotions 
For the classification of video based on the emotions felt by the 
viewers, our approach is described in [18], based on physiological 
signals [20] focusing on Ekman’s basic categorical labels 
(happiness, sadness, surprise, fear, anger and disgust), although 
we are considering the support of other emotional models. 

4. GOING THROUGH MOVIE CLOUDS  
This section presents main features of search, overview, and 
browsing in MovieClouds, based on a tag cloud unifying-
paradigm for the access to movies spaces down to the individual 
movies in the different tracks or perspectives of their content. 
MovieClouds was first presented in [18]. Here we focus mainly 
on new and enhanced features, for more powerful and flexible 
access and improved user experience, informed by our first 
evaluation, and recent requirements concerning new properties in 
the subtitles and audio, and interactive search mechanisms.   

4.1 From Movies Space 

4.1.1 Overview 
At the Movie Space, there are two main visualization areas, that 
are populated as a result of a search: 1) Circle Cloud of Movies, 
represented by physical particles as small white circles on the top 
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half of the screen; and below 2) Tag Clouds of Movies, providing 
an overview of all these movies features based on their content, in 
the five tracks currently supported (subtitles, emotions expressed 
in subtitles, sound events, audio mood, and felt emotions), and 
consistently represented in five different fonts in the interface. 
These tag clouds can be presented in a joint view (Fig.1a) or 
separated by the 5 tracks (Fig.1b), and can be hidden to focus only 
on the circle cloud of movies. 

4.1.2 Browsing 
Whenever the user clicks on a tag, it gets selected (colored) and, 
at the Circle Cloud of Movies, circles appear with the same color 
and size that reflect the dominance of that tag on all the movies 
that have that tag. This allows to explore and compare movies in 
the chosen feature expressed in the chosen tags. We adopted a 
random color in each click, that is used consistently for the same 
info in each view, for uniformity and flexibility, and because the 

variety of tags is immense, especially in the subtitles track. In Fig. 
1b and 2b, the tags “now”, “think”, and “look” have been 
selected, receiving the colors blue, orange, and green, in both 
circle and tag clouds. When the cursor is over a movie circle, a 
label appears with info about the movie: an image, title, actors, 
director, genre and release year of the movie. To complement this, 
all the others movie circles get a smaller label just showing the 
movie title. Fig.2c exemplifies this for the movie Money Ball.  

If this movie circle is clicked (Fig.1b, 2d), it “opens around” to 
show all the colored circles and tags, as feedback and increased 
visibility; the movie gets highlighted on the right, and the tag 
cloud in the bottom changes to reflect the selected movie tag 
cloud, showing its title on the top right (Fig.1b). To go back to the 
movies space overview, the user clicks in the selected movie or in 
the ‘all movies’ button. To browse to and watch a movie, the user 
clicks on the play button on the right side of the highlighted movie. 

 

 
Figure 1. Movies Space View Navigation in MovieClouds: a) tag cloud of all movies; b) tag cloud of selected movie, with separated tracks. 

 
Figure 2. Movies Clouds as particles in the Movies Space: a) no tags selected: now (blue), think (orange), and look (green); b) 3 tags selected; c) 

On over: movies info shown; d) On click: circles with tags shown, movie selected, and its tag cloud shown below (like in Fig.1b). 

 

Figure 3. Search by Tag Cloud on Movies Space: a) tags selected; size readjusted on slider; b) 3 results: movies repres. by their own tag clouds. 
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4.1.3 Search by Clouds 
Movies can be searched by tag clouds, i.e. by tags and their relative 
frequencies. For this, users click on the Search By Tag tab on the top 
left, that slides to the right, revealing the search interface that 
includes an initial tag cloud with the tags that were selected in the 
movies space tag cloud, with same size. From here, users may select 
and change the size of any tag (slider on the left), exemplified for 
tag “now” of the subtitles cloud in Fig.3a. Users may also add 
other tags, either by selecting them from the movies space cloud, 
or by writing new ones in a text field that opens by ‘more tags’. 
After the search, the results are movies represented by their tag 
clouds for the searched tags (Fig3a-b). Users may choose to 
browse to any of the resulting movies (through the ‘play’ button, 
e.g. in the movie Back to the Future in Fig.3b-4a), may select 
these movies to be the new movies space, make a new search, or 
just close the search dialog. Note that this feature adopts the cloud 
unifying paradigm of MovieClouds, both in the search and the 

results. This type of search allows to specify the proportion of certain 

features in the movies, like Multicolr and Retrievr do for colors in 
images, but addressing more properties and the 5 content tracks. 

4.2 Down to the Movies 
This view includes: 1) Video, that can be watched (top, left); 2) 
Tag Clouds of this Movie, as overviews; and 3) Track Timelines, 
where the features or content of the video in each track can be 
located along time, and compared to those of other tracks.  

4.2.1 Overview and Browsing 
In this space, the user is presented with the view of the selected 
video Fig4.a, where the highlighted (colored) tags correspond to 
the ones that were highlighted for this movie in the movies space 
(for coherence and continuity), and all the occurrences of this 
word in the subtitles are highlighted through colored (same as the 
tag) dots along the timeline. When the user selects one of these dots, 
the movie plays from that time, and the corresponding tag gets to 
be the current tag. It is also possible to navigate to the next/previous 
dot of the same tag through the right/left arrows, along time. While 
the video plays, whenever reaching the time of any dot/tag, the dot 

gets bigger for a short time, and the corresponding tag gets highlight-
ted. On over any dot or tag, both tag and all corresponding dots get 
highlighted. This allows to stress the identification of tags and their 
location in time. The users may also choose as many tags as they 

want from the cloud, and see them represented in different colors in 

clouds and the timelines. The color choice is again random but 

consistent, in accordance with the method chosen for the tags and the 

circles in the movie space, except for the felt emotions that adopts 
Plutchick’s colors for Ekman’s emotions, a pre-defined mapping: 
an improvement since [18]. Fig.4a illustrates these concepts. 
Fig.4b illustrates the selection of tags based on Stems for the tag 
“look”. A right click on the tag highlights all the terms that share the 
same stem (look, looking, looked, looks), and accordingly high-
lights more dots on the timeline, for the related terms. A similar 

procedure applies to other word relations (selected from right click) 
like synonyms (see sec 3.1), allowing to increase flexibility and 
answers to the queries, by retrieving all important related terms. 

 
Figure 4. Movie View Navigation: a) Subtitles cloud; b) highlight of tags with same Stem as ‘look’; c) Mood in Audio; d) Sound events cloud. 
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Figure 5. Search by Timeline at the Movie View: a) starting from current status of the subtitle timeline & erasing and painting the timeline for 

the search criteria (right buttons for each timeline: “from movie”, “none”) ; b) resulting movies represented by their own timelines on the 
chosen tracks (right buttons: “Movie space results”, “New search”). 

Figs.4c,d illustrate the choice of different tracks for the tag cloud 
(Audio Mood and Sound Events). Note that the tracks in the 
movie view keep the same font as in the movies space. In this 
view, the selection of the tag “gunshots” also changes the color of 
the tag and triggers the search for the occurrences that are 
represented as colored dots in the timeline of the current track 
(third one). Audio moods and felt emotions are represented by 
rectangles, because they may span in time (units of 3 min), while 
the other tracks feature more discrete events (as dots). There are 
two small buttons to the right of the timelines: “none” and “all”, 
allowing to (un)select all the tags in the track (in the cloud and the 
timeline) (Fig.4c). Note that the presence of all the timelines allow 
to perform some comparisons across the tracks (e.g. how a sound 
event affected what was being said in the movie, or the emotion 
felt by the user) The vertical line, that represents the current time, 
spans across the timelines to ease this process along the movie.  

Fig.4d illustrates the access to the audio events identified as 
gunshots from the tag to the timeline, and the access to a scene 
where such a gunshot exists. As an alternative, an audio query is 
being designed to search for audio segments that are similar to a 
given one. This first audio can be selected from the timeline, or 
from the current moment (button “now” below the star). The 
resulting audio segments are represented by circles in a star 
around the query audio, with a distance proportional to the 
distance computed by the procedure described in section 3.2. 
Circle colors match audio events if identified, or are gray 
otherwise. Note that some of the similar sounds may correspond 
to other sound events (e.g. gunshots and shouting). A single click 
on a circle plays the corresponding audio excerpt. A double click 
on a circle allows the user to navigate through similar audio 
excerpts by querying the system with the clicked audio piece and 
re-displaying this audio in the center with other excerpts in its 
neighborhood. This kind of search will also allow to help 
classification of sound events, by having the systems suggesting 
similar sounds of a classified sound, and the users confirming or 
reclassifying the ones that are of another type. 

4.2.2 Search by Timelines 
Movies can be searched by timelines, i.e. by tags defined along 
the timelines, allowing to search for movies with similar 
timelines. For this, users click on the Search By Timelines tab on 
the top left, that slides to the right, revealing the search interface 

that includes initial timelines with the dots that were selected in 
the current movie, and a palette of tags corresponding to the ones 
selected in the movie for each track. From here, users may select 
which tracks to use in the search, add or remove tags from the 
palette, fill these timelines with these tags in the same position as 
in the current movie, paint timelines with this palettes and clear 
timelines, exemplified for the subtitles timeline in Fig.5. After the 
search, the results are movies represented by the searched 
timelines (Fig5a-b). Users may chose to browse to any of the 
resulting movies (through the ‘play’ button), may select these 
movies to be the new movies space, make a new search, or just 
close the search dialog. 

5. USER EVALUATION 
To assess MovieClouds’ user interface and experience, and its 
new functionalities, in terms of search, overview and browsing, a 
user evaluation was performed, complementing the evaluation 
performed in the first version of the application [18].  

5.1 Method 
A task-oriented evaluation was carried out, after explaining the 
purpose of the evaluation and briefing the subjects about Movie-
Clouds. It was based on Observation (of reactions, errors, 
hesitations and performance, that were annotated), semi-structured 
Interviews (allowing qualitative feedback through comments and 
suggestions), and the USE questionnaire [17], focusing on 
Usefulness, Satisfaction and Ease of Use of each task. At the end, 
users were asked to rate the overall application, with USE, refer to 
what they liked the least and the most, and (new this time) classify 
the application with most relevant perceived ergonomic, hedonic 
and appeal quality aspects [9]. We had 10 participants (4 female, 
6 male): 22-27 years old, with moderate to high computer literacy, 
using MovieClouds for the first time, allowing to discover most 
usability problems and perceive a tendency in user satisfaction.  

5.2 Results 
USE results on the proposed tasks (Tn), are presented in Table 1 
by their mean (M) and standard deviation (Std.), complemented 
next with the most relevant results and comments obtained from 
the users, and our own observations.  
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Table 1. USE evaluation of MovieClouds (scale: 1-5). 

Features 
in Task: 

Usefulness Satisfaction Ease of Use 
M Std M Std M Std 

T1 3.6 1.2 3.5 0.7 3.7 0.8 
T2 4.7 0.7 4.3 1.1 4.7 0.5 
T3 4.5 0.8 4.4 1.1 4.3 1.1 
T4 4.5 0.7 4.4 0.5 4.1 1.0 
T5 4.3 1.1 4.1 1.0 4.7 0.5 
T6 4.6 0.7 4.3 0.7 4.4 0.8 
T7 5.0 0.0 4.9 0.3 4.9 0.3 
T8 3.8 1.2 4.1 0.6 4.7 0.5 
T9 4.1 0.7 3.9 1.0 3.6 1.3 
T10 4.4 0.5 4.5 0.5 4.6 0.7 

Overall 4.4 0.7 4.5 0.5 4.3 0.5 

5.2.1 From Movies Space 
Users were told to associate the words shown in the cloud with 
their tracks (T1). At first, most users could not make the 
association with the different fonts used (thus the score around 
3.6) in spite of the labels in the bottom; but after they saw the 
clouds separated by tracks, this font difference became clear. 
Although the majority of the users preferred the separated tag 
cloud to perform track dependent tasks, they found the integrated 
tag cloud more aesthetic. With separated tag cloud, users were 
told to identify the 2 most frequent sound events (T2). This tag 
cloud feature was considered useful (4.7), easy to use (4.7), and 
satisfying (4.3). After they identified and selected the most 
common tag in subtitles (T3), they were asked to tell in which 
film that tag was more predominant. All the users were able to 
identify the correct film in a short period of time and found it 
U:4.5, S:4.4, E:4.3. The way they could change to see the tag 
clouds of one movie or of all movies (T4) was appreciated U:4.5, 
S:4.4, E:4.1. 90% of the users quickly understood they should 
pick one colored circle. However, to return to the tag clouds of all 
movies they used different approaches (all movies button and 
deselect current movie). When compared to the evaluation of the 
first version [18], the features underlying these first tasks at the 
movies space received similar usefulness scores, but higher scores 
on satisfaction and ease of use (from around 3.5 to 4.3). We 
believe this is due to the changes made in the location of the 
labels, making the interface cleaner, and the improved particles 
for the circle clouds of movies. 

To search movies by clouds, users were asked to select 3 tags 
from the subtitles track and start a search, after reducing the 
preponderance of each tag in the search cloud (T5). Since it is not 
a familiar search, it was not obvious to all of them how to do it. 
But all of them were able to pick one tag and use the scroll bar to 
reduce its size (40% tried it as first option). After seeing it 
working, they found it useful (4.3), easy to use (4.7) and were 
satisfied (4.1). All users were able to tell how many results they 
got, what they meant and which movie was more similar to the 
search (T6). After that, users instantaneously perceived how they 
could watch the requested movie (Back to the Future), by 
selecting its play button. This new search was considered useful 
(4.6), satisfactory (4.3) and easy to use (4.4). 

5.2.2 Down to the Movies 
At the Back to the Future movie, we asked them to go to the 
Sound Events track and watch all the occurrences of gunshots 
existing in the movie timeline (T7). All were very pleased with 
the usefulness of the feature (5.0) and found it really satisfactory 
and easy to use (4.9). Although similar feature, got higher scores 

than before [18] (4.6, 4.1). To evaluate the interaction with the stems 
(new feature), we asked users to choose a tag from subtitles and 
select it with the mouse right button (T8). The related terms were 
shown, and all users were capable to affirm that those words were 
derived from the same stem of the chosen tag. The result of the 
usefulness (3.8) was influenced by one user’s answer, who rated 
this task with 1, because he did not fully understand its purpose. 

For the new feature of movies search by timeline, users were 
asked to select one more tag and start a search. They were told to 
customize the timeline as they wanted to search for movies (T9). 
All the users removed and added tags to the palette. Although, 
only 50% of the users picked a tag from the “palette” and tried to 
fill the timeline with it, all the users affirmed that the resulting 
timelines represented a film, and 90% were aware of the meaning 
of each colored circle in the timeline (T10). They used the colors 
of the dots to identify which was the most similar movie with their 
search. They found this feature useful, but at first did not find so 
easy to use (3.6). 

5.2.3 Overall  
As a global evaluation, users generally thought that MovieClouds 
was an interesting idea and a new approach to the visualization of 
movies, although it was a little difficult to understand how it 
works at the beginning. Anyway, their global ratings for the USE 
criteria were high: U:4.4, S:4.5, and E:4.3, and globally even more 
satisfactory that the first version (4.7, 41, 3.8 in [18]). Most 
appreciated in MovieClouds: “the idea”, “use of the tag cloud 
paradigm”, “representation of movies as live circles” (as particles, 
new in this version), “the timelines of the movie”, “the possibility 
to search movies by tag and personalize them” (also new), “go to 
specific events in a movie by timeline”, “its look and feel”, “the 
movie view”. Least appreciated: “too many words for a first 
approach”, ”track division is not clear at first”, “there is not the 
possibility to watch the video in full screen”, “search by timeline  
at the subtitles not that much interesting” 

Table 2. Quality terms to describe MovieClouds 
H:Hedonic; E: Ergonomic; A: Appeal 

 

At the end of the survey, users were asked to classify the application 
with most relevant (as many as they found appropriate) perceived 
ergonomic (8 positive + 8 negative (opposite)), hedonic (7+7) and 
appeal (8+8) quality aspects  in [9].  Original and Interesting were 
the most chosen terms, with 9 and 4 votes (Table 2). Next, with 3 
votes each: Controllable, Exclusive, Attractive, Innovative and 
Aesthetic. Highest rates were for hedonic qualities, but the 
selected terms are quite balanced among the 3 categories. Almost 
all the terms were positive. Interesting to note that the most 
frequent negative term was Complex, which [9] comments that is 
usually correlated with interesting applications (also a high score 
here), often more powerful or challenging. 

# Terms # Terms # Terms 
9 H Original 3 A Aesthetic 2 E Complex 
4 H Interesting 2 E Comprehensible 1 A Good 
3 E Controllable 2 E Supporting 1 A Pleasant 
3 H Exclusive 2 E Predictable 1 H Boring 
3 A Attractive 2 E Clear 1 A Unaesthetic 
3 H Innovative 2 A Inviting 1 A Unsympathetic 
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6. CONCLUSION AND PERSPECTIVES 
Users appreciated the concept of MovieClouds, and the new 

possibilities and perspectives to search, overview, watch and browse 
movies from a global perspective down to the timelines where speci-
fic events can be found and compared among the different tracks. 

Overall, the results were very encouraging, reflecting the improve-
ments and new developments made, and we got new insights to in-
form our future developments. Although already very much appreci-
ated in the first version [18], the new and improved features and 

design options resulted in even higher scores for usefulness, satisfa-
ction and ease of use. They particularly liked the tag cloud paradigm, 
the representation of movies as particles, the movie view and 

timelines, the flexible search by tag cloud, and the look and feel.  
Original and Interesting were the most perceived qualities, followed 
by Controllable, Exclusive, Attractive, Innovative and Aesthetic. 

Next steps will go in the direction of making some adjustments 
that resulted necessary from the evaluations and exploring new 
features. Our plan is to explore further the power of content 
processing, and the representation in clouds, visualizations in 2D 
and 3D and timelines to summarize and zoom through different 
levels of abstraction and detail in the content at the different 
tracks, from the movies space down to the movies. It would also 
be possible to answer questions like “are there violent scenes?“ or 
“does it feature a love story?” that could help identify the movies 
genres and be a valuable input also for a recommendation system, 
as well as allow to go down to the actual content in the movie. 
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ABSTRACT 

This paper describes a user study with an aim to explore 

intuitiveness of gestures-based interaction in an augmented reality 

(AR) application. We selected children of age 10-11 as the target 

group in order to address the research problem in a setting where 

users have as little as possible experience on prior related 

technologies or ways of interaction. Altogether 22 children were 

using a hand-held web camera -based AR interface, and tried to 

identify ways of controlling the AR view through moving and 

performing gestures with the web cam. The results indicated 

interesting contradictions. Although the overall evaluations of the 

application seemed positive, the observations showed that the 

children could not identify the gestural input affordances when 

they had to focus on maintaining the marker-based AR-view with 

the same hand and modality as with they were expected to create 

gestural input. In addition to the findings related to the 

intuitiveness, we contemplate the research setting of having 

children as participants of user testing.   

Categories and Subject Descriptors 

H.5.2 [Information interfaces and presentation]: User Interfaces 

- Input devices and strategies; H.1.2 [Models and principles]: 

User/Machine Systems – Human Factors. 

General Terms 

Experimentation, Human Factors. 

Keywords 

Gesture-based interaction, augmented reality, interaction 

techniques, user research, research with children. 

1. INTRODUCTION 
In day-to-day interaction, gestures play a major role in various ad 

hoc tasks, such as communicating relational places in 3D space, 

non-verbal social interaction, and manipulating objects. 

Developing effective interfaces that respond to natural gestures 

has been an intriguing research problem since the early days of 

computer science. Related to effectiveness is the challenge of 

intuitiveness: gestural and other tangible user interfaces (TUIs) 

[10] are expected to be very natural and easy-to-learn paradigms 

for any human. Such novel interaction technologies becoming 

more general might mostly depend on how the possibilities of 

touch can be mapped into input and output for a system in a 

universally understandable way. 

In addition to gestural interaction, another central theme in this 

paper is Augmented Reality (AR). The general approach of AR is 

to combine real and computer-generated digital information into 

the user‟s view of the physical and interactive real world in such a 

way that they appear as one environment [7][19]. This new reality 

of mixed information is meant to be interacted with in real time, 

by utilizing natural interactions from everyday physical world 

[11]. Image recognition -based AR is based on connecting 

surrounding objects, products and other physical targets with 

digital information with the help of visual recognition. By 

identifying QR-codes, barcodes, or other graphic markers such 

applications provide the user with physical and visual links to 

trigger desired actions [5]. In several user studies, interacting with 

the augmented reality has expected to be intuitive and natural to 

use [12][13][14]. 

Related to intuitiveness, children provide an interesting field in 

which to research naturalness and ease-of-learning of novel 

interfaces and interactions [9]. Having less experience on prior 

technologies, children have also fewer expectations and 

assumptions about how novel interaction techniques work and 

how they should be approached. This is an interesting domain 

with regard to intuitiveness (or naturalness) of technology, i.e. the 

extent to which a technology can be used without earlier 

experience or training for the specific technology or similar ones. 

Taking into consideration the above-mentioned aspects, this paper 

reports a study where the intuitiveness of a gesture-based 

interaction of a simple AR application was studied with child 

participants. We wanted to explore the possibilities of an interface 

where the user is able to interact with the augmented content by 

making gestures with the same hand-held camera that is used to 

create the augmented view. 

In Section 2, we introduce the background of our study as well as 

summarize earlier related research. The application and 

interaction with it are described in detail in Section 3. Study 

methods are presented in Section 4, and the results of our study in 

Section 5. Finally, in Section 6, we discuss the results and their 

limitations. 
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2. BACKGROUND AND RELATED WORK 

2.1 Tangible Interaction 
Regarding tangible interaction, one of the earliest examples is by 

Ullmer and Ishii [18] where user‟s hands manipulate physical 

objects via physical gestures; a computer system detects this, 

alters its state, and provides feedback accordingly. The growing 

extent of tangible and other related interfaces becomes apparent in 

the diversity of terminology that is used to describe such 

technologies: e.g., ‟graspable„, ‟manipulative„ and ‟embodied„ 

interaction (see e.g., [3]) .  

Despite the varied terminology, many of these concepts include, 

1) movement as input or/and output in some form and, 2) the 

principles of physical representations being computationally 

coupled to underlying digital information and embodying 

mechanisms for interactive control [10]. Furthermore, to 

conceptually clarify the terminology of tangible user interfaces, 

Fishkin [4] has developed a taxonomy consisting of varying 

degrees of ‟tangibility„, based on two axes: 1) embodiment, i.e., 

how close the input and output are to each other, and 2) metaphor, 

i.e., how analogous the user interaction is to similar real-world 

action. 

Theories regarding kinesthetic (i.e., limb-movement based) 

gestures provide various classifications that include different 

conscious and unconscious types of gestures. To name a few, 

there are categories of manipulative (controlling entities, direct-

manipulation), semaphoric (discrete symbolic gestures for 

recognition systems) conversational (for human-human 

communication purposes), and propositional gestures (intentioned 

to convey a part of information in a message) [2][15]. 

2.2 User Research with Children 
When studying children, their behavior and opinions, the nature 

of the target group needs to be considered in choosing the 

methods for gathering and analyzing data. According to Read and 

MacFarlane [17] asking good questions from children is not easy 

because for some children understanding and interpreting the 

question and formulating an appropriate response can be very 

difficult. They continue that factors influencing question 

answering include developmental effects, such as language ability, 

reading age, and motor skills, as well as temperamental effects 

such as confidence, self-belief and the desire to please [17]. 

Peer tutoring is a method utilized in many fields of scientific 

research. It is one type of peer collaboration [8]. Considering the 

challenges in researching children, Höysniemi et al. [8] have 

applied the peer tutoring approach to usability testing with 

children. They argue that it is both collaborative and provides test 

results that are suitable for evaluating a physically and vocally 

interactive computer game for children. 

Fun is a thing that seems to comfortably belong in a child‟s 

environment [16][17]. Read et al. [17] present a „toolkit‟ for 

measuring fun with children. The fun „toolkit‟ includes the 

Smileyometer and the Fun-Sorter. Smileyometer is based on a 1 – 

5 Likert scale with pictorial representations. Fun-sorter is meant 

for ranking a series of connected activities in order to establish 

which of them may be more appealing or which may be least fun. 

Fun-sorter has one or more constructs and divided line that has as 

many spaces in it as there are compared activities. They also 

remind that there might be some difficulties for younger children 

to understand and differentiate between constructs. 

3. THE TEST APPLICATION 
Our test application utilizes Augmented Reality approach to 

visualize a virtual character, a dog called “Viki” (Figure 1), for 

the user. As a result of the AR, the virtual character appears to be 

in the same space with the user and allows certain playful 

interaction with it. 

The application captures and processes image stream from a USB 

camera attached to a computer running the test application. Test 

application can detect a pre-defined marker from the captured 

video images and calculate relative transformation between the 

marker and the camera when marker is being detected. Marker 

detection and tracking is implemented with ALVAR software 

library developed by VTT [1]. With the marker tracking result, 

test application can augment the virtual 3D character on top of the 

marker as if the character was in the same physical space with the 

user. 

Test application content is based on a 3D animated TV series 

“Dibidogs”, produced by Futurecode (Finland) and Blue Arc 

(China). The goal for the application is to create an illusion of a 

3D animation character that is aware of the user and that allows 

interaction with the user. In the application, the animated 3D 

character reacts to the camera location and movements, and the 

user can also have the character perform several tricks with 

specific gestures that are determined with camera movement 

patterns. 

The application utilizes several camera-based interaction 

techniques [6]. Interaction techniques are based on physical 

gestures defined with camera postures and movement patterns. 

Camera location and orientation relative to the augmented content 

is used for driving many of the actions of the 3D character. They 

were designed to create an illusion of 3D character being aware of 

the camera, and by doing so, to encourage users to try out 

different camera movements in a playful manner. This in turn 

helps users to discover camera movement pattern gestures, which 

also trigger character reactions. Furthermore, the application 

keeps track of the camera movements, and camera movement 

pattern (gesture) recognition is used for controlling some of the 

character reactions. 

 

Figure 1. Illustration of the virtual Viki dog appearing on the 

AR screen with the help of the visual marker (a screen capture 

of the application). 
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The different gestures and actions are summarized in the 

following, more or less in order of their easiness to be discovered. 

First, as the camera is being moved, the character‟s head turns 

along so that the character keeps facing the camera. It also tilts his 

head in synch with the camera. Hence, the dog actively following 

the viewer suggests that the user could interact with it, serving as 

a subtle affordance of interaction. Second, the camera distance 

from the character triggers reactions as well: when camera gets 

too close to the character, it starts to scratch the ground and 

growl. Third, vertical shaking motions of the camera triggers an 

animation sequence in which the 3D character jumps a loop while 

barking sound is played. Fourth, horizontal shake of the camera 

causes the 3D character to run around in circles while barking. 

Fifth, circular motion of the camera causes character to roll over. 

Same rolling over movement can also be triggered by tilting the 

camera to a high angle when character is tilting its head in synch 

with the camera angle. 

Gesture recognition is based on inspecting temporal changes of 

the cameras image plane movement vector. The difficulty with the 

gesture detection is that it should be able to adapt to different 

movement styles of the user in order to avoid mixing up normal 

camera navigation with the gestural movements. Optical tracking 

also set limits to the movement pattern recognition, for example 

fast movements of the camera can easily be lost due to the motion 

blur in recorded camera image. By accounting for the technical 

limitations of the optical tracking and by finding natural 

connection between gesture and reaction, however, camera 

movement pattern gestures can effectively extend camera-based 

interaction. 

Overall, such mapping of gesture-input to AR-output has been 

relatively little utilized in current mobile applications. From the 

user‟s perspective, one has to control two things at the same time: 

aligning the AR output to the real world object (requires constant 

alignment of one‟s hand) and making simple gestures to create 

further interactivity with the dog at the same time and with the 

same hand. This creates interesting challenges regarding the 

intuitiveness of interaction and how to provide affordances that 

are sufficient – as especially children have very little, if at all, 

experience on such way of interaction with technology. 

4. USER STUDY METHODOLOGY 
Considering our research objectives, we decided to incorporate 

the target group of small children in the study. Dibidogs being 

focused to rather small children (ages 3–11), we chose children in 

ages 10–11 as the target group: they were considered old enough 

to express themselves verbally but still be genuinely interested in 

the application contents. An entire school class of 4th grade pupils 

was recruited from a local elementary school. This allowed us to 

get a good number of participants as well as to utilize the peer 

tutoring method [8] between children who know each other. The 

user study took place in May 2010, a few weeks before the 

elementary school summer holidays in Finland. 

4.1 Methods 
We carried out 11 sessions, in which the children participated as 

pairs (Figure 2). To maintain as tensionless setting as possible, 

there was only one researcher as a moderator. The study sessions 

were arranged at the school in a small silent room (Figure 2) to 

avoid disturbing background noise. All the sessions were 

videotaped for recording the participants‟ reactions and talking. 

This also allowed us to analyze from the video that exactly which 

gestures and reactions in the Viki dog the childred could find out. 

As equipment, there was simply a laptop with a hand-held 

webcam attached, and the AR marker on the table. 

 

 

Figure 2. Illustration of the study setup. The graphical marker 

is on the table below the hand-held web cam in the other girl’s 

hand. The web cam image displayed on the laptop screen 

shows the white table with the Viki augmented on top of the 

graphical marker. 

 

4.1.1 Background Information 
When organizing research sessions with children, communicating 

with parents is essential. Therefore, we made a background 

information questionnaire, which the parents and children filled in 

together at home about a week before the sessions. The 

questionnaire inquired about the child‟s experience with video 

games and if they were familiar with Dibidogs in any way. 

Furthermore, at the end of the questionnaire was asked parents‟ 

permission for their child to participate. Of the roughly 30 pupils, 

22 participated in the study: some pupils did not get permission 

and some did not want to participate. 

4.1.2 Study Setup 
At the beginning of each session, there was only one child in the 

study room. S/he was given a brief introduction for using the web-

cam and the application (in brief: that it can be played with), and 

was let play with the application for a few minutes. Thus, s/he 

would get a picture of what the overall idea behind the application 

is and how the webcam was interacted with. However, specific 

instructions how to use or play with the application were not 

given but, rather, the idea of „interactivity‟ of the Viki-dog was 

communicated. 

Next, another child was asked to come in. The first child 

paraphrased (i.e. told with own words) to the second child how 

he/she thought that the devices and application are used, again 

without hearing any instructions from the moderator (i.e. peer 

tutoring method). This allowed us to see how the first child had 

understood the application to function and how s/he expressed 

oneself in explaining the novel way of interacting. In this way, we 

could observe how well the pair is able to identify the interactions 

together without telling the pair how the application specifically 

works. 
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4.1.3 Questionnaires and Interviewing 
After having played with Viki for 5-10 minutes, both children 

filled in their own smileyometer questionnaires. The questionnaire 

contained 5 statements:  

(1) “In my opinion Viki-dog was…” 

(2) “On my opinion the tricks that Viki-dog did were...” 

(3) “In my opinion Viki-dog was drawn…” 

(4) “Controlling viki-dog in my opinion was...” 

(5) “Getting Viki-dog to do the moves I wanted was...” 

By this, we aimed to collect data similar to numeric Likert scale 

data. We presumed the smileyometer with a four-step scale to be 

more understandable to children than a regular numeric Likert 

agreement scale (e.g. 1-5). In addition, at the end of the 

smileyometer there was two questions with sentence completion: 

(1) “In my opinion the best in Viki was…” and (2) “In my 

opinion the worst in Viki was…” 

To answer the question of how well the participants recognized 

the different gestures for controlling Viki, the fun-sorter [17] was 

utilized. They were asked to put the different gestures in order 

with regard to (1) from the one working the best to the one 

working worst, (2) from the most fun to the least fun, and (3) the 

most easy to the least easy. The children filled this one together as 

a pair, right after the smileyometer questionnaires. 

At the end of the sessions, nine structured interview questions 

were asked from both the children together (e.g. “what was 

easy/hard in using the application?”, “was there something strange 

in how Viki behaves?” and “how well did you get Viki to act like 

you wanted him to?”). The other questions explored more detailed 

information about the children‟s feelings and reactions to the 

application. In addition to the structured questions, we tried to 

encourage the children to verbalize their experiences about 

Dibidogs. 

4.2 Participants 
Twelve of the 22 participants were boys and ten were girls. The 

ages varied between 10 and 11 years, as intended. The pairs in 

each session were usually good friends and knew each other well. 

Almost all the participants had video game devices at their home 

and most of them played video games few times a week. Most of 

the participants were not familiar with the Dibidogs TV-series in 

any way. Nobody had tried the Dibidogs 3D PC application. 

Altogether, we can say that the participants were unfamiliar with 

both augmented reality and gesture-based interaction. 

5. RESULTS 
First, we describe the findings related to how the interaction was 

regarded by the children, and how the various gestures were 

identified. This is followed by methodological observations on 

having children as participants for evaluating novel ways of 

interaction. 

5.1 Evaluating Interaction and Intuitiveness 
After giving the simple instructions, all the children easily 

managed to get the augmented Viki-dog appear on the screen with 

the help of the AR marker. Achieving this created amazed feelings 

because of the augmented view on the table, which was totally 

new for all of them. Based on observation, it seemed that the 

children had to really concentrate to keep Viki on the screen. Not 

all of them understood that the marker has to remain visible for 

the camera in order to keep Viki on the screen. Sudden 

disappearing of Viki created wondering and even feelings of 

failure and frustration, especially if the children had not 

understood the requirement of the visual marker being visible. 

As the children had to concentrate on maintaining the simple AR 

interface, they had great difficulties in finding out any of the 

several tricks Viki does. During the roughly 20 minutes of playing 

around with the application, only one pair out of eleven pairs 

discovered jumping and barking. 3/11 pairs found out how Viki 

rolls over. This perception was based on observation data. Rolling 

over was most easily found – also according to the interview 

results. 2/11 pairs found out how Viki runs around. The highest 

number of gestures that a single pair recognized was four, whereas 

some pairs did not find any patterns in controlling Viki – they 

perhaps were able to create a few tricks by accident but could not 

connect the outcome to their own actions. 

The interview results further consolidates that the input gestures 

were poorly recognized. When asked if Viki-dog did certain tricks 

followed by particular hand movement, we received answers such 

as: 

“I don't know. No. Not in my opinion.” (Pair 9, boys, 10 

and 10 years old) 

The hesitation in trying out any special gestures seemed to be 

partly a result of having to concentrate on keeping Viki visible on 

the screen with the same hand that would create the input 

gestures, and partly of the children‟s experiences of amazement 

and the resulting stun from the augmented reality interface. 

Furthermore, nine out of eleven pairs said that Viki did not do the 

things they wanted it to do when they tried to use different 

controls. Thus, only two pairs said it was easy to control Viki.  

Nevertheless, the results of the smileyometer (Figure 3) differ 

from the results gathered via interview: the children saw the 

easiness in a more positive light because they did not know about 

all the possibilities. In addition, this might be a result from the 

aspect that was identified by observation; the children generally 

liked the application because of the funny content and novel 

interaction, and thus gave rather positive evaluations, 

notwithstanding what the statement sentence actually meant. 

”It was easy to put the mark on the paper and the dog will 

appear.” (Pair 6, boys, 11 and 11 years old) 

”I could not say to him where to go or what to do.” (Pair 

10, boys, 11 and 10 years old) 

”It was easy to get him growl and bark” (Pair 3, girls, 10 

and 10 years old) 

”We didn’t understand how it turns his head. Easiest was 

the jumping.” (Pair 7, boys, 10 and 10 years old) 
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Figure 3. Smileyometer results of the three statements (smiley-

scale represented as numeric scale). 

The children made various suggestions when asked what else 

could Viki do (based on what dogs normally do). Such 

suggestions were for instance sniffing, fetching a ball, doing 

‟agility‟, sitting by command, peeing, allowing to pet and stroke 

him. Using also speech commands was very much wanted. This, 

as well as the observations, indicates that the augmented Viki was 

not at all considered as a real dog: the children did not expect the 

dog to be as interactive as real dogs are because it was clearly a 

cartoon that people normally merely watch at. In other words, the 

digital interaction affordances remained unidentified also because 

of the style of the content. 

”I could wave my hand like this and it would fetch a ball.” 

(Pair 6, boys, 11 and 11 years old) 

”By keeping hand in fist like this it could make Viki stand 

on his rear legs.” (Pair 10, boys, 11 and 10 years old) 

”It would be nice if in the application there was also 

scenery in the background and other dogs.” (Pair 4, girls, 10 

and 10 years old) 

Finally, one of the methods we applied was not obviously suitable 

for our study. The fun-sorter was difficult to understand and even 

confusing for our participants. It was composed with a 

presumption that all the participants actually find at least the five 

tricks inquired in the fun-sorter. After all, none of the participants 

found more than four tricks, and most pairs found only one or 

two, which forced us to treat this set of data with relatively small 

depth of analysis. 

5.2 Children as Participants 
Most of the children were very shy or lazy in trying to control 

Viki without asking. It seemed that most of their effort focused on 

keeping Viki showing on screen. When Viki disappeared, the 

participants easily thought they had done something wrong and 

got frustrated (in such cases the participants were guided to point 

the 2D marker). Perhaps this lack of robustness of flexibility 

caused the children to feel uncertainty, which decreased their 

interest and motivation to play around with the application and 

hence find out also the tricks that Viki does. 

We observed that 10-11 years old children have still confined 

ability to verbalize what they have done a few minutes ago if the 

given task is somewhat new to the child. Thus, most of our 

participants just repeated to their pair what they had heard earlier 

from the moderator and then they showed how to get Viki on 

screen and on motion. Only two out eleven peer tutors explained 

and showed to their pairs how Viki does certain tricks – based on 

what they had just observed themselves a moment earlier. The rest 

of the peer tutors explained the idea only in general level, without 

any details. In this sense, the peer tutoring method neither worked 

out as efficiently as intended nor allowed us to understand how 

the children comprehend the application. 

Furthermore, the difficulties in verbalizing played a significant 

role in interview results as well. Nevertheless, four out of eleven 

pairs said that there was nothing particularly difficult in using the 

application. Four out of eleven pairs considered some moves to be 

difficult and other moves to be easy. The rest three pairs said that 

it was difficult to control Viki and thus use the application. 

However, based on observation, it seemed that our participants 

could not control Viki as much as they wanted even though they 

declared so. 

6. DISCUSSION AND CONCLUSIONS 
In this paper, we have explored how children intuitively interact 

with a camera-based AR-application that allows gestural input to 

control the application contents. The participants were actually 

quite in fond of the Dibidogs application and smiling faces were 

often observed. However, and more importantly, it seemed that 

the children had to really concentrate to keep Viki on the screen 

in the first place. As a result, the participants seemed hesitant in 

trying out any special gestures. The affordances for gestural input 

were poorly identified during the altogether approx. 15-20 

minutes of playing with the application. 

Most of our participants were very familiar with video games. 

Hence, the children got quickly bored with the simple contents of 

the applications, which might also partially explain why the 

gestures remained unfound. Video analysis pointed out very well 

that the first impressions from by the application and Viki were 

quite excited but soon after that most of our participants lost their 

interest. It seemed that for some participants the application was 

too childish and simple, especially for those who had played video 

games a lot. 

It seems that it is very challenging for children to be able to, first, 

take care of the mixed reality interface remaining visible and, 

second, try to interact with the application with the same modality 

and hand (gestures). Using a web camera for controlling Viki was 

probably strange as a device and thus difficult for some children 

in our study. As a result, Viki often disappeared from the screen, 

which appeared for the participants as if they had done something 

wrong. Therefore, some feelings of failure might have arisen 

among participants. 

Although using a web camera as a controller seems unnatural and 

difficult for approximately ten-year-olds, using the application 

seemed to be more challenging conceptually than physically. 

Nevertheless, some of the participants would have wanted to use 

verbal commands or hand signals in addition to (or instead of) the 
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gestural input for controlling Viki. Use of the 2D QR-code as a 

visual marker was also rather difficult to assimilate for some of 

the participants. 

Additionally, we noticed that maturity of children at the age of ten 

to eleven years varies a lot. However, this is a universal challenge 

that probably is present with children of any age: people of the 

same age are always somewhat different of their behavior and 

thoughts. With such a small sample of participants and not having 

measured their level of maturity with objective metrics, it is not 

useful to draw any conclusions in this regard. 

6.1 Research with Children 
Having children as participants greatly influenced the analysis of 

the research material. It also has an impact on the reliability of the 

study results. One significant factor is that children as young as 

ten years old are in very different levels of maturity. For example, 

the ability to express one with words varied considerably. 

Furthermore, it is hard for a ten-years-old to put into words and 

reflect with the things done earlier in the experiment. 

Rather many of our participants were nervous because of the 

unfamiliar researcher and application. Children clearly tend to 

please an adult, especially somewhat unfamiliar one. Thus, it is 

very difficult to be certain if children have understood task or the 

question in a statement properly or if they are telling their honest 

opinions when interviewed. Therefore, observation based data 

gathering methods seem more reliable in this context. 

Although the children were several times said that “you may now 

try out the app by your own”, most remained waiting for more 

specific instructions and did quite little independently. The 

gestures were not tried out very spontaneously. Only one of our 

participants showed enthusiastic independency in trying out the 

application (perhaps a result of the school context?) 

Consequently, she found more tricks that Viki can do by herself 

than other participants did in pairs. 
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ABSTRACT 

In this paper, we describe a new type of an autovisible immaterial 

display, capable of completely disappearing and re-emerging at 

will. The system reacts to the actions of its users proactively 

before the users are aware of their participation in any interaction, 

or even the existence of the display itself. The system is based on 

a vanishing immaterial projection screen presenting images 

seemingly in thin air, and constant tracking of potential users in 

its vicinity. Real-time tracking enables the system to produce 

monoscopic virtual environments in addition to the traditional 

interactive content. Several implemented applications are 

presented. 

Categories and Subject Descriptors 

H.5.2 [Information interfaces and presentation]: User Interfaces 

- Graphical user interfaces, Input devices and strategies, Screen 

design, User-centered design. 

General Terms 

Design, Experimentation, Human Factors. 

Keywords 

Immaterial display, Kinect, Virtual environment, Ambient user 

interface. 

1. INTRODUCTION 
Traditional computer displays share a number of unwelcome 

aspects when applied to ambient intelligence systems [2]. They 

are bulky and obtrusive, distractive and before all, obvious. While 

most current user interfaces are based solidly on their image 

presenting capability, it is worthwhile to realize, that they are not 

based on displays, per se, but on the image instead [9]. In fact, if 

we had the capability to present an image without a physical 

display, we would most likely prefer that. Similar associations 

apply to the input. Seldom are the keyboard, the mouse or the 

touchscreen more than obligatory obstacles in the way of feeding 

the system with input. 

Recent technological advances [5, 6] have made it possible to 

build completely immaterial interactive systems. The display is 

replaced by an image floating in thin air, and the input results 

from interaction with this immaterial image, best described as a 

non-touchable touchscreen paradigm. This already solves many of 

the ambience eroding drawbacks of traditional displays, freeing 

and unoccupying the display space for other use (or the ambient 

lack of use) while the image is being presented. Nevertheless, an 

active role from the user is required to make the display visible 

and to start the session. And assertively the image remains an 

obvious component of the user's surroundings. 

In this study we take the elimination of the display still a step 

further. The solid existence problem already solved, we 

demonstrate a complete hiding of the whole underlying system 

from the user's perception at times interaction is not required. 

While hidden, the system constantly observes the user in order to 

re-emerge when deemed necessary, not requiring the user to 

initiate an interaction. Since part of the input gathered from the 

unaware user is real-time tracking information, the system is 

capable of presenting content also as virtual interactive 

environment simultaneously and in addition to the customary 

touchscreen concept. 

2. SYSTEM OVERVIEW 
In a straightforward manner, our system hardware consists of a 

commercial immaterial projection screen [3] based on laminar 

flow of fog within a protective air sheath [7], one or two 

projectors, a Kinect tracking device [5] and a computer (see 

Figure 1.). The computer reads the Kinect data, runs the selected 

application and renders appropriate images for the projector(s). 

 

The fog screen is adjustable in density, including total invisibility, 

which we use to turn the display „off‟. Two projectors can be used 

to utilize the very anisotropic scattering of the fog media [1], 

providing two independent images to be seen from different sides 
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of the screen. They are also very useful in the case of an identical 

image, to prevent user self-shadowing and to ensure correct 

luminosity in respect to the environment. In should be noted, that 

when two projectors are used to present the same image from both 

sides, even full self-shadowing is completely unnoticeable 

because of the anisotropism. 

The Kinect can be placed freely to view the user from any 

position, unconventionally including the back side of the screen, 

too. As the screen can be used from both sides, the definition of 

front and back side may actually change in the course of a single 

session. To avoid the users themselves blocking the tracking of 

the important aspects (hands, fingers, eyes) for interaction, several 

Kinects could be used. We have not implemented this yet, though. 

The real time tracking of the user‟s eyes enables accurate 

rendering of virtual interactive objects in addition to typical 

planar screen images. When presenting virtual environment 

content on the system, the usual geometrical limitations due to the 

viewing frustum naturally apply. In practice, the most convincing 

impression of actual 3D objects is achieved when the objects 

reside near the screen plane, due to the monoscopic limitation of 

the display. All common stereoscopic methods requiring special 

headwear (polarization, anaglyph or shutter glasses) could be used 

with the fog projection, but headwear would severely distract the 

users and destroy the ambience. 

3. IMPLEMENTATION 
The system implementation is quite streamlined. The Kinect 

streams the tracking information to the computer, which runs 

Windows 7 and the official Kinect driver. The driver outputs the 

Kinect image, the depth image and the skeleton data to the 

application. The skeleton data is not used directly, but as to yield 

favorable starting points for the depth data analysis for tracked 

features. The user's face is tracked with a few simple Haar-like 

features employing an integral map [8]. After a positive match is 

found, the eye locations are individually re-tracked based on their 

depth indentions. The fingers are tracked as the outmost depth 

protrusions near the driver estimated wrist joint location. 

The fog presents a unique challenge for Kinect tracking. While 

seemingly very thin or almost invisible, the laser pattern of the 

Kinect still randomly reflects off the screen, generating false 

readings to the depth information. Fortunately, these readings all 

happen at the known screen plane, so they can be easily filtered 

out. They harm the tracking still, if one of the tracked features is 

directly behind them, though. This can naturally only happen in 

the through-screen tracking situation. In such cases the data is 

patched before tracking based on the nearby healthy depth pixels. 

The eye locations are normally used for stereoscopic projection 

matrices, but since our system only supports monoscopic images, 

the average of the eye locations is used for the single projection 

matrix. The amount of error this generates for virtual object 

presentation depends on the relative position of the user and the 

object from the screen. At screen distance, the object error always 

cancels out and at great user distances the relative impact of any 

error is less pronounced as the human stereovision is less 

accurate. 

In cases where the eye location is not available due to occlusion, 

the system defaults the perspective to a reasonable neutral 

position. Since this obviously is a major distraction if repeatedly 

triggered, we smoothed the transition by an in situ generated ease 

curve. If the eye location unexpectedly is reacquired, the 

perspective returns to the correct one smoothly resulting in only a 

slight wobble in the virtual objects. 

To simplify the data structure and the program, all data is 

internally defined as 3D virtual objects, but the ordinary planar 

screen content is a planar texture located on the fog screen plane. 

Therefore the effects of all problems above mathematically cancel 

and the planar content does not suffer from them. 

4. APPLICATIONS 
To verify the concept and to find the limitations of the system, 

several trial applications were created for different use scenarios, 

testing different approaches to hidden proactivity. While these 

studies were not actual, serious real world applications, they were 

very close and basically only lacking in the depth of content. 

4.1 Non-touch touchscreen 
The starting point for the tests was a mid-air touch-screen display 

with the ability to vanish and re-appear at command. All 

interaction is mapped to mouse operations and therefore any 

mouse operable application is usable. The tracking accuracy limits 

the use of high definition operations, but is very convenient for 

pressing buttons or clicking links. Vanishing is commanded with 

a specific button on the screen as well as triggered by an idle 

timeout, and the leaving of the user from the vicinity of the 

system. Re-appearing is caused by touching the empty screen 

space when the image is absent. 

4.2 Information display 
Viewed as suitable for public use, an interactive 3D map was built 

to ease navigation in a large building, such as a mall, a hospital or 

a museum. The display stays visible at all times to invite users, 

and when a user approaches the display the image switches to 

virtual environment mode, in which the projection matrix is 

calculated for the user specifically. By 3D-touching different parts 

of the map, specific information is provided of them. 

4.3 Digital signage 
This application presents its contents very much like the 

information display in 4.2, but is normally invisible. As an 

attempt to create additional attention, the image spontaneously 

appears as a user approaches the display. This mode of operation 

is best described as ambushing. The content is tracked at all times, 

possibly further adding to its character. The interactivity is 

identical to 4.2. 

4.4 Vantage point 
This application is the most ambient and calm one of our test set. 

A display with no apparent interaction presents a view through a 

large virtual window into a selectable scenic landscape 

(see Figure 2.). The user is unaware of the constant tracking - 

necessary to present the image in correct perspective at infinity. 

To underline the effect of vast distance, and the difference to an 

ordinary landscape view, window frames can be presented at the 

screen plane, making it effectively a “magical mid-air portal to 

another dimension”. If the user points at landmarks at the scene, 

more information is provided. 

The pointing differs from the previous examples as instead of 

touching a point in the image (usually referred to as „pointing‟), 

the user actually points a direction, which is a vector calculated 

from the position of the pointing fingertip and the position of the 

eyes. Since there is no way for the system to know in advance 

which eye of the user is dominant (and signifies the intended 
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vector), the midpoint of the two eyes is used - exactly as for the 

perspective calculations, but for a completely different reason. 

Thus the direction cannot be very accurate in the horizontal 

direction. There exists a theoretical possibility for ambient eye 

dominance determination, as if there are separate clear landmarks 

in the scene, the user is more likely to point directly at them than 

to the mundane space between them. 

 

 

 

 

 

 

5. DISCUSSION 
The early tests show that the vanishing display definitely adds an 

element of surprise to increase the attraction of an installation, as 

well as approaches the ultimate level of ambience when 

disappearing completely. The current rough prototype is still 

bulky and far from perfect, but in theory it already could be 

hidden in the room ceiling. The only visible parts would then be 

the minute lenses of the projectors and the Kinects. And while the 

display is completely invisible when wanted, it is never inaudible 

or even intactile (one can sense the airflow). Thus the goal of 

totally hiding the display from the users perception is not reached 

yet. The fog screen relies on protective air current and if this is 

turned off, there is some delay (several seconds) before the screen 

is useable again. 

Formal user tests have not been commenced yet, but the early 

reception has been enthusiastic – probably due to the novelty of 

the effect. The actual benefit and worth of the vanishability of the 

display should be evaluated in a further study. 

Based on the experience from the application 4.3, virtual objects 

appearing from thin air are especially captivating to the users. A 

further refinement would be to make the change from invisible to 

visible gradual, so that a sharp threshold is avoided, together with 

the associated sudden switch in the mental context. 

As with all immaterial displays, tactile feedback to the user could 

be highly beneficial. Demonstrated solutions exist [4], but they 

have not been incorporated to our system yet. 
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ABSTRACT 

This paper presents a qualitative study of users' needs and wishes 

for designing 3D virtual music spaces. We used a mix of methods 

in order to find out which kinds of virtual 3D spaces and activities 

would provide a positive music and entertainment experiences. 

Our concept design and evaluation phases included several 

methods; interviews, user evaluations, scenario walkthrough, 

selection tasks for sketches, and self-expression method. We 

created a self-expression template, which enables users to express 

their ideas, wishes and needs by drawing and writing. Based on 

the results of the concept evaluation with 23 participants, we 

designed 3D models of the two different types of the 3D virtual 

music club spaces for designers' and developers' use.  

Categories and Subject Descriptors 

H5.m [Information interfaces and presentation] (e.g., HCI): 

Miscellaneous. 

General Terms 

Design, Experimentation, Human Factors. 

Keywords 

3D model, concept design, self-expression method, user 

experience, virtual music space. 

1. INTRODUCTION 
Both industry and research are interested in three dimensional 

(3D) applications and user interfaces (UIs) [8][12][21]. Typical 

area for 3D applications are games and maps, especially mobile 

massively multiplayer online (MMO) games have become popular 

among tablet users [9]. Despite of the large interest of the 3D UIs, 

most applications are 2D or 2,5D from an interaction point of 

view. According to Bowman's et al. [4] definition a 3D UI 

involves 3D interaction, which refers to a human-computer-

interaction where a user performs tasks directly in 3D context. 

Our approach to 3D is that we have a 3D space on tablet device 

and we can directly interact with the 3D objects in the space with 

touch gestures or other input modalities (e.g. front camera and 

sensors).  

The development of virtual 3D environments is often a technical 

driven approach; the focus is often on what can be developed and 

how effective the performance is. How users experience 3D 

virtual environments (VEs) and what wishes and needs they 

would have for 3D environments and services is less studied. 

Bowman and Wingrave [5] compared three menus; TULIP menu 

system using Pinch GlovesTM, floating menus and a pen and tablet 

menu. They found that the pen and tablet menu had the best 

performance, but users had preference for TULIP menu [5]. Light 

and Miller [22] have studied the value of 3D graphics to the 

organization and dissemination of knowledge by their Miramar 

virtual 3D workplace. Also Staples [28] presents different 

examples of depth of space, which is one key research area in 3D 

UI and VE fields. All these studies have been made in a computer 

context, not for touch screen tablet devices, where we expect the 

visual design and user interaction to be slightly different. For 

example, Salo et al. [26] have studied how users experience an 

interaction with hybrid 2D/3D UIs on touch screen tablet devices 

and found that a large amount of 2D overlay icons decreases the 

interaction with 3D objects in 3D space [26]. 

In the mobile MMO games, the visual design has a more 

technology or artistic driven approach than a user driven. 

However, games have been studied a lot from playability aspects 

[17]. In VE area, Gabbard et al. [11] have conducted a user-

centered design and evaluation for virtual environments in order 

to ensure usability of VEs. Hix et al. [13] were the first who used 

several user-centered methods when they studied user interaction 

with a Real-Time Battlefield Visualization Virtual Environments. 

They reported the user-centered design and evaluation to be a very 

cost-effective strategy for assessing and improving a user 

interaction design. However, their study did not focus on the 

visual design. Most analysis of design in virtual space 

concentrates on the user interaction design [11][13][5] and 

landmarks [32] in virtual environments.  

Our approach to design 3D UI and virtual space is heavily user-

centered. Before the visual design phase, we studied users needs, 

wishes and preferences for 3D virtual space, especially relating to 

music context [2]. After this, we had concept design and 

evaluation phases were we applied several user-centered methods. 

Based on user experience (UX) information gathered by 

interviews, user evaluations and different comparison and self-

expression methods, we designed 3D models of indoor and 

outdoor virtual music club spaces.  

2. BACKGROUND AND MOTIVATION 
One of our research topics was to study how to enhance social 

interaction in the 3D space via tablet device. In the early phase of 

the project we selected music as a basis for content creation. 

Music is a powerful driver for social networks that helps connect 

music groups with their fans, e.g. through MySpace [6][7]. 
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Virtual worlds are also a very popular medium and it is only 

natural that people would attempt to combine elements of music 

and virtual space for collaboration and entertainment such as 

vSide and Cyworld [23].  

Our project is primarily focused on mobile touch screen tablets 

but the technical issues of mobility and UI interactions are outside 

the scope of this paper. Instead the focus is on concept design and 

user experience i.e. how to design for user experience by utilizing 

UX methods and different virtual and paper prototypes. The 

current 3D UI research requires comprehensive studies with 

different interaction mechanisms and especially from the user 

experience point of view. ISO 9241-110:2010 defines user 

experience as: a person's perceptions and responses that results 

from the use and/or anticipated use of a product, system or 

service [15]. Therefore, UX should be evaluated before, during 

and after the use [30]. However, there are not enough systematic 

methods on how to evaluate user experiences [30]. Especially, 

there is a need to develop and use low-cost methods for UX 

evaluation and utilize the collected information in the early phase 

of the development process [33]. Because user experience is 

dynamic, context-dependent and subjective [20][24], an 

understanding of how users experience 3D UIs and applications 

requires various types of evaluations in all development phases, 

from concept designs to final product evaluations. This demand 

brings challenges for UX research methods in 3D UI studies. 

There are previous studies of 3D paper prototypes [29] as well as 

virtual prototypes [18], and how they can be applied in different 

fields. Also self-reporting and -expression methods have proved 

to give qualitative and subjective information of people’s 

conscious and unconscious experiences, expectations and wishes 

[1][10][16][19]. 

In this paper, we present users' needs and wishes for a music 

networked virtual space, and we do this by utilizing mixed user 

experience methods and especially by using a self-expression 

method where users draw what they would like to see in their 

virtual space. This method is created based on the idea of the 3E 

(Expressing Emotions and Experiences) method [1][30]. 

3. STUDY METHOD 
For studying users' needs and wishes for 3D virtual music spaces, 

we used several UX methods. First we gathered music users needs 

by interviews [2]. Then we created scenarios, storyboards and 

music club sketches for the user evaluations. We also wanted 

participants to be involved in the music club design by asking 

them to express their ideas and wishes by drawing and writing. 

For that task we developed a self-expression template based on 

one figure in the storyboard (Figure 2). This section introduces 

the  mixed methods approach by presenting the path from 

interviews to concept designs, sketches and self-expression 

method. 

3.1 Interviews Before Design Phase 
In the early phase of the project we studied music users' current 

activities, needs and wishes for 3D virtual music space [2]. We 

conducted interviews with 16 music listeners. From these 

interviewees, 5 persons were only listeners, while the remaining 

11 were either professional or hobbyist musicians. Also, a few 

organize music events. Interviews elicited a lot of valuable 

information for brainstorming and concept design phase. One 

important finding was that a network virtual environment for 

music users should provide socializing elements, but also take 

into account those listeners and musicians who are not so 

interested in the use of social media services. Also, the service 

should provide functions for all listeners, musicians and 

organizers in order to help them to interact and make new 

collaboration. In order to have a large amount of users, the 

environment should provide several activities for listening, 

finding new artists, buying music related items, finding gigs and 

providing entertainment elements (e.g. videos, movie clips, mini 

games, competitions, user ranking). The results from these 

interviews are discussed in the more detail in [2]. 

3.2 Concept Design and Storyboards 
Based on the interviews, we created nine scenarios from listeners 

and musicians points of views and finally selected two scenarios 

for the storyboard creation phase. The storyboard describes a new 

user's path to visit in a virtual music club and interaction with 

friends via avatars and chat by utilizing different inputs modalities 

(virtual keyboards, touch and gestures for emotes). The 

storyboards also included example cases for our larger research 

topics for designing 3D UIs, icons, menus and virtual public and 

private spaces. Figure 1 is an example of our 3D Menu for avatar 

selection (Figure 1). This figure also depicts how the user's UI 

component can be at the front of the space, and the space is 

dimmed dark grey so a user can focus on the UI menu (a user can 

switch between 3D space and UI menu). When storyboards were 

ready we also prepared other material for the user evaluation. We 

created different types of material for evaluation, for example, 

sketches of music club environments and self-expression template 

for catching user's ideas, needs and wishes towards virtual 3D 

music club house. 

 

Figure 1. An example view of the storyboard: avatar selection 

from the 3D Menu. 

3.3 Self-Expression Method 
User experience research requires different creative methods for 

capturing users' wishes and ideas. Self-reporting and expression 

methods lead users to express their subjective and emotional 

experiences as well as wishes and ideas [1][30]. We created an 

expression template (Figure 2) related to our storyboard topic and 

example figures. After scenario walkthrough, the participants 

were asked to draw and write what wishes, ideas and needs they 

have for 3D virtual music club space. 

 

Figure 2. An example of the self-expression template on A4 

paper in our 3D virtual music club study. 
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Figure 3. Eight examples of the 10 music club sketches.  

3.4 Sketches of Music Club for User Ranking 
For the user evaluation we drew 10 sketches of the different 

indoor and outdoor music club spaces (Figure 3). These sketches 

were created because we wanted to investigate what kind of 

virtual music spaces people would prefer and why. We selected to 

use sketches in the user evaluation, because it is time- and cost-

effective method to gather user feedback. Moreover, it enables 

users to express their thoughts about the visual style, content and 

space size. 

3.5 Participants 
We planned the content of user studies based on our test material 

and in respect to project topics. In the recruiting phase, we wanted 

to have groups of people who already know each other, because it  

fitted to a social networking context in which we were interested 

in as well. We estimated that three to five persons is a suitable 

amount of members in each group in order to be able to conduct 

test cases properly. We had 10 evaluation sessions with 23 

participants in total. From these, four were focus groups with 3 to 

5 persons. In one session we had 2 participants. The remaining 

five sessions were individual evaluations. The evaluation content 

of each session was the same. We had 5 females and 18 males, 

and their age varied from 24-56 years and average was 34. The 

sessions lasted from 1 to 2 hours depending on how many people 

were in a group.  

3.6 User Evaluation Process 
In the beginning of the evaluation sessions we introduced users to 

tablet devices by having a short icebreaking session, by watching 

a video from YouTube. The participants also filled out a short 

background questionnaire before the evaluation. After 

icebreaking, the moderator made a walkthrough of the listeners' 

storyboard with participants and asked them freely comment ideas 

on the scenario. After walkthrough, the moderator asked more 

detailed questions from the selected topics (e.g. Avatar selection 

from a 3D menu, virtual keyboards, private chat and bubbles, 

avatar emotes and gesture controls). Next the participants were 

asked to draw and write their wishes and ideas by using a given 

template (Figure 2). It was important to enable both expression 

ways, drawing and writing, in order to support different users 

habits and strengths to express them-selves. Users' final task in the 

session was to select 3 of our 10 music club sketches (Figure 3) 

and rank them as the best, the second best and the third best and 

then give a comment about the selections. 

4. FINDINGS FOR VISUAL 3D DESIGN 
In this chapter we present findings from sketch and self-

expression tasks. The sketch ranking and commenting task gave a 

lot of good feedback for our future concept design and 3D 

modeling. In this paper we focus heavily on presenting the 

analysis and results from the self-expression tasks, which proved 

to be a very fruitful method for capturing users' ideas and wishes. 

The final 3D models (see section 4.3) are developed based on the 

findings from these both tasks.  

4.1 User Experiences from Sketches 
From the 10 sketches, four (Figure 3, 1-4) were clearly the most 

preferred. The sketches 1 and 2 in the figure 3 were the most 

popular. Almost 40% of the participants ranked the rock cellar 

(Figure 3, 1) as the best option (Figure 4). Users liked small 

intimate space and rock style. The participants commented that 

this is like a rock club or rock living room and it was regarded as 

"not too neat or stylish". Two persons stated that this space looks 

like a place that they could go in real life as well.  

The outdoor music space was also preferred and it was associated 

with festivals (Figure 3, 2). The participants liked that there were 

different areas for different actions: chat in the sofa, listen to 

music on the stage, chat with the bartender, etc. The participants 

 

Figure 4. Users' ranking for 10 music club sketches (Figure 3) 
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liked a festival or a party feeling and one subject commented that 

one could go inside their own virtual VW Kleinbus for private 

chat. This was an interesting statement, because when designing 

3D virtual environments, it is important to design the private chat 

visually so that users can understand when chat is private and 

when public. One participants compared virtual environment to a 

real one by commenting that "it is always nice to be outdoor". The 

other participants said that it is bad if it starts to rain in virtual 

environment, then the stage is not good in outdoor. These 

comments relate to design issues: should virtual environment 

imitate the real environment including weather conditions? Do we 

need raining in the virtual environments? 

4.2 User Expressions from Drawings 
The self-expression template enabled the participants to express 

their ideas by drawing and writing (Figure 5, A). We got a lot of 

users' ideas via different drawings. One participant just drew a few 

lines depicting disco lights and wrote a few words specifying the 

functions of a music service. Only four participants preferred 

writing their ideas. Most of the participants drew different objects 

into Music Club. They elaborated on existing material (jukebox, 

stage, band, floor, avatar) and invented totally new ones 

(loudspeakers, video screens, dance floors, disco balls, other 

avatars (friends), etc). They also added text to explain their 

drawings or describing their ideas for music services. Figure 4, B 

gives a typical example of a user's drawing. This person drew 

different personalized speech bubbles for all avatars. The 

participant also drew a lot of actions: fan mailbox, ratings and 

reviews, competitions and dance carpet game. 

The user's drawings were analyzed by applying the affinity 

diagram method developed by Beyer and Holtzblatt [3]. This 

approach was selected because it is a proper method for collecting 

and grouping different topics from a large amount of material. In 

the first step we collected ideas from the 23 drawings with post-it 

notes, and got a total of 194 notes (Figure 6, A). Notes were made 

in different colored papers in order to be able to track ideas back 

to their source (each interview session had its own color). After 

writing down notes, we started to analyze and grouping issues 

(Figure 6, B). In the first round we found 20 groups. In the next 

step (Figure 7) we did a further round of analysis and combined 

these grouped topics into 11 groups. We drew a diagram (Figure 

8) of these groups. 

A lot of ideas were discovered during the task when users drew 

and wrote what they wanted to have in their 3D virtual music 

environment. The diagram of users drawings (Figure 8) depict the 

items or services that 3D virtual music club could provide. The 

groups Space, Visual Style, UI (User Interface), Media Center, 

Entertainment Interaction and Communication & Social 

Interaction got the most of users' comments and they are discussed 

in more detail in this paper. 'Info boards', 'Links' and 'Shop' got 

only few notes. However, those are issues that users can expect to 

be in each online service anyway. 'Info board' included public 

information for all club visitors about gigs and events. 

Participants also proposed 'Info boards' which give information 

about the bands, members, their instruments, gigs and playlists. 

'Links' included links to other related web pages and services like 

Spotify [27]. From the 'Shop', users wanted to buy clothes to their 

avatars and merchandises like coffee cups and t-shirts with a 

band's logo shipped directly to their home. 

A  
 

B  

Figure 5. (A) A participant is drawing her ideas on the template  

(B) An example of one participant's drawing. 

A   B    

Figure 6. (A-B) Researchers are analyzing the drawings. 

     

Figure 7. An affinity diagram of the users' ideas. 

 
Figure 8. Eleven groups identified after the 2nd analysis round. 
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4.2.1 Visual Style of the UI and 3D Spaces 
The most popular topics related to issues like: 'Media center', 

'Communication & Social interaction', 'User Interface (UI)', 

'Visual style' and 'Entertainment interaction'. 49 notes related to 

the space; how music club should look like, or how a user could 

customize and use it. Participants from 7 out of 10 sessions 

commented on the 'UI' and 'visual style' issues. For instance, they 

drew and described what kinds of objects they would like to have 

in such a space. They proposed items such as sofa, chairs, tables, 

stairs to the stage and music related decorations on the walls for 

example band posters. They wanted that the space reflects a club 

and music genre styles (in this case, rock style). They also wanted 

small lodges and corners, more intimate spaces where they can 

chat. They also wanted to have other spaces, for instance, rooms 

or a backstage, where they could meet band members and a door 

to act as an exit from the application or to go outside. They 

proposed temporary spaces, which are visible when needed: 

instruments storage and dance floor. 

The participants wanted to have the possibility to modify the 

club's visual style and colors. Some participants commented that 

the club should reflect the band's visual style: band name on the 

wall, drums and other instruments. They also suggested that band 

members' avatars could play on the stage. One participant said 

that a band could have their own 3D virtual music club, which  

could even replace their current web pages. The band could create 

their virtual club and select what kind of special effects they want 

in there. The band could arrange virtual gigs in their virtual music 

club. Each virtual gig could be different and unique, because 

bands could design what happens during the gig: pyro and light 

shows and other extra material. Finally at the end of the gig, the 

club could start to destroy itself, so audience could have a unique 

gig experience. Some users drew UI elements for light and color 

editing, loudspeaker controlling and camera view adjusting.  

4.2.2 Media Center 
The Media center was one of the biggest topics as well. 54 notes 

related to media issues, for example music searching and 

listening, video screens, media players, mixing table, lights and 

playlists. Media issues were drawn in all of the 10 interview 

sessions.  

Jukebox was an existing item on the template. 6 users wrote or 

drew functions on the Jukebox. They proposed the following 

functions into it: settings, music coverage area, player, songs, 

playlists, lyrics, review/rating channel, rehearsal records, demos, 

loudspeakers and avatar playback selection. The avatar playback 

selection means that avatars on stage change their visual 

appearance according to the band members of the song that is 

played. The music coverage area refers to the idea that a user 

could select different music for whole club area, private chats and 

oneself. So the user could utilize the music service for listening 

and acting as a DJ for other listeners. 

In addition to 'Jukebox' functions, the 'Screen' was found to be the 

important object in the club. Participants wanted to have video 

screens and TV-monitors for following news, sports and text-TV. 

Users wanted several sizes of screens located in different places in 

the club: behind the stage, near to the Jukebox and on the walls.  

4.2.3 Entertainment Interaction 
Entertainment interactions were found in 16 notes from 5 

interview sessions. This group related to fun aspects, for instance, 

participants wished to have different competitions, games, dance 

carpet game and instruments that users could play by touching the 

screen. They also hoped that they could play on stage with their 

avatars. A few notes related to dance floor actions, where the 

user's avatar could dance automatically based on the music 

played. Also they would like to have dance bots (pre-dancer, pole 

dancers). They also hoped to have the possibility to sing karaoke 

and make reviews of others' performances. 

4.2.4 Communication and Social Interaction 
Communication and social interaction group included 56 notes 

about users' ideas on what and how they would like to interact 

with other music club users. Communication was regarded as an 

important aspect in 9/10 interview sessions. Participants wanted 

to have a possibility to interact with friends, band members and 

other fans. They also wanted to see who is online. Also a 

possibility to search for friends was mentioned. They wanted to 

have a possibility to share music and links online. They 

commented that 3D virtual music club could be a more interactive 

way to contact bands. They wished to have a possibility to 

comment on band's music and an influence on their playlist at the 

next gig. 

Fan listeners were interested in music club concept, and one 

person drew a fan mailbox. This person also thought that fans 

could get points of how good fans they are. There could be 

different parameters to measure goodness. For example, fans 

could earn fandom points from attending and carpooling to gigs. 

Also if they write lyrics for bands or if they make fan art (videos, 

photos, etc.), they could get points. With a certain amount of 

points, they could get to the next fan level and get some awards 

such as an access to the virtual club's backstage. This 'good fangirl 

or fanboy' could be recognized in the virtual club from the avatar's 

appearance, for instance, the avatar could be dressed in special t-

shirt. In addition to communication with friends and fans, some 

participants proposed that the club could have 'avatar employees' 

such as doorman and bartender, who users could chat with. They 

wanted them to be real persons, not bots. 

The role of avatar is big in this communication group. Participants 

wondered how they could enhance interaction by avatars. A few 

of them thought that the avatar's emotes could enrich non-verbal 

communication, for instance, if a person is joking. One user drew 

how his avatar could entertain others by throwing confetti and 

making armpit farts. Avatar could be used also for depicting user's 

musical interests, for example, the avatar could be dressed in a t-

shirt with user's favorite band's logo. Participants wondered how 

their avatar appearance change when they are offline or away from 

the device. Also they wondered about how the amount of users 

affects the usability and user experience of the service. As a 

solution for this issue, they proposed that friends could be located 

near to each other in the club.  

Participants were also interested to move and dance by touch 

gestures, using icons or menus. For example, one person said that 

it could be nice to slow dance with some other avatar and for 

doing that there could be the "Shall we dance?" emote.  

The Communication group included chat notes as well. Some 

users drew private chat areas with different colors to indicate that 

they have several private chats ongoing. They thought that other 

users are not allowed to see who are chatting with (point-to-point 

chat). One person drew personal chat bubbles, in order to 

recognize who is speaking. 
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4.3 3D Models of Virtual Music Club Spaces 
One contribution of these concept design and evaluation phases is 

the design of 3D models of the virtual music club spaces (Figures 

9-11). These 3D models are designed based on the user feedback 

gathered from this study. The 3D models include elements that 

users wanted to be in the virtual club, for example, dance floor, 

intimate places for private chats, music listening instruments, 

video screens and bar. The description of the development process 

of 3D models can be found from [13]. 

 

Figure 9. Image of the 3D model of the outdoor virtual music 

club space designed based on UX study findings (e.g. dance floor, 

sofas, chairs and tables, video screen, stage, bar). 

 

Figure 10. Image of the 3D model of the indoor virtual music 

club space designed based on UX study findings (e.g. dance floor, 

band, bar, lights). 

 

Figure 11. An example image of the 3D model of a virtual music 

club space designed based on UX study findings (e.g. sofa area 

for chatting and place to listen example music files). 

We have utilized these designs in our other 3D UI studies, but we 

have not evaluated how users experience these 3D spaces. In the 

future it would we useful to study how users perceive these 

environments and how they use interactive 3D objects embedded 

into 3D space. 

5. CONCLUSION 
One aim of our project is to study 3D network virtual 

environments. In this experiment we focused on 3D virtual music 

club concept design and evaluation. We studied what kind of 

content and activities people would like to have in such a 3D 

space. Concept evaluation with self-expression template provided 

a lot of ideas for the development of 3D virtual spaces and music 

club concept. The low level concept description (storyboard), 

sketches and self-expression template enabled people to express 

their ideas freely.  

Our study indicated that participants wanted to have same objects 

and spaces which exist in the real life in music clubhouses and 

festivals. However, 3D virtual space could and should provide 

something extra value for users, for instance, it should ease the 

making of new contacts to band members or other fans. Likewise, 

a 3D virtual music club could make communication more 

interactive, which could enable bands and listeners to have fruitful 

co-operation. Some participants were ready to pay a small price 

for the 3D virtual gigs. Based on the user evaluation findings we 

made 3D models of virtual music environments, both indoor and 

outdoor spaces. In our future studies we will use these findings 

and 3D models for designing and evaluating 3D UI concepts with 

different 3D virtual spaces. 

In this paper the focus was on concept design and evaluation 

phases, and it was important to find the ways to study design ideas 

from user experience point of views in early phase of the project. 

Based on this study we have positive experiences of the use of 

creative and light methods for investigating users thoughts, 

preferences and experiences. 
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ABSTRACT 
In the past few years, there has been a rapid increase in the 
everyday usage of cameraphones and image sharing services. The 
existing services offer means to store, tag and share photos, but 
they offer only limited means to geotag and offer meaningful 
representations of the captured media content. We conducted a 
two-month field study of Image Space, an Internet-based service 
that allows people to automatically share and geotag photos (and 
sounds) onto 2D and 3D representations of photo collections 
online. In the study, we explored people’s perception with regards 
to capturing and sharing geotagged mobile media content and 
whether geotagging increases the personal and social value of the 
photos. The study also looked into Scenes, which allow people to 
organize photos according to spatial and/or chronological 
associations. We report our findings based on three types of 
geotagged media content: photos, Scenes, and sounds. Our 
findings suggest that participants took photos of objects for self-
documentation of their daily lives, of places to show to others 
what life is like where they live, and of people, which they used to 
reflect on overall aspects of privacy. Regarding the creation of 
Scenes, participants used them for storytelling, to save a journey, 
and to explore places by means of guided tours. Sounds were 
mainly used to support storytelling. Additionally, we report on 
novel practices with respect to the creation of Scenes, and photo 
capturing for Scenes, i.e., by taking photos and sounds from a 
moving vehicle. 

Categories and Subject Descriptors 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous. 

General Terms 
Experimentation, Human Factors. 

Keywords 
Digital Photography, Geotagging, Cameraphones. 

1. INTRODUCTION 
The last years have witnessed a rapid increase in the number of 
both high-quality cameraphones and services that support picture 
taking, browsing and sharing. As a result, new photo taking and 
sharing behaviors can be observed among mobile users. Services 

such as Flickr1 and Photobucket2 allow users to share and 
comment their photographs online. Location-based image services 
such as Google Panoramio3 and Zonetag4 for Flickr, allow 
geotagging photographs, i.e., placing the pictures spatially as a pin 
on a map. Other services such as Microsoft’s Photosynth5 [20] 
provide new ways to interactively browse and explore large 
collections of photos in 3D-reconstructed environments. More 
recently, specific iPhone and Android apps such as EveryTrail6 or 
Path7 allow people to share their personal photos, link them to 
their location and, in the case of the former, document them as 
trips. From the users’ point of view, most of these services require 
extended photowork [13] (i.e., reviewing, downloading, 
organizing, sorting, filing photos), before they are able to see the 
captured content online.  

With regards to people’s geotagged mobile media content capture 
practices, our interest was to look at: how do people perceive 
technologies that automatically do some of the photowork for 
them? What sort of content do they want to capture using such 
technologies? What do they consider worth photographing and 
sharing? How do these technologies affect their earlier photo 
practices? And how do they explore geotagged mobile media 
content when it is presented online on a 2D map and in 3D space? 
Our main concern was to look at whether adding location 
information to mobile media content increases their personal and 
social value. 

This paper presents the results of a two-month empirical study of 
geotagged mobile media content use. We equipped 20 people with 
the Image Space [15] service, an Internet-based service that 
allows people to automatically share geotagged mobile media 
content captured with their cameraphones onto 2D and 3D 
representations of photo collections online. The service also 
introduces Scenes, which allow people to organize photos 
according to spatial and/or chronological associations. We report 
our findings based on three types of geotagged media content: 
photos, Scenes, and sounds. Our findings suggest that participants 
took photos of objects for self-documentation of their daily lives, 
of places to show to others what life is like where they live, and of 
people, which they used to reflect on overall aspects of privacy. 

                                                                    
1 www.flickr.com 
2 www.photobucket.com 
3 www.panoramio.com 
4 zonetag.research.yahoo.com 
5 www.photosynth.net 
6 www.everytrail.com 
7 www.path.com 

 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
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Regarding the creation of Scenes, participants used them for 
storytelling, to save a journey, and to explore places by means of 
guided tours. Sounds were mainly used to support storytelling. 
Additionally, we report on novel practices with respect to the 
creation of Scenes, which allow people to organize photos 
according to spatial and/or chronological associations, and photo 
capturing for Scenes, i.e., by taking photos and sounds from a 
moving vehicle. Our key contribution is that we expand the 
knowledge on people’s mobile media content capture and sharing 
practices with the help of geotagging.  

2. RELATED WORK 
2.1 Personal Photography 
There is a rich literature on both conventional and digital personal 
photography and their associated practices. In the field of 
anthropology, Chalfen [5] studied conventional family 
photography and the role of photos in the home. The term Kodak 
Culture refers to the old practice of sharing printed photos or 
video footage of friends and family in a ‘home mode’ type of 
communication. Chalfen describes in detail the behavior of 
storytelling or using one’s photos to tell stories about the pictures.  

When consumers adopted digital cameras, the HCI community 
began a rich tradition of studying people’s practices surrounding 
digital (and conventional) photos. Van House et al. [24] identified 
three social uses of personal photography: constructing personal 
and group memory, creating and maintaining social relationships, 
and self-representation and self-expression. Miller and Edwards 
[18] looked at people from the Kodak Culture who had fully 
converted to digital photography to see how their practices have 
changed. They also studied people’s digital photo sharing 
practices on Flickr. They found two types of practices: the Kodak 
Culture and ‘Snapr’ people. Compared to the former, ‘Snaprs’ are 
less concerned with privacy, share photos outside their existing 
social networks, and concentrate on taking pictures instead of 
sharing them. 

2.2 Mobile Photo Taking and Sharing 
More recently, the use of cameraphones opened a new line of 
research for personal photography. With their prototype, Mäkelä 
et al. [17] first studied networked digital photography enabling 
photo sharing that was nearly synchronous with capture. They 
identified that people shifted from telling stories about the 
pictures, to telling stories with the pictures. Koskinen et al. [14] 
and later Kindberg et al. [12] looked at another type of image 
sharing with cameraphones via MMS. Ames et al. [4] conducted a 
5-month study of cameraphone photography and derived a list of 
requirements for mobile photoware. A new line of research looks 
at collocated photo sharing with cameraphones. Based on four 
inter-related studies on collocated photo sharing, Van House [27] 
identified 11 forms of face-to-face sharing, each bearing unique 
advantages and limitations. Stelmaszweska et al. [22] studied 
collocated photo sharing where both capturing and sharing are 
done through cameraphones. They focused their work on 
understanding the role of the place where sharing occurs, how and 
when people share photos, what determines who the photos are 
shared with, and what influences their sharing experience. 
Mobiphos [6] supports capturing and real-time sharing of photos 
among members of a collocated group using cameraphones. Pass-
them-around [16] supports ad hoc photo sharing for small groups 
of collocated people by taking into account the spatial 
arrangement of people around a table.  

2.3 Geotagged Photo Content  
There are several applications and services that support 3D or 3D- 
like navigation of digital images. Davis et al. [7] describe the use 
of contextual metadata for creating new experiences for users of 
digital cameras and camera phones. Currently, geotagging has 
become a common way to structure photos and present them on 
top of a map view on the user’s personal computer (PC) or Web 
browser. Location-based image services such as Google 
Panoramio and Zonetag for Flickr provide such a map as an 
option to present pictures. People can position the photo either 
manually on the map or the location can be fetched from the 
metadata of the photo if the user has a camera equipped with 
Global Positioning System (GPS). Google Earth and StreetView 
provide popular systems for users to add their photos and show 
them in their respective places on geographically contoured and 
3D navigable views, together with some buildings shown as 
textured 3D models. Other services such as Microsoft’s 
Photosynth [20] provide new ways to interactively browse and 
explore large unstructured collections of photographs in 3D 
reconstructed environments. Torniai et al. [23] present a system 
that uses a separate device to record heading information at the 
time of taking a photo. A browsing interface uses this metadata, 
providing users with arrows to move towards photos taken in 
selected directions from the current open viewpoint. PhotoField 
[9] is a personal photo album software that enables users to create 
spatial slideshow effects to support storytelling. Slideshows are 
created manually by adding arrows and geotagged metadata to 
create 3D animations, requiring extensive editing work. 

Inspired by Ames et al. [4], we conducted a two-month field study 
of geotagged mobile media content capture, share, and use, by 
introducing participants to the Image Space service.  

3. IMAGE SPACE 
Image Space [15] is an Internet-based service that allows people 
to share photos (and sounds) from their cameraphones. When 
contents are captured, the service automatically: 1) collects 
location and orientation data (i.e., GPS and compass metadata), 2) 
uploads both content and its associated metadata, and 3) produces 
2D and 3D representations (i.e., map and 3D view) of the photo 
collection online. In addition, we introduce the notion of Scenes, 
which allow people to organize their photos according to spatial 
and/or chronological associations. We will now describe how 
people experience the Image Space service based on how content 
is captured, shared and explored.  

3.1 Photos and Sounds 
People take photos (and sounds) as they normally would with 
their cameraphones. As mentioned earlier, location and 
orientation data are automatically uploaded together with the 
photo to the service online, where 2D and 3D representations of 
the photo collection are created. On the 3D View (Figure 1a), the 
photos are shown in a similar spatial relation as the locations they 
depict in the real world. On the 2D Map View (Figure 1b), photos 
are represented on a map by means of icons that indicate both 
photo location and direction. People can browse the photos by 
either clicking a photo on the 3D View or an icon from the 2D 
Map View. The Sidebar (Figure 1c) contains a list of users and 
their contents (i.e., photos, sounds and Scenes). We decided for all 
content to be visible to all users in order to quickly populate the 
service with everyone’s content. As we were planning to evaluate 
the service with existing social groups, we adopted a blanket 
strategy for privacy that simulates a situation where people have 
already managed their social network.  
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Figure 1. Extended view of the Image Space service. The three main UI parts: a) the 3D View, b) the 2D Map View, and c) the 
Sidebar. Scenes (d) allow spatially navigating between the current photo (e) and the locations of photos taken nearby (f). 
 

3.2 Scenes 
From their cameraphones, people can also create Scenes, which 
are photo sequences with a spatial and/or chronological relation. 
When users press ‘Start Scene’ from their cameraphones, all 
captured content is assigned to that Scene until ‘Stop Scene’ is 
pressed. People can add a title to the Scene, which acts as a folder. 
Scene contents can be visualized online from the timeline (Figure 
1d). The slideshow mode generates animations that connect the 
locations where contents were captured, which result in ‘flying’ or 
navigating between the current photo (Figure 1e) and the photos 
nearby (Figure 1f). This creates an immersive navigation on the 
3D View.  

In a prior publication [15], we have presented a detailed 
description of the design principles and interaction techniques of 
Image Space, together with a YouTube video of the interaction8. 
In this paper, we concentrate on the evaluation of the service by 
exploring people’s perception with regards to capturing and 
sharing geotagged mobile media content and whether geotagging 
increases the personal and social value of the photos. 

4. EVALUATION 
We conducted a two-month field study of Image Space. The main 
purpose of this study was to investigate how people experience 
and appropriate the service. We were also interested in finding out 
if the online 2D and 3D representations increase the personal and 
social value of the photos. Finally, we were interested in how 
people create and perceive Scenes. 

4.1 Participants 
The study was originally to be conducted in mid-November. 
However, at that time of the year in Finland the amount of 
daylight is limited to 6 hours and so we were worried the quality 
of the pictures captured using the cameraphones would suffer 
from the poor lighting conditions. Therefore, we added a second 
group of participants located in southern France where the amount 
of daylight would be less of an issue. In addition, having a second 
group of participants with slightly different characteristics would 

                                                                    
8 http://youtu.be/pDppvYNwBAU  

help increase the generalizability of our findings. As we are not 
doing any cross-cultural or other comparisons between the two 
participant sets, we will now present them together as one group. 

We recruited 10 people at each location for a total of 20 study 
participants. Participants belonged to existing social groups since 
we were interested in studying how they would influence one 
another while using the system. Participants varied in their age 
(22-60) and gender (17 male, 3 female). Before the study, most of 
them took pictures with their cameraphones on a daily or weekly 
basis (16/20), while the remaining four said they only used it 
rarely or not at all. About half of the participants owned a digital 
SLR camera (11/20). The majority used Web-based commercial 
services such as Flickr or Facebook9 to share photos (15/20). One 
participant dropped out shortly after the start of the study. 

4.2 Method 
The evaluation consisted of five parts. First, participants were 
asked to fill-in an online questionnaire where we collected data on 
their photo sharing practices. Second, we met the participants in 
situ in November 2008 where we introduced the study. Each 
participant was provided with a Nokia 6210 Navigator phone 
(SIM included), equipped with a 3.2 megapixel camera, a GPS 
chip and compass. Participants were asked to use this phone as 
their primary phone for the duration of the study. Participants 
created a username and password to gain access to the service. We 
then explained participants how to interact with Image Space, 
allowing them to freely explore the available functionality and 
giving them enough time to get acquainted with the service. At 
each location, we informed participants about the existence of 
another participant group (in France or Finland) and that all 
content would be available to everyone for exploration. Third, we 
had individual telephone interviews with each participant one 
week into the two-month study period to inquire how things were 
going in general and if they had encountered any major problems. 
Fourth, we then let participants freely use the system for the 
remaining seven weeks of the study. We did send them one 
‘reminder’ SMS per week to make sure that as many participants 
as possible tried the service (e.g., freely explore the service, 
                                                                    
9 www.facebook.com 
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capture a place that is dear to you, visit other people’s content, 
create a Scene). Finally, we conducted semi-structured interviews 
in situ in January 2009 at the end of the study, which were 
recorded on video. In this final interview we asked participants a 
series of open-ended questions to gather their general impressions 
on the Image Space service. Whenever possible, we used photo-
elicitation [26] by reviewing and discussing their photos to relate 
their responses to the actual captured content. Besides covering 
their data transfer costs, participants were given a €20 voucher to 
compensate them for their time. 

We used affinity diagramming [11] to analyze the data from the 
semi-structured interviews and the captured content. At each 
location, two researchers made notes independently as they 
watched videos from each interview. The same researchers 
collaboratively analyzed the qualitative data during several rounds 
of interpretation. In addition, we also analyzed the media content 
created by each participant during the study. 

5. FINDINGS 
In the following sections, we present the main findings from the 
Image Space evaluation. First, we describe how participants 
experienced Image Space. Second, we briefly discuss the different 
types of content collected during the evaluation. Finally, we 
present the main capturing, sharing and exploring practices of 
geotagged mobile media contents that our findings suggest. 

5.1 The Image Space Experience 
Overall, participants were positive about the experience offered 
by Image Space. They often referred to two main aspects of the 
service: geotagging and automation. Participants mentioned the 
geotagging of media contents as a unique feature of Image Space 
when compared to other photo sharing services (e.g., Flickr and 
Facebook). In particular, users especially referred to how photos 
(and sounds) are represented on the 2D Map View and the 3D 
View as adding a personal and social value to the contents:  

“This service has given a geographical dimension to photos. Now 
that I’ve been using this, I’ve become interested in the places 
where the pictures are taken and where other people have been 
moving.” (P13)  

“It’s more informative than other services. It provides you with 
more information than just reading that I’ve been here and there. 
You get a better understanding of the place.” (P20) 

“It allows you to share other places, see what people take pictures 
of, where they like to go.” (P3) 

“If someone has been in Rome in some good restaurant you could 
ask ‘Hey, was it a nice place?’ I’m going to Rome, could you give 
me any recommendations?’” (P20) 

Participants also praised the combination of automatically 1) 
collecting the necessary location and orientation metadata, and 2) 
uploading both media contents and their related metadata online:  

“The idea of sharing one’s pictures online is old but automatically 
adding location information separates this from other services.” 
(P14)  

Table 1. Total mobile media items created during the study. 

Photos Scenes  Sounds 

1909 75 48 

 “When I’ve told my friends about the idea that the pictures are 
going straight to the service, they were impressed by it.” (P13) 

“It’s fascinating, it’s so simultaneous.” (P14)   

5.2 Created Contents 
The different mobile media contents created by the study 
participants can be found on Table 1. A total of 1909 photos 
(mean=95.5, SD=91.2), 48 sounds (mean=2.5, SD=4.2), and 75 
Scenes (mean 3.9, SD=2.8) were created. We had two extremes 
where one participant very actively contributed photos during the 
evaluation (n=353) while one other participant barely took photos 
(n=8), which explains the high standard deviation. The small 
amount of sounds can be explained by the fact that participants 
encountered a usability problem (i.e., long delays before recording 
sounds would start), which frustrated the participants and reduced 
their interest in further recording sounds. Compared to photos and 
sounds, Scenes were more evenly distributed across participants. 

Regarding the photographer’s situation at the time of capture 
(Table 2), participants took most of their pictures while walking 
outdoors (70%). Some of the participants were aware of the need 
to obtain a GPS fix in order for their contents to be correctly 
located and presented online. In addition, having to manually 
define on the online service the exact location where the photo 
was made takes away some of the automation aspects mentioned 
earlier. Thus, we believe these factors may have had an influence 
in the overall amount of outdoor photos created. Having said this, 
all participants explored taking pictures while being indoors 
(11%), and some took pictures from moving vehicles (15%). As 
for the rest of the pictures where the context remained unclear 
they were categorized as “other” (4%).  

Regarding the content of the pictures, we were expecting 
participants to mostly take pictures of views and natural 
landscapes due to the issue with the GPS fix. However, in the end 
participants took almost an equal amount of pictures of objects 
(47%) and places (44%). Pictures of people represented only a 
small percentage of the photo content created in the service (9%).  

In the following seven sections, we will describe how and the 
reasons why participants created, shared and explored the three 
main media contents that were available to them through the 
Image Space service: photos (3), Scenes (3) and sounds (1). 

5.3 Photos to Document Their Own Lives 
(Objects) 
Participants used the service as a tool to document their everyday 
lives, as a kind of diary. They often described mobile photography 
as a spontaneous activity that consisted of taking pictures 
whenever something interesting came up. Participants took photos 
of objects (Table 2) that mattered to them: 

“Mostly I’ve been documenting my life, how my day was. I tried 
to photograph the span of my day.” (P15) 

“I didn’t try to find objects to photograph. I just took pictures 
whenever something interesting came my way.” (P11) 

“I took pictures of sceneries, my desk, my dog. That’s it.” (P8) 

As most participants were carrying the cameraphones with them 
at all times, it became a useful tool to make notes and memorize 
things while on the go: 

“Mostly my cameraphone use is about taking snapshots of good 
food and wines, just to remember their names.” (P20)  
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Table 2. Photographer situation and photo subject of the total pictures made (n=1909), with numbers and percentages. 

 
 
5.4 Photos to Show What Life Is Like Where 
They Live to Others (Places) 
Participants also used the service to share personal places or views 
that were dear to them (Table 2). Some participants were openly 
sharing places with everyone (i.e., with no particular group or 
person in mind): 

“I took a few places that meant something to me, (that were) close 
to my heart.” (P1)  

Other participants shared photos of places in a slightly more 
targeted way. As mentioned earlier, both groups (i.e., French and 
Finnish) were aware of each other’s participation in the study and 
thus of the fact that the other group could see their content. 
Therefore, some participants were motivated to share with the 
other group what life was like in their city, the main attractions the 
city has to offer, the most interesting places, etc.  

“(I especially took these pictures) to show Nice and the Côte 
d’Azur to the Finns, to show them how it was, (…) the people 
who didn’t know the place.” (P4) 

“I’ve been photographing nice views and especially the snow to 
show them to the French.” (P11)  

“I looked at some pictures of the Finns participating in the study, 
to see a bit of the pictures in Finland.” (P7)  

5.5 Photos of Others are Private (People) 
As mentioned earlier, we designed the service in such a way that 
all contents were visible to everyone in order to quickly populate 

the service with everyone’s content. Our original plan was to 
evaluate the service with existing social groups. The French and 
Finnish participants were familiar with each other within groups, 
but not between groups. As a result, almost half of the participants 
were concerned about sharing photos of others, which may result 
in exposing their identity [1]. These participants did not perceive 
the service as intended for this type of content, and they did not 
want to share pictures of their peers with strangers: 

“I wouldn’t add my personal pictures or pictures of my friends. It 
doesn’t feel right, because I don’t know the other users.” (P19) 

“People want to photograph other people, objects and occasions, 
but these do not fit into this concept. This is rather for landscapes 
and geotagged pictures.” (P12) 

A few participants opted for self-censorship to avoid disclosing 
their friends’ identity or location [1]: 

“I did not necessarily want to take pictures of my friends, (…) to 
respect their privacy.” (P2) 

By looking at the captured content, we found different attitudes on 
identity privacy. In Table 2 (bottom row labeled ‘People’), we see 
in succession: 1) a girl who manages her own privacy by pulling 
her winter hat over her face, 2) a study participant behind the 
wheel who asks a friend to take a photo of her, 3) two persons who 
seem quite happy about having their picture taken, and 4) a 
participant partially hiding the identity of the person portrayed by 
taking their photo from the back. The automatic sharing of 
geotagged content with a group of strangers in another country 
had an influence in how people felt about sharing people photos. 

  Photographer Situation. Place or means of transportation when taking the photo. 

Photo Subject 
Main photo content 

Outdoor 
1328 (70%) 

From a Vehicle 
281 (15%) 

Indoor 
218 (11%) 

Other 
82 (4%) 

Objects 
895 (47%) 

 
 

Photos to 
document their 

own lives. 

683  31  110  71  

Places 
838 (44%) 

 
 

Photos to show 
what life is like 

where they live to 
others. 

530  243  56  9  

People 
176 (9%) 

 
 

Photos of others 
are private. 

115  7  52  2  
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Table 3. Three reasons to create Scenes according to the participants: for storytelling (‘Christmas Saarijärvi’), to save a journey 
(‘Cemetery Park’), and to discover new places by taking a guided tour (‘Promenade des Anglais’). 

 
5.6 Scenes for Storytelling (‘Christmas 
Saarijärvi’) 
The creation of Scenes was used as a means for storytelling. 
Through the use of Scenes, participants grouped photos together 
according to a topic (e.g., see “Christmas Saarijärvi” on Table 3) 
and created a narrative around them:  

“At Christmas when we were bringing the Christmas tree from the 
forest, one of us couldn’t join and we took pictures of the snowy 
forest to be able to show what it looked like in winter.” (P14)  

Scenes were used as a tool to take individual photos of 
(apparently) unrelated events or locations, and tie them together 
through a story. For example, some Scenes would mainly consist 
of participants documenting unusual events occurring in the 
context of their daily routines: 

“You combine photos and it becomes a narrative.” (P13) 

“If you are taking pictures during the day, they would constitute a 
story of the day and how it went.” (P17) 

PhotoArcs [2][3] allow the creation of photo-narratives organized 
around chronological ‘arcs’ of photos or timelines. In PhotoArcs, 
the geotagging aspect is not as prominent as in our service. 
Nonetheless, both prototypes support the organization of photos 
according to time, space, or other creative storytelling structures 
[3]. 

5.7 Scenes to Save a Journey (‘Cemetery 
Park’) 
Scenes were also created as visual representations of a given path 
or trail (e.g., see “Cemetery Park” on Table 3). In other words, 
participants frequently created Scenes to document and share how 
they went from point ‘A’ to ‘B’. One participant created a Scene 
while using public transport to document a trip in Helsinki: 

“You can show with pictures how you got from Arabia to Töölö 
(city areas of Helsinki), for instance.” (P13)  

 “I took a journey in the city, next to the tram. I went through the 
touristy (scenic) aspect of Nice.” (P2)  

Participants created several Scenes that included photos taken 
from a moving vehicle (e.g., car, bus, tram, train) (Figure 2). 
There were two aspects that influenced creating Scenes while 

participants were commuting from one place to another. First, 
participants had the time to use the system as a secondary activity 
to getting to where they needed to be. And second, there was a 
convenience factor as it was easier for participants to skip walking 
and comfortably collect content from the window of a moving 
vehicle: 

“I made a Scene when going to the gym with P7, while driving in 
town. (…) I only took pictures from the car; it is where I could 
take most pictures.” (P3) 

5.8 Scenes as Guided Tours (‘Promenade des 
Anglais’) 
Finally, participants praised Scenes for the opportunities they 
offer to discover new places. Once Scenes were created online, the 
other participants began exploring their contents. Participants 
mentioned a feeling of ‘being there’ together with the author of 
the photos (e.g., see “Promenade des Anglais” on Table 3):  

“The Scene in which someone had walked all along the beach or 
road and taken pictures frequently was really good.” (P18) 

“What mostly interests me, (are) rather some landscapes that 
make you feel like going there.”(P8) 

 
 

 
Figure 2. A photo taken by a participant while driving his car 

along a highway. 
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“One can see the Scene as (a person) is moving, one can see many 
pictures at once, and you do not have to click on each of the 
pictures.” (P2) 

Some users emphasized the immersive experience provided by 
playing someone else’s Scene:  

“I have enjoyed having little virtual holidays to sunny places with 
this.” (P14)  

“It’s nice because you discover, you see new things, (…) new 
landscapes, and it’s appealing.” (P8)  

In summary, Scenes provided a possibility to share someone else’s 
experience and appreciate a place in a broader and more 
immersive manner. 

5.9 Sounds to Support Storytelling 
Participants captured altogether 48 media elements that contained 
sound (Table 1), either together with a photo or Scene, or a sound 
recording on its own. Participants mostly used sounds while 
making a Scene in order to emphasize storytelling aspects. Sound 
clips were added in order to explain the pictures for others, or to 
describe the soundscape of a photograph or a Scene. Some 
participants added sounds to accentuate the narrative behind the 
Scene. One of the participants (P8) created a Scene and for each 
picture recorded a comment of her own, half singing and half 
laughing, telling therefore a story in a novel and playful way. 
Sounds were also recorded as background music while browsing 
the pictures. 

Some participants mentioned that the recorded sound was a song 
they had heard on the radio while driving. These sound recordings 
allowed them to share the kind of mood they were in when the 
photo was taken, therefore emphasizing the mental state of the 
photographer at the time of photo creation. 

Some participants reported that they did not want to add sounds 
into pictures because they felt that the visual experience of images 
was enough for them.  

“I don’t like sound clips. I want to have photos as they are, the 
photo doesn’t have to be a multimodal experience.” (P16) 

6. DISCUSSION 
6.1 Capturing Practices 
As shown in previous research, mobile cameras are always at 
hand and therefore taking pictures becomes a more frequent and 
spontaneous activity [25]. Accordingly, participants captured 
pictures that emotionally meant something to them and with the 
purpose of sharing them to others, thus following the spontaneous 
behavior previously observed in other studies [4]. Also, sounds 
allowed people to personalize the created content a little more and 
make the pictures more vivid, following practices observed by 
Frohlich [8]. 

Cameraphones are known to have changed the definition of what 
is photo worthy, from what is special and enduring to what is 
transitory and ordinary [25]. Some of our Finnish participants 
used Flickr to share their photos with others who had a similar 
keen eye for aesthetic detail. These Finnish participants reported 
changing their existing photo capturing practices with SLRs once 
they started using the provided cameraphones. Since with Image 
Space all captured contents were automatically shared, these 
participants reported that they had to think more carefully about 
the type of pictures they wanted to share, before taking them. 
These Finnish participants often referred to the photos taken with 

the cameraphone as snapshots or quick photos without artistic 
intent. Their motivations were strongly driven by aesthetic 
ambitions, and the quality and set of features provided by the 
camera phone did not serve such aspirations well. 

Regarding capturing practices for Scenes, the provided service 
was better suited for taking photos outdoors due to the need obtain 
a GPS fix. Moreover, in order to create the illusion of flying 
between the locations where the photos were taken, participants 
had to cover long distances so that contents would be physically 
distant from each other. As a result, we found that several people 
took pictures from different types of moving vehicles (e.g., car, 
bus, tram, train). As people began experimenting with the distance 
between photos (so that contents would not be too close or too far 
apart from each other), we believe there was a strong convenience 
factor in their decision to capture photos from moving vehicles. 
While commuting, participants both had the time and it was more 
efficient to capture content compared to stopping. 

6.2 On the Specificity of the Geotagged 
Content 
In contrast to other services, the captured media content did not 
need to be browsed exclusively from the 3D world of photos (as 
in e.g., Photosynth, Google Street View10, or Snavely et al. [21]), 
nor just in relation to the 2D map (as in e.g., Google Panoramio or 
Zonetag for Flickr). In Image Space, people could follow their 
journey from both the 3D world of photos and the 2D map. To 
some extent, participants perceived the added value of the service 
in comparison to earlier experiences with related services. Novel 
aspects seemed to emerge from the possible geotagging of the 
captured photos which appeared as enabling them to capture 
aspects of the location, direction, route, and the surroundings 
where each picture is taken. Furthermore, the appreciation of 
content geotagging was emphasized as it was automatically done 
by the service and therefore did not require extra photowork from 
people, which is often the case in other services [4][9][13]. The 
geotagged content offered by the service was perceived as unique 
and different from other services.  

Previous research has shown that people tend to prefer organizing 
their pictures according to time [10][19]. The timeline can refer to 
a specific event in time. Often the possibility of organizing 
pictures according to a location is not possible and/or appealing. 
Through the creation of Scenes, the time dimension can be 
associated to the dimension of space, which seemed to bring a 
new way of experiencing photo-taking and later photo browsing. 

Scenes provided extra possibilities to tell stories, bringing the 
possibility not only to recall cues from a picture taken here and 
there but also recall an entire ‘Scene of everyday life’. Scenes 
were also used similarly to tags, to categorize and connect photos. 
People wanted to browse a photo collection rather than individual 
photos. Therefore Scenes seemed to bring them a more organized 
and playful way to browse a larger amount of media content at 
once in a more immersive way. 

7. CONCLUSIONS 
In this paper, we have presented the results of a two-month field 
study of Image Space, an Internet-based service that allows people 
to automatically share and geotag photos (and sounds) onto 2D 
and 3D representations of photo collections online. In the 
evaluation, we explored people’s perception with regards to 

                                                                    
10 maps.google.com/help/maps/streetview 
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capturing and sharing geotagged mobile media content and 
whether geotagging increases the personal and social value of the 
photos. The study also looked into Scenes, which allow people to 
organize photos according to spatial and/or chronological 
associations.  

The results of the evaluations with 20 participants show that: first, 
people took photos of objects for self-documentation of their daily 
lives, of places to show to others what life is like where they live, 
and of people, which they used to reflect on overall aspects of 
privacy, thus confirming prior findings on photo sharing practices. 
Second, participants created Scenes for storytelling, to save a 
journey, and to explore places by means of guided tours. We 
presented novel practices regarding the creation and exploration 
of Scenes (e.g., by taking photos and sounds from a moving 
vehicle). Finally, although participants were unable to create 
sounds due to usability issues, those who did mainly used them to 
support storytelling.  
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ABSTRACT 

Anti-phishing tools on a web browser warn about spoofing pages 

or/and prompt to essential and necessary information that assists 

users to identify spoofing and potentially harmful pages. In order 

to discover how well users can identify phishing pages with these 

tools after they understand how the tools work, we designed and 

conducted usability tests for two detection mechanisms of anti-

phishing tools: the blacklist-based and whitelist-based anti-

phishing toolbars. As a result, we report that no significant 

performance differences between the blacklist-based and 

whitelist-based applications were found; but some other 

interesting findings and observations were collected. The most 

valuable observation is that due to the deficiency of existing web 

identities on the web pages and web browsers, e.g. abstract and 

professional web page security certificate information, anti-

phishing toolbars need to be more illustrative and instructional in 

order to assist users to find reliable information for identifying the 

authenticity of the content on the web pages.   

Categories and Subject Descriptors 

H.5.2 [User Interfaces] K.6.5 [Security and Protection] 

General Terms 

Experimentation, Security, Human Factors, 

Keywords 

Phishing, Phishing prevention, Usability 

1. INTRODUCTION 
Phishing, a typical online identity theft, is currently one of the 

most serious Internet threats. Phishing is one type of identity theft, 

where the aim is to steal confidential information, e.g. credit card 

number, credentials and social security ID numbers, and the list 

can go on. According to recent reports, thousands of phishing 

pages were created [1]. 

One promising phishing prevention domain is the development 

of anti-phishing client side applications, usually toolbars or plug-

ins for web browsers. In general, these anti-phishing toolbars and 

plug-ins are able to detect forge web pages and warn end users as 

soon as the web page contents are loaded. The most significant 

advantage of anti-phishing toolbars is that they are able to stop 

phishing attempts before confidential information is given. 

However, the performance of the existing applications is not 

satisfactory [2]. There are many technical reasons for this, such as 

the anti-phishing blacklist databases’ update frequency, and the 

false negatives in self-adaptive detections. If the anti-phishing 

blacklist databases are not updated frequently, users may 

misunderstand and believe in phishing web pages which do not 

raise a warning from anti-phishing web browser toolbars. For 

adaptive detections, phishing web pages can also bypass the 

adaptive content filtering with no warnings raised. One of the key 

reasons, though, seems to be that the user-friendliness and ease-

of-use of the toolbars, and usability issues in general, are not yet 

emphasized in the phishing prevention context; not as much as the 

security and confidentiality aspects. User-centered phishing 

prevention applications have not been fully designed and utilized 

and this is a significant need to be addressed [3].  

Among the various anti-phishing toolbars, we expect to find a 

usable one. In order to simplify our research question, we 

considered two detection mechanisms that represent two different 

anti-phishing application types: 

• Blacklist-based anti-phishing application: this type warns a 

user when the URL of the visited page is in the list of already 

detected or reported phishing pages. 

• Whitelist-based anti-phishing application: this type confirms 

the authenticity of trustworthy pages that have been saved in the 

whitelist. If the domain name, similar to the ones in the whitelist, 

is found, a warning is given to let users determine the authenticity 

of the visiting web page. 

We assume that the blacklist-based anti-phishing toolbar is able 

to help users identify more phishing pages than the whitelist-

based one. We conducted a usability test that was designed so that 

we could also test our hypothesis. 

The rest of the paper proceeds as follows: we firstly review the 

related work in the anti-phishing research area. After that we 

introduce the basic features and functionality of the two 

previously mentioned toolbars and the design of the usability test. 

Finally, we analyze and discuss the most significant findings and 

comments concerning participants’ feedbacks. 

2. RELATED WORK 
A variety of related work has contributed to why phishing attacks 

succeed. For example, Jakobsson and Ratkiewicz [4] conducted a 

study to estimate how successful phishing attacks can be in 
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practice. In this study, they spoofed the “blinded” participants by 

social phishing. The participants had no idea about the design of 

the study. These researchers created a virtual phishing 

environment and concluded that the success rate for the sub 

domain link attack is higher than reported data by Gartner who 

reports 19% of victims clicked on the phishing links in emails [5]. 

In the study by Dhamija et al. [6], the researchers tried to discover 

the defects from users’ browsing behaviors, such as ignoring to 

check domain names. Blythe and his co-workers [7] also tried to 

discover why phishing is persuasive. By analyzing phishing 

literature characteristics, the research resulted in a suggestion on 

how to build a robust reading strategy to identify phishing 

attempts. The researchers also conducted a survey to ask the 

participants to identify phishing emails. However, it was not a 

controlled environment. Hence, the results of the survey were not 

so reliable due to the lack of control on security configurations of 

the participants’ systems and web browsers. 

Some usability evaluation research studies have also been 

conducted to improve the anti-phishing toolbars on web browser. 

Zhang et al. [8] carried out performance evaluation of five 

popular anti-phishing toolbars and revealed their limitations. 

Although the results of this type of evaluation cannot be exact, it 

clearly shows that performance of the tested toolbars was not 

satisfactory. In addition, Egelman et al. [9] collected and studied 

passive and active warnings of two web browsers, Firefox 2.0 and 

Internet Explore 7. In their research, they found that the most 

effective warning is an active one that stops users’ visits by 

actively showing a blocking page. The authors also suggested that 

warnings in phishing context should be able to interrupt users’ 

primary tasks and offer appropriate recommendations on safe web 

browsing. However, both research projects [8, 9] did not proceed 

to usability evaluation between blacklist-based and whitelist-

based anti-phishing applications.  

Some new anti-phishing applications have been designed, 

developed and evaluated from a usability perspective. For 

example, Luca et al. [10] observed the user experiences when 

using a novel security human-computer interface, MoodyBoard, 

which is a keyboard with an enhanced security feature to notify 

end users. It was demonstrated that MoodyBoard ambient 

notifications are more secure. However, they did not take into 

account the software notifications in the experiment, especially 

when web browsers have enabled the anti-phishing features as 

default nowadays. Lin and his colleagues [11] investigated one of 

these default anti-phishing features for Internet Explorer, domain 

highlighting, and conducted a usability study. They found that the 

feature is not satisfactory from the usability perspective and 

almost two-thirds of the fraudulent pages were rated as safe. In the 

paper, they suggested to put more research efforts on education, 

users’ attentions and URL complexity.  

Concerning about the anti-phishing research efforts on 

education, Villamarín-Salomón and Brustoloni [12] concentrated 

on user security behavior training and carried out a user study on 

vicarious security reinforcement and security-reinforcement 

applications. In this study, they discovered that vicarious security 

reinforcement is able to better help users improve their security 

behaviors than security-reinforcement applications. 

Sheng et al. [13] also performed an anti-phishing experiment in 

an educational context. They discovered that anti-phishing 

training materials are able to help educate users to identify 

phishing attempts. However, they did not address the learning 

effects when users interact with anti-phishing tools. 

2.1 The Anti-phishing Toolbars in Our Study 
According to the evaluation results [8, 9 14], on its detection rate 

Google Safe Browsing gets remarkably good results and provides 

sufficient warnings; that alone made it a good choice to be 

included in our usability test. Google Safe Browsing is included 

in the Firefox web browser [15]. It is a typical anti-phishing 

application based on the blacklist detection. Google Safe 

Browsing inspects every link visited. There were two options for 

detection available (Figure 1). One was to use a downloaded list 

of suspected sites (blacklist), and the other one was to use a 

blacklist stored on the Google’s server. In our test, we used the 

first option. 

Web Wallet is also able to detect phishing attempts based on a 

whitelist, which can prevent a user from providing a password to 

unauthorized or unrecognized websites [16]. However, the key 

feature and usage of Web Wallet is to manage users’ online 

credential information. In addition, when we planned to conduct 

this usability test, there was no whitelist-based anti-phishing 

application available. Therefore, we decided to develop this novel 

whitelist-based anti-phishing toolbar for research, the Anti-

phishing IEPlug (Figure 2).  

IEPlug inspects the page visited after users add the domain names 

that need to be protected. When the websites to be protected are 

given, IEPlug provides the user the certificate authority (CA) 

dialog and warns the user when a fraud web page is detected. If a 

web page contains a password text field on the page and the 

domain is whitelisted the program will show the certificate 

authority information of that page. Showing certificates is able to 

enforce users to pay more attention to the necessary security 

properties of the visited web pages, and may have some 

educational effects to tell users what should be checked and 

verified before any online banking transactions are operated.  

It is true that these visual effects may disturb users’ workflow, 

but as a pilot experimental application, this may help us to 

examine our assumption that the whitelist based anti-phishing 

tools with informative and straightforward certificate may help 

Figure 1. The detection options of Google Safe 

Browsing are circled in red. 
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Figure 2. The main GUI of anti-phishing IEPlug. 
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users identify more online frauds. In addition, the program has a 

limited capability to warn about suspicious pages. In case the 

domain is not whitelisted and the URL contains one of the domain 

names stored in the whitelist, the program will stop the user’s 

browsing and warn the user about web forgery. The reason why 

IEPlug only warns about the empty whitelist (instead of asking 

users to add every web page with log-in function) is to give users 

the correct impression of IEPlug working instructions at the first 

time using IEPlug so that to eliminate the possibilities to misuse it 

later on. As a future plan, there could be more convenient user 

interfaces to update whitelist and more personal information 

stored in the whitelist and shared among the different users. 

3. Methodology 
Usability test is a research methodology for collecting users’ 

behaviors and preferences within a prepared and experimental 

environment. During the test, the test object software and a set of 

pre-defined test tasks is given to the invited participants. By 

observing and analyzing the behaviors and feedbacks, the 

researchers are able to discover the specific requirements from 

real users in order to help application designers to improve their 

designs. To avoid bias, the researchers must not interfere with the 

test.  

In order to test our hypothesis in the same phishing attack 

context for each participant, we controlled the participants’ 

browsing behaviors, as well as the order and the type of tested 

web pages. In the following subsections, we present the detailed 

design and parts of the usability test. 

3.1 Simulation of Phishing Pages 
For the usability test, we adopted the most common phishing 

technique that is fraud web pages. Fraud web pages typically steal 

potential victims’ confidential information while victims think 

they are visiting authentic pages. In order to make the tests 

comparable, the number of phishing pages detected was the same 

in both applications’ test sessions. We collected phishing pages 

detected by Google Safe Browsing from an anti-phishing 

community site, namely PhishTank [17]. Those pages were 

verified in order to make sure that Google Safe Browsing was able 

to detect them during our usability test. 

For the test, we counterfeited domain names of real online 

financial services in four ways: 

• Domain name with visual similarity, which looks like the 

authentic one, but some characters are replaced. For example, 

paypal.com was forged as paypol.com; 

• Domain name with semantic similarity, which produces 

strong semantic implication, such as securelogin.com; 

• Domain name with the same sub-domain name. The sub-

domain name (normally the beginning part of the URL), is 

identical to the domain name of the real online service. For 

instance, the phishing link for 

signin.ebay.com/ws/eBayISAPI.dll?SignIn was forged as 

signin.ebay.com.ws.eBayISAPI.com; 

• Identical domain name resembling a DNS attack. 

Many pages were forged with more than one way. For example, 

one fake URL was www.login-paypol.com/secure-register, where 

both visual similarity and semantic similarity were used. 

3.2 Usability Test Design 
The whole experiment was fully conducted in a controlled 

environment. We selected 6 most popular online web services, 

and collected 13 test web pages in each of two test sessions. In 

order to prevent external access to these pages, we established our 

own isolated local network containing customized DNS (Domain 

Name Server) and WWW (World Wide Web) servers that were in 

our control. 

3.2.1 Participants 
We invited 20 student participants from the university campus for 

our study. There are 4 female and 16 male with age 20-50. Two of 

them are native English speakers, and rests of them are able to 

fluently communicate during the test and complete the test tasks. 

All of 20 participants reported to have been using online banking 

services and spend at least 5 hours using the Internet every week. 

None of them was familiar with either of the tested applications 

before the test.  

3.2.2 Test Tasks 
In our research, we explicitly asked these 20 participants (ten 

participants for each test object) to check the authenticity of the 

given web pages. Checking the authenticity of the given web 

pages is the main test task. Besides of this main test task, we also 

designed some test tasks to get the participants familiarized with 

the functions of the tested applications. Those participants who 

tested Google Safe Browsing were requested to confirm that 

Google Safe Browsing uses a downloaded list of suspected 

websites. Those who tested IEPlug were asked to add a domain 

name to the whitelist and tell what else had been added to the 

whitelist. 

3.2.3 Tutorials 
The tutorials for the two applications to be tested were not 

available in the same way. The tutorial of Google Safe Browsing 

was available only when a user downloaded it or when a web 

forgery warning showed up [18]. On the contrary, IEPlug forced 

users to read its tutorial and there was easy access to the tutorial 

from the whitelist configuration dialog. However, to test our 

hypothesis, we wanted to balance users’ learning by requesting 

reading from a separate paper-based tutorial for both applications 

before starting the actual usability test. 

These official tutorials were printed on a paper and given just 

before the test. For Anti-phishing IEPlug, we just simply printed 

the tutorial. For Google Safe Browsing, we collected the 

information from two web pages. One was Toolbar for Firefox 

Help Center, where Safe Browsing was introduced as a feature of 

the Google toolbar for Firefox [19]. The other page is a Phishing 

Protection page at Mozilla website [20]. This page is shown when 

a user clicks the links, “Read more…” and then “how Firefox 

protects you” on the web forgery warning. 

3.2.4 Network Topology 
The network topology we used is illustrated in Figure 3. The 

computer the participants used was directly connected to a DNS 

and web server. The purposes of the DNS and web server were for 

resolving web addresses and revealing the phishing websites. 

Having a DNS server allowed us to control any web page requests 

and, thus, we could show fake pages in any addresses needed. The 

requests for the authentic pages were forwarded to the upper DNS 

server. For security reasons, if any requests came from the 

external network out of the lab, the firewall rejected them. 
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3.2.5 Test Procedure 
We designed the following arrangement in order to control each 

test session. The whole test consisted of one tutorial session, one 

interim interview, and two test sessions (Figure 4). Each 

participant is asked to test only one of the selected anti-phishing 

toolbar, and all of them followed the same test sessions. Usually, 

one complete test procedure took one participant about two hours. 

For the first test session, at first, a sheet containing the tutorial for 

the application was shown to the participant. After the participant 

had read the tutorial, we showed the pool page that contained 

anonymous links to web pages in a pre-specified order. The pre-

specified order was the same for all participants. Participants had 

to visit each test page, and they were asked to think-aloud how the 

authenticity of the page was decided, i.e. participants were asked 

whether the visited web page is authentic (participants needed to 

answer “Yes” or “No”), and explain why it is an authentic web 

page. 

The pool pages included 13 links of 6 popular e-service 

websites commonly used in Finland: Nordea bank, Sampo bank, 

Osuuspankki (national bank), Tampere City library, eBay and 

PayPal. In the first test session, there were 2 phishing pages 

correctly detected by the tested toolbar, 5 undetected phishing 

pages and 6 authentic pages; in the second session, there were 1 

detected phishing page, 8 undetected phishing pages and 4 

authentic pages. Then, the participants were asked to tell whether 

they trust these pages or not, and they were allowed to use any 

method to figure out the authenticity, including using the 

application and manual methods.  

Those phishing pages that we did not want Google Safe 

Browsing to detect were locally created and stored and, thus, 

never stored in the blacklist. As IEPlug’s phishing page detection 

is based on the keyword (the domain name of the pre-saved 

protected pages) analysis, we simply controlled the appearance of 

a keyword in the domain name. In so doing we were able to test 

how many web pages can be correctly identified by users with the 

tested anti-phishing toolbar. 

Even though the tutorial sheets given at the beginning of the 

first test session helped to mimic the learning, the quality of these 

tutorials and users’ understanding may still vary. Therefore, 

before the second test session, we firstly took an interim interview 

in order to know how well participants had learned from the 

tutorials and usage of the tested tools. If a participant had not, yet, 

been acquainted with some part of essential and necessary 

knowledge, we offered further information. In so doing, we 

wanted to ensure that every participant knows everything that is 

necessary on how to prevent phishing attacks by the application 

under testing. 

After the interim interview and subsequent action, we asked the 

participants to visit another 13 web pages on the second pool 

page. This time we used more phishing pages (9 phishing pages). 

Among these phishing pages there was only one correctly detected 

page, and the applications failed to detect the rest of the pages. 

3.2.6 Data Collection Methods 
In the usability test, we collected the data mainly in two methods. 

The first method was to record the interactions between users and 

the test computer in the lab during the usability test. These 

interactions included the users’ input (from mouse and keyboard) 

and content displayed on the computer monitor. The second 

method was to ask participants to complete a structured 

questionnaire to explicitly collect the feedbacks concerning about 

the tested anti-phishing toolbar. The questionnaire mainly focused 

on the general feeling on the tested anti-phishing toolbar, user 

experiences on toolbar warnings, learnability and reliability of the 

anti-phishing toolbar. Participants rated their attitudes on a five-

point Likert scale (1-disagree the most, 5-agree the most).  

4. Results 
After the 20 usability tests, we analyzed the videos and the 

answers to the questionnaire. Firstly, we reviewed all the videos 

once, and wrote down the participants’ choices and the reasons 

for these choices. Additionally, the key activities were written 

down and highlighted. 

4.1 Results from the Test Sessions 
We put most of our efforts on the main body of the usability test 

that is the two test sessions. These two test sessions provided us 

plenty of information about the participants’ behaviors, especially 

when they tried to tell which of and why the tested pages were 

authentic. 

4.1.1 Accuracy Rate of Page Identification 
To compare the test results for two applications, we calculated 

accuracy rate. By accuracy rate we mean the number of 

participants’ correct answers in all of the tasks in a testing session. 

To be defined as a correct answer two conditions are required: a 

correct decision associated with correct reasons. In Figure 5, we 

can find that participants can correctly identify more phishing web 

pages in the second test session than in the first test session. This 

improvement is statistically significant on both tested objects 

(Google: t = 2,508, (2-tailed) p=0,033; IEPlug: t= 3,483, (2-

tailed) p=0,007). This result supports the observation findings 

from Wu et al. [2], Villamarín-Salomón and Brustoloni [12] and 

Sheng et al. [13]. In Wu et al.’s research study, the researchers 

found that tutorials have learning effects on spoofing rate. 

Villamarín-Salomón and Brustoloni believed that building a user 

behavior model and providing personal security education 

accordingly is more effective than security reinforcement 

applications. Sheng et al.’s study shows that sufficient phishing 

education is able to assist users to identify phishing attempts. This 

improvement also implies that the tutorials used in the usability 

test are not able to effectively convey proper educational 

information to help users understand how to correctly identify 

phishing web pages with the anti-phishing toolbars. Even though 

the accuracy rates between Google Safe Browsing and IEPlug 

vary, the difference is not significant (comparison between 1st 

sessions: t =0,240, (2-tailed) p=0,813; comparison between 2nd 

Figure 3. The network topology for the usability tests. 
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Figure 4. The test procedure. 
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sessions: t =0,339, (2-tailed) p=0,739). This non-significant 

difference also implies that explicitly presenting the CA dialogue 

cannot lead users to make informed decisions. The similar result 

is also proved by Lin and his colleagues [11]. 

4.1.2 Understanding the Domain Name 
One reliable webpage identity is the domain name (see e.g. 

Microsoft [21]). Furthermore, a simple and effective way to 

prevent phishing is to always type in the domain name of a critical 

service. Before the interim question, there were 7 participants for 

Google Safe Browsing and 7 participants for IEPlug who checked 

the domain name during the test. Whereas, after they knew more 

how the software worked, 8 Google Safe Browsing participants 

and 9 participants for IEPlug learned to check the domain name. 

A very interesting observation was that, even though every 

participant could successfully extract the domain name during the 

first interview, only 3 participants were able to use the domain 

name as a web page identity during the first testing session. 

Moreover, 3 participants (one using IEPlug, two using Google 

Safe Browsing) concentrated on useless parts of a URL, and 

interim interview had no effect on how they interpreted URLs. 

For example, when the address  

“https://signin.ebay.com/ws/eBayISAPI.dll?SignIn”  

was shown some participants argued that they had never seen a 

web page using a “dll file”. Even more dangerous activity was 

that eight participants focused only on the beginning of the link. 

For example, when theses participants (four for Google Safe 

Browsing and four for IEPlug) inspected the address  

https://signin.e-bay.com.ws.eBaISAPI.com/index.html,  

the only part noticed was the www.e-bay.com and thus they 

missed the actual domain: eBaISAPI.com. They seemed to be 

ideal victims for a phishing attack. 

In the first test session of Google Safe Browsing, only 4 

participants used the domain name for the web page authenticity 

identification. After the emphasis and clarification of the interim 

question, there were 4 more participants who could distinguish 

phishing pages by checking the address, even though sometimes 

they did not check the correct part of the domain name. 

Even though IEPlug explicitly shows the correct and protected 

domain name on the warning, participants still ignored to check 

domain names or even addresses. Interestingly, two participants 

took unexpected advantage of the software to find out the domain 

name of the pages tested. They added the URLs that they were 

visiting to the IEPlug’s white list. Due to the capability of 

extracting the domain name from given URLs, IEPlug only added 

the domain part to the white list. For example, when one user 

added the long URL 

https://solo1.nordea.fi.nsp.engine.space.securelink.onlinebank.co

m  

to the white list, only onlinebank.com was added to the list and 

this helped the user to identify which website s/he is visiting. 

Even though they did not constantly use this method to examine 

every page tested, it provided them an analytical way. 

4.1.3 SSL Awareness 
Another reliable web page identity is the CA for web servers. It 

seemed to be more technical to check than the domain name. In 

fact, it was much more abstruse and hidden cue for most 

participants. Sixteen out of twenty participants had insufficient 

knowledge about SSL or TLS protection and thus they did not 

know how to verify the certificate. This means that most of our 

participants were prone to sophisticated phishing attacks. 

There was only one Google Safe Browsing participant, who 

correctly identified phishing pages by checking secure connection 

indicators in the first testing session. In the second testing session, 

the number of these participants increased to three. The two new 

participants learned how to check the lock icon from the 

instructions on the web pages tested (see Figure 6). 

As IEPlug is able to show CAs of protected websites, all of the 

IEPlug participants noticed that there should be something shown 

when they were visiting an authentic page. However, showing the 

CA does not guarantee safe browsing. Firstly, the content of CA is 

too technical to be understandable. Even though the participants 

were asked to read the IEPlug’s tutorial there was no information 

about how to interpret CAs. Moreover, IEPlug only shows CAs, 

but does not tell users how to check CAs by themselves. 

Therefore, 4 out of 10 IEPlug participants mis-judged one 

authentic page as a phishing attempt, which actually was just 

intentionally left out from the whitelist. The reasons given by 

those participants were also the same: “There is no certificate 

shown. According to the tutorial, I should not trust it.” This 

showed that some key conditions to make application work 

correctly may be ignored. This also indicates that it might be very 

difficult to ensure correct usage of a whitelist-based application, 

especially when the list is long. 

4.1.4 Security Hints on Web Pages 
Besides these standard identities of web pages, there are also 

some security hints or instructions on web pages, including 

domain name instructions (Figure 7), secure connection 

instructions, or security verification icons by third party 

organizations (Figure 8). These hints are very helpful, when users 

do not know how to trust a service. 

However, these hints were not good enough either. First of all, it 

is easy to abuse or change these hints. These hints are usually text 

or link on the page. Phishers can easily change them into anything 

non-harmful for them. For example, the source code for clicking 

Verisign icon can be modified as:  

<a href=”http://www.evilsign.com/ebay.com.html”> 

<img src=”verisign.gif”></img></a> 

Figure 5. Accuracy rate and standard deviation 

for each test set. 
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Figure 7. Domain name notifier. 
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Figure 6. The secure connection instruction on the page 

of the Nordea bank. 
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When a user relies on the icon and clicks on it, the forged 

verification information can be shown as identical to the authentic 

one. Secondly, some of these hints are quite ambiguous. For 

example, in Figure 8, it is just simply asked to “click the lock”, 

which misled one of our participants to click the lock icon on the 

web page. 

4.1.5 Regular Elements on Web Pages 
One valuable finding is that 7 Google Safe Browsing participants 

and 4 IEPlug participants preferred to check layouts or some 

insignificant functions on web pages during the first test session. 

For example, the most used method is to try the links on the page. 

In the first testing session there were 7 Google Safe Browser and 

5 IEPlug participants who clicked at least one link in order to 

check authenticity of the web site. Obviously, this does not 

protect, especially when phishers change every link on a phishing 

page. Moreover, the favorite links to click were “help” or “privacy 

policies”, where there might be just something that phishers can 

convincingly indicate. 

In the second session even more participants focused on these 

links of pages tested; 9 participants testing Google Safe Browsing 

and 4 testing IEPlug. It is interesting that participants focused 

more on the content of the pages, after the interim interview had 

emphasized how to use the application correctly. It seems that 

IEPlug leads users to more useful web page identities than Google 

Safe Browsing. Therefore, an IEPlug user knew what to trust and 

what not to. For example, IEPlug could explicitly show the 

authentic domain names which were stored in the whitelist, and 

displayed CAs as an auxiliary information or evidence. 

4.1.6 Spoof Awareness 
Interestingly, 3 participants could not properly understand what 

an authentic page means, even during the whole testing procedure. 

They seemed to believe that any page which asks for a user 

account and password was an authentic page. This revealed a very 

important defect in ordinary people’s mental model: They were 

used to prove their own identities, but forgot to verify 

trustworthiness of the online service. In our test, we found that 

two participants (one for IEPlug and one for Google Safe 

Browsing) always followed these criteria to judge the authenticity. 

They trusted the pages as long as the service required confidential 

information to log in. Furthermore, they even overlooked or did 

not trust the warnings from the two applications tested, and were 

committed to their own rules. An interesting observation is that 

while we had 23 participants, if we include pilot tests (some tests 

to verify the test design), and we found among this group 3 

participants that were ideal victims even for such unsophisticated 

phishing attacks where several one-time passwords were asked. 

4.1.7 Warnings 
The warning system is one key part for a client side anti-phishing 

application, which should be able to stop a user’s visit to a 

suspicious site. However, during the pilot test of IEPlug, a 

participant just simply clicked the default button on warning 

dialogs without reading through the content, even when there was 

a very special warning popping up. Fortunately, the application 

has a second round warning and this worked well and stopped 

each participant taking a dangerous or faulty decision even though 

not all participants understood or read the warning. This supports 

our previous finding [14] that second round warnings are needed 

for critical choices. 

4.1.8 Trusting the Software 
We also noticed that it was very difficult to make participants 

understand what happened when they used the software. Without 

proper understanding, participants can easily misjudge. For 

example, some participants over-trusted what they were using, 

especially when they did not fully understand how the application 

works. However, the seemingly limited performance (that is the 

limited number of phishing pages detected) made twelve of our 

participants (8 Google Safe Browsing and 4 IEPlug participants) 

so disappointed that they would not rely on the software. 

4.2 Results from the Questionnaire 
After the testing session all participants filled in the questionnaire. 

The questionnaire answers are collected in the Table 1 and Table 

2. From the answers, we can see that both of the tested toolbars 

are easy to use. The evaluations of the warnings were similar in 

both applications. The main problem the participants mentioned 

concerned popping up CAs. Seven IEPlug participants indicated 

this was annoying when they were visiting web pages. One rather 

experienced participant wrote: “It seems to disturb a bit, since it 

opens the cert. And so on. I do not need to see the cert. I can open 

it myself.” and one inexperienced participant wrote: “a little bit, 

the cert. form is ok, but another prompt form seems to give me 

something. Important information, so when users first saw it, they 

must try to understand what's going on.” 

When the participants considered the learning effects of these 

two applications, they gave different answers. The results indicate 

that IEPlug helped to learn more. For example, one participant 

explained: “It explains why, but using external sources would be 

needed for more comprehensive explanation.” It seems this 

participant required more sources or hints about anti-phishing, 

like Google Safe Browsing offers. 

The replies to the last statement indicate that both of these 

applications were not considered reliable enough. The arguments 

were mainly about frequency of updating the blacklist, the 

capability of successful detection and the whitelist maintenance of 

IEPlug. 

Table 1. Questionnaire results from Google Safe Browsing 

Statements Median 

It is easy to use. 4.167 

It is disturbing my browsing. 1.5 

Its warnings are easy to understand. 4.086 

Its warnings can catch my attention. 5 

I can easily learn what is phishing (or spoof) by using it. 2.833 

I can rely on it for identifying spoofing web pages. 2 

Table 2. Questionnaire results from IEPlug 

Statements Median 

It is easy to use. 4.167 

It is disturbing my browsing. 2.833 

Its warnings are easy to understand. 4 

Its warnings can catch my attention. 4.786 

I can easily learn what is phishing (or spoof) by using it. 4.5 

I can rely on it for identifying spoofing web pages. 3.5 

Figure 8. Security verification icons. 
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5. Conclusive Remarks and Future Research 
In our test, we evaluated and compared two detection mechanisms 

of anti-phishing applications: the blacklist-based Google Safe 

Browsing and the whitelist-based IEPlug. Initially, we intended to 

find out which detection mechanism is able to help a user to 

identify more phishing web pages, when a user understands how 

the application works. However, we did not find significant 

differences under the criterion we defined but on the learning 

effects during the experiment. In the test, every participant was 

made aware of how to use the tested application before the test 

began. The participants were requested to read the tutorial and, if 

possible, try the software before the test. This test design results in 

a valuable finding that neither of the used tutorials is helpful to 

educate users on how to identify phishing web pages with the 

tested objects. To strengthen the tutorials’ educational effects, in 

our test we used the interim interview, which is to observe user 

behaviors and provide more personal suggestions accordingly. 

This method could be also applied in the future anti-phishing 

software design.  

Even though the nature of usability test and the limited 

resources did not allow a larger number of invited participants, 

the previous usability research results show that the number is 

enough for the usability test and able to find out sufficient 

usability problems [22, 23, 24]. There were some interesting 

findings from our usability test. Firstly, both applications did not 

seem to be reliable enough for phishing prevention. Because of 

the lack of analysis capability, the blacklist-based application 

could hardly be of help, when we had to verify the authenticity of 

the tested pages. On the other hand, the analysis capability was 

useful for IEPlug’s users, especially as it was able to assist finding 

the domain name from the address. Of course, this works only, 

when a user knows that checking the domain name is important. 

Pop-ups should not contain too much information, since this is 

not liked by users; on the other hand, pop-ups should be as 

informative as possible. For example, IEPlug pops up SSL CAs of 

protected websites, but this also disturbs ordinary browsing. This 

is contradictory to the point that encourages designers to put some 

analysis capability to anti-phishing applications. The analysis 

capability requires detailed information while the detailed 

information will definitely disturb users’ visiting. How to balance 

this is still an open question. 

Successful phishing prevention requires some technical skills, 

but ordinary users seem to have no idea so far of what is the most 

important and useful information, and how to find such 

information. Moreover, it is required to know how to motivate 

users to verify the authenticity of websites. Undoubtedly, a 

context help system is a good choice, which could offer context 

related help according to different problems a user might meet. 

However, it should also be remembered that such a system is not 

able to fully protect users. One of the reasons may be that users 

forget to check necessary web page identities, and thus they are 

still vulnerable. Therefore it might be a good idea to embed 

security prevention into the procedure of online payment 

transaction, where it is possible to affect users’ mental models. 

Finally, it seems that it is better to combine both whitelist and 

blacklist than using merely a whitelist- or blacklist-based 

application. This is because both of these applications have 

advantages and weaknesses, which make the two detection 

mechanisms assist each other. Of course, in this case, one benefit 

of a whitelist-based application is lost: maintaining a whitelist 

does not require constant resources from the developers. 

Moreover, users can maintain the whitelist by themselves. A good 

solution is to use a whitelist-based application together with a 

blacklist-based application, like those built inside Internet 

Explorer, Mozilla and Opera browsers. 

Future research work of the authors involves the identification 

of significant security and usability features for defining adequate 

software quality criteria for anti-phishing technology applications. 
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ABSTRACT 
Three dimensional applications and games have become popular 
in tablet devices. Despite this, there is limited research about 3D 
icons in 3D space on touch screen tablet devices. In this paper we 
describe users' preferences on 2D, '2D in a 3D Block' and 3D 
icons in 3D space. The results were gathered by showing images 
and existing icons on a tablet devices. Our results indicate that 
users prefer 3D icons in a 3D space, because they look like natural 
interactable objects in the space. 3D icons should be designed as 
3D from the beginning with unique characteristics and level of 
detail with shading and shadows to make them distinct from other 
icons and background 3D space.  

Categories and Subject Descriptors 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

General Terms 
Design, Experimentation, Human Factors. 

Keywords 
3D, user interface design, icons, tablet, touch screen, user 
experience. 

1. INTRODUCTION 
Three dimensional (3D) user interface (UI) have been studied for 
decades [1,8,9]. There is very little research on 3D UIs on touch 
screen tablet devices, even though the new mobile and tablet 
devices have more processing power to run heavier 3D 
applications and games. User studies of touch screen tablet UIs 
have focused on the usability of the tablets or their applications 
[2]. In tablets, most of the user interaction is done through the 
icons on a touch screen. Therefore, icon design is important to the 
usability and user experience (UX) of the tablet UI. ISO 9241-
110:2010 defines user experience as: a person's perceptions and 
responses that results from the use and/or anticipated use of a 
product, system or service [4].  
There is only a little research about 3D GUI icons. In addition, in 
most of the previous 3D UI research, icons are presented as 2D 
plates [5,8,9] or simple 3D objects like blocks [5,7]. In their 
BumpTop study, Agarawala et al. [1] used 3D cubes squashed on 
one axis as document icon objects, then shadows were added to 
emphasize the 3D depth when piling objects or placing objects on 

the walls of their desktop. Shadows are an important feature in 3D 
UI, because they indicate objects relative positions by connecting 
them to the ground plane. Also shading of the object gives 
information about its surfaces shape. Other depth cues (e.g., 
occlusion, depth-of-focus, relative brightness, size and texture 
gradient) can be used to make objects look more like 3D. [3]  
In this paper we present users' preferences and their first 
impressions of the appearance of the 3D icons both on the 3D 
shelves and in 3D space by showing images on a tablet device. 
The aim of this study was to collect user feedback and experiences 
in the early phase of the design process.  

2. METHOD OF STUDY 
To study 3D icons for touch screen tablets, we applied a three step 
method by Pakanen et al. [6] for designing and evaluating visual 
elements. In the first step we explored existing tablet 2D GUIs and 
selected 2D icons for our experiment. In the second step we 
designed two different 3D versions of the selected icons. In the 
third step we prepared evaluation examples which were evaluated 
with 40 participants.  

2.1 3D Versions of the Original 2D Icons 
First we explored the most popular tablet 2D GUIs (Android and 
iOS) and found out that icons were similarly shaped or had a 
similarly shaped separate background color. Only in Android 
operating system was it possible to have icons without uniform 
background color, when they were placed on the application 
launcher. After this we selected six well known 2D application 
icons: Twitter, Facebook, Skype, Google Chrome, Mozilla Firefox 
and Angry Birds, as the basis for our 3D icon designs (Figure 1 
(2D)). We selected these well known icons for the study, because 
we wanted participants to be able to focus on the 3Dness aspects 
of the 3D icons. We also wanted to have icons with versatile 
shapes such as: ball, block and free forms, to study how those 
transformed to 3D objects and would participants still recognize 
them. The 2D icons were downloaded from the Samsung Market.  
As both iOS and Android uses uniform background shape in their 
GUI icons, we thought it was important to also evaluate the 3D 
versions of those. Therefore we created the '2D on 3D Block' 
icons by placing a 2D bitmap of the original icon on one side of a 
3D Block (Figure 1 (2D on 3D Block)). The 3D block was 
designed with rounded edges.  
Then we made 3D icons (Figure 1 (3D)). We did our best to 
present the original icons in 3D form, we had to imagine what 
would be the right depth and form for them. We first sketched the 
icons on paper before modeling the 3D versions with the Blender 
program. In the modeling phase we faced several challenges from 
the detail level of the 3D models to the final appearance of the 
icons. We had to take into account the restrictions of our target 
tablet environment, such as the running capability for complex 
meshes; therefore it was important to drop the level of detail by 
reducing the amount of vertices to make icons run smoothly in the 
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Figure 1. Three types of icons.1

later development phase. The Firefox icon was challenging 
because it had so much detail in the foxes tail. Finally we had to 
place the bitmap image of the original icon on top of the 3D model 
to make it look more detailed than it actually is. Also the visual 
appearance of the Firefox 3D icon is a little different from the 
original 2D icon, because when transformed to 3D, the fox seems 
to be floating on the globe. Depth also changed the appearance of 
the other icons. 3D version of the Angry Birds icon does not have 
the sky as a background behind the bird, because it did not work 
in 3D. We also added eyes, belly and beak color to the Twitter 
icons texture, to make it look more 3D. 

 

Finally we made our evaluation examples. In the user evaluation 
we wanted participants to make a comparison between original 2D 
and 3D icons on a tablet device. We had to use two different sized 
devices in the first two comparison tasks (Figure 2 (1-2)), an 
Apple iPad 9,7'' and a Samsung Galaxy Tab 7'', because our target 
devices' size is 10'', but it was impossible to present the original 
2D icons without the uniform square background on the iPad. 
Hence we showed the original 2D icons on the Galaxy Tabs 
customizable launcher, where there is no square background color 
around the icons. We placed the original 2D icons in two rows on 
a launcher (Figure 2 (1,a)). Then we made example images for the 
iPad with two kinds of backgrounds. For the first two tasks 
(Figure 2 (1-2)), we placed the original icons on a three 
dimensional shelf as shown in Figure 2 (1,b and 2,b). We used this 
shelf metaphor to highlight the differences between the icons (real 
3D icons and 2D icons with 3D effects). In the next three tasks 

1The original icons are used with permission for research purposes only. 
Twitter: http://tinyurl.com/6jao9tr, Facebook:  http://tinyurl.com/4o8z84a,  
Skype: http://tinyurl.com/44xk9x5, Chrome: http://tinyurl.com/3uwee2k,  
Firefox: http://tinyurl.com/3chuzxu, Angry Birds: 
http://tinyurl.com/6jjysmd.  

3D icons had similar colors as the original icons have, but we do not have 
permission to show 3D icons with textures in this publication. 

(Figure 2 (3-5)) we wanted to investigate how users would 
perceive icons in a 3D space, therefore the example icons were 
placed on shelves in a three dimensional room. In the example 
images, both the shelves and the room were presented in an angled 
view, because in our larger study we are investigating the room 
metaphor in which there are shelves on the both sides of the room. 
The angled view illustrates a changed camera view which helps a 
user to see the content of the shelves more easily than the first 
view when she/he enters to the UI, in which icons are occluding 
each other. Also all of the icons were placed on the shelves three 
dimensionally and not as billboards, e.g. they are not facing the 
camera all the time. In this way they look like objects in 3D space 
and not as 2D icons on top of the 3D space. In the final image we 
show a more angled view, because in a 3D UI it is possible to get 
behind the objects. Finally we downloaded images to the iPad. To 
avoid bias that different devices may cause, we asked participants 
to make their selection by ignoring the physical size of the icons, 
quality and brightness of the image or the screen. 

2.2 User Evaluation 
A user study was conducted by using structured pair evaluation 
with 40 persons and it took from 4 to 10 minutes. We used 
different methods to collect user experiences and feedback. We 
recorded sessions on video, observed users and wrote down their 
short comments. First, in the beginning of the evaluation, users 
completed a short background questionnaire, which had questions 
about their gender, age, prior experiences with touch screen 
devices: tablets and mobile phones. We also asked about 
participants' prior experiences with social media services, 3D 
games and virtual worlds. 63% of the participants were male. All 
the participants had previous touch screen experience either with 
smart phones or tablet devices. 8% of them used a tablet on a daily 
basis and 53% of them had only tried one briefly. The participants' 
age varied from 23 to 52 years with a mean of 35.  
In the first comparison task, participants had to select which one 
they liked the most, original 2D icons on a Galaxy Tab or 2D 
icons on 3D shelves on an iPad (Figure 2 (1)). The second task 
was to select between the original 2D icons on a Galaxy Tab and 
3D icons on 3D shelves on the iPad (Figure 2 (2)). The third task 
was to select their favorite from 2D, '2D on a 3D Block' and 3D 
icons which were located in a virtual room on a shelf on the iPad 
(Figure 2 (3)). The forth task was to select their favorite from all 3 
versions, when they were located in same image on the iPad 
(Figure 2 (4)). The fifth task was to select their favorite from all 3 
versions, when they were located in same image on the iPad, but 
the viewing angle was from the back corner (Figure 2 (5)).  

3. FINDINGS 
The results for the participants' choices in the first comparison 
task (Figure 2 (1)) are presented in Figure 3. 63% of the 
participants selected 2D icons on a Galaxy Tab device as the best 
choice. Participants commented that icons were clearer, more 
precise, simpler and more familiar to them. Many participants 
commented that 2D icons looked better in 2D background than 2D 
icons on the 3D shelves. In the second comparison task (Figure 2 
(2)) 58% of the participants selected 3D icons as the best choice 
(Figure 3). For female participants the percentage was 80 and for 
men it was 44. Women clearly preferred 3D icons as 47% of them 
changed their choice from 2D to 3D icon. With men, this change 
was only 4%. The women commented that the 3D icons looked 
funnier, fresher and nicer than 2D icons. As one participant 
commented: "(icons look) funny, but Facebook looks dull, it is just 
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Figure 2. Five icon comparison tasks in tablets. 

a plate." They also thought that 3D brings extra liveliness and 
value to the icons. One participant commented: "They look like 
they can be picked up from those shelves." Male participants 
commented that 2D icons would be more usable than 3D icons 
even though they regarded 3D icons as aesthetically pleasurable. 
The results for participants' choices in tasks 3-5 (Figure 2 (3,4,5)) 
are presented in Figure 3. In all of these three tasks participants 
chose 3D icons as the best choice. In the 3rd task the percentage 
was 83. For the 4th task it was 85 and in the 5th task it was 98. 
The main comments from the participants in the third task were 
that the 3D icons were a better fit in this 3D space than the other 
example icons. Participants commented also that the 3D icons 
look better than the original 2D icons, because in 3D form they 
look like natural interactable objects in a 3D space. As one 
participant commented: "the most natural one, looks like real 
objects on the shelves". A few participants suggested that some of 
the 3D icons could be animated, for example the Twitter bird 
could whistle when a new tweet comes in or it could fly away 
when application is switched off. Participants were not interested 
at all in 2D icons in a 3D space, as only 5 percent chose that 
option. They commented that 2D icons looked weird, 
disconnected, unfinished and stupid in a 3D space. Also the '2D in 
3D Block' icons were not very popular, only 13 percent of the 
participants chose those. Participants commented that the blocks 
steal all the attention and are space consuming. Many comments 
were made about the design of the block. It was thought that they 
look like an old television set and ugly. On the other hand some 
participants liked the blocks uniform shape, but they wished for 
different color options on it. In the 4th task (Figure  2 (4)) only 
one participant changed his selection from '2D in 3D Block' to 3D 
when all the icons were presented in the same image (Figure 3). 
Almost all of the participants preferred 3D icons in the 5th task 

(Figure 2 (5)), because those were the only icons that were still 
recognizable (Figure 3). As one participant commented: "Looks 
much more interactable, feels like they could react if I touch 
them." Only one participant did not like 3D icons at all, so he 
selected '2D in 3D Block' in this task. He commented: "I do not 
want to see icons all the time... (and if I need to select them) 
...then I turn them or change my viewing angle". 
Concern about participants' recognition of the icons was needless. 
There were a few comments about the icon design. According to 
three participants the 3D icons looked a bit different from the 
original 2D icons and they were not the same anymore. Two 
participants also commented that 3D icons cannot be created from 
2D by just turning them into 3D objects. As one of them 
commented: "I do not like these, because icons are not meant to 
be 3D, these look unnatural". Also positive comments about the 
different appearance of the 3D icon supported this finding. 
Participants thought that the 3D icons looked better than 2D icons, 
because there were new characteristics in them, for example in the 
Twitter icon the bird has eyes, beak and a belly. As one female 
participant stated: "Why the Twitter bird is different...I want beak 
and eyes also on the 2D icon". 

4. DISCUSSION  
At the moment 2D icons in many tablet GUIs have been designed 
with a uniform background shape. The 3D icons that were created 
for this study had different shapes, sizes and the level of detail. 
People liked these 3D icons, because each icon stands out from 
the others by their shapes and 3Dness makes them look more 
interactable than 2D icons in 3D space. The illusion of 
interactableness of the 3D icons was created with shading and 
shadows that icons cast to the shelves. Participants thought also 
that 2D icons cannot just be turned to 3D. Instead, icons should be
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Figure 3. Icon comparison results for each task.

designed as 3D from the beginning with unique characteristics and 
level of detail to make them distinct from other icons. 
The users' preferences of 3D icons depend also on the context. If 
there is a 3D virtual space, users want to also have 3D icons, but if 
the 3D space is not that evident they are not so interested to have 
them. The shelves example was considered as a non 3D space 
context, therefore the 3D icons looked like a pseudo-3D icon, i.e. 
not really 3D but 2D with 3D effects. The depth of the space and 
context makes a difference in a 3D GUI.  
Even though we showed our example designs to the participants 
as images from the iPad, they were able to imagine how the icons 
could behave. A few of them wished that icons which were more 
'alive' looking, such as Twitter and Angry Birds, could act like 
birds do in the real-world or in the game, for example fly or 
bounce to draw user's attention to them. If there are animations 
used in the 3D GUI they should have a clear function, not just for 
eye candy, for example, indicating the application shutting down 
or entering of a tweet, message or mail. It seems that users might 
be interested about 3D icon animations if icon looks 'alive', but the 
study should be done with an operational prototype to get more 
reliable results.  
The main purpose of this study was to collect information and user 
feedback in early design phase for further development of 3D UI's. 
As we were particularly interested on the visual aspects of the 3D 
icons and the consequences on user experience by changing the 
background space in which the icons exists.  Therefore we decided 
to evaluate icons with example images on tablets. One benefit of 
this method was that it let participants to focus on the 3D aspects 
of the icons, not just to their visual design, interactions, 
functionality and usability. The method was also faster, easier and 
more cost-effective to produce compared to interactable 
prototypes. It also gave us important user feedback which will 
assist us in our future designs and research efforts. Our next step is 
to develop an operational prototype to test users' perceptions of 
3D icons in interactive 3D space.  

5. CONCLUSION 
In this paper we present people's preferences about 2D, '2D on a 
3D Block' and 3D icons. We describe how we created our test 
example icons based on the original 2D icons and evaluated them 
with 40 people with images on a tablet. Our results indicate that 
users prefer 3D icons in a 3D space, because they look like natural 
interactable objects in 3D space. 3D icons should be designed as 
3D from the beginning with unique characteristics and level of 
detail with shading and shadows to make them distinct from other 
icons and background 3D space. 
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ABSTRACT 

We present a lightweight web-based tool aimed for traffic 

engineers that allows an engineer-friendly way to interact and 

explore traffic volume statistics. This system has been created in 

participatory design with experienced traffic engineers from a 

local traffic center. The tool has been built using common web 

technologies and utilizing an existing traffic detection loop 

network, and public online GIS and graph tool APIs. 

Categories and Subject Descriptors 

H.5.2 [Information Interfaces and Presentation]: User 

Interfaces – graphical user interfaces (GUI), prototyping.   

General Terms 

Design, Experimentation. 

Keywords 

Traffic volume, vehicular traffic, statistics, web-based services, 

tools 

1. INTRODUCTION 
As cities get bigger and road networks grow more complex, the 

overall density and flow of road traffic increases. An important 

challenge is to analyze and detect problems in road networks and 

find solutions to them. Traffic engineers seek to analyze, and 

create new and modify existing road network structures and traffic 

control device installations corresponding to acquired 

information.  

 

Interviews with a traffic engineer in a local traffic center revealed 

important aspects of the data collection process. Currently, the 

data collection is often done by utilizing road cameras and 

manually counting the vehicles that have passed by in the areas of 

interest and this way creating approximates of the total traffic 

flow. Another way used to analyze traffic volumes is to utilize 

data from traffic detector loops installed under the road that count 

the vehicles passed in fixed time intervals. This numeric data is 

collected into a large database consisting of numerous rows of raw 

data, which can be queried and visualized in human-friendly 

format. Here we demonstrate an automated lightweight system 

aimed at these purposes for traffic engineers, utilizing standard 

web technologies, and Google Maps and Charts Application 

Programming Interfaces (API). The goal of the system was to 

provide an engineer-friendly way to interact and explore the 

traffic data more easily and without the hands-on mining. It has 

been specifically designed to suit the purposes of traffic engineers 

with participatory design and feedback sessions. 

2. ARCHITECTURE 
The tool consists of three separate layers as shown in Figure 1. A 

web user interface (UI), a server-side PHP API for database 

access consisting of different individual modules for querying the 

database and traffic volume calculation algorithms, and a MySQL 

database containing information about the detector loops, 

intersections and the real-time traffic volumes. 

 

The user interface is built using common web technologies: 

HTML, JavaScript (AJAX) and PHP. The current version of the 

tool UI consists of two main elements: a map of the city and a 

panel where traffic volumes are shown in line charts as shown in 

Figure 2. Map overlay with the intersections and the road network 

can be seen in the left part of the figure and traffic volume 

information on the right side. Map and charts are created using 

Google Maps and Google Charts APIs, as there is no fee for using 

these environments below certain quotas. Also both of these have 

wide and extensive support from both Google and developer 

community. 

 

The server side PHP API is a layer between the UI and MySQL 

database. It handles the requests received from the web 

application and queries the database for traffic information with 

corresponding parameters, calculates the traffic volume 

information, and returns the final values in JavaScript Object 

Notation (JSON) format. All resource-intensive calculations are 

processed at the server-side.  

2.1 Interaction model 
When the tool is loaded for the first time, it requests information 

from the API on all the intersections and their connections to 

other intersections in the city. The API then queries the database 

for static intersection information and creates a JSON object 

containing the necessary information for showing the network on 

a map and sends it as a response to the web page. The tool then 

displays the road network as an overlay on top of the Google map 

interface showing road sections as blue selectable line objects and 

intersections as red dots. We refer to the former as 'polylines' and 

the latter as plain 'markers'. 

 

After the map has been initialized, user may interact freely with 

the map and select road sections for which to see traffic statistics. 

When selecting a road section, a panel is displayed on the right 

side containing two minimaps and two graphs:  The direction of 

 

Permission to make digital or hard copies of all or part of this work for 

personal or classroom use is granted without fee provided that copies are 

not made or distributed for profit or commercial advantage and that 

copies bear this notice and the full citation on the first page. To copy 

otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 

MindTrek 2012, October 3-5, 2012, Tampere, FINLAND. 

Copyright 2012 ACM 978-1-4503-1637-8/12/10…$10.00. 

 

209



traffic is shown with a blue arrow on the minimap and next to the 

minimaps are line charts showing the total volume of traffic in 

each direction for the defined time intervals. 

 

 
Figure 1. Graph of the overall structure of the tool. 

 

 
Figure 2. Screenshot of the user interface of the web app. 

 

2.2 Data 
The tool utilizes multiple data sources. The client side requests 

data from PHP API using GET method. The API handles the 

requests received from UI, queries the database, and sends a 

response in JSON format to the client side after processing the 

data. User interface handles the lightweight data processing 

completely in JSON using JavaScript, whereas resource-intensive 

processing is performed at the server. 

 

The data used by the tool is divided into three different MySQL 

database tables: The first table is for general detector information, 

the second for intersection structure information, and the third for 

traffic volume counts received from traffic detector loops.  

 

The detector table contains information about where the detector 

is located (coordinates and intersection ID), from which 

intersection the traffic comes to the detector, distance from 

intersection in meters and on which lane the detector is located. 

The intersection table contains general information about 

intersections, for instance the road names that cross at that point 

and where the intersection is located. Each intersection has also its 

unique ID.  

 

The traffic volume records table contains information how many 

cars have passed over a detector in an intersection around city. 

The table updates in 3 to 15 minute intervals depending on the 

update frequency of an individual detector loop. One row in the 

traffic volume table consists of an ID of an intersection and all 

detectors that belong to the vicinity of that intersection with their 

car counts. The main purpose behind the tool is to make it 

possible for traffic engineers to examine and visualize the road 

network structure and the volume of traffic in graphical form. 

Closer examination of numbers is also possible.  

3. DISCUSSION 
The reason for choosing web as our platform was to have a 

flexible and platform-independent open-source tool. Only a 

JavaScript-enabled browser is needed to use the tool. Due to the 

flexibility of web technologies, the tool can be also used on 

devices of varying form factors, for example on touchscreen 

devices.  
 

We did a heuristic evaluation and interview with a traffic engineer 

from a local traffic center who had a long experience using traffic 

statistics tools. Interviews revealed that there is a need for such a 

tool to analyze traffic volumes in a simple manner within one 

application. Currently, the manipulation has to be done by first 

extracting the data using other application, and then visualizing it 

on charts using other tools, so they lack integration between each 

other. Our tool succeeds to provide both numerical and graphical 

representations of the traffic information. 

3.1 Limitations 
Web technologies give much flexibility, but they also pose a 

challenge maintaining the user interface on all browsers due to the 

differences in the way browsers handle HTML5 and JavaScript 

code. Security risks and possible authentication measures should 

also be taken into account. Also it is important to note that using 

the public Google Apps APIs are free below a certain quota. 

Exceeding these quotas will require more investments in the tool 

if it is deployed in a larger scale. 

3.2 Conclusions and future work 
Following a participatory design process with local traffic 

engineers, we have developed a practical prototype tool that 

allows representing and analyzing traffic data and statistics in an 

engineer-friendly form without a concern of platform 

compatibility. Moreover, the system provides an important 

capability for the traffic engineers to re-utilize an existing network 

of traffic loop detectors.  

 

Due to the modular adapter pattern design, we state that it is 

possible to utilize the tool in different operating environments 

only by rewriting the query interface of the tool. It is also possible 

to add and improve the traffic calculation algorithms in a 

collaborative manner with other traffic authorities and companies 

due to the open source nature of the tool. Combined together with 

an existing network of traffic detection loops deployed in the city 

provide us a low-cost and flexible traffic statistics system.  
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ABSTRACT 
Children diagnosed with diabetes type 1 are bombarded with 

information and have a hard time understanding it all. Existing 

information material consists mostly of brochures and textbooks, 

giving little opportunity for testing and trial-and-error without 

consequences. A social platform with learning games gives the 

children an opportunity to experiment and find peer support, 

which is important for coping with a life long disease.  

Categories and Subject Descriptors 

H.5.2 [Information Interfaces and Presentation]: User 

Interfaces – User-centered design; K.8.0 [Personal Computing]: 

General – Game; H.5.3 [Information Interfaces and 

Presentation]: Group and Organization Interface - Collaborative 

computing; J.3 [Computer Applications]: Life and Medical 

Sciences – Health. 

General Terms 

Documentation, Design, Human Factors. 

Keywords 

User centric design, social game, social computing, persuasive 

computing, multidisciplinary work, serious games, health, 

diabetes. 

1. INTRODUCTION 
A child diagnosed with diabetes type 1 faces life long treatment of 

the disease through diet, exercise and insulin supplementation. 

There are few ways of teaching the day-to-day elements on how to 

live with a condition like diabetes that are engaging and allows for 

experimentation in order to gain understanding. Many diabetic 

children do not have frequent contact with other diabetic children, 

making them feel alone, scared and different. However, children 

like playing computer games, especially together with other 

children. An online meeting place connected to games with 

learning-by-doing content and social feedback will help children 

cope, and create a platform on which they can build their self-

esteem and knowledge. 

In this demonstration proposal we first describe the concept of a 

Social Learning Platform allowing the distribution of learning 

content through minigames connected to a social framework that 

provides common features for all games (avatars, leader boards, 

achievements, communication, etc.) We then describe an example 

minigame that use the social features, but also exemplifies 

learning-by-doing through gameplay. Finally we propose a 

demonstration scenario where conference attendees are invited to 

participate and play the game. 

2. SOCIAL LEARNING PLATFORM 
We propose a platform both in a user and a developer point of 

view. As a user, it is a community which provides engaging games 

and learning content, steadily growing as developers add more 

games. As a developer, it provides an interface to a common 

server which handles the social part of all the games. The idea is 

that a developer can create games which “plug-in”, expanding the 

content of the platform. 

2.1 System Architecture 
The entry point for players is the web browser, where they register 

an account, set up their profile and create an avatar. The details 

they register with decides how their avatar looks in each of the 

games, what language they are presented with, and in some 

instances what type of learning content they are presented with. 

They have an overview of their achievements and status through 

the web page and gain access to minigames through the account 

they create. The server handles requests from games, acting as an 

interface for the games toward the database (see Figure 1). 
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Figure 1. System Architecture 

2.2 Social Features 

2.2.1 Avatars 
The idea of avatars in the system is threefold. Avatars hide your 

identity from other players, which is important when the target 

group is children, especially children with a diagnosis.  Avatars 

can also be something you are not, even though you are scared 

and alone, your avatar might be famous (top of the leader boards) 

and have lots of friends. They also provide something to 

recognize between the different minigames, which is important for 

immersion in the games. 

2.2.2 Leader Boards 
Leader boards (or highscore lists) provide a goal for the games, 

giving an incentive to repeat the same task until the player has 

mastered it. 

2.2.3 Achievements 
Achievements are a visual way of representing your progress in 

the games. If you just started playing you will most likely not 

have many achievements, but if you have played a while your 

achievements will be something for new players to strive for, and 

something that you can be proud of. Achievements are a way of 

showing your investment in the game, providing incentive both 

for you to keep playing (and learning) and for others to try and 

match your accomplishments. 

2.2.4 Chat 
Communication is an important feature of all social platforms, 

however, when making games for children there is a risk of 

bullying and foul language associated with allowing free 

communication. We address the problem of moderation by having 

predefined dialogue that is context sensitive to the game you are 

currently playing, and what activities you or the player you are 

communicating with are currently doing. 

2.3 The Glucose Race 
The Glucose Race is a game for the iOS platform that uses simple 

gestures for controlling the player avatar. The player uses different 

types of transportation (plane, car, motor cycle, on foot), in a race 

to get to the goal first (see Figure 2). The game tricks the players 

into unknowingly using their knowledge about insulin – fuel is 

food, oil/air is insulin and speed is exercise level. As soon as the 

player realizes that the game mechanics correspond to insulin and 

blood sugar mechanics they can use their knowledge in order to 

perform better, and are able to learn and train their understanding.  

The player should plan before the race; speed, fuel and oil must be 

in balance, and races against recorded races of friends, showing 

them as a ghost, giving the impression of live interaction. Help 

from friends can be provided in form of pre-recorded comments 

and tips from previous play sessions. 

 

Figure 2. Screenshots of  The Glucose Race 

3. STATE OF THE ART 

3.1 Treatment challenges 
According to diabetes nurses the biggest challenges are in blood 

glucose measurements, eating habits, motivation, physical activity 

as well as the busy lives of parents. Children with diabetes will 

often experience defeat since their condition might change due to 

stress, different food than normal, an infection, etc. Parents will 

especially need support when the children get independent and 

shall take care of the diabetes themselves. There is no learning 

material available that gives children and their parents a chance to 

implement theory into practice [2].  

3.2 Children and gameplay 
Brox et al [2] performed a survey among children aged 8.12 about 

their gaming habits. Playing multiplayer web based games is 

common among the children aged 8-12 that answered the survey, 

but they are not allowed to play games with heavy violence or 

with a higher age limit. They also asked the children if they had 

any ideas for a game where they could learn about diabetes and at 

the same time have fun. On the list we find: lots of colors, fantasy 

avatars, several levels, possible to talk to others, collect things, 

contain minigames and it should be fast. Noisanen & 

Kankaanranta [10] found that children like rich designs with lots 

of information and numerous alternative actions. They also like 

playing together either sitting together or meeting in a game. 

3.3 Existing games and forums 
There are several games to educate about diabetes on the Internet 

for children, mainly in English, but none are multiplayer games. 

The games give information about the pancreas, nutrition, what to 
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do at school, etc. [2]. There are also many games about food and 

nutrition for the young population.  

One example is the game “Hypos at School” [8], which is 

designed for children with a recently diagnosed disease that 

teaches about diet and hypoglycemic events. The game contains 

animations, texts and multiple choice questions. 

Many diabetes associations have forums, mainly for adults, but 

some offer forums for young people with diabetes as well. The 

Norwegian site did not even have a forum for adults in 2010. 

3.4 Persuasive design 
The main goal of persuasive games is to persuade the users to 

modify their behavior.  “Didget” [5] is a blood glucose meter for 

children that can be used together with Nintendo DS in a 

persuasive manner. In videogames the player earns game points 

when testing the blood glucose level, and gets extra points 

(rewards) when the readings are good. This is a way to persuade 

kids not only to perform measurements, but also to strive for 

stable blood sugar levels.  

Other examples of persuasive games are the game called “Escape 

from Obeez City” [1] that is taking place inside a body and 

teaches against obesity. For adults with Diabetes type 2 struggling 

with their diet, we have the intrinsic adventure game “Escape 

from Diab” [6]. 

Consolvo et al [46] found that goal setting can be an effective for 

changing behavior. A social game on Facebook for diabetes 

prevention, “HealthSeeker” [7], uses a goal setting, it is very 

concrete when it comes to food and exercise, but their goals, may 

not suit everybody. Kharrazi, Faiola and Defazio J. [9] used the 

“Health Belief Model” to design a game aimed at adolescents with 

type 1 diabetes. They point out that one also has to consider 

empowerment, compliance and behavioral change when planning 

game elements. In a literature study, Brox et al [3] found that goal 

setting, interaction with the game, identification with the avatar 

and rewards, are important in persuasive design for health games 

[4].  

4. LICENSE 
The platform is still a prototype at this stage. When it is finished 

the platform itself will be licensed under an open license but 

companies that want to protect the games they connect to the 

platform will still be able to do so. 

5. DEMONSTRATION SCENARIO 
We propose the following demonstration scenario for MindTrek 

2012 attendees. Registering with a conference specific version of 

the social platform and participate by playing the example 

minigame at our presentation of the prototype social learning 

platform. 
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ABSTRACT 
The number of elderly people is increasing rapidly both in 
absolute numbers and in relation to younger population. It is the 
benefit for both the elders and the communities that elderly people 
continue to live in their own homes as long as possible. Therefore 
technology should be used to help the elders in their homes. As 
loneliness and social isolation have negative impact on the health 
and happiness of the older population, ambient devices and social 
networking may be used to help the elderly connect with their 
friends  and  families.  In  this  paper  we  will  demonstrate  our  
solution, the Amcosop system, which will help elders feel safe 
and keep connected with their nearest and dearest. 

Categories and Subject Descriptors 
H.5.3 [Information interfaces and presentation]: Group and 
Organization Interfaces – Asynchronous Interactions    

General Terms 
Experimentation, Human Factors 

Keywords 
Social networking, Sense of presence, Independent living, Home 
care, Ambient Media, Calm Technology  

1. INTRODUCTION 
There are an increasing number of elderly people in the world, 
and especially in western countries their numbers are growing 
rapidly. At the same time, the percentage of elders in the 
population is growing even more rapidly. In Finland, for example, 
the percentage of people over the age of 65 was 18% in 2010, and 
it is expected to reach 26% by 2030 [1]. This will create many 
challenges for the welfare of aging population and for the 
economies of these countries. 
It is often in the interest of both the elders and the community that 
people would live in their homes as long as possible. The elders 
themselves enjoy living at home and are often reluctant to move 
into retirement homes or care centers. For the state, the cost of 

elderly living independently, even with care services, is 
considerably smaller than the costs associated with care institutes. 
It is therefore important that all means, including technological 
possibilities, are used to help people enjoy their lives in a home 
environment for as long as possible. 
However, the ability for elderly people to live in their homes with 
or without homecare decreases with aging and life changes. When 
the elderly lose their spouses and close friends or their health 
worsens and their mobility starts to decrease they face the risk of 
social isolation, which may lead to loneliness and unhappiness. 
Unhappiness and loneliness can have a significant adverse effect 
on person’s health and ability to live at home. For example elders 
living alone with poor social networks may risk 60% increase in 
dementia [2]. 
To reduce the risk of social loneliness, technological systems can 
be used. Social networking applications such as Facebook, 
Google+, LinkedIn and MySpace, however, might not be the best 
choices for elders, not least for their usability, but also for the kind 
of social networks they provide. More ambient solutions provide 
continuous feel of social presence with their relatives and close 
friends. An ambient media device fulfils the need for such a user 
friendly approach. An ambient media device is a system which 
combines intelligence, morphing between a digital and physical 
world and an involving experience. The ambient media and 
different levels on ambience are discussed in [3]. The Amcosop 
[4] system will provide, through ambient media, both basic 
communication similar to the aforementioned social networking 
sites, and even more importantly a sense of presence and 
belonging for the elderly. 

2. RELATED APPLICATIONS 
Since ambient communication and sense of presence are the main 
areas of the Amcosop design, instead of the social networking 
where lots of research has also taken place, we will focus here on 
those areas by some interesting research projects with prototype 
devices. Aurama [5] is an aware picture frame that is designed to 
provide peace of mind and sense of connectedness. Aurama 
provides both detailed information about the elders and also 
ambient information by use of color auras on the edges of the 
picture frame. However, unlike Amcosop, the Aurama was 
designed to provide these feelings primarily to the family of the 

Permission to make digital or hard copies of all  or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
Conference’10, Month 1–2, 2010, City, State, Country. 
Copyright 2010 ACM 1-58113-000-0/00/0010 …$15.00. 
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Figure 3. Settings screen. 

 
Figure 2. Home screen. 

 
Figure 1. The Home Terminal device 

elder, whereas Amcosop is targeted more for the elders than their 
families.  
LilSys [6] is  a system which by use of different  sensors,  such as 
motion, sound, door or phone, determines whether a person is 
currently available for communication. The user may also 
manually override the devices automatic sensing if they so wish. 
The availability information is given to other users to see in their 
contact books. 
Family Window [7] attempts to provide awareness and 
connections between families and their loved ones over distance. 
Family Window was demonstrated on a tablet PC, but would also 
be implementable in a device such as a picture frame. The Family 
Window provides a video connection between two places, and 
enhances it with abilities such as an activity timeline, hand written 
messages, notifications, and time shift functionality. 
Gustbowl [8] was designed to help parents feel connected with 
their  children  who  have  moved  away  by  the  use  of  calm  
technology and an ambient device. The system implements two 
interactive Gustbowls that share information between each other. 
Items can be dropped into either one of these Gustbowls, which 
then takes a picture of the item and sends it to another Gustbowl 
accompanied with a vibration alert. 

3. ARCHITECTURE 
On the highest level the Amcosop system contains four parts: a 
server, home gateways, home terminals, and mobile clients. The 
server is responsible for sharing all the data between the users and 
also offers web user interfaces for secondary users (relatives and 
friends) who do not have mobile clients available.  

The home terminal is intended for the primary user (the elder) as 
an ambient sense of presence device, which can be run on any 
touch screen device able to run JavaFX and connect to the 
Internet. The home gateway, implemented with Java, is a 
component between the home terminal and the server. It handles 

network connections and is a platform for additional functionality 
such as sensors.  

The mobile client can substitute the web client as a more 
intelligent and user friendly client, at least when the secondary 
user cannot access a PC. The mobile client offers basically the 
functionality of the web application but may in addition 
automatically update the user’s location information based on the 
mobiles positioning information. Unfortunately, since the mobile 
client is currently only implemented with Qt, it is only available 
for Symbian S^3 devices. Fortunately, the web client is designed 
to be completely usable on small mobile devices as well as with 
desktop computers and can therefore be used with other smart 
phones if needed. 

The server uses Rest and XMPP protocols for communication 
with home gateways and mobile clients. The communication 
between the home gateway and the home terminal is implemented 
using Java RMI.  

4. HOME TERMINAL DEVICE 
During the design of the Amcosop system and the home terminal, 
user evaluations were performed to find user requirements for the 
system. Three groups of elders in three different countries, 
Finland, Austria and Greece, were shown prototypes of the system 
and interviewed. Based on these interviews, the final system 
specifications and functionalities were decided and implemented. 

The part most visible to the primary users of the system, the 
elders, is the home terminal shown in Figure 1. Home terminals 
user interface was therefore designed especially to be user friendly 
with older people who are unfamiliar with computer user 
interfaces and whose sight, hearing, and motoric skills may have 
been weakened. The home terminal uses both large fonts and large 
icons, and its user interface is designed to be simple and intuitive 
for users without prior experience to computer user interfaces. 
The use of multiple windows and scroll bars is minimal, and text 
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Figure 4. User details pop-up. 

 
Figure 5. My profile screen. 

 
Figure 6. Manage contacts screen. 

is often used rather than symbols. The main screen of the terminal 
is shown in Figure 2. 

Since the home terminal is an ambient device designed to transmit 
feelings and sense of presence even when it is not actively used, 
the system should be placed in a room used for other activities as 
well, such as the living room. This means the device needs to be 
aesthetically pleasing and non-obtrusive. The colors are calm and 
the  view  is  pleasant.  If  the  user  wishes,  he  or  she  may  decide  
between different background themes as shown in Figure 3, a 
requirement which was much desired by the interviewed users. 
The  prototype  system  is  implemented  with  a  nice  white  ASUS  
touch PC whereas the actual product based on the system could be 
even more pleasing, such as a photo frame. Since the system does 
not require much processing capacity and is implemented in Java 
it is easily portable to other environments. 

The home terminal allows the user to stay in touch with their 
relatives and friends. The home terminal itself, however, is not 
designed as a communication device, but more as a device that 
enhances and promotes communication. In addition to seeing 
pictures of their closest ones, the system allows sending and 
receiving different flags, such as “call me” or “visit me” as shown 
in Figure 4. The user can see other people’s status messages, 
location, mood and activity, which may also be seen on Figure 4. 
He or she may also set these for themselves for their friends and 
relatives to see from the “my profile” screen shown in Figure 5.  
To help facilitate communication and feeling of connectedness, 
the terminal changes the size of the profile pictures based on the 
person’s availability for communication. Furthermore, the user 
may categorize people in different groups or place them freely on 
the screen from a view shown in Figure 6. 

5. CONCLUSION 
Technological systems are needed to help the elderly live in their 
homes longer. Loneliness and social isolation are major problems 
for elders. The demonstrated Amcosop system is designed 
especially to help elders keep more connected with their relatives 
and close friends. 
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Figure 1: Space Bugz! being tested at Baltoppen
Cinema in the city of Ballerup, Denmark

ABSTRACT
This paper presents Space Bugz! - a novel crowd game for
large venues or cinemas that utilises the audience’s smart-
phones as controllers for the game. This paper explains
what crowd gaming is and describes how the approach used
in Space Bugz! enables more advanced gameplay concepts
and individual player control than current technologies al-
low. The gameplay of Space Bugz! is then explained along
with the technical architecture of the game. After this, the
iterative design process used to create the game is described
together with future perspectives. The article concludes
with links to a video demonstration of the game and a link
to the source code.

Categories and Subject Descriptors
K.8.0 [Personal Computing]: Games

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
MindTrek 2012, October 3-5 Tampere, Finland
Copyright 2012 ACM 978-1-4503-1637-8/12/10 ...$10.00.

Figure 2: The mobile application in use. The player
can use the avatar on the screen to see which one he
or she controls

General Terms
Design, Experimentation, Human Factors, Measurement

Keywords
Crowd gaming, smartphone, collocated, engagement, con-
tinuation desire, cinema

1. MOTIVATION AND CONCEPT
The advent of emerging technologies has opened up many

new possibilities for new genres of digital games. One of
these is crowd games which are meant to be played by a
large group of people at the same time and in the same
physical location. Existing crowd game solutions for cine-
mas or other public venues with large screens have either
utilised computer vision or sound as the only input meth-
ods [4, 8, 3]. Since these approaches currently only allow
the overall movement of a crowd to be tracked or its over-
all loudness, it has only allowed for very simple gameplay
concepts. This also means that each individual audience
member has not had much control over what has happened
in the game. Space Bugz! is very different from earlier crowd
games. An Android app transforms each audience member’s
smartphone into a controller for the game. Each player has
their own avatar that they control and use to play with other
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members of the audience on a large screen where the game
takes place. Others have utilised smartphones as input de-
vices for games before but Space Bugz! is the first game
that is designed specifically with this kind of interaction in
mind and enables a crowd to play together[5, 2, 9]. The
noteworthy features of Space Bugz! include:

• Smartphones enable contextual graphical user inter-
faces. For example, the tutorial for the game and the
layout that is used during play are provided directly
on the phone.

• Player-specific information such as the current score
can be provided on the smartphone’s screen.

• Space Bugz! demonstrates how input can be provided
through the phone’s accelerometer and touch screen.

• The game can support up to 28 players at the same
time. To prove this concept the game was tested with
18 players at the Baltoppen Cinema in the city of
Ballerup, Denmark.

2. GAMEPLAY

Figure 3: A level in the game

In Space Bugz! each player controls a small avatar and has
to shoot other players while avoiding being shot. At the end
of every level a high score is shown and the goal is therefore
to get as high a score as possible. The levels are populated
with planets that are surrounded by gravity fields that the
players have to traverse as shown in Figure 3. The planets’
cores also constitute a hazard, since avatars are killed if they
fall into a core. Power-ups can be collected to either grant
a shield or larger bullets. Two different sizes of levels are
furthermore implemented to accommodate varying amounts
of players. The avatar’s movement is controlled through
the smartphone’s accelerometer, while bullets are fired by
swiping a finger across the touchscreen in the direction one
wants to shoot. In order to make it easier to locate one’s
avatar on the screen, the players can press the avatar picture
on their phones to produce a pulse around their avatar, as
shown in Figure 2 and 4.

Figure 4: Two players using the beacon feature to
locate their avatars on the screen

3. ARCHITECTURE
The central part of the system is the laptop that runs the

game application. This application, which is implemented
in the Unity3d game engine, acts as a server for the mobile
application that runs on each player’s Android smartphone.
The laptop and the smartphones are connected to each other
through a local area network handled by a wireless network
router. The laptop is then connected to a large screen or
projection screen that shows the game. Communication be-
tween the mobile clients and the server is handled with a
custom network library that utilises TCP and UDP. The
setup can be seen in Figure 5.

Figure 5: The game architecture
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4. ITERATIVE DESIGN PROCESS
Since using smartphones to control a crowd game is a

novel approach, it was necessary to utilise player feedback in
the design process, since no prior knowledge existed on how
such a game should be designed. More specifically, player
feedback was used to ensure that the game was easy to un-
derstand and engaging to play. This was coupled with an
iterative design process so errors could be corrected as soon
as possible. An example of a feature that changed based on
player feedback was how the player controlled in what di-
rection shots were fired. The first method shown in Figure
6 required the player to look at the screen in order to see in
what direction the shot would be fired. The second method
shown in Figure 7 solved this problem.

Figure 6: The first control method for shooting.
Here the direction is based on the position of the
touch in relation to the centre of the screen

Figure 7: The final method for the shooting me-
chanic. Here, shots are fired in the direction the
player swipes her finger

The concept of ”continuation desire”, an intrusive method
of inquiry and the Engagement Sampling Questionnaire [6]
were used to identify what aspects of the game needed im-
provement. A deeper explanation of how this was done is
provided in [7].

5. FUTURE PERSPECTIVES & CONCLU-
SION

The development of Space Bugz! provides some design is-
sues that future crowd games utilising smartphones as con-
trollers should be aware of. For this project a great deal of
time and resources were spent on making the game as ac-
cessible as possible through the use of tutorials, vibration
feedback, and distinguishable avatar textures to mention a
few examples. This is likely due to the action-oriented na-
ture of the game. As a result, the game was also designed
so players did not have to look at their phones, but could
instead concentrate on the main screen where the action was
taking place. Since this is the first game of its kind, there
are many areas that can still be explored and improved, in
order to enhance player engagement during gameplay. One
direction to move in could be to design the game to accom-
modate different player types [1]. This would broaden the

appeal of the game, which is an important prerequisite for
a crowd game in order to be successful.

6. VIDEO DEMONSTRATION
A video presentation of Space Bugz! that includes footage

from the final test at Baltoppen Cinema can be found at
http://youtu.be/rvertbcSg24

7. LICENSE & SOURCE CODE
Space Bugz! is released under the Creative Commons At-

tribution NonCommercial ShareAlike 3.0 Unported license.

The source code and assets for the game can be found on
github at:
https://github.com/parahunter/Space-Bugz/downloads
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ABSTRACT 

3D reconstruction of real world objects is an important content 

creation tool for the 3D internet. This poster shows how cheap 

commercial sensors can be used to reconstruct real 3D objects and 

import those objects within a 3D virtual world. This poster 

describes the implementation of a 3D content capturing 

processing chain using Microsoft Kinect. The capturing process 

includes a method for filtering and segmenting an object from the 

unwanted background data, a method for registering multiple 

scans together and a method for creating a solid surface 

presentation for the captured point cloud. The resulting 3D asset 

is imported and rendered in RealXtend Tundra 2.  

Categories and Subject Descriptors 

I.2.10 [Vision and Scene Understanding]: Modeling and 

recovery of physical attributes 

General Terms 

Algorithms, Performance, Design, Experimentation 

Keywords 

3D Reconstruction, Depth cameras 

1. INTRODUCTION 
An important area for content creation in the 3D internet is the 

ability to capture real world 3D objects and import them into the 

3D virtual spaces. This paper describes how this can be 

implemented using consumer level depth camera, Microsoft 

Kinect and open source software. To achieve this, the 

reconstruction and importation process chain uses two open 

source projects. First, the Point Cloud Library [1] which is used to 

interface the Kinect sensor, filter the data from the Kinect sensor, 

merge multiple scans together and process the scans into a 3D 

asset (consisting of mesh and textures). Second, RealXtend 

Tundra viewer [2] is used to display the finalized model.  

2. POINT CLOUD CAPTURING 
The Kinect sensor, used for capturing the input data, is capable of 

outputting 11-bit depth feed and 24-bit RGB feed with 30Hz 

framerate. The process of capturing and processing the input data 

from Kinect, as presented in this paper, can be roughly divided in 

five steps (Fig 1.).  

 

 

Figure 1. Overview of the process chain 

 

After obtaining the input data from the Kinect using PCL, it needs 

to be filtered, multiple scans need to be aligned with each other, a 

surface must be generated for the point cloud data and finally the 

data must be converted to a format usable by the RealXtend 

Viewer. 

The filtering process of the processing chain can be divided in two 

parts: Down-sampling the data and segmenting the object-of-

interest from the rest of the data. The filtering process begins by 

dropping all points with depth value above 1,5m. After depth 

filtering down-sampling is performed, where 99,5 percent of the 

original data is dropped using uniform sampling method. This 

makes it possible to perform the segmentation in a real time 

fashion. 

The implementation described in this paper assumes that the 

captured objects are positioned on top of a table, floor or other 

planar surface. Therefore, the first part of the segmenting process 

involved the removal of these planar components. To achieve this, 

the Random Sample Consensus (RANSAC) [3] method is used to 

detect the planar inlier points and discard them. 

After removing the planar inlier points, unwanted points can still 

be present in the data. For further cleaning the data, the 

implementation assumes it consists of object clusters. Clusters, in 

this case, are defined to consist of points located within 8cm of 

another point in the cluster. After the clusters have been 

identified, an assumption that the largest cluster is the object-of-

interest is made, and the rest of the clusters are discarded. 

After the filtering and segmentation processes terminate, the 

filtered point cloud cluster is visualized for the user for visual 

inspection. The system then waits for the next data set from the 

Kinect, and starts the filtering process again. At any point, the 

user can choose to integrate the currently visualized cluster in to 

the final model. 

Once the user decides to integrate the cluster in to the final model, 

the registration process begins. During the registration process, 
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the transformation aligning the current and previously integrated 

cluster is estimated. The first iteration of the registration process 

is a special case, where the cluster is integrated to the, still empty, 

final model as it is. 

During the second iteration of the registration process, the 

transformation aligning the final model and the current cluster is 

estimated using the Iterative Closest Point (ICP) algorithm [4]. 

ICP works by assigning corresponding point pairs and solving the 

transformation for them. For estimating the point pairs, the x, y, 

and z-coordinates and the curvature (point normal) are used as 

compared features. 

After 2 iterations of the registration process, an additional step is 

added before the ICP estimation, where the alignment of the 

previous cluster is applied to the current cluster. This brings the 

cluster closer to its actual transformation, and helps ICP to 

converge faster and more reliably. The downside to this approach 

is that successive captures must have a predefined pattern, e.g., if 

we start taking frames using a clockwise rotation, the Kinect 

camera cannot start going in an anti-clockwise direction. 

After the user decides the final model accurately describes the 

actual physical object, the surface reconstruction begins. 

3. SURFACE RECONSTRUCTION 
In the beginning of the surface reconstruction, the point cloud is 

smoothed with the Moving Least Squares (MLS) algorithm. MLS 

approximates original surface presented by vertices’ local 

neighborhood in the point cloud. This approximation is done by 

using a bivariate polynomial height function which is defined on a 

reference plane. Also normal values for each point in the cloud 

are calculated and stored for later use during the MLS processing. 

Within this implementation, PCL’s MLS implementation 

supporting multithreading was used. 

Polygons for the surface are created with greedy projection 

triangulation. Greedy projection works by keeping a list of points 

from which the mesh can continue expanding. The method will 

keep extending the mesh as long as there are points available. 

Greedy projection triangulation can handle unorganized point 

clouds coming from multiple scans with multiple connected parts. 

The best results will be achieved in situations when the processed 

cloud is locally smooth and transitions with different density areas 

are also smooth.  

Triangulation projection is working locally but some parameters 

can be set to specify wanted features. There are parameters for 

setting neighborhood size for search, search radius for maximum 

length of edge, minimum and maximum angles for triangles and 

for cases with sharp edges maximum angle between surfaces can 

be specified. Also for some cases it is wanted to be sure that all 

surfaces are facing in the same direction and for this use, normal 

data can be forced to be consistent in dataset. 

4. INTEGRATION WITH REALXTEND 
Implementation is done using RealXtend Tundra application. 

Tundra is built using the open source OGRE renderer. This 

reconstruction feature can be turned on or off whenever the user 

wants to. The application was designed to be modular with two 

data processing layers in it. The main layer handles 

communications with Tundra and user input. Point cloud 

capturing and surface reconstruction are implemented as separate 

classes. Processed data and acknowledgments about processing 

state are transferred between classes within Qt signals. All data 

processing is done in separate threads to ensure that the program 

is usable all the time without the user interface freezing. 

The final transformation from polygon mesh created with PCL is 

done in a mesh converter -class. Within the mesh converter earlier 

reconstructed polygon mesh is transformed to Ogre manual 

object. During this step vertices are copied from polygon mesh to 

Ogre manual object with normalized color values for each vertex 

and polygons being indexed. 

The finalized Ogre object is added to Tundra scene by using entity 

component called EC_OgreCustomObject. Internally this process 

transforms Ogre manual object to Ogre mesh. In this point user 

can manipulate created mesh with tools provided with Tundra, 

including rotating, moving and scaling. (Fig 2.) 

 

Figure 2. Captured object visualized inside RealXtend Viewer 

5. RESULTS 
The implementation described in this paper is able is able to 

segment and visualize the object-of-interest in real time fashion 

with ~6-10 frames per second. Registering object clusters with 

each other is performed in semi real time fashion, while single 

pairwise registration time varies from 2 to 12 seconds depending 

on the size of the clusters. 

The implementation described in this paper is able to merge 

multiple scans, captured with a handheld device, together and 

visualize them in real time extensible virtual world. 

6. REFERENCES 
[1] Rusu, R. B., Cousins, S. 2011. 3D is here: Point Cloud 

Library (PCL). Robotics and Automation (ICRA), 1-4. 

[2] Hulkko, J. 2011. realXtend: Open Source Platform for 

Interconnected Virtual Worlds 

2011,http://tinyurl.com/cp8etl4 (April, 2011). 

[3] Fischler, Martin A., Bolles, Robert C. 1981. Random sample 

consensus: a paradigm for model fitting with applications to 

image analysis and automated cartography. Commun ACM, 

24, 6. (June 1981) 

[4] Besl, P. J., McKay, H. D.1992. A method for registration of 

3-D shapes. Pattern Analysis and Machine Intelligence, 14, 2 

(Feb,1992),239

 

224



From Sketches and User Evaluations to 3D Models 
Julianna Hemmoranta 

Oulu University of Applied Sciences 
P.O.Box 222, 90101 Oulu, Finland 

julianna.hemmoranta@gmail.com 

 Leena Arhippainen, Minna 
Pakanen, Seamus Hickey 

Center for Internet Excellence / Intel 
and Nokia Joint Innovation Center 
P.O.Box 1001, 90014 University of 

Oulu, Finland 

firstname.lastname@cie.fi 

 

ABSTRACT 

This poster paper presents our experience of using low-cost user 

experience methods in the very early visual design phase of a 3D 

environment targeted for tablet devices. We presented early phase 

sketches to 23 participants, prior to the modeling phase, of a 

'music club' themed virtual environment. Then we designed a 3D 

model based on the most preferred sketch and user feedback.  

Categories and Subject Descriptors 

H5.m [Information interfaces and presentation] (e.g., HCI): 

Miscellaneous. 

General Terms 

Design, Experimentation, Human Factors. 

Keywords 

3D model, sketches, user experience, open source, visual design 

1. INTRODUCTION 
Modern virtual environments can immerse people with rich 3D 

graphics, detailed 3D models of objects and realistic interactions 

between users and the environment [4][6][7]. In particular, new 

mobile devices, such as tablet devices, can support powerful 3D 

graphical applications. The visual design of 3D environments for 

these devices, which may have different screen sizes and levels of 

quality, is important. However, mobility brings challenges for 

designers to keep balance with technical requirements and visual 

pleasure. For example, in practice this means how many vertices 

can be used and how it will look like [8]. In early design phase, it 

is significant to use low-cost user experience (UX) methods in 

order to find out the right design directions [11]. 

In this poster paper, we describe the use of paper sketches for 

tablet devices in the early phases of the visual design for a 3D 

virtual 'Music Club' space. These sketches were evaluated with 23 

participants. Finally, we present the issues encountered as we 

moved from sketch evaluation to the actual 3D modeling. 

2. STUDY PROCESS AND FINDINGS 
The work presented in this poster paper, is done as a part of the 

larger project, which focuses on developing mobile 3D virtual 

environments and user interfaces from the user experience point 

of view [2]. ISO 9241-110:2010 defines user experience as: a 

person's perceptions and responses that results from the use 

and/or anticipated use of a product, system or service [5]. 

Therefore, UX should be evaluated before, during and after the 

use [10]. Especially, there is a need to develop and use low-cost 

methods for UX evaluation and utilize the collected information 

in the early phase of the development process [11]. In iterative 

and agile development processes, time- and cost-effective UX 

studies can give important user feedback for the design [11]. 

2.1 Sketches and User Evaluations 
The visual design of a 3D virtual music space started from 

studying different styles of real life rock clubs and making 

adjective lists such as dark - light, spacious - small and old - 

modern. Then, the first sketches were made and evaluated with a 

few project members on A4 paper, which is of a similar size to 

most tablet devices. Finally we selected 10 virtual music 

environment sketches for the user evaluation. The sketch 

evaluation was conducted as a part of the larger UX study [2], 

where we evaluated our 3D virtual music space concept with a 

total of 23 participants, both musicians and listeners. Participants 

age varied from 24 to 56 years and average age was 34. 

Participants were asked to rank sketches as the best, the second 

best and the third best. After ranking the sketches, the subjects 

were interviewed about their selections. With this approach, the 

users were able to express a preference for the design prior to the 

development of the 3D models. From the 10 sketches presented, 

39% of the participants ranked the rock cellar (Figure 1) as the 

best option. The reasons given as to why these subjects liked the 

cellar sketch were: 'small and intimate space', 'rock style club', 

'rock living room' and 'not too neat or stylish'. Two users stated 

that the space looks like a place that they could go to in real life.  

2.2 Simple 3D Test Models  
Modeling of the 3D spaces was started by making simple 3D test 

models (Figure 2) in order to perceive how these floor plans will 

appear in the final 3D platform. These models were made with 

simple objects such as walls, tables and chairs. This phase proved 

to be very useful, because in a 3D platform the 3D models looked 

very small and narrow compared to the original sketches on paper. 

A larger space was modeled in the final version in order to have a 

similar feeling of space than in the sketch and make it easier for 

moving in it with an avatar.  
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Figure 1. Users preferred the most a cellar type rock club. 

 

Figure 2. 3D test models of different floor plan solutions. 

A B 

Figure 3. Low-poly versions with (A) and without textures (B). 

2.3 3D Models of a Virtual Music Space 
Finally the 3D models of the music environment (Figure 3) were 

designed by taking users' preferences and technical requirements 

into account. We made 3D models by using open source Blender 

[3] program and exported models into the open source realXtend 

[9] Tundra platform [1]. Technical requirements came from the 

mobile device capabilities and the realXtend Tundra platform, for 

example, the number of vertices that can be used in 3D models in 

a mobile context. As many of our 3D model assets needed to be 

downloaded dynamically, different versions were created with 

high and low polygon counts. Figure 3 presents an example 

version of a low-poly model with (A) and without textures (B). 

We also needed to take into account interoperability with the 

Blender program and realXtend Tundra platform. These both 

program and platform evolved during the visual design phase and 

therefore iterative export testing was a crucial activity during the 

3D modeling phase.  

3. CONCLUSION 
The user evaluation for sketches in the early design phase gave 

valuable user feedback for the visual design of the 3D virtual 

music space. It is important to benchmark and make a lot of 

sketches about the style and content in order to be able to discuss 

with stakeholders and users about the desired 3D space and 

objects, and their proportions. In the early development phase, 

also 3D test models (e.g. Figure 2) are useful and important for 

testing the size and proportions of the model and perceiving how 

they appear in the 3D platform and how multiple users can move 

in it with their avatars. Especially in a mobile context, it is also 

important to make test models with different amount of vertices 

and with and without textures (Figure 3). 

Utilizing a time- and cost-effective user experience driven 

approach at the early stage of visual design is important for the 

final 3D product. According to our experience, participants were 

able to express a lot feedback and new ideas based on the 

presented sketches.  
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ABSTRACT 
In this paper we want to describe the possibility to introduce game 
mechanics within the methodologies commonly used in the 
evaluations of interactive systems. Through the set up of a 
“gamified user field test” we intended to show how it is possible 
to increase the engagement and self-motivation of people that take 
part in evaluation activities. 

Categories and Subject Descriptors 
H5.2. Information interfaces and presentation (e.g., HCI): User 
Interfaces – evaluation/methodology. 

General Terms 
Human Factors, Experimentation. 

Keywords 
Gamification, Engagement, Evaluation, User Test. 

1. INTRODUCTION 
In this paper we want to illustrate a new method for evaluating 
interactive systems that require a strong social participation of 
users to run at their best. Within the Wanteat project [1], an 
application framework that aims to increase communication 
between objects and people in the food and wine domain (e.g. it is 
possible for a user, using the WantEat mobile application, to 
frame with the mobile camera a product label obtaining 
immediately information about the product and how this product 
is in relationship with other objects and people), we faced the 
problem of how to get reliable feedback, based on field data, 
about the goodness of designed service solutions. How to combine 
the need to test the application in a manner close to the context of 
everyday use and at the same time motivate people to use the full 
set of social functionalities of the system, even in the absence of 
an already active social network? How to create a community 
from scratch in a limited time span for a  single test? The answers 
to these questions can be found in the world of gaming. In what 
follows we will illustrate the possibility to gamify [2] the 

evaluation methodologies in order to create a high user 
engagement for collecting useful data and insights, crucial to the 
process of designing an interactive system that includes a set of 
social network functionalities.  

2. EVALUATING SOCIAL NETWORK 
FEATURES OF INTERACTIVE SYSTEMS 
WantEat Application led us to question about the adequacy of the 
usual methods of evaluation available to designers. Laboratory 
tests, structured in specific tasks, allow researchers to address 
users towards specific features rather than others, having so 
specific feedback on the most critical issues of a system. In fact, 
the experimental protocol motivates participants to use certain 
features that perhaps they would not use at all in a less guided 
situation. However, in this way the laboratory test creates a highly 
artificial situation that could be critical in the evaluation sessions 
of a social application. In fact, social network features of an 
interactive system, enabling a whole range of social behaviors 
mediated by technology, are highly integrated into people's 
everyday lives. These features are meaningful only in connection 
with pre-existing relationships, specific contexts, communication 
habits, and are not easily replicable within a laboratory situation. 
In particular, their usage requires an intrinsic motivation that can 
be generated only if their use gives user visible results and 
rewards (e.g. the use of a posting feature can be meaningful only 
if your comment can receive a reply in a short time from someone 
else). The field tests, moreover, let users free to try the application 
without constraints, in a context of use that is quite close to the 
“real life”. The lack of punctual tasks, however, subtracts part of 
control from the researchers’ hands, not allowing them to obtain 
enough reliable data on all critical points of the system. How can 
we balance the need to test an application close to the context of 
everyday use and, at the same time, motivate users to use the full 
set of functionalities of a system even in the absence of an 
experimental protocol? The answers to this question can be found 
in the game practices. In particular, Alternate Reality Games 
(ARG) can suggest us that a situation that is initially experienced 
as difficult and burdensome can become deeply engaging, simply 
introducing game mechanics in it [3]. From these and other 
similar practices we can learn how games are able to bring people 
to participate more actively in difficult situations, in a self-
motivated and self-directed manner, making them intensely 
interested and genuinely enthusiastic. 

3. A GAMIFIED FIELD TEST  
The field test of WantEat Mobile Application took place during 
the international food fair “Cheese 2011”. This biennial 
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exhibition, held in the streets of the town of Bra in Piedmont 
between 16 and 19 September 2011, appealed about 300,000 
visitors. We decided to gamify the protocol of the field test, 
designing a game experience embedded in the fair visiting 
experience. During the four days of “Cheese 2011”, the 
application has been installed directly on the users’ iPhones. Each 
user, therefore, had at her/his disposal the application on her/his 
phone, using it in whatever way s/he liked and for as long as s/he 
desired. Each participant received a leaflet with the game 
instructions and a map of the fair highlighting the areas in which 
s/he could use the application. Indeed, inside the exhibition were 
available 10 cheeses, distributed evenly between all the spaces of 
the event, recognizable by the application. Main purpose of the 
game was to recognize at least five of these cheeses with the app, 
taste them and perform some actions using the social features of 
the system.  
Every action (like writing a review, applying a tag, start a 
friendship with a cheese or a person, etc.) granted the player for 
500 points and at the achievement of 6000 points s/he was 
awarded with a T-shirt with the Application logo. The prize was a 
mere incentive for players to return to the installation base, where, 
contextually to the delivery of the prize, they were asked to 
answer a questionnaire.  The questionnaire consisted of four 
Likert scales that according to four different dimensions (ease of 
usage, efficiency, engagement and usefulness) assessed the whole 
experience with the application. Each scale was composed of 5 
items, two of which negative, since they were formulated as a 
negative judgment on the application, (in which the assessment 
ranged from -1 to -4) and three positive, since they were 
formulated as a positive judgment on the application,  (in which 
the assessment ranged from +1 to +4). The score of each scale 
was the total sum of positive and negative items for a minimum 
score of -5 and a maximum score of +10 for each scale. In 
addition to the so-called basic actions of 500 points, users could 
carry out some special missions that required a large amount of 
energy and time, but allowed to earn from 10.000 to 20.000 
points. The special missions sought to stimulate social 
cooperation between users and raise the level of challenge by 
promoting the exploration of the entire fair area. In this way we 
encouraged everyone to play, offering a relatively easy goal to 
reach but offering at the same time the presence of optional tasks 
and incremental problems, motivating harder players, who set as 
main aim of their participation the winning of a collective 
challenge. A live leaderboard at the installation base maintained 
all participants informed of their current score, showing them their 
distance from the first classified.  
The experience of Cheese 2011 led to unexpected results in terms 
of involvement and participation. In the four-day event 157 people 
attended the trial. The questionnaires gathered at the end of the 
test made possible to collect useful data and requirements for the 
further improvement of the social network features of the 
application. The measured score was very high on all four 
dimensions: the ease of usage score set at +6.75, usefulness scored 
+4.85, efficacy +6.32, and engagement +6.01. Among the most 
interesting items both in positive terms and in negative terms 
(critical issues to be addressed) we can include: the high 
intuitiveness of the opinion expression mechanism about the 
products (3.39 out of 4 SD 0.62); the high engagement the users 
had expressing their opinions and posting comments about 
products through the application (3,40 out of 4 SD 0,71); the low 
interest for capabilities facilitating new people encounter through 
products (2.43 out of 4 SD 0.83); the low interest in knowing what 
other people thinks about a food product, especially when users 

have to buy something (2,61 out of 4 SD 0,99). It emerged how 
users prefer to post comments rather than read them. So, it seems 
to be privileged the expression of personal identity rather than the 
use of information provided by other users.  

However, from the log analysis came the most interesting results: 
users performed a total of 2134 actions. From the analysis of the 
nature of the actions performed it was possible to find out that the 
game mechanics led users to deeply use the application, also 
trying features that were not specifically required in the game 
format. This is interpretable as an interest for the application as a 
whole. Interestingly, more than half of the sample did not stop at 
the minimum quota of 6000 points in order to obtain the T-shirt 
prize, but rather continued to play throughout the course of the 
fair, even if no prize was provided for the final winner. The 
leaderboard and a well-integrated task structure with the 
experience of the fair have been sufficient grounds to create a 
challenging mechanism enticing the users to continue the 
participation in the game. Finally, the comments posted and other 
actions performed, required by the format of the game, were 
always coherent to the product on which they were applied: users 
didn’t circumvent the rules (gaming the system), although it was 
possible posting empty, out of context or nonsensical comments, 
or repeating mechanically the same action, that would also give 
points to the participants. These aspects suggest that the objectives 
and the missions proposed were considered sufficiently 
motivating by all players and that the game format was 
internalized by the participants. 

4. CONCLUSION 
In this paper we wanted to show how it is possible to introduce 
game mechanics within the evaluation methodologies of 
interactive systems that are conducted on the field. In conclusion, 
we wish to point out that the process of gamifying a real-life 
experience (like an evaluation session) does not consist of simply 
adding an external layer made up of points, rewards and 
incentives to a situation that is already self-contained. Gamifying 
an evaluation session means first of all to make it motivating and 
fun: so, we need to focus on the design of the right game 
mechanics to transform non-recreational activities in playful 
experiences. These mechanics shall provide tangible objectives 
that users will make their own during the test. Even the expected 
rewards shall be well calibrated on the type of the context that we 
want to gamify: the playful part has to be perfectly integrated with 
the non-recreational part of the experience. The design of goals, 
constraints and game opportunities should be therefore carried out 
in parallel with a deep understanding of the context in which the 
experience to gamify takes place. Not all game mechanics are in 
fact suitable for a specific context. Understanding precedes the 
design of the experience itself.  
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ABSTRACT 
This paper presents key findings on user perception of an early 
AR home design product concept, which combines features of 
social media, augmented reality (AR) and 3D modelling. In total, 
there were 241 respondents for the scenario-based survey. In 
addition, some special co-design sessions were conducted to 
develop the concept with the target groups and to deepen insight 
on the needed user-centred AR functionalities with a participatory 
approach. 

The scenario-based methods proved valuable in the early phases 
of concept design. It appears that there is a demand for easy-to-
use design tools both for consumers looking for a new apartment 
and professional users. Getting input for the designs from friends 
and family was seen important among consumers. For 
participating professionals, interior design is a creative process, 
and designers see a great challenge in preserving creativity in 
technology.   

Categories and Subject Descriptors 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous. H.5.1 Multimedia Information Systems -  

General Terms 
Design, Economics, Human Factors 

Keywords 
User-centred design, user experience, interior design, augmented 
reality, virtual reality, service co-creation, participatory design 

1. INTRODUCTION 
At the moment, consumers and professional users have a wide 
range of different virtual home design tools available on the 
Internet. Home design services help users figure out what kinds of 
building products and decoration materials to pick for a home and 
the furniture, household appliances and home electronics to 
choose for an aesthetically pleasing home environment. Usually, 
the services allow model rooms to be created using ready-made 
2D floor plans or 3D models. 

From the user perspective, the challenge of virtual home design 
services is often that many of them are quite difficult to use, 
especially for users without previous experience of these services.  

In this research project, we studied Web-based interior design 
concepts. The fictitious, sketched service enables ordinary people 
to plan easily the furnishing and decoration of their properties 
using novel technologies, such as AR. The developed do-it-
yourself technology concepts allow users to model their existing 
home and furniture as well as to create virtual decoration for 
properties for sale in an online marketplace for home and real 
estate offering the service. In addition to consumers planning new 
decorations, the service with its developed AR technologies could 
be exploited by pro-users, such as interior design professionals 
and real estate agents. 

More specifically, we study what kinds of functionalities and 
customer-value a digital image-based augmented reality system 
could have in addition to those of virtual interior design. The 
central idea is that with the help of mobile AR technology, in 
particular, the information about the surrounding physical world, 
such as the home environment of the user, becomes interactive 
and also digitally changeable, so that it is possible to visualize 
materials and colours in real situations and link to some additional 
data, such as product information for objects. (See Fig.1)  

 
 
Figure 1. Illustration of AR home design concept.  
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2. DEFINING USER PARTICIPATION IN 
CO-CREATIVE SERVICES  
User involvement has been pointed out to be especially useful in 
the early stages of the development process due to the high 
uncertainty and low formalization of these stages (Alam 2006). 
Carbonell, et al. (2009) state that customer involvement in 
development has no direct effect on sales volume; rather, it affects 
new service success through better quality and innovation speed.  

In many research fields such as human-centred design, marketing 
and media studies, the emphasis on user involvement has shifted 
from treating users only as passive research objects to taking them 
into the design process as active co-creators and partners 
(Kaasinen, et al. 2010). This view has been given different name 
with a slightly different emphasis in definitions: for example, 
Weber (2011) lists over 10 related concepts but states that the lack 
of explicit definitions often leads to ambiguity.  

The most well-known user type in co-creation is probably the one 
of lead users introduced by von Hippel (1986). Lead users can be 
defined as members of a user population who anticipate obtaining 
relatively high benefits from a solution to their needs, and are at 
the leading edge of important trends in a marketplace under study 
and so are currently experiencing needs that will later be 
experienced by many users in that marketplace (Franke, et al. 
2006; von Hippel 2005).  

Although research about user participation in service co-creation 
started from lead users, recent studies have suggested that other 
user groups can also contribute to the early phases of service 
innovation. Weber (2011), for example, proposes that the main 
criteria for choosing participating users is that they have some 
experience of being a user of a service class, and technical 
expertise is not considered as important. Ordinary users, advanced 
users, critical users and even non-users can give valuable 
contributions (Kristensson, et al. 2004; Ainasoja, et al. 2011; 
Heiskanen, et al. 2007). 

 Alam (2006) suggests that including both lead users and ordinary 
users in the development process is useful. The professionals in 
this research can be approached as lead users. The other group 
consists of consumers, in other words, ordinary users: although 
most of them had no experience of using a co-created service, 
they could be the most potential users in the future. 
 

3. USER ACCEPTANCE STUDY RESULTS 
A clear majority of the respondents felt that this kind of 

service could be useful, with 80% saying they could use this kind 
of service in the future and 9% saying they would not. 11% 
responded they could not say. 

 

 

 

 

 

However, the consumers had very differing opinions on if 
and how they would like to share their interior plans. The most 
popular way of sharing plans among consumers was e-mail, with 
59% saying they would share the plans by sending e-mail. Sharing 
a printed copy was seen as a good choice by 47% of the 
consumers, while 34% of the respondents said that they could 
share their plans through Facebook. Quite surprisingly, 25% of 
the consumers said that they wouldn’t like to share their plans at 
all. Sharing through social media was a more popular option 
among the pro-group users than consumers; half of them were 
interested in sharing their designs through social media. 

The consumers where asked what device they would prefer 
to make the interior plans if they could choose only one option. 
91% of the respondents saw that they would use either laptop or 
other computer to make interior design plans. There was only a 
small number preferring iPad or similar.   

Moreover, consumers suggested new features for the service. 
In addition to search by colour, style, size and price, consumers 
suggested that they could also search for products categorized by 
their ecology. The consumers hoped for a service that would 
recommend ecologically made products and would offer abundant 
information about the origins of the products. 

For interior designers, the colour schemes and materials of 
the interior design plan are important. They expect that the 
colours and materials of 3D models should look natural and 
realistic. 
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ABSTRACT 

Traditionally the general German citizen is rather critical towards 

investing on the stock market. Despite, more and more broker 

houses offer their products on the German market and are 

competing for the end-consumer. Social media as tool are a very 

obvious tool for marketing in this context. This is due to their 

rapid information distribution speed and direct marketing 

potentials of financial products to the end-consumer. Within the 

context of this publication solely the basic methodology, goals, 

and challenges of applying social media in the context of online 

brokerage are discussed. Thus, the main focus is to briefly outline 

a framework for studying the application of social media within 

this context. 

Categories and Subject Descriptors  

K.6.0. [Management of Computing and Information 

Systems]: General – economics. 

General Terms  

Management, Design, Economics, Human Factors. 

Keywords 

Social media, online broker, marketing, trading, stock exchange. 

1. INTRODUCTION 

Social media in marketing are common practice today for a wide 

variety of products and services. Consumers engage in social 

media and placing advertising in social media networks is common 

practice. More and more consumers are emerging on financial 

markets and try to get lucky with online brokerage. Therefore 

social media are an obvious tool for online broker to promote their 

financial products and to analyze consumer behavior. 

Social media in marketing are common practice today for a wide 

variety of products and services. Consumers engage in social 

media and placing advertising in social media networks is common 

practice. More and more consumers are emerging on financial 

markets and try to get lucky with online brokerage. Therefore 

social media are an obvious tool for online broker to promote their 

financial products and to analyze consumer behavior. 

 

Fig. 1. Overview of the social media framework for applying 

social media in promoting brokers’ services 

Within the scope of this publication, a framework for the 

utilization of social media as tool for marketing, consumer 

management, and promotion of financial products is discussed. 

The main focus (as developed as scenario in [3]) of this research 

work is therefore on [3]: 

 marketing and promotion of products from brokers to 

end consumers; and 

 consumer analysis and evaluation of effectiveness of 

marketing, sales, information services of financial 

products. 

The framework (see Figure 1) should consist of: 

 social media tools and channels for marketing; 

 specific requirements for financial products; 

 measuring of marketing value and effectiveness; and 

 information quality aspects. 
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2. POTENTIALS OF SOCIAL MEDIA FOR 

MARKETING AND PROMOTION 
Social media are currently wide-spread and gained popularity as 

tool for marketing and branding. They manifested in a wide range 

of tools ranging across various platforms [2]: 

 collaborative networks and content creation (e.g. blogs), 

 content sharing and knowledge exchange (e.g. Flickr), 

 dedicated social networks (e.g. Facebook), 

 virtual worlds (e.g. Second Life), and 

 features and add-ons (e.g. location based services). 

These tools allow a wide set of possibilities in increasing 

marketing value and effectiveness and combine a wide set of 

advantages such as [5] and [1]: 

 reduced costs for advertising and information 

distribution; 

 enable higher consumer engagement and communication; 

 lower costs for branding and marketing; 

 building of knowledge, learning, and instant information; 

 relation friendliness and credibility; 

 audience plurality and diversity ; and 

 propagation speed and durability . 

3. FINANCIAL PRODUCT SPECIFICS 
Marketing of financial products is a tricky and challenging task. 

Recent trends showed a miss-trust between banks and the end-

consumer, as well as in the products as such. Many moved to 

manage their own portfolio, which leads into the need to acquire 

the essential information through various channels. However a few 

requirements and needs for marketing financial products could be 

identified: 

 legal and regulatory implications; 

 clear product descriptions and background information; 

 consumer protection warnings; 

 marketing channels; 

 integration with trading platforms; 

 information quality & reliability ; 

 timeliness; and 

 clear information presentation. 

4. DISCUSSION 
Today online brokers already provide a wide set of tools for 

informing their clients in the form of: 

 RSS newsfeeds of actual happenings; 

 daily or bi-daily newsletters providing technical insights; 

 technical chart analysis via online portals; 

 news broadcast a-like online videos; 

 online trading competitions; and 

 online discussion forums and social networks 

The main advantages for deploying social media in this field is 

simply timeliness information distributions, which rather poorly 

was possible via print media or any other form of old media. For 

the consumer, this means he is able to obtain a wide range of actual 

information which allows him to make his investment and trading 

decisions. The high degree of regulation in this field makes sure 

that the consumer is protected and information accuracy is 

guaranteed. Especially in this field private investors require a 

sufficient amount of timely information to succeed and still not 

having lost all their assets – the power of social media allows the 

propagation of information at high speed. 

Nevertheless, for the online broker the adequate embedment of his 

marketing tool in new webpages allows him to directly target his 

advertisements to the consumer. Paired with an information or 

knowledge portal that provides the consumer with knowledge 

about his products, investment strategies, training seminars, and 

discussions this is a powerful tool to enable higher consumer 

engagement and communication. 

However, social media as marketing tool in a general context are 

well discussed – another interesting aspect is how social media can 

be utilized to analyze trends on the stock exchange, as discussed in 

e.g. [4]. More information can be found in the poster presentation. 
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ABSTRACT 

In this paper, we describe the potential trends of television 

industry in 2016. Now it seems that television has become an 

indispensable and critical smart terminal in ambient media 

researching field. After explaining the relation between ambient 

media and television industry, one consumer survey has been used 

to get more external opinions and subsequent predictions are 

obtained based on analyzing the survey. This paper is 

continuation report of the previous “Prediction TV in the year of 

2013”. 

Keywords 

Ambient media, television, broadcasting, advertisement, 

ecosystem 

1. INTRODUCTION 

1.1 What Are Ambient Media? 
Ambient media is the technology that the media uses different 

channels for transferring information to users [1]. In the 

multimedia field, information subjects (broadcaster or individual) 

which want to spread information under the adaptation to the 

environment, use a variety of devices (intelligent or non-

intelligent) and multiple technologies (innovative or common) to 

send the information to the receptor and thus affect various 

feelings of the receptor. All of these activities could be integrated 

to ambient media [2]. 

Since the late 20th century, the birth of Internet has made great 

changes for people lives [3]. The emergence of mobile Internet is 

bringing another revolutionary change for life and work styles. At 

present, the integration of telecommunication network, 

broadcasting network and Internet will lead to unprecedented 

changes for the traditional industry as well as information and 

communication technical industries [4]. The working and life 

style of ordinary people has been already permeated. And also, 

these great changes are stimulating the new market demands. 

The following major changes can be foreseen (see [1] and [2]): 

More spirited competition. There are revolutionary changings on 

all traditional information and communication industries [5]. 

Especially for television industry, not only these large Internet 

companies begin to compete for the consumer market by 

providing program content, but also they create new challenges in 

the transmission and broadcasting of the program following the 

emergence of new electronic equipment. 

More integrated production. Televisions, mobile phones, 

computers and other intelligent devices have more and more 

convergence in the common functions [6]. Furthermore, 

consumers prefer personalized streaming services, freely 

controlling contents, peer to peer broadcasting service, especially 

movie on demand in anytime, anywhere and any device. 

More emerging content. During the Internet era, consumers have 

begun to adapt to the wide range of personalized contents 

including video and audio data by Internet providers, rather than 

just programs from large broadcasting companies or national 

television stations [7]. 

1.2 The Relations between Ambient Media 

and TV Industry 
Ambient media is not only referring to a single technology or 

product, but emphases on the certain technology, service and 

content which suit to the environment [7]. Ambient media 

experience has an irreplaceable role for television and 

telecommunication operators [8].  

Avoiding risks and strategic mistakes. The most dominant 

companies are usually not the first inventors for these products. 

Pre-researching innovative industries and achieving market 

returns. The person who firstly enters into an undeveloped 

market will be able to rapidly expand market share and result to 

huge gain in the future. 

Upgrading and improving the existing product and service. 

The steadily updating and step improvement are another method 

gradually optimizing the industrial structure. The broadcasting 

operator could improve efficiency and increase incoming from the 

cross-disciplinary service and innovative technologies. 

2. CONSUMER SURVEY 

2.1 Context 
In order to receive more reasonable predictions for the 

development of ambient media technology in 2016, one survey is 

designed and processed after the MindTrek 2011 conference. 

Partial results are highly related with the TV industry. 
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The response rate for survey is 34.41% from 93 candidates. There 

are 45 questions totally and the first 10 questions are background 

information of participants. The rest of 35 questions are various 

topics related to ambient media fields. The most group of 

participants’ age is 28-35 taking up 41.1%. And 94.76% of 

participants have the master degree or even higher degree. The 

university academic is the major group taking up 34.4%. The 

second biggest group is broadcaster for 25%. Furthermore, 46% 

of participants have over 5 years’ practical or researching 

experience. The group of professional, manager, director and 

president takes up over 50%. Finally, 63% of participants are 

working in the researching and developing department. 

2.2 TV Industry Related Results 
In technology, mobile platform (smart phone, tablet) will grasp 

more market from traditional TV and PC. Therefore, the operation 

system and communication technology will be main tendency. 

The multi-touch application, the screen display and interactive 

device are used for enhanced consumers’ experience. 

In content, HD content is rising although consumers have almost 

the equal preference for content genres. Personalized content are 

more popular, and location base data is important. 

In service, consumers accept value added broadcasting services. 

Advertisers start to use new media technology to launch 

advertisements, which is a threat for TV industry. 

In business structure, existing broadcasters indeed have the 

chance to build up their own ecosystems. However, there is also 

possible for new players from outside traditional broadcasting. 

There are three questions below selected as examples:  

Table 1. Sensors for Enhancing Consumer Media Experience 

Question 1: the attitude from participants about sensors for 

enhancing consumer's media experiences in 2016.  

Result: The supporting rates are rather averaged. Ambient 

surround sound and multi-point touching screen are the most 

popular technologies having the equal highest rate 22%, while 

participants think 3D image and portable TV have less enhancing 

experiences. 

 

Figure 1. Sensors for Enhancing Consumer Media Experience 

 

Table 2. Frequency of Using Mobile Broadcasting 

Question 2: the attitude from participants for the frequency of 

consumers using broadcasting services on mobile devices in 2016.  

Result: 53% of people choose mobile broadcasting every day and 

33% choose it several times per week, which are very high rate 

and good news for broadcasting industry including TV. 

 

Figure 2. the Frequency of Using Mobile Broadcasting 

 

Table 3. New Player for Broadcasting Industry 

Question 3: the attitude from participants about whether new 

players still have the chance to enter broadcasting industry in 

2016. 

Result: 47% people agree new players still have the chance to 

enter broadcasting industry in 2016, while still 27% people 

choose skip this question which show there are indeed existing 

some concerns for industry monopoly. 

 

Figure 3. New Player for Broadcasting Industry 

 

3. THE DEVELOPMENT OF AMBIENT TV 

IN 2016 
Some predicting corrections have been obtained for TV 

technology after the consumer survey. It is listed and divided into 

technology, content, service and business structure parts [10]. 

234



 

Figure 4.  Television and Ambient Media  

3.1 Technology 
 Displaying technology for television changes 

 Strong shift towards LCDs, TFTs; slight shift towards 3D; 

death of CRT; skeptical view towards new displays (plastic, 

paper, video beamer); skeptical view to 3D 

 Interaction via eyes, gestures, and X-screens gain on 

importance 

 IPTV is popular in mature markets and increasing fast in 

emerging markets 

 HD screens will gradually entry household living room 

 Television operation systems become another competitive 

market for operation system supplier 

 Uncertainty tendency of the leading OS to Android, Apple, 

Windows, DVB; however, strong declining tendency 

towards OS: Symbian, Sony TiVo, Proprietary Systems, 

TV-Anytime, Chrome 

 Unclear tendency that 3G, UMTS, WLAN will replace 

traditional broadcast distribution 

 Multi-touch technology enhances consumers’ interactive 

experience 

 The network called Internet of Things for smart household 

appliances is shaping  

3.2 Content 
 More TV content will become HD program 

 Clear tendency towards recommender based TV systems and 

personalized content offerings 

 Clear trend towards consumer experience rather than 

consuming time 

 Broadcasting system spreads application on mobile platform 

 Mobile TV content genres are almost equal important 

 The consuming rate of broadcasting contents produced by 

individual consumers will rise 

 3D contents specially produced for 3D screen are on trial 

 The emerging of television and computer seems to be 

inevitable in the future 

3.3 Related Service  
 Advertisers will use more mobiles, outdoor digital signage 

and 3D ads as their media channels which are belonging TV 

industry now 

 Consumer attitude for the importance of subtitles is high 

 Advertisers begin to plan personal advertising program 

 Advertisers use more electronic media and higher efficiency 

method to monitor the reaction of consumers for advertising 

 The television content provider and the third part company 

provider recording service 

 Low-end processing requirements lead to terminal TV 

always need a basic decoder chip and some simple 

manipulations to connect with television cloud center 

 Open video cloud platform. This TV application platform 

can allows developers, consumers as well as broadcasters to 

design applications as mobile phones 

 TV is an important distribution channels in real-time web-

content, news discovery and emergency information 

 Consumer monitoring is used to get feedbacks to the 

broadcasters 

 Public data center could be established for commercial and 

private usage 

3.4 Business Structure 
 The Apple iTunes Store model is the fore-rider for store 

models for broadcaster 

 Slight tendency that broadcasters building up new service 

ecosystem 

 External Internet companies and independent content 

brokers are likely to invade the market of TV industry 

 On the contrary, large broadcasters will also enter the 

business of Internet companies 

4. FUTURE 
After tendencies of Internet, smart and interactive, television 

industry may be developing toward the Internet of Things, which 

means all household appliances are connected together and 

controlled by the certain user by anytime, anywhere and any 

place. The future of the world is changing so fast that no one can 

accurately predict what will happen. Five years are sufficient for 

the next revolutionary product. But two things are obvious: 

television is still a very important terminal to delivery information 

[10], and the transition from traditional TV to ambient TV is 

accelerating [6]. 
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ABSTRACT 
Despite the common tendency to understand computer games as a 

medium somewhere between film and traditional software, this 

paper argues for a more appropriate position amongst literature. 

This  writing  explores  the  opportunities  in  analogizing  digital 

games not as art, but as literature. Within this framing new 

opportunities reveal themselves for innovative game design and 

more manageable archiving of games and their relationships. It 

should prove useful to media theorists, designers, and game 

librarians seeking a new way to frame the analysis and production 

of digital games. 
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1.  INTRODUCTION 
In   the   ever-developing   analysis   and   production   of   digital 

computer  games  there  are  many  perspectives  through  which 

games are viewed. There is the game as software model adopted 

by human computer interaction and engineering disciplines. There 

is the game as a new media creative work adopted by the art 

community. While it is inaccurate to call these perspectives 

insufficient, it is true that they lack a few important nuances about 

the design of games. 
 

This  writing  endeavors  to  explore  concepts  in  understanding 

games from a literary lens. The claim is not simply that games are 

more like literature than other creative forms.  Such framing is 

outside narratology and ludology. This literary perspective does 

not  require games to be understood as narratives. It asks that 

games  be  analyzed,  critiqued  and  designed  as  literary  works, 

where literary works include the range of literary forms, from 

poetic to epic. 
 

Instead, the priorities of literary analysis seem to fit the efforts of 

game designers well.   Literary texts and digital games share 

elements worthy of complimentary analysis.   Games are much 

more  than  their  visual  aesthetic  qualities,  as  they  incorporate 

author  decisions  in  sound,  audience,  and  experience.     The 

aesthetic assumption also ignores audio games which may have no 

visual components[1]. 

In short, games can be better understood if they are framed 

structurally (Narratology) through their ludic characteristics 

(Ludology).   This involves extending the typically aesthetic foci 

of   experience   to   the   scientific   pragmatics   and   sociologic 

awareness present in all games. 
 

To   understand   this   type   of   analysis,   researchers   need   to 

understand three basic concepts. First, that games are designed 

through the arrangement of verbs and nouns. Secondly, that the 

structural relationship of these nouns and verbs describes a game 

more vividly than traditional type and genre do. Lastly, that the 

affordances of games are derived from the interaction of technical 

limitation and designer objective, similar to the narrative 

expectations of a literary work’s audience and the physical 

limitations of publication formats. 

 
2.  Verbs and Nouns in Games 
To understand the value of analyzing games as literary texts, it is 

important to understand that game designers define games as a 

structured collection of game verbs and game nouns [2].   The 

game verbs describe what players do in the game, while the nouns 

are the items that act, or are acted upon.   In basketball, players 

have the verbs dribble, shoot, run and block available to them. 

These   actions   constitute   the   verbs   of   the   game.   Players, 

boundaries of play, and the basketball are some of the nouns in 

the game. 
 

In  digital  games,  designers  afford  players  the  ability to  do  a 

variety of verbs not available in the physical world.  Such verbs 

include teleport in Portal [3] or rotate world in And Yet it Moves 

[4].   They also supply the objects on which the player acts, some 

of which have no equivalent in non-game worlds.  These include 

the myriad of mythical creatures, impossibly destructive weapons 

and other such imaged wonders. 
 

The sum of these design decisions presents a point of sociologic 

evaluation.   In digital game worlds, where the imagined affords 

the greatest possibility, there is opportunity to contextualize game 

verbs, nouns and their interaction.  Many such interactions are 

defined by the cannon of precedence. These precipitate from 

seminal works, such as the first role-playing games, real-time 

strategies or first person shooters.   Others reflect an evolution 

from   these   standards.   The   most   interesting   demonstrate   a 

complete departure from standard noun-verb interactions, often 

defining a new set of standards. 
 

The opportunity for sociological evaluation is largely a contextual 

one.  It asks questions like what does it mean to shoot an Iraqi [5] 

in the context of the American war on terror, as offered by 

performance artist and game designer Wafaa Bilal. It asks 

questions about the evolving role of female representation in 

games. 
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Until recently these questions were framed by narratology and 

aesthetic, asking questions about the image of females in games or 

the actions female characters take in a larger narrative.   It is 

perhaps more productive to ask ludic questions about role, such as 

what do female player characters do that male characters don’t? 

To what extent are player verbs gender neutral?   Are there 

evolutions in game verbs and nouns that follow a sociological 

evolution in play?  Such questions are most kin to literary studies, 

where questions about Hamlet’s inaction (or failure to verb) 

abound [6]. They are often informed an audience psychology 

which must be read after the game has been produced and played. 
 

Design also communicates the object that represents the player in 

the game world as character. Thus terms player character and non- 

player character abound in design documents and critical reviews 

of games.     Players have come to expect congruence between 

player character and the world they inhabit.  Games that lack 

consistency between player and game setting tend to deteriorate 

immersion [7]. Formal academic practice in understanding the 

immersive qualities of games, describes shocks and sureties [8]. 

Shocks are elements that break the fiction of a digital game 

experience, while sureties preserve that fiction.   While often 

discussed in their visual form, shocks and sureties are also very 

much relate to design decisions in game verbs and game nouns. 

So, for example, the introduction of unexpected or inconsistent 

game verbs and nouns delivers a shock to player immersion, as 

experienced in the commonly disapproved game Superman 64 [9]. 

A shock or surety resulting from a design decision is similar to a 

poorly constructed sentence. Players, like readers, respond with 

the complaint that it simply doesn’t make sense. 
 

In this conceptual model, play is analogous to reading. A game 

designer  constructs  verbs  and  nouns  to  be  played,  just  as  an 

author arranges words to be read.  The task of good game design 

is often reduced to the arrangement of these key elements. A game 

designer is trying to effectively arrange verbs and nouns to create 

an experience impart a theme or even incite social action. 
 

Designers interested in creating games with meaning also arrange 

the   game   verbs   and   nouns   to   create   meaning.   Designers 

understand for example, that the verbs destroy and banish, are 

very different, even if their aesthetic representation is very similar. 

At the surface, many games may seem similar when reduced to 

their engineering description. To reduce these types of play as 

such is like claiming that poems that use the same words are 

equivalent. In reality, their atomic parts may be the same, but their 

arrangement is their value. 
 

The science of game design is in masterfully manipulating the 

rules of verb-noun interaction while not breaking either. The art is 

in respecting experience aesthetic to accomplish designs goals like 

flow, suspense, excitement or sympathy.   All of these are 

contextually positioned by a sociologic factors of play audience. 
 

Literature has a set a set of rules dictated by language which 

demonstrate how to fabricate a sentence using verbs, nouns and 

related elements.   The literary art is respected for its ability to 

create experiences which involve, motivate and provide 

perspective. The product of literary efforts is typically analyzed by 

understanding the sociology of its reading audience. 
 

The similarities between games and writing begin to show. 

3.  Genre and Type 
If digital games are to be understood as collections of verbs and 

nouns it is clear there are patterns to their usage.  Games are 

traditionally defined by their combination of game subject and 

gameplay style. These are typically defined as game genre, the 

style of game play and game type; the mechanics of gameplay.  A 

game such as Halo [10], for example, has a game type of first- 

person shooter, and game genre of Science Fiction. 
 

Layering this understanding with a literary layer helps clarify this 

distinction. While game genre borrows much of its language from 

narrative, the concept of type is aligned to design tasks. In  a 

typical first person shooter the player expects that the verb shoot 

be required as part of play. Herein lay the fundamental design 

problem. Under such categorization, a game that relies on all of 

the other game type characteristics of first person shooters fails to 

find a place within its general category. A game that employs the 

mechanics of a first person shooter (e.g. 1st person perspective, 

running, jumping) without the shooting, fails to be a first person 

shooter. It is some other, such as a first-person unshooter or first 

person  painter  [11].     The  aforementioned  game,  Portal,  for 

example is commonly described as a single-player first-person 

puzzle-platform sci-fi game.   Such a description is clunky. It is 

dense, yet it leaves much of the character of the game out. 
 

Understanding games through a literary lens affords for a more 

inclusive and more descriptive categorization.  Instead of defining 

a game relative to the conventional antecedent game mechanics, 

the game could be articulated by the relationship of its formal 

structure. 
 

With further research, a collection of structural categories can be 

constructed from formal analysis of game verbs and nouns. Just as 

the world of literature distinguishes pulp fiction from dystopian 

fiction or ode from sonnet, the world of game design could 

construct its own structural distinguishers.   These structures are 

likely to be described from a ludic perspective, incorporating how 

the game is designed to be played instead of focusing on the ways 

in which the game relates to other types of historical media. It is 

not enough to describe Red Dead Revolver [12] and Gun. Smoke 

[13] as games in the wild west tradition, because they may both 

have the same setting, but they are structured very differently. It is 

also not enough to describe them both as shooters. 
 

The task of determining the particular categories of arrangement 

of verb and noun  that make the most senses for digital game 

design is beyond the scope of this writing. It is a large task that 

like literary forms is likely to change over time. For now it is 

enough  to  understand  the  potential  in  describing  games  as 

narrative bare or rich, as paced quickly or slowly, as containing 

wide or narrow noun variety and more. The formal categorization 

of such can then precipitate useful categorizations based on the 

individually designed elements of the game, instead of the mere 

relationship to games that preceded it.   It also helps distinguish 

the visual qualities of the game, which while important, are not 

fully descriptive. Under current definitions for game type, the only 

visual descriptor is perspective (i.e. first or third person) for 

example. 
 

Such  analysis  also  affords  an  informed  dissection  of  design 

tactics. Just as literary tactics can be discussed, literary analysis of 

games can decant a kind of elements of style for game design. 

This offers not only the critique of end result, but of process and 

structure.     This  is  particularly  important  when  considering 
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allegorical or social-impact play. These types of games often 

employ procedural rhetoric which imparts its claims through game 

verbs. 

 
4.  Understanding Affordance and Constraint 
One of the most important reasons to distinguish game design as 

literary  practice  instead  of  aesthetic  practice  comes  from  the 

notion  of affordance and  constraint.   Designers afford  players 

certain abilities, but they also constrain them to improve the play 

experience. In the example of basketball, players are afforded the 

ability to dribble a ball, but they are constrained from carrying the 

ball.  Designers of games, both digital and non-digital make many 

decisions about what to afford players and what to constrain them 

from doing. 
 

Computer based technologies are always a balance between 

affordances and constraints, just as designers must offer their 

players affordance and constraint.  Computers always afford and 

constrain.  Designers of digital games are afforded the ability to 

provide verbs not available outside the computer, but they are 

often hardware constrained. Early computer games, for example, 

were limited to 16 color pallets and 32K images. The resulting 

aesthetic experience was a hardware constrained experience. 

Designers did not necessarily want so few colors, but their 

audience was also constrained by their ability to view.  However, 

the fundamental dilemma is that both designer and audience did 

understand that there were more than 16 colors; the hardware 

simply couldn’t support more. 
 

The history of game design has always been limited not by artistic 

vision, but by artistic tool.  Audience (not viewer) and artists, in 

this relationship, both understood more than the medium allowed. 

By fault of such stringent hardware limitations the nature of the 

experience changed. The player extended the world described by 

the game with the experience they imagined. 16 pixels stacked 

upon each other became a person, or a starship or the subject of 

an epic struggle.    This experience is more like that of a reader, 

who must organize the words represented by ink dropped and 

paper to imaging a richer aesthetic experience.  Suspension of 

disbelief, a narrative and literary term, finds as much home in the 

digital game play experiences as it does in the novel. 
 

There is also fascinating analogy in the history of printmaking and 

the  seeds  of  the  first  mass-produced  books.  Gutenburg’s  first 

print, the 42 line bible, a publishing first was constrained by the 

science of the world-changing production press.  It required a 

reformatting of a well known text, but also afforded its 

transmission.  The printing press changed the world and afforded 

access to otherwise costly books to a wider audience.   As a 

designer, Gutenberger was balancing affordance and constraint to 

match his medium.   This is part of history common to many 

technologies, from early computer graphics to 3d stereoscopic 

displays.  The design reflects a set of compromises required by the 

technology. A designer might imagine an MMORPG with the 

diversity  of  the  real  world,  but  the  database  backend  of  a 

computer requires the systematic decomposition of virtual avatars 

into key characteristics. The rich imagined world is reduced in 

resolution to male or female, specific races, specific body 

characteristics, concrete abilities and a myriad of unambiguous 

attributes. 
 

It took hundreds of years for the products of the printing press to 

change their underlying structure.  It wasn’t until the Futurists that 

the conventions of  page layout were tested and  the notion of 

linear narrative challenged with exercises of simultaneity and non- 

linear narrative [14]. 
 

Likewise,  the  conventions  of  games  are  tightly  bound  to  its 

history.   The old genres have been comingled to produce multi- 

genre play, but the fundamental assumptions about affordance and 

constraint persist. Just as it was once assumed that all narratives 

should prescribe to Aristotelian structure, digital games have an 

uncanny commitment to  user  control  through  visual feedback. 

Even popular, mainstream audio games rely heavily on the visual. 

Genre  establishing  games  like  Rock  Band  [15]  masterfully 

execute the play convention of follow the leader, as do writers of 

popular fiction employing Conrad’s hero’s journey in narrative 

structure.    Under such framing, such games represent the 

affirmation of standards, represented by authors like Steinbeck or 

Hemingway. 
 

Such  work  begins  with  the  assumption  of  convention.  They 

assume that stories have protagonists, follow narrative arcs, and 

elements true of the vast majority of literary works. These 

assumptions are the constraints of the creative work.  They are 

much like the assumptions that games have graphics, that players 

control a single character at a time, or that games have clear 

beginnings and ends.  Yet, it is after analysis of these constraints 

that the medium evolves toward new heights.  This evolution and 

analysis of affordance produces Dr. Seuss, E.E. Cummings, Kurt 

Vonnegut and other genre breaking authors.  It also created games 

like Braid[16] and the impressive collection produced through the 

experimental gameplay project [17] 
 

Why then is it reasonable to analyze the work as visual aesthetic 

art?   Digital games ask of their players many of the same things 

masterful writings do. They ask players to imagine and they ask 

players to  experience a  narrative constructed before their first 

visit. Games make arguments and they prescribe solutions. 
 

5.  Conclusion 
In  the  relatively  short  history  of  digital  games,  there  is  an 

emerging pattern of creative use of verbs and nouns. Games have 

moved from mimicry of the physical world to the invention of 

game verbs that can only exist in the computer. Games have also 

matured in their aspirations.  There are far more games that seek 

to involve emotions beyond the base instincts to survive described 

as natural funativity. There are also games that seek to motivate 

players to change the world they live in.  As this medium matures, 

it seems clear that the old view of games as software or games as 

art  is  falling  short.    Like  the  history of  language,  movement 

toward the complexity of literary forms indicates a matriculation 

toward positive development. It provides a framework that begs to 

be questioned, but expands the many assumed constraints. 
 

It is important to understand that not every game is worthy of 

literary review; just as not every piece of writing is worthy of 

literary scrutiny.   However, as the game community constructs a 

cannon of games it is important to understand the many games 

that are being built.  It is important not merely to understand the 

range of entertainment, educational and emotional content 

experienced. It is not simply valuable for providing an accurate 

view of the artifacts of play. It is important in constructing the 

cannon  of  play experience.   A literary view changes the way 

games are analyzed. In so doing, it draws attention to content not 

as the product of software or aesthetic decision, but as content 

decision. It is an analysis if subject and vehicle, of claim and 
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method of claiming.  It is essential to the effective understanding 

of creative process and future synthesis of masterful work. 
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ABSTRACT 

When developing a game it is always valuable to use feedback 

from players in each iteration, in order to plan the design of the 

next iteration. However, it can be challenging to devise a simple 

approach to acquiring information about a player‟s engagement 

while playing. In this paper we will thus use an evaluation method 

which focuses on assessing the desire to continue playing as an 

indicator of player engagement. This feedback can then be applied 

to detect and prevent any design decisions that would jeopardise a 

game‟s level of player engagement. The process is exemplified by 

a case study concerning a crowd game which is controlled by 

smartphones and is intended to be played by audiences in cinemas 

and at venues with large screens. The case study demonstrates 

how the approach can be used to help improve the desire to 

continue when developing a game. 

Categories and Subject Descriptors  
K.8 [Personal Computing]: Games 

General Terms 

Measurement, Design, Experimentation, Human Factors. 

Keywords 
Crowd gaming, player engagement, continuation desire, player 

experience evaluation method, smartphone-controlled game. 

1. INTRODUCTION 
In any game development, and especially during the design of 

novel game genres, it is essential to receive player feedback about 

how engaging the game play in early iterations is, in order to 

create the best possible game. There is nothing new about 

evaluating such early iterations of games in-house during the 

development phase. However, when investigating how 

engagement is evaluated and measured in contemporary studies it 

is evident that there are a variety of measurements and 

conceptualisations concerning the description of the multifaceted 

concept of engagement, and they are often concerned with 

assessing related concepts such as fun, enjoyment, flow, 

immersion and presence (see [4 and 5] for a further discussion on 

the description and evaluation of player engagement and related 

studies). Nevertheless, the problem is that these concepts are quite 

complex, elusive and might be „broken‟ if one attempts to 

investigate them through interruptions during run time. Therefore, 

many investigative methods which attempt to evaluate or measure 

players‟ experiences of these concepts are often conducted as 

post-game evaluations. However, this approach will not suffice if 

a detailed assessment of engagement during run time is required.  

Although disruptive questionnaires conducted during run time are 

becoming a standard method of inquiry during gameplay in the 

industry today, and even though there are also methods that focus 

on in-game player experiences (see descriptions of these in [5]), 

there seems to be a lack of in-game self-report investigations of 

the desire to continue playing, which is actually a crucial 

prerequisite for achieving engagement in any game [2, 4]. Many 

of these methods furthermore focus mainly on how pleasurable or 

enjoyable the game is to play. However, a game does not 

necessarily need to be fun in order to be engaging, as a 

competitive game might, for example, not always be fun to play if 

one performs poorly. Assessing the level of continuation desire 

during gameplay would still indicate if the player wants to keep 

playing, even though the game might not be fun at that particular 

time. 

This „continuation desire‟ aspect of player engagement may be 

experienced before (motivation to begin playing), during (the 

aspiration to continue playing) and after (the willingness to try the 

game again) playing a game. By using players‟ desire to continue 

playing as an indicator of player engagement it is possible in a 

rather uncomplicated way to compare the engagement 

experienced in different iterations of a game, and then use this 

information to design the iterations. This comparison may be 

beneficial in the rapid prototyping of novel game genres, such as 

new types of crowd games, where it is difficult or impossible to 

draw on former experiences. By focusing on the continuation 

desire evaluation approach, this paper will introduce a method 

which describes how it can be used to develop a game over 

several iterations, in order to maximise player engagement. This 

will be achieved through a case study of the development of the 

Space Bugz! crowd game.  
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2. EVALUATING CONTINUATION 

DESIRE IN GAMES 
In order to evaluate the willingness to keep playing in different 

iterations of a game, we will use a simple method which is 

designed to be used to evaluate and assess the continuation desire 

of digital games, interactive narratives and other interactive 

experiences [5]. The method consists of an intrusive method of 

inquiry and a questionnaire that can be used to evaluate the 

continuation desire aspect of engagement before, during and after 

playing. The Engagement Sample Questionnaire (ESQ) collects 

self-reported data about the experience of continuation desire and 

is based on the player engagement process introduced in [4]. The 

intrusive method is inspired by Csikszentmihalyi‟s work with the 

experience sampling method [3] and an in-depth literature review 

concerning game testing [5]. The idea behind the intrusion method 

is that when users are interrupted while the game is paused during 

run time, they will still be able to indicate quantitatively how 

much they want to keep on playing and to reflect qualitatively on 

what makes them want to continue and why in more detail.  

The main goal of this project is to devise a simple method to aid 

the development of games when trying to maximize player 

engagement during gameplay over several iterations and to 

evaluate whether the features added in the latest iteration improve 

or weaken the level of continuation desire. Therefore, a modified 

basic version of the ESQ is used, in order to focus only on the 

level of continuation desire and the reasons for wanting/not 

wanting to keep playing. Questions are outlined in Table 1. 

Table 1. Basic Game ESQ  

Interruptions Questions 

Before starting     

the game 

Demographics (e.g. gender, age, frequency and amount of 

playing, favourite game/genre) 

Q1: Please indicate the extent to which you agree or disagree 

with this sentence: “I want to start the game”.  

(7 point Likert Scale: Strongly disagree (-3) to Strongly agree 

(+3)) (Level of continuation desire) 

Q2: What makes you want/not want to start? (Reasons) 

During run time Q3: Please indicate the extent to which you agree or disagree 

with this sentence: “I want to continue playing”.  

(Response options as in Q1) (Level of continuation desire) 

Q4: What makes you want/not want to continue? (Reasons) 

After finishing 

playing the 

game 

Q5: Please indicate the extent to which you agree or disagree 

with this sentence: “I want to try again”. (Response options as 

in Q1) (Level of continuation desire) 

Q6: What makes you want/not want to try again? (Reasons) 

 

Interruptions are used to assess how the game is perceived over 

time, as the quantitative assessment of continuation desire 

indicates how engaging the game is in the current iteration and 

can thus be used to compare iterations. Furthermore, qualitative 

feedback on the reasons for wanting or not wanting to continue 

playing can be used to determine what should be changed or 

incorporated in the next iteration. 

3. CASE: SPACE BUGZ! 
To explore the usability of continuation desire evaluation as an aid 

during the development of a game, the method was applied to 

develop the crowd game Space Bugz! The game is intended for 

audiences at public venues with large screens, such as cinemas, 

and is based on the concept of using players‟ smartphones as 

controllers. The gameplay is reminiscent of the classic game 

Spacewar! and each player controls a small avatar that flies 

around between planets and shoots at other avatars. When an 

avatar is hit, the shooter is awarded a point and the avatar that was 

hit is removed from the game for a short duration. The goal of the 

game is to score as many points as possible. The actual game was 

developed in the Unity3D game engine and runs on a laptop, 

while the smartphones run an Android app developed in Java that 

passes inputs from the players and provides player-specific 

information. The smartphones are then connected to the game 

through a wireless network and the game is projected on a large 

screen in, for example, a cinema (a more detailed description of 

the game can be found in [1]).  

3.1  Using Continuation Desire Evaluation in 

Design and Development for Engagement 
The main assumption in using the continuation desire evaluation 

in each iteration is that in addition to all the other objectives of 

game design, it is essential to create a game that is strongly 

engaging. The applied approach suggests that a design choice, 

which lowers the level of continuation desire, must be changed or 

removed in order to achieve the highest level of engagement. 

Consequently, an iteration might be rolled back to an earlier 

version to explore an alternate design path. During the 

development of the game a total of five iterations were 

implemented and each was evaluated with the Game ESQ and 

mainly conducted with university students. The continuation 

desire levels reported after finishing playing each of the iterations 

are illustrated in Figure 2, in order to provide an overview of the 

differences between levels of wanting to try the game again (Q5) 

in iteration 1-5.  

 
Figure 1. Level of continuation desire after finishing the game  

 

For the first three iterations the main issues encountered were 

related to usability. Some respondents experienced connectivity 

issues, some found the game confusing or the tempo too high and 

some had trouble locating their avatar. By introducing new game 

modes, and by further balancing and play testing, the level of 

continuation desire kept increasing between each iteration. In the 

fourth iteration a drop in continuation desire occurred, and by 

inspecting the respondents‟ answers it was concluded that the 

reason was a problem with network implementation. When this 

was fixed in the fifth iteration the continuation desire increased 

once more. If these efforts were not able to maintain or heighten 

the level of continuation desire, a deeper analysis and possibly a 

rollback to an earlier version might have been necessary, in order 

to choose a different design path that would have resulted in a 

more engaging game.  

The findings from the case study thus confirmed the Brown and 

Cairns study of immersion, which also reported that usability 

issues were the main barriers for players becoming engaged [2]. 

Qualitative answers concerning the reasons for wanting or not 
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wanting to continue playing were also useful in locating usability, 

design and technical problems within the different iterations.  

3.2 Cinema Test 
In order to exemplify the use of the intrusion method with several 

interruptions during run time, an additional test of the fully 

implemented game was performed in a cinema. Participants were 

recruited through social media and word of mouth. The test was 

conducted after a movie to ensure there was enough time to 

answer the Game ESQ survey. Sixteen males and two females 

participated in the test of the final iteration. 

 

Figure 2. Levels of continuation desire during play (n=18).  

Regarding the level of continuation desire, answers concerned 

with how much players wanted to begin playing show the largest 

spread before the game starts (see Figure 2). This is most likely 

due to the different expectations the participants have at this point. 

The tests in general show a high level of continuation desire 

throughout the whole game, with a minor drop towards the end. 

Since the final evaluation was the longest, it also indicates that the 

game became less engaging after approximately 8-9 minutes of 

play. A few participants remarked that this was because the game 

became repetitive. 

4. DISCUSSION AND CONCLUSION 
From the findings in the case study it is indicated that both added 

features and technical problems encountered with a game affect 

continuation desire – and as a consequence player engagement. 

The simple Game ESQ thus serves as a useful basic template for 

assessing continuation desire in games, but it could when needed 

be enhanced with additional questions that address specific 

elements in relation to the development of the game. For example, 

when certain issues were discovered, such as the need for a 

tutorial, or when the tempo of the game was experienced as being 

too high, extra questions were added to the survey to provide 

more specific answers on these issues.  

A limitation of the study was that the Game ESQ was only used at 

the end of each level in the first five iterations. There was 

therefore quite a long time between each sample and it was not 

possible to assess how engagement was changing within each 

level. However, since the levels only lasted for around 100 

seconds and the players always performed the same actions, it is 

not likely that this would have yielded significantly different 

results. This is something that should be taken into account in 

games where the levels and activities the player performs change 

more over a limited amount of time. It might also be useful to 

carefully plan to sample continuation desire when specific actions 

occur in the game or at specific locations in the game. For the 

current case study no design decisions led to a drop in 

continuation desire. It was therefore unfortunately not exemplified 

how the evaluation method would behave when bad design is 

introduced into the game being measured. Furthermore, it would 

be advisable to use the same group of respondents in order to 

address possible divergence between different groups of test 

persons recruited through convenience samples. It would 

moreover be necessary to investigate group dynamics and the 

impact of the recruitment of respondents (age, gender, previous 

game knowledge, player types, etc.) in more depth as well. 

Before this study the ESQ had only been tested with interactive 

narratives [5]. That it also worked for a smartphone-controlled 

crowd game shows that the method is versatile and is likely to 

work with a broad genre of games. The ESQ may furthermore be 

implemented as a pop-up online survey, which makes it easier to 

evaluate games and interactive experiences in labs and in 

respondents‟ homes. Future work could also investigate a more 

mature game design, and the method could then be used to study 

how changes in game mechanics, for instance, could influence the 

level of continuation desire. Currently, we are also experimenting 

with a range of psycho-physiological data acquisition methods 

(galvanic skin response, electroencephalography (EEG) and 

cardiovascular measures) to investigate whether it is possible to 

correlate such measurements with the self-reported assessment of 

the level of continuation desire. 

The findings in this case study demonstrate that the intrusive 

method and the Engagement Sampling Questionnaire together are 

useful tools in the iterative design of a new type of game because 

usability, design and technical issues are collected through this 

approach. The combination of quantitative self-reported levels of 

continuation desire and the related qualitative responses of the 

reasons for continuing or otherwise indicate to what extent a game 

can cause engagement and what issues might cause the 

continuation desire to fluctuate. In conclusion, this combination 

provides clear answers as to what problems should be tackled in 

the development of the iterations, in order to improve the desire to 

continue playing Space Bugz! 
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ABSTRACT 
Public digital screens are increasingly distributed in the urban 

cities. There are diverse technologies and services carried out 

for the interaction between users and the digital displays.  

Additionally, the desire and needs of applying interactive 

displays in students’ village rather than constraint in the mod-

ern cities arises in recent years as well. Thus, we conduct a 

study of the potential application of public screens for stu-

dents concerning technology, services, content type and mer-

chandizing. We also investigate in the different desire of other 

shareholders such as shop owners and community developer 

in order to gain a leveraged overview of public displays in 

student vicinity.  

 

Keywords:  
Public screens, student community, user experience, 

urban informatics, interactive screens, ambient media 

 

1.   INTRODUCTION 
Public digital displays are widely used to broadcast adver-

tisement or local information in urban cities. With the emer-

gence of innovative technology and more powerful mobile 

devices such as mobile phones, tablets and so on, the interac-

tivity becomes an inevitable feature of public screens in the 

foreseeing future. The content and services in the public dis-

plays vary in conjunction with the creative technology. Alt-

hough advertising is still the dominant application of public 

screens and yet some functionality with innovative technology 

is constraint in using, myriad of new types of applications are 

taking place.  

 

Public space is the medium to deliver information in the city 

[18]. The public screens offer a significant opportunity to 

engage residents in the public space and argument the local 

atmosphere. Rather than in the big urban cities, the situated 

digital screens are also increasingly applied in relatively 

smaller vicinity such as students’ community. In order to 

understand the particular requirements of the young genera-

tion, especially students in campus vicinity, we conducte a 

study relying on two student vicinities: Kelvin Grove [12] a 

northern suburb of Brisbane in Australia, and Hervanta [10] a 

suburb of Tampere in Finland. To better integrate the virtual 

and physical world seamlessly through digital displays, it is 

also essential to start from practice. Thus, the perspectives and 

expectations of business shoppers and community developers 

as shareholders are also essential for bringing digital displays 

in business world. The design of public display should not 

only depend on the local activity of the community, but also 

cater and leverage the diverse desires and expectation.  

 

This paper is an extended version of the paper [5]. We extend-

ed it by [2][9][3][4][5][20][21][22]. The purpose of this paper 

is to investigate in the different preferences and visions from 

the different users and business perspectives toward the public 

screens in students’ village. Departing from a trade-off de-

mands and expectations from both sides, conducting a frame-

work and prototype of the application of public displays 

which enhances the user experience and argument the social 

atmosphere is also one objective within the scope of the study. 

The rest of this paper firstly provide a brief overview of the 

theoretical background and introduced our analysis of the 

current status of public screens. Therefore, in question of the 

potential application of public digital displays in the student 

neighborhood, we have a brief description about the research 

design to present our ideas of this study. And a brief discus-

sion relevant to our study is brought out in the final part. 

 

2.   RELATED WORK 
Public displays are widely spread over the urban cities in 

recent years and play an important role in the creation of 

smart environment and engagement of residents into the pub-

lic space. For example, City-Wall [14] is a large multi-touch 

interactive display situated in the city center of Helsinki, Fin-

land where large population passes by every day. It enables 

multiple users at a time to interact with the screen and operate 

the images and content.  

With the increasingly advanced technology and the improve-

ment of the mobile devices such as smart phones and tablets, 

the interaction with the situated displays varied in many ways. 

Various researches concerning the application of digital inter-

active displays in public spaces have been carried out. Blue-

tooth is an attractive way to engage users because the interac-

tion method is easy to use and it enables the synchronization 

between devices. Rui Jose et al [11] developed the Instant 

Places system utilized Bluetooth as the key technical enabler. 

Besides, RFID is another Near Field Communication technol-

ogy which has been brought in to implement the interactive 
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functionality in digital displays as we can see from the study 

in [16]. SMS is also commonly used for interaction with digi-

tal displays. MAGICBoard [17] is an example of public dis-

play which enables users to vote and present opinions via 

SMS. Other advanced technology with interactive capability 

widely utilized in ambient public screens such as WLAN-

based sensing, GPS, eye tracking, web-based technology can 

be found in [15] [17] [13].  

 

The application of digital displays with interactivity arises in 

the campus as well. One example is E-Campus system [8] 

which is a network built by 40 electronic displays with Blue-

tooth and API operations in the campus environment of Lan-

caster University in UK. The displays broadcast the content 

based on the location such as the change of lecture schedule 

and users can access to some web-based content such as map, 

Flickr, YouTube and Google through the connection of the 

Bluetooth on their mobile devices identified with the device 

name. The interactive activities with screens foster to create a 

better campus atmosphere and help to tight up the social con-

nection among the students, as examined in [1] [6]. 

 

3.   RESEARCH DESIGN 
With the objective of investigating in the potential application 

of public displays departing from the substantial desire of 

students in the local community, we will conduct a study 

concerning several questions as below: 

 What are the characteristics of students and how 

their behaviors can have impact on the community 

environment? 

 What would be the core interactive technologies ap-

plied in public displays for students? 

 In conjunction with the advanced technologies, what 

content type and services should be carried out to 

fulfill the particular desire and requirements of stu-

dents in the local community? 

 How to engage the students in participating and con-

tributing to build a more communicative environ-

ment in the student vicinity? 

 What are the different considerations of the business 

entity and the users with different potentials and 

how to leverage between different desires from both 

perspectives? 

 

To cope with the questions above and have a comprehensive 

evaluation, we relied on approaches of Action Research [2] 

[9] and Design Thinking [3] [4]. The overall study comprises 

four stages [5]: Observation & Evaluation, Interview with 

Business Owners, Student Questioner and Follow-up Inter-

views. In the first stage, we evaluated the background of cur-

rent status of the public digital displays and existing technolo-

gy, services and content types. To have a better view, we also 

observed how local residents in Hervanta interact with the 

digital screen located in the shopping center. The second stage 

included some interviews with the business owners in the 

campus environment of Kelvin Grove, which is presented in 

[5]. The business owners are the significant shareholders of 

utilizing the digital screens with commercial purpose. Their 

expectation from the usage of public displays differs from the 

students’ in the way that benefit and commercial effects are 

the core aspects in their considerations. The third stage of the 

study devoted a survey for students aiming at figuring out the 

expectation and requirements of students toward public 

screens in the campus and local vicinity. The web-based sur-

vey is conducted via Google Docs and delivered by mails. We 

have targeted 400 students and currently over 100 out of them 

have responded. However, we still expect more responses and 

further on to the next stage. In the questionnaire, demographic 

data for the respondents are included. The questionnaire con-

tains 36 questions of both fixed questions with five balanced 

scaled responses according to Linkert Scale and open ques-

tions which enable participants to present their opinions di-

rectly.  Four categories are taken out within the overall sur-

vey: Interactive Technology, Content Type, Services and 

Advertising & Merchandising.  One example question of each 

category is presented in following table (Totally Agree = 5, 

Partly Agree = 4, I don’t know = 3, Partly Disagree = 2, 

Totally Disagree =1): 

 

Q7.Bluetooth or short range communica-

tion should be used to have interaction 

with public screens. 

  1 • 2 • 3 • 4 • 5 

Q12. Users should be able to update 

information and content on public screens 

on their own. 

1 • 2 • 3 • 4 • 5 

Q20.Restaurants should have self-order 

services, which enable consumers to read 

menus and order dishes on public screens. 

1 • 2 • 3 • 4 • 5 

Q29.Micropayment should be included in 

public screens. 
1 • 2 • 3 • 4 • 5 

 

Table 1. Sample Questionnaires [5] 

 

The questionnaire can be found on-line with this link: 

https://docs.google.com/spreadsheet/viewform?formkey=dGx

YQzFzVl9DUE0tTm5nT0xuZ0tValE6MQ. The result will be 

analyzed by the statistic tool for survey SPSS or R and it shall 

bring out the consideration and insights of students toward the 

application of digital displays in public space of campus 

neighborhood. The follow up stage will involve the in depth 

interviews with some students who participated in giving 

opinions in the questionnaire and business developers. It shall 

help us to have a closer insight toward diverse needs of differ-

ent roles and bring all considerations into account and bridge 

them together on top of it.  
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4.   DISCUSSION 
This paper is an extended version of the paper [5]. In this 

poster paper, we present a preliminary study outline concern-

ing the potential application of public displays in the student 

village and attempt to promote the idea in order to bring more 

insights and discussions toward it.  The overall study process 

is not fully accomplished yet. The achievement obtained from 

the first and second stages has been stated in [5]. Further 

discussion will be carried out soon in the future.  
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ABSTRACT 

In Finland the national broadcaster company YLE has done 

experiments in creating social TV by combining text TV and 

social media for a couple of years now. YLE has offered viewers 

an opportunity to tweet on Twitter via text TV page in real time 

simultaneously with live TV broadcast. This has been done 

mainly around different large and nationalistic media events that 

are approached as media spectacles in this study. The 

communication done with tweets has been possible for example 

during the Eurovision Song Contest, Independence Day 

celebration and now currently as a part of presidential election of 

Finland. This focused on the Text TV & Twitter broadcasting of 

Eurovision Song Contest and Finnish Independence Day 

celebration in 2011. The purpose of this study was to firstly 

explore for what and how is this social media channel used by the 

audience –what does audience tweet about? For this, all the 

(overall 3005) tweets published on text TV were analyzed based 

on content analysis method.  

 

Categories and Subject Descriptors 

H.5.2 (Information Interfaces and Presentation): User 

Interfaces – evaluation/methodology, user-centered design, 

graphical user interfaces (GUI)  

General Terms 

Documentation, Experimentation, Human Factors 

Keywords 

Text-TV, Twitter, Multiplatform TV-formats, media spectacles 

1. INTRODUCTION 
The digitalization, internationalization and marketing of the media 

have created new competitive online and mobile communication 

forms that have changed television in particular. This 

development is approved by the increased competition on the one 

hand and cooperation on the other hand with online media [1]. 

Television, the so far ―lonesome rider‖, has become a part of the 

big picture of interconnected devices, operating on several 

platforms. [14] Broadcasters are eager to provide new ways to 

drive viewer engagement.  

 

In Finland there is a more innovating way TV content and 

watching experience can be supported with the assistance of the 

Web platform on the TV screen itself than just having the Twitter 

feed on different second screens for example smart phones. 

―Linnan Juhlat‖ is a Finnish yearly event that is held to celebrate 

and honour the independence of Finland. In 2010 YLE enabled 

for the first time people to watch the event and at the same time 

follow the Twitter conversation on the Text TV in real time. The 

president of Finland invites Finnish people that have been 

noteworthy and have forwarded equality and good values during 

the present year. This event is one of the most followed TV 

broadcast in Finland. The Twitter meets Text-TV-experiment is 

also been done during the media spectacle Eurovision Song 

Contest that is a popular yearly song contest that all the active 

European Broadcasting Union (EBU) member countries are 

allowed to participate in.   

 

2. BACKGROUND OF THE RESEARCH 

2.1 Text TV & Twitter 
Text TV & Twitter-experiment is technologically executed with 

the appropriate hashtag # for example #euroviisut by which the 

published tweets end up trough the RSS-feed into moderated 

publishing system. By choosing the text TV page 398, the 

tweeting of the audience absorbs onto the TV screen as a part of 

Eurovision TV broadcast viewing the same way as texting does. 

Teletext gives the audience the freedom of choice whether or not 

to include the social media content into the televised program, 

while the appropriate technology already exists basically in every 

Finnish home with a television set. [15] 

Text TV as a phenomenon is mostly European and nowadays it is 

popular for example in Britain (BBC) and Sweden in addition to 

Finland [16]. The very first teletex tryouts took place in Britain in 

the 1970‘s. YLE started regular text TV broadcasts 7th of October 

in 1981 and as a curiosity at the end of 1990‘s, 70% were using 

text TV regularly. [16]  For some reason text TV has not really 

been studied academically at all. Despite the fact that text TV has 

survived as an existing feature all these years. [16] Twitter 

exploits the older medium text-TV, but the text-TV itself also 

benefits from this symbiosis; it gives it yet another purpose. The 

use of text-TV could easily carry the un-media sexual label being 
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an old medium but it is actually well accepted medium despite the 

fact that it is somewhat ancient compared to social media and 

Twitter. Like mentioned before, text-TV has a solid ground in 

Finnish TV usage, which probably explains the reason why it is so 

easily adopted and not questioned (even) by the (younger) 

audience.  

 

Social media, Twitter in this case, on the other hand is in the 

centre of a buzz. More detailed research on the linkage and its 

potential is necessary, as both industry and academia have become 

interested in the topic [14]. There are research done from several 

angles for example the Twitter itself and how and why people use 

it. [10,18] Nowadays also the connections between TV and social 

media start to be widely studied in order to analyze its enhancing 

features on the watching experience. [5] Although TV and the 

Internet are the most popular entertainment media people use in 

their everyday lives, the linkage between these two major 

platforms has so far been the focus of just a small number of 

scientific studies. The use of Twitter and its effect on the viewing 

rates are constantly been calculated in order to learn more and to 

boost watching rates of the TV companies. [6] 

 

2.2 Research methods and theory 
The meeting between mass and digital media opens a number of 

suggestive avenues for research [5]. In general, it is clear that 

research both on the production and consumption side needs to 

draw on and combine existing traditions of research on 

broadcasting, Web based, and mobile media [17]. In this article, 

the term multiplatform is used to include formats that feature a 

cooperation of television and Web platforms as well as various 

peripheral platforms. Intermedialism is definitely one of the key 

issues in today‘s TV watching experience. According to Henry 

Jenkins the old and new media are communicating all the more 

complex ways [8]. Audiences are combining the use of different 

mediums in order to gather a coherent media experience. As 

research questions in the context of interactive digital television 

differ from those in traditional ―lean-back‖ TV, an amalgamation 

of methodologies and methods is often necessary to fully 

comprehend the character and impact of the interactivity [11].  

 

In this research, media spectacle is seen as an event that lives in a 

wide range of different mediums. [13] However, media spectacles 

are events that already exist in the minds of the audiences. Usually 

because of the long history or national impact of the format. These 

spectacles have lasted a long period of time; they feed the sense 

nationality and create a feeling of togetherness and collectiveness. 

Media spectacle offers audiences both TV- and web platforms to 

attend and participate. Media spectacles happen mainly on the TV 

screens, but are also widely known among people also as non-TV 

events – Independence Day party, WC ice hockey tournaments 

and Eurovision Song Contest. [13] A similar term to media 

spectacle is the concept of the media event or televisual ceremony. 

[4] Media events demand and receive focused attention and 

intense involvement from the largest possible national and 

international audiences [3]. In this study, a term media spectacle 

is used in order to emphasize the intermedial nature of today‘s 

media events; they happen in several platforms and therefore are 

wider compared to the term televisual ceremony. 

 

The research method employed is a qualitative content analysis. In 

this study 1423 tweets published on text TV during the Finnish 

Independence Day Celebration 2011 and 1582 tweets published 

during the Eurovision Song Contest 2011 were analyzed. Firstly, 

they were explored in order to come up with the most dominant 

themes that appear in both of the Finnish media spectacles. 

Secondly, the three most frequently appeared themes were 

analyzed and categorized into seven categories.  

 

There were some difficulties in categorizing the tweets since the 

categories were often over lapping and the tweets were suitable 

for more categories than one. In these cases evaluating the most 

evident theme decided the final selection. Also the actual time of 

the tweet also affects the theme; the most nationalistic tweets were 

e.g. written when Finland‘s Eurovision presenter was performing. 

[15] The main categories were to be found quite quickly as the 

data started to repeat itself. The category ―Other notions and 

irrelevant comments‖ is the largest since it gathers all the tweets 

that did not fit to other categories. However, it was possible to 

create some sub-categories of the themes that occur in irrelevant 

themes as well. This category holds several sub-themes (for 

example the voting procedures, assigned points and current 

feelings of the viewers) and in addition comments that seem 

irrelevant and do not carry understandable meaning. Making these 

their own categories would not have been reasonable since the 

categories would have been relatively small (under 1%). [15]  

 

3. RESULTS 

3.1 The amount of and categorization of tweets  
The categories are 1) Eurovision Song Contest artists and 

performances, which addresses all the tweets concerning the 

appearance of the people on TV – the general habitus and 

clothing. 2) Nationality gathers the tweets emphasizing the 

collective feelings as being a Finn during the media spectacle. 3) 

Text-TV and Twitter- experience handles all the content that 

somehow deals with the experiment – content and/or technical 

issues. 4) Interaction and dialogue analyses the tweets and re-

tweets that contain clear dialogue and tweets that appear to sent in 

order to arise discussion.  5) Other notions and irrelevant 

comments elaborates every tweet inappropriate to other categories. 

This is presented in more detail later.  6) Hosts and general 

arrangements of the event organizes the tweets that contain 

opinions and statements concerning the overall arrangements and 

hosts. 7) Media spectacle & atmosphere presents the tweets that 

deal with the traditions and experiences that are clearly connected 

to media spectacle. The percentages of all themes are presented in 

the Table 1. 
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Figure 1. The themes and amounts of tweets (100%)  

3.2 Analyses of Tweet-themes  
3.2.1 Eurovision Song Contest artists and performances/ 

Independence Day quests & appearances, 

 

A large amount of Twitter tweets sent during the Eurovision Song 

Contest finals 2011 dealt with the performing artists, their 

appearances and naturally the songs.  

―Azerbaidzan‘s song is superficial. The singer (woman) does not 

have enough voice either.‖ 14.5, 23.31 

 ―The hair of the Danish singer looks like radish leaves..‖ 14.5, 

22.25 

―I give this song 1/5.‖ 14.5, 22.49 

 

One of the most appeared themes was the appearance of the 

Independence Day quests – their habitus and especially dresses.  

―Linnan juhlat, here I am ready for the dresses!‖ 6.12, 18.46 

―Hey, what is that awful sparkling vomit on that dress?‖ 6.12, 

19.14 

―The ladies over 40 years old and over-weight should cover their 

floppy arms. 6.12, 6.12, 20.43 

―Lovely dresses and some disaster as well.‖ 6.12, 22.20 

 

It is a long-lasted tradition in Finland to criticize and evaluate the 

outlook of the quests the president has invited. For example the 

prettiest and the most hideous women of the evening are 

chosen/voted the next day on online magazines every year.  

―Here we ago #linnan juhlat, let‘s see who messes up, forgets the 

etiquette and has the ugliest dresses! :D‖ 6.12, 18.54 

 

 

3.2.2 Nationality 

There were also tweets that dealt with national aspects of 

Eurovision Song contest in this case from the Finnish point of 

view. Tweets supporting Finnish artist Paradise Oscar (the 

Finnish performer in 2011) and tweets referring how does it feel 

to be a Finn around Finland‘s performance.  

 

―Us Finland! I feel like crying! 14.5, 22.16‖ 

―Finland! I‘m here at the sofa like rest of Finns! Go Finland, Go 

Oscar!‖ 14.5, 22.05 

―I must say I‘m so proud of the Finnish artist (Paradise Oscar)!!‖ 

14.5, 23.54 

 

A fair amount of tweets sent during the Independence Day 

Celebration 2011 dealt with Independence Day traditions and 

feelings of nationality.  

―Swedes we are not, Russians we will not become – let us be 

Finns. Celebrating Finland‘s independence!‖ 6.12, 20.36 

― 94 year old maid of Finland is today celebrating her 

independence! White and blue candles are burning on the table, 

chocolate treats and of course Linnan Juhlat on TV:‖ 6.12, 21.59 

―Happy Independence Day to us all!‖6.12, 21.21 

―Linnan Juhlat is lovely but a bit sad to watch from this far.. It‘s 

great to be a piece of Finland  Thank you Finland, thank you 

Tarja Halonen.‖ 6.12, 20.01 

 

 

3.2.3 Text-TV and Twitter- experience 

The actual use of the combination of TV and Twitter was also one 

of the tweeted themes. The Twitter experiment was overall 

appreciated and the comments were all positive.  

 

“The following of the #euroviisut hashtag has been the best part 

of the whole event!” 15.5, 00.23 

“These songs have gone by quickly while tweeting!” 14.05, 23.37 

―Yle! Leave the Twitter-text TV-feed on for awhile more for the 

aftermath discussions” 15.5, 01.26 

 

 

 
Figure 2. The Finnish Eurovision Song Contest artist 

“Kuunkuiskaajat” performing in the year 2010 – tweets are 

being published simultaneously via text TV page. Tweet in 

English: “Go Finland, go Finland! This is the best so far!”  

 

 

The Twitter experiment was again widely positively addressed 

also during the Independence Day celebrations.  

―Fun to tweet to television‖ 6.12, 22.24 

“Twitter has done these festivities much funnier! And I don’t feel 

all lonely being here by myself.” 6.12, 18.59 

“Hey! Way to go Finland! #linnanjuhlat is going worldwide” 

6.12, 19.15 

“#Linnanjuhlat trends worldwide!!! Ah, I just love this moment!” 

6.12, 19.18 

 

The tweeters were also suggesting many new ideas how to exploit 

Twitter in the future, as a part of different TV formats and in 

which ways. 

“Why couldn’t you vote via Twitter? :D” 15.05, 00.03 

“Next year we should tweet questions to the hosts that interview 

quests and suggests songs to be played while they are dancing, 

what do you think?” 6.12, 22.29 

“Thanks for the Text-TV- Linnan Juhlat! Next time in Eurovision 

Song Contest. And how about again in UEFA Football ?” 6.12, 

22.26 
 

The use of Twitter seems to make the whole show/event worth 

watching in both cases. 

“It’s great to read the tweets since you can see the opinions of the 

Finnish people” 6.12, 20.25 

“I couldn’t watch Linnan juhlat without Twitter comments 

anymore, great entertainment!” 6.12, 20.29 

 

Also the technique and bringing text TV and Twitter together 

were appreciated.  
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“This combination of poor man’s internet (text TV) and web 

(twitter) is handy. Exciting! 6.12, 20.40 

―I have never watched Linnan juhlat. Twitter makes miracles ‖ 

6.12, 22.58 

―YLE is mashing Twitter and text TV excellently! 6.12, 21.48 

“Twitter and text TV has really boosted this event, difficult to 

keep up with the new pace!” 6.12, 19.27 

 

 

3.2.4 Interaction & Dialogue  

Naturally people were communicating with each other with every 

tweet sent. It was however interesting to look at these ways of 

communication in more detail. There were some narrative and re-

tweets sent between the audiences, which emphasizes that 

Twitter+text-TV actually brings us closer to the idea of social TV, 

especially since the interaction takes place on the TV screen itself. 

The clear dialogues, in both cases, were often question/answer-

type and quite many of the viewers actually took part in the 

conversations. 

―Any idea how often the press choice has actually won the whole 

thing?‖ 15.5, 00.42 

―The press choice has won two times: Lordi and Rybak. This is 

what they say on Yle‘s webpage.‖ 15.5, 00.53 

―Anyone? Have you seen Toivola (member of the Finnish 

parliament)? 6.12, 21.35 

―He‘s been spotted on the dance floor shaking hands with 

someone!‖ 6.12, 21.38 

 

However, a large number of the Finns were making a statement 

rather than actually waking up conversation. Still the dialogue 

was there, audience was talking collectively even when they did 

not address the comments and notions to some particular tweeter. 

 

“I wonder how many will actually be tweeting inside the castle 

this year? 6.12, 18.35 

“Good night and happy Independence Day! Thanks for the 

company to all of you! See you next year! 6.12, 23.10 

“I’m here in spirit! I hope we won’t get 0 points this year! 14.5, 

22.05 

“Any ides is there going to be any breaks? I need to go to the 

refrigerator?” 14.5, 23.10 

 

3.2.5 Other notions and irrelevant comments  

The tweets included e.g. general statements, inside jokes and other 

uncategorized issues. However, it would be challenging to present 

all of subthemes in this paper. To be brief, this category included 

e.g. discussion around the phenomena, individual opinions on 

several aspects, voting procedures on Eurovision Song Contest, 

who should have been invited into the ball and who’s not and for 

example the ingredients of Independence Day’s punch.  

 

―Get rid of the (official) judges!!‖ 15.5, 00.45 

―It seems that eastern countries are not the only ones that know 

how to vote for the neighbour.‖ 15.5, 00.43 

  

 “The funniest thing is the foreigners asking what is this 

#linnanjuhlat and why are people just shaking hands” 6.12, 19.52 

“I’m waiting for my friend to appear in the hand shaking queue. 

Nervous..” 6.12, 19.31 

“There’s a great atmosphere in the castle!”  6.12, 22.11 

“Moves like Mike Jagger”. 6.12, 22.11 

―Habahaba‖ 14.5, 00.37 

 

3.2.6 Hosts & general arrangements of the event 

One issue that was repetitive was the judging of the organizers, 

and the general arrangements.   

―This mid-show sucks! Its far worse than previous years.‖ 15.5, 

00.15 

―Does the Germans really think that this type of show would 

really be in the interest of international Eurovision song Contest 

audience?!‖ 15.5, 00.18 

―It seems that it is really warm inside the castle – just wait when 

they start to dance. It‘s going to get sweaty!‖ 6.12, 21.39 

―The balcony is crowded at the moment.‖  6.12, 20.30 

―Why don‘t the Germans have Rammstein in the mid-time show? 

That would have been great show!‖ 15.5, 00.22 

 

Also the hosts were talked about quite a lot, mainly their 

performance was being criticised.  

―German has had the worst hosts ever, they have just been making 

a lot of noise about their own performer.‖ 14.5, 23.59 

―Omg. That host is killing my Eurovision pleasure‖. 14.5, 23.36 

―These hosts are the worst! They are maybe recognizing 25% of 

the quests this year..‖ 6.12, 20.27 

―Yle‘s Independence Day commentators are messing things up!!‖ 

6.12, 20.00 

 

3.2.7 Media spectacle & atmosphere 

The nationality and also the atmosphere of the media spectacle are 

also shown in the tweets that deal with the tweeter‘s habits to 

view and enjoy the atmosphere of Eurovision Song Contest. There 

are certain traditional ways that Finnish people spend the 

Eurovision song Contest each year. The expression of the habits 

to other co-watchers seems to play an important role.  

―Champagne, snacks, TV, Twitter – The Eurovision-studio is 

ready!‖14.5, 22.05 

―I‘m here like every other year – shall we be together?‖ 14.5, 

21.59 

―Well, this event sure has changed since ABBA won and we 

gathered in front of our black and white telly after sauna to watch 

the show. :)‖ 14.5, 23.25 

 

This all emphasizes the idea of ESC being a media spectacle in its 

nature. It is more than just a TV program. It is a phenomenon that 

involves participating audience in its atmosphere year after year.  

 

―We are getting ready here. Food is in the oven, cleaning is done. 

6.12, 18.49 

 ―Here we are having cheese, apple, pear, ginger bread. Drinking 

Jaffa (I‘m sick, so no wine)..‖ 6.12, 18.52 

“Twitter, champagne and TV opened. The holy threesome of 

Independence Day!” 6.12, 19.08 

 

Just like in ESC tweets, which emphasizes that these both are 

strong media spectacles that are embedded in Finn‘s minds and 
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are still based on TV as a main cluster of the event – text TV/the 

Twitter giving the platform for expressing feelings collectively.  

 

―Wow. I love Twitter. I‘ve never felt this much connected and 

Finnish before. I also taught my Kid how to waltz while we 

watched #linnanjuhlat‖ 6.12, 22.56 

 

 
Figure 3. An example of the Twitter feed on TV during the 

Finnish Independence Day celebrations 2011. 

 

4. DISCUSSION 
TV broadcasters and –channels are communicating more and 

more with audience via Facebook and Twitter. The audience is 

being heard and at the same time they are able to interact in real-

time with each other TV content related. Twitter & TV –

combination is seen as a very functional way of creating the long 

wanted form of social TV. One reason is the low costs for 

tweeting. [10] Other one is the fact that Tweets do not need much 

time to write or read and one has an easy access via PC, notebook 

or smart phone. [9]  

 

Twitter Monitoring is functional method to do TV related 

audience research. There are however some limitations of the 

method. First, it only investigates active users of the Social Web. 

Second, there are still only very few Twitter users in Finland 

(Twitter itself does not publish the actual amount of the users but 

many countries have estimated the number of users) and third, the 

sociodemographic information about tweet authors often cannot 

be determined. In sum, Twitter Monitoring cannot replace people 

meters or surveys but it complements them. [9] For example like 

in this study, the general themes people were discussing of and 

the overall opinions concerning the Text TV & Twitter – 

experiment were defined by analyzing the content. However, it 

was not possible to study the tweeters in more detail. In all the 

opinions and comments are alone valuable since they do give 

insights on what is the general response among the Finns. [15] 

 

In whole, usually the research focuses on television as content, 

television as a technology, and on the context of television 

viewing - each expanding in quite different directions based on 

their interpretation of ‗television‘ as a medium. However, recent 

processes of digitization and convergence are complicating and 

questioning various aspects within these dimensions of television 

audience research. [12] Therefore, an interdisciplinary research 

design with multiple research methods will be necessary to 

examine how audiences engage with all the different aspects of 

expanded television texts across multiple media platforms. Only 

by analyzing the whole spectrum of activities of which 

contemporary television viewing exists of, one can begin to 

understand how audiences engage with television content 

nowadays. [12] 

 

5. CONCLUSION  
It is undeniable that the television landscape and the television 

industry have changed dramatically over recent years [12]. TV is 

in major transition where it is evolving from just scheduled 

broadcast to being always- on, participatory and social. Its 

traditional audience is now fully engaged with social media and 

here they effectively become “program” and content makers for 

each other but, in the back channel, they still drive conversation 

around traditional, compelling broadcast content [7]. The use of 

social media is re-shaping the linkage between TV and Web. 

Social aspects that it brings are affecting the collective TV 

experiences.  

 

In this paper the contents of tweets sent during the two popular 

Finnish media spectacles that engage large audiences were 

analyzed and presented. There were seven categories to be found 

and this paper tackled the most dominant categories in more 

detail. The people were using the Twitter opportunity the most to 

discuss the actual content of the spectacle (Eurovision artists and 

Independence Day quests appearances), the feeling of nationality 

and the collectiveness the atmosphere brings to the watching 

experience and the Twitter experience itself. In both cases the 

experiment of combining social media into TV was appreciated.  

Surprising or not, there are same themes that have arisen in both 

of the case. This can be explained by the fact that media 

spectacles usually live on certain themes that are characteristic for 

their nature such as intermedialism, nationality and feelings of 

collectiveness in general. [15] 

 

The text TV & Twitter-experiment works well also in more 

serious issues. YLE organized the same service with the 

presidential elections in Finland 2012. YLE published overall 

46831 tweets during the elections and eventually the chosen 

president of Finland also tweeted his thanks to voters via Twitter. 

YLE is expanding these tryouts to several different TV formats for 

example around different talk shows with special themes etc. 

Currently in the summer 2012 the Twitter experiment is used 

during the ―sport spectacle‖, London Olympics. 

In the future this data of tweets will be analyzed in more detail – 

both qualitatively and quantitatively. At this point the purpose is 

to give an insight of what people are discussing of via Twitter and 

how is the experiment adopted.  

 

This study identifies that there is potential in remediating older 

technology (text-TV) with newer (social media). The analyzed 

tweets reveal that social communication that take place during the 

actual live broadcast is mainly used to express opinions, 

something one would like to say to the person sitting next to one 

on sofa. The most valued features tweets on text-TV did brought 

to the audience were the idea of presence, a possibility to ‗take 

part‘ in a new way and the possibility to tweet was seen overall as 

                                                                 

1http://yle.fi/uutiset/tuloslahetykseen_twiittailtiin_ahkerasti/31959

32  

253

http://yle.fi/uutiset/tuloslahetykseen_twiittailtiin_ahkerasti/3195932
http://yle.fi/uutiset/tuloslahetykseen_twiittailtiin_ahkerasti/3195932


a positive extra value to more traditional ways of watching TV. 

[15] 

 

In all, this symbiosis of two mediums, old (TV) and new (social 

media), has just started and it does give a whole new insight to the 

term social TV – which again also opens new revenues to the 

research as well.  

 

6. REFERENCES 
[1] Ala-Fossi, M., Herkman, J., and Keinonen, H. 2008. The 

methodology of radio- and television research. University 

Press – Juvenes Print, Tampere. 

[2] Bolter, J & Grusin, R. (2000) Remediation: Understanding 

New Media. Cambridge ja Lontoo, MIT Press 2000. 

[3] Buonanno, M. 2008. The Age of Television. Experiences and 

theories. Intellect Bristol, UK/Chigaco, USA. 

[4] Dayan, E. & Katz, E. 1992. Media Events. The life 

broadcasting of history. Harvard University Press, 

Cambridge. 

[5] Deuze, M. 2006. Collaboration, participation and the media. 

New Media Society, 8(4): 691–698. 

[6] Edison Research. 2010. Twitter Usage In America: 2010. 

The Edison Research/Arbitron Internet and Multimedia 

Study. Online: 

http://click.oo155.com/ViewLandingPage.aspx?pubids=7237

|77|5&digest=1lrSuztl0vmcpiIREQpx0Q&sysid=1 

[7] Hayes, G. 2009. Social IPTV: Interactive and Personal. 

SPAA 2009. http://www.slideshare.net/hayesg31/social-iptv-

interactive-and-personal?from=ss_embed  

[8] Jenkins, H. 2006. Convergence Culture. When old and new 

media collide. New York –university Press, New York & 

London 2006. 

[9] 

-

sseldorf, Germany. 

[10] Kwak, H., Lee, C., Park, H. & Moon, S. 2010. What is 

Twitter, a Social Network or a News Media? Proceedings of 

the 19th International World Wide Web (WWW) 

Conference, April 26-30, 2010, Raleigh NC (USA). Online: 

http://an.kaist.ac.kr/~haewoon/papers/2010-www-twitter.pdf 

(04.03.2012). 

[11] Scannell, P. 1996. Radio, Television and Modern Life. 

Oxford: Blackwell. 

[12] Simmons, N (2011). Television audience research in the age 

of convergence: challenges and difficulties. In Proceedings 

of the 9th international interactive conference on Interactive 

television. Lisbon, Portugal — June 29 - July 01, 2011. Pp. 

101-104. 

[13] Tuomi, P. 2010. The role of the Traditional TV in the Age of 

Intermedial Media Spectacles. In Proceedings of the 8th 

international interactive conference on Interactive TV& 

Video 2010 Tampere, Finland June 09 - 11, 2010. pp. 5-14. 

[14] Tuomi, P & Bachmayer, S. 2011. The Convergence of TV 

and Web (2.0) in Austria and Finland. In Proceedings of the 

9th international interactive conference on Interactive 

television. Lisbon, Portugal — June 29 - July 01, 2011. 

ACM New York, NY, USA 2011.  Pp. 55-64.  

[15] Tuomi, P & Koivisto, S. 2012. Text-TV meets Twitter – 

what does it mean to the TV watching experience? Eds: 

Arbanowski, S., Steglich, S., Knoche, H & Hess, J. EuroITV 

2012 – Adjunct Proceedings, Publisher: Fraunhofer Institute 

for Open Communication Systems, FOKUS. ISBN: 978-3-

00-038715-9. Pp. 112-115. 

[16] Turtiainen, R. 2010. Tulos ei päässyt edes teksti-TV:lle. 

Miksi vanhanaikainen teknologia on säilyttänyt asemansa 

digitalisoituneessa mediaurheiluympäristössä? Tekniikan 

Waiheita 4/2010. 32-48. 

[17] Ytreberg, E. 2009. Extended liveness and eventfulness in 

multiplatform reality formats. New Media & Society, 11(4): 

467–485. 

[18] Zhao, D. & Rosson, M. B. 2009. How and Why People 

Twitter: The Role that Micro-blogging Plays in Informal 

Communication at Work: Proceedings of the ACM 2009 

international conference on Supporting group work. Online: 

http://www.personal.psu.edu/duz108/blogs/publications/grou

p09%20-%20twitter%20study.pdf (04.03.2012).

 

254

http://click.oo155.com/ViewLandingPage.aspx?pubids=7237%7C77%7C5&digest=1lrSuztl0vmcpiIREQpx0Q&sysid=1
http://click.oo155.com/ViewLandingPage.aspx?pubids=7237%7C77%7C5&digest=1lrSuztl0vmcpiIREQpx0Q&sysid=1
http://www.slideshare.net/hayesg31/social-iptv-interactive-and-personal?from=ss_embed
http://www.slideshare.net/hayesg31/social-iptv-interactive-and-personal?from=ss_embed


Sharing and Navigating 360º Videos and Maps  
in Sigh Surfers   

Gonçalo Noronha 
LaSIGE, Faculty of Sciences 

University of Lisbon 
1749-016 Lisbon, Portugal 

+351217500087 

gnsp.noronha@gmail.com 

Carlos Álvares 
LaSIGE, Faculty of Sciences 

University of Lisbon 
1749-016 Lisbon, Portugal 

+351217500087 

carlos.alvares@gmail.com 

Teresa Chambel 
LaSIGE, Faculty of Sciences 

University of Lisbon 
1749-016 Lisbon, Portugal 

+351217500087 

tc@di.fc.ul.pt 
 

ABSTRACT 
Video allows to capture and present events and scenarios with great 
authenticity, realism and emotional impact, and it is becoming a 
pervasive medium; while increasingly users are enjoying and 
technology is supporting, capturing, sharing and accessing videos 
shot from their perspectives and experiences. 360º video allows to 

capture the image all around towards more immersive experiences, 

while hypervideo supports structuring and navigation of video and 
related information, and technology for capturing 360º video and 
its trajectory are becoming more accessible to the users, allowing 
to support more powerful video user experiences.  

In this paper, we identify main challenges and describe the design 

and user evaluation of Sight Surfers, an interactive web application 
for the visualization and navigation of georeferenced 360º 

hypervideos, with the aim to potentiate ways to create and engage 
in novel forms of entertainment, culture and even art. Usability 
results were very encouraging and users enjoyed and would like 
to use Sight Surfers. 

Categories and Subject Descriptors 
H.3.5 [Information Storage and Retrieval]: On-line Information 
Services – Web-based services; H.5.1 [Information Interfaces 
and Presentation (I.7)]:Multimedia Information Systems – video, 
hypertext navigation and maps; H.5.2 [Information Interfaces 
and Presentation (I.7)]: User Interfaces – interaction styles, 
screen design; H.5.4 [Information Interfaces and Presentation 
(I.7)]: Hypertext/ Hypermedia – navigation, user issues. 

General Terms 
Design, Experimentation, Human Factors. 

Keywords 
Hypervideo, Interactive Video, 360º, Maps, Synchronization,  
Sightseeing, Movies, Navigation, Immersion, Sharing, Design, User 
Experience,  Entertainment,  Culture,  Art. 

1. INTRODUCTION 
Video is becoming a pervasive medium, widely accessed from 
different platforms and devices, and increasingly, users enjoy and 
technology is supporting, capturing, sharing and accessing videos 
shot from their perspectives and experiences. Video allows to 
capture and present events and scenarios with great authenticity, 
realism and emotional impact [4,15]. However, in traditional 
video, the viewer is limited to the angle used to capture the video. 
360º video recording removes these boundaries, allowing to 
capture the image all around towards more immersive 
experiences. Hypervideo stretches boundaries even further, 
allowing to explore and navigate the video and related 
information, through links defined in space and time. 360º video 
cameras are becoming more common and affordable to the 
general public, and since longer, video capturing with mobile 
devices is increasingly popular [9] and allowing to record good 
quality video along with a continuous stream of sensor metadata 
[14] (e.g. position and orientation). This is especially useful, since 
mobility results in videos taken along some trajectory that can be 
captured and used in novel ways.  

In this paper, we describe the design and user evaluation of Sight 
Surfers, an interactive web application for the visualization and 
navigation of 360º hypervideos, designed to empower users in 
their immersive video experiences, both accessing other users’ 
videos and sharing their own. Videos are captured by the users as 
georeferenced 360º videos, and synchronized with maps where 
the filmed trajectories are highlighted, for orientation and 
navigation. From the maps, users may access other parts of 
current trajectories or other videos. From the videos, they can 
follow links to related information and especially to videos 
detected to cross the current video trajectory, possibly shot by 
other users, and to movie scenes that take place in that area. The 
motivation for this came from the context of this work in a project 
about immersive iTV [11], a privileged medium to access movies 
(engaging, somehow immersive [15], although not usually 360º) 
and where user generated content is gaining its popularity. It 
builds on our previous work on 360º hypervideo [12,13], now 
extended with the possibility to share and access other users’ 
videos, and supporting georeferenced information, trajectories, 
maps, and access to movies shot in the different locations. In 
Sight Surfers, users may contribute and surf around, experiencing 
city or countryside strolling “in other users’ shoes”, or even from 
a movie scene, shot at different places and moments in time, as 
new ways to create and engage in novel forms of entertainment, 
tourism, culture and even art. 

 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
MindTrek’12, October 3-5, 2012, Tampere, Finland. 
Copyright 2012 ACM 978-1-4503-1637-8/12/10…$10.00. 
 

255



Section 2 highlights the main challenges in building Sight Surfers 
and most related work. Section 3 presents Sight Surfers in terms 
of video capturing, sharing and navigation, while section 4 
addresses and discusses its user evaluation. The paper ends in 
section 5 with main conclusions and directions for future work. 

2. CHALLENGES & RELATED WORK 
Although the hypervideo and interactive video concepts exist 
since the early days of hypertext, it has not yet been as widely 
adopted as expected, partially due to technological constraints; 
but visualizing and interacting with 360º hypervideo is a quite 
new area of research. In [12,13], we present a review of the 
history of hypervideo and most related work on immersive video, 
and our first steps in this direction. 

Challenges include providing users with: an appropriate interface 
capable to explore 360º contents, with the feeling of looking 
around; appropriate affordances to understand the hypervideo 
structure and to navigate it effectively in a 360º hypervideo space, 
even when link opportunities arise in places that are out of sight. 
These capture the main challenges in hypermedia: disorientation 
and cognitive load, in this richer and more challenging 360º 
context, where video represents rich informa-tion that changes in 
time and that may be out of sight in 360º. In this new scenario of 
georeferencing and sharing of 360º videos, new challenges 
include: orientation and navigation in videos and maps; awareness 
and possibility to link and navigate videos based on their location 
in the maps or that cross the current video trajectory; support 
different types of videos (user generated, or even more 
professional ones, like movies, for entertaining, cultural, touristic 
or artistic purposes), and large amounts of videos and users, with 
filtering for easy access. 

As representative examples, Google Street View [5] is a 360º 
photo viewer using a spherical image projection and geo-
localization, as a resource of Google Maps and Google Earth, but 
it does not provide video. Immersive Media [8] is a provider of 
360º videos, but it does not support link navigations or 
annotations. YouTube presents videos, and started to support 
video annotations, but it does not provide support for 360º video 
or hypervideo nor geo-localization. There are several applications 
that use maps and sometimes Virtual Reality or Augmented 
Reality, for orientation (e.g. car navigation, or user orientation 
like CityWalker [16]), to find and represent points of interest and 
sometimes content (text, audio, photos, video), often with 
touristic purposes. The design of off-screen navigation has also 
been the focus of some research in this area, and also in mobile 
devices [1,2], but not in video. 

Although maps are a natural way to represent georeferenced 
information, and video often involves a trajectory, most solutions 
only allow users to post videos based on a single GPS location 
(usually the initial position). [6,14] present user-generated videos 
that relate to geographic areas in a map interface. Their focus is 
on the automatic selection of keyframes to represent the videos, 
and the determination of the location to place them on the maps 
[6]. So they emphasize hotspots that are shot in the videos in front 
of the shooting spot, along their trajectories, but in regular videos 
[14]. While we focus on the more immersive experience of 360º 
videos, and their navigation across different trajectories and user 
experiences. 

Also in this work we’re faced with producing an engaging 
application that promotes the aura of a geographical location by 
providing different perspectives of that same location, through 
audiovisual and geographical information captured and submitted 
by various users. This information may transmit different speeds, 
angles, sensibilities, experiences and experiments of that area, 
scattered throughout time, giving a perspective of the change that 
a location might undergo and enabling the user to keep an 
emotional connection with it. We do this by bestowing upon 
video the benefits of georeferencing tools, adding geographical 
orientation to the excitement and engagement that is characteristic 
of video. We accomplish this by combining the notions of 
immersion and entertainment of video and the notion of 
positioning of maps. 

3. SIGHT SURFERS 
This section presents Sight Surfers, with a special focus on the 
georeferenced 360º video capture and view, their publishing, 
sharing and searching, and the design options to support 360º 
hypervideo and map navigation, orientation and filtering, 
supported by the system architecture presented on the last sub-
section.  

3.1 Georeferenced 360º Video Capture&View 
Videos are captured as georeferenced 360º videos. We used a 
Sony Bloggie Handy Cam1, a 360º camera available to the general 
consumer that allows converting the captured video into a 
cylindrical projection. Concurrently, we captured the geo-
references along the video trajectories with a smartphone, using 
the GPS (latitude and longitude, every 2 secs) and digital compass 
(orientation angle, whenever direction changes are > 45º: had 
good results for stability in the presence of slight arms and 
walking movements) sensors. Ideally, this process will be 
integrated in the same device. Georeferenced info defining the 
trajectory of each video is stored as an XML file.  

The video is played using an HTML5 player that is mapped onto 
a transitional canvas that is in turn rendered around a WebGL 
cylinder, to represent the 360º view (a challenging task due to the 
experimental status of WebGL). During the video play, the image 
on the cylinder is refreshed through a cyclic rendering, and every 
sec, the map is synchronized with the video, in terms of marker 
position and orientation, based on the XML trajectory 
information. To present the maps and load the trajectory 
coordinates, we use the widely adopted Google Maps Web 
Service. The trajectories are painted by linear interpolation of the 
coordinates. The current position in the map is represented by a 
custom marker that represents location and orientation (see 3.3). 
The full architecture is presented in section 3.4. 

 

 

 

                                                                 
1 Other solutions include lens (e.g. GoPano Plus) for digital cameras that 
allow changing lenses, or even to some mobile phones (e.g. GoPano Micro 
and Kogeto Dot, for iPhone4). 
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3.2 Publishing , Indexing & Searching 
Georeferenced 360º Videos  
Sight Surfers has its ultimate objective in providing a social 
platform where users can submit and view each other’s routes. To 
enable users to provide their own contents, we have to provide 
tools for them to publish their routes. The user imports the 
geographical information into the webpage and some key 
information is automatically inferenced to help the indexing in 
server side. This information includes the start and ending 
locations (street names), the city or administrative area and the 
country where the route was captured, the average speed at which 
the users travelled while they were recording the route, the 
distance of the route, and the time of the day when the route was 
recorded. On server-side, there is a search for the most 
northeastern and southwestern points of the path so it can be 
bounded for loading purposes. The videos may also be indexed by 
their popularity, most recent and by themes, very much similar to 
other web applications like Youtube. 

The application is also prepared to categorize the paths with 
additional metadata. An example may be a path that is 
categorized as being in the countryside, doing a radical activity on 
a bicycle; and another, a path that is categorized as being in the 
city, doing a touristic activity on top of a panoramic double 
decker bus. For this, the application still needs the users to 
provide some metadata like the means of transportation that they 
used while recording, the confirmation of time of day, as the 
recording devices might not be synchronized and the time in the 
device might not be set right, the type of video it is (if it was shot 
on a beach, if it is artistic, touristic, etc.) and what type of video it 

is (currently: 360º; future: panoramic, spherical, HD, etc.). Other 
metadata may be required and added in the future if we deem 
appropriate from user needs, while other may become fully 
automated with more elaborated video processing techniques. 

The submission of the data and video is done in two steps: first, 
the users upload the video onto the server; and then, using the 
new entry id, they save the metadata that was inferred from the 
geographical data and that they were prompted by the application 
to confirm and complete. 

On access time, in addition to the current route, other routes on 
the vicinity are searched and loaded onto the map, using their 
bounding boxes that were described previously, as selection 
criteria, and, as the user pans around the map, other paths that 
cross the current area are loaded. In addition, the user may select 
various filters, based on properties defined at load time, that may 
be applied to narrow the spectrum of search, or choose from a 
variety of suggestions of routes. 

3.3 360º HyperVideo & Map Navigation, 
Orientation & Filtering 
Main concepts and features are introduced for the navigation and 
orientation in 360º videos, their geo-localization in maps, their 
hyperlinking, and filtering. Videos can be viewed and navigated 
in full screen, for a more immersive experience (Fig.1a), or in a 
smaller size aside a map, to allow a richer geographic context in 
the viewing and navigation (Fig.1b-f, and 2). 

 
 

 
Figure 1. Navigation in Sight Surfers, around Praça Luís de Camões, at Bairro Alto in Lisbon: a) Full screen with Minimap Video; b) Video 

Synchronized with Map; c-d) Link to another video trajectory, towards Cais do Sodré (horizontal to vertical trajectory on the map); e) again in first 
trajectory, with video Memory Bar; e-f) Link to a Movie (O Pai Tirano) scene shot at this location (the video beneath pauses while this is playing) . 
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3.3.1 Navigation & Orientation in the 360º Video 
To support this kind of navigation and orientation, we designed: 
 
1) Drag Interface to continuously pan around the 360º video, in 
both left and right directions, using a projection inside a cylinder 
to allow the feeling of being “partially” surrounded by the video. 
Also with the possibility of Edge Navigation: the user may leave 
the pointer on the right or left edge of the player so there can be a 
steady and automatic change in the angle of the video, without 
any extra action from the user; 
 
2) Video View Area (Pizza-slice): a circular “pie-chart”-like 
interface, which uses a red angle to highlight where the user is 
looking at (top right corner of the videos in Fig.1 and 2 – may 
also be hidden). In addition, it also serves the purpose of quick 
angle navigation, by dragging the red area to the desired position. 
In a first version, the top of the circle always indicated the center 
of the video (where the camera was facing, and usually aligned 
with the trajectory) [12,13]. In the most recent version, we added 
a North indicator that is synchronized with the map movement, 
that changes whenever the angle of direction changes, allowing 
users to keep their sense of direction when fully immersed in the 
video (for example: in fullscreen mode), and we experimented 
with 3 versions of the circle, we called Compass Mode: 2.1) video 
center up (fixed on top) (same as initial version [12,13]) – for 
alignment with the author’s perspective while filming (Fig 2b); 
2.2) north up – to align with the map shown (Fig 2c); 2.3) video 
current view, or orientation, up – to align with the video 
perspective being shown (Fig 2d) (option similar to the one 
adopted by Google Street View). We designed and tested the 
three versions, that can be selected by the user (Fig.2a);  
 

 
Figure 2. Video View Area in different compass modes: a) mode 
selection in Sight Surfers; and close-ups of: b) video center up;  

c) north up; d) video current orientation up. 
 
3) Minimap Video: a planar projection of the video resized to be 
totally visible, with a red frame indicating and allowing to change 
the current view around the video (below the videos, Fig.1a,b); 
 
4) Video Timeline to identify and change the current position in 
the video. Red is used consistently for current and visited 
positions, since it is common for this purpose for e.g. in YouTube 
video timelines. 

3.3.2 Geographical Navigation & Orientation in the 
360º Videos and Maps 
To support this kind of navigation and orientation, we designed:  
 
1) identification of the videos as Trajectories on the Map: current 
in green (color that humans are more sensible to, and associated 
with growth, life and action), others in blue (color that humans are 
less sensible to, and associated with calmness) (Fig1.b-f); 

2) Synchronization of map and video, with a View Area Marker 
for localization (moving along the trajectory) and orientation 
(rotating in accordance with the 360º video rotation by the user); 
 
3) painting the Viewed Trajectories in red, to help users know 
where they have been; 
 
4) video trajectories may be clicked at any position to allow 
Navigation to the corresponding video and time. And, since 
preliminary users thought this was limiting, now the View Area 
Marker may also be dragged along the current path to the desired 
position in the path and corresponding time in the video. This will 
ultimately facilitate the video navigation, providing an easier and 
more flexible geographical and time navigation; 
 
5) as underlying Google Maps, these may be viewed in map or 
satellite views; 
 
6) a next step in our work is to add triangular shapes (arrows) that 
will be scattered throughout the paths to indicate the direction on 
which the paths go, transmitting the flow of the video to the user. 

3.3.3 360º Hypervideo 
To support 360º Hypervideo, links can be defined in space (all 
around the image) and time (along the video). For the moment, 
there are 3 types of hyperlinks: 
 
1) Points of Interest, to mark (in red) spots like a restaurant or 
subway, with the possibility to link to a related destination, e.g. its 
webpage;  
 
2) Crossing Trajectories to mark (in blue, like the other 
trajectories on the map) and allow navigating to another video 
with a trajectory that crosses the current one in the current 
position; and  
 
3) Movies to mark (in gray) and allow navigating to movie scenes 
that were shot in the current position (Fig.1e-f).  
Annotations are similar to the links (especially type 1), in terms of 
space and time positioning, but they do not have a destination.  

3.3.4 Navigation & Orientation in 360º Hypervideo 
To support this type of navigation and orientation, besides the 
possibility to Link (navigate) to the link destination (described in 
the previous paragraph), Link Awareness is vital since most of the 
content is outside the viewport, and links change along time. For 
this purpose: 

1) Hotspots are highlighted through labeled colored balloons on 
the video, providing additional info about the video object and 
link (types presented in the previous subsection: 3.3.3); 

2) Hotspot Indicators appear on the Lateral edges of the window 
to provide awareness about the location (vertical position) and 
distance of the links that are not in the viewport (the closer the 
hotspot, the bigger the hotspot indicator). Found adequate since 
video is cylindrical, only with lateral rotation. For spherical 
videos, a solution like [1] might be considered; 

3) Hotspot Indicators also highlighted on the Minimap Video 
(when it is visible); and  

4) the Video Timeline includes a Memory Bar highlighting the 
parts of the video that have already been watched along time and 
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around the 360º (Fig.1e) below the video). Especially important in 
non-linear video watching and when only part of the 360º angle is 
visible at any time. It is in essence a timeline including a red 
representation of the angles of the video that have already been 
visited (vertical painting in this rectangular projection) throughout 
time (horizontal painting); we chose this notation because users 
are accustomed with a series of video timelines in linear video 
watching e.g. in YouTube, but here extended, to support non-
linear watching, by changing time and angle, allowing users to 
keep track of their path and the amount of information that is still 
available to explore. In addition to showing the navigation 
history, it is interactive, allowing to navigate to any desired time 
and angle of the video. 

Our next step in this matter is to change this rectangular 
projection into a cylindrical representation of the video timeline, 
where the angle is represented around, while the time evolves 
along the cylinder. It will allow turning around its axis to show all 
the markings that are painted on it.  

3.3.5 Searching and Filtering Video Trajectories 
When accessing the videos based on the geographic region, 
around the current video, there may be the challenge, which is 
also a richness, of over population of the map area, if too many 
routes exist in the same area. To help in dealing with this, and to 
allow for a more semantic video selection, several filters may be 
chosen by the user. Figure 3 exemplified this filtering. Care must 
be paid to use the adequate map zoom to fit the required paths 
inside the map area, for their selection, and to the heterogeneity in 
average speed or other metadata of the chose routes; e.g. it may 
not be of interest for the user to view one route that is done on 
foot, down an avenue at a low average speed and then change to 
an aerial view done on a commercial airliner at high speed, 
heading to a city 1000 km’s away. On top of this, paths with 
similar properties on other locations may be suggested to the user 
in a list below the player. 

 

 

Figure 3. Searching and Filtering in Video Trajectories: a) selecting filtering option in Sight Surfers; b) drop down filter menu; and in close-ups: c) 
filtering high speed with results on the map; d)filtering by ‘extreme’ type (radical, e.g. skiing); e)filtering routes with more than one type of 

transport. 
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3.4 Sight Surfers Architecture 
Sight Surfers is based on a webservice architecture where the user 
requests the data from a backend (Fig. 4). The frontend is 
implemented on HTML 5, supported by most recent browsers, 
and uses WebGL (as described in section 3.1). The backend is 
implemented using the PHP MVC (Model-View-Controller) 
framework CodeIgniter, that provides a very complete set of 
libraries to handle the HTTP requests and the database connection 
for the transactions and the requests for data that is done using 
ORM’s (Object Relational Mapping) that allows a much more 
readable set of data. The used DBMS is a PostgreSQL as it is free 
and allows for smooth scalability of the system. It also provides a 
very complete set of geometric types and functions. With this, we 
can select the most pertinent routes right from the database, 
without the need for further computing.  

 

 
Figure 4. Sight Surfers architecture. 

 

The Cleanup Handler is a tool that fires (using the unix crontab) 
at regular periods of time to clean incomplete route submissions, 
after an extended period of time. It is necessary as the route 
submission is made in two phases, the video sent and the metadata 
sent are dependent on each other to complete the submission. This 
way there will not be accumulation of incomplete and 
unnecessary data on server side. 

4. USER EVALUATION 
We conducted a user evaluation of the Sight Surfers user interface 
and functionalities, to learn about its perceived Usefulness, users’ 
Satisfaction and Ease to use [10], if users understood and 
appreciated the concept, and had a good user experience using the 
application. In the process, we might also discover aspects to 
improve, errors to fix, and maybe new ideas. 

4.1 Method 
We performed a task-oriented evaluation based mainly on 
Observation and semi-structured Interviews. After explaining the 

purpose of the evaluation and a short briefing about the concept 
behind Sight Surfers, demographic questions were asked, 
followed by a task-oriented activity progressively introducing 
new functionalities (with videos and trajectories shown in Figs.1-
3), and where errors, hesitations and performance were observed 
and annotated. At the end of each task, users provided a 1-5 USE 
rating, and could make comments and suggestions. At the end of 
the session, users were asked to rate the overall application. 

4.2 Results 
We had 11 participant users (4 female, 7 male) between 20-65 
years old, which allows to discover most usability problems and 
perceive a tendency in user experience satisfaction. In terms of 
literacy, all users had at least finished high-school, they were all 
familiar with the concept of sharing and especially accessing 
videos on the Internet, but only 3 had heard about 360º videos, 
and only one had a clear idea about what it was. 

All users could finish the 25 tasks, most of them in a very short 
time, and they detected the new functionality underlying each 
new task. Results are summarized for each group of tasks, with 
the Mean for (Usefulness, Satisfaction, and Ease of use). Std 
deviation is around 0.5-0.9, only referred to for the exceptions. 

Navigation and Orientation in the 360º Video. In Full Screen 
(Fig.1a), users were asked to: move around the video and to the 
initial position, only with the drag interface (T1: U:4.1; S:4.7; 
E:4.3); plus View Area (T2: 4.6; 4.1; 4.4); plus Minimap Video 
(T3: 4.8; 4.7; 4.6). Users appreciated the navigation mechanisms, 
and especially the Minimap Video, that allows an overview and 
faster navigation. Drag only interface resulted in an initial 
hesitation, for those unfamiliar with 360º photo navigation, but 
then ok. For the View Area, in a preliminary feedback some users 
suggested to also allow navigation by rotation, which was 
successfully included in the current version. 

Geographical Navigation and Orientation in the 360º. With video 
and map aside (Fig.1b-f), users were asked to: move around the 
video and to the initial position, only with the drag interface and 
map (T4: 4.8; 4.6; 4.5); identify the meaning of the (3) colors 
used in the trajectory (T5: 4.5; 4.1; 4.2); T4 plus View Area and 
Minimap video (T6: 4.7;4.7;4.1). They found the map useful, but 
suggested that the video should be larger than the map, aligned 
with the purpose of the focus on its content. At first, color 
meaning was not obvious, but then found ok, with a suggestion 
for less bright colors tones. Again, the Video Minimap was 
appraised, and especially now (not full screen) that it is not on top 
of the video: “It allows a very complete view”. Still on the map, 
users were asked to: move ahead in the same trajectory (T7: 
4.5;4.2;3.8): identify the current orientation (T8: 4.6;4.5;4.0); and 
go to Praça Luís de Camões (a very famous square that this 
trajectory crosses) (T9: 4.6;4.8;4.6). They found these 
possibilities very useful and “practical”, but found the clickable 
trajectory very narrow for an easy selection (thus the 3.8 mean for 
Ease of use), and suggested that the marker could also be 
dragable. This was already successfully accomplished in the 
meanwhile.  

Navigation and Orientation in 360º Hypervideo. Still with video 
and map aside at Praça Luís de Camões, users were asked to: find 
and follow a link to a movie (T10: 4.8;4.6;4.9); find and follow a 
link to a crossing trajectory towards Cais do Sodré (T11: 
4.8;4.6;4.7); go near café Brasileira and find info about the cafe or 
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the nearby subway (T12: 4.6;4.5;4.3); visualize the Memory Bar 
and explain its meaning (T13: 3.7;2.9;3.0; Std:1.2;1.4;1.2); and 
finally to go to Fullscreen and back (T14: 4.9;4.6;4.5);. They 
enjoyed the different links, especially those to the movies and 
crossing trajectories, and could easily find them. However, there 
were suggestions: to make more explicit the different type of links 
(we plan to add an icon to the different color, as already used in 
the links to movies: a clapboard, or change shapes); to be able to 
choose the new trajectory with the arrow keys; to also highlight 
the links on the map; and to allow hiding the links altogether – 
most about flexibility. The Memory Bar was not fully understood 
at first and, without further context, not found very useful. The 
timeline is a familiar concept, but the 360º projection was not 
readily grasped. Still a few saw beyond, found it very interesting, 
and even suggested to also mark links there. Finally, users really 
appreciated the possibility to have both fullscreen and video with 
map.  

View Area Compass Modes in 360º Video. Users were asked to 
find the compass modes button (T:17 3.6; 4.6; 4.1) for this recent 
feature (Fig.3), and then change between video center up mode 
(T18: 2.9; 2.7; 3,9), north up mode (T19: 4.6; 4.8; 49) and video 
view up mode (T20: 4.2; 4.5; 4.6). At first, they did not realize 
they had a choice for multiple compass modes, but after some 
experience, they enjoyed it and the north up mode was the most 
enjoyed of all, aligned with the map.  

Filters in 360º Hypervideo. With both video and map (Fig.4), 
users were asked to locate the filter option and about its meaning 
(T21: 4.6; 4.6; 4.7). Then they were asked to change the filter to 
show only fast circuit videos (T22: 4.5; 4.6; 4.8); then to show 
only one type of circuit: extreme (radical) (T23: 4.6; 4.6; 4.8); and 
then to show circuits with more than one type of transport (T24: 
4.4; 4.6: 4.8). The users were very satisfied with this filtering 
feature (T25: 4.9; 4.7; 4.6), they appreciated the fact they could 
select only what they wanted. 

 

 
Figure 5. Global Evaluation: (U)seful; (S)atisfactory; (F)un to use; 

(E)asy to Use; (EU) Easy to Understand; (UA) Use Again 

As a final appreciation, users found Sight Surfers very useful, 
satisfactory, fun, easy to use and fairly easy to understand, and 
they would most likely use it again (Fig.5). As the system 
includes more features and becomes richer and more interesting, it 
also becomes more complex (according to [7]) and thus less easy 
to understand at first (e.g. when compared to [12,13]), but it was 
still very positive, and it is becoming more powerful. Final 
suggestions were aligned with the rest of the interview, and final 

comments were along the lines: “Very interesting.”, “Very 
useful.”, “Nice ideia.”, “Quite good”.  

5. CONCLUSIONS & PERSPECTIVES 
We presented the motivation and challenges, and described the 
design and user evaluation, of Sight Surfers, an interactive web 
application for the visualization and navigation of georeferenced 
360º hypervideos. Users understood and liked the concept, they 
perceived Sight Surfers as a very useful, satisfactory and easy to 
use application, and would use it again. The Memory Bar features 
was not totally understood by the majority, while the rest of the 
features were highly appreciated. As for the most recent features 
(after preliminary feedback), they prefer having the 360º video 
view area compass mode showing the north up, like in the map 
orientation, the flexibility to drag the marker along the paths to 
navigate the corresponding video, and the possibility to filter the 
paths according to their features.  

In terms of geographical information, the capture of coordinates 
along the paths is a challenge due to the error inherent to GPS 
capture, and in some cases, the compass may be affected by the 
electromagnetic waves from cellphone towers and electric 
appliances. This process needs further attention and the 
application of automatic filters to correct path alignment. The 
detection of intersecting points in paths is also being studied and 
subject to improvements. Relying on the GPS system, our system 
was designed to work outdoors. 

Next steps include revising and extending the application based 
on the encouraging evaluation results and suggestions, and to 
further address the challenge of having different types and large 
amounts of videos and users. For future reference we’re inclined 
to further our indexing, filtering, search and suggestion 
techniques. As we gather more routes, build up our application 
and do more testing with user we will be able to see what type of 
techniques are more useful. Filtering and zooming mechanisms 
allow to distinguish and find videos shot at different times (day, 
night), weather conditions, seasons, during special events, at 
different speeds, previously shot or live [9], by our friends, by 
professionals, for entertainment, cultural or artistic purposes. This 
concept could in particular be explored in urban and locative art 
[3]. We already support some of these properties, but further work 
is needed to choose the most adequate properties to support, and 
to automate the most its identification and classification. 

Some planed features include: an automatic POI (point of interest) 
finder, based on the points that the users chose to turn to on their 
viewings [14] (e.g. turn to same intersecting point from different 
videos, later identified as being the Eiffel tower, whenever visible 
around the videos); to refine automatic filtering and 
recommendation of routes, learning from user interaction to infer 
their preferences e.g. radical activities in certain places; and the 
support for different types of videos, to be rendered in different 
types of surfaces, for flexibility and different levels of immersion. 
Here we are focusing on 360º degree video rendered in a 
cylindrical plane. Other types include regular videos, HD, 
spherical videos, etc. Another future goals is to provide the users 
with a functionality that enables a previous planning of the routes 
to take, so they can be left only with the feeling of immersion and 
know that they will be led through the paths that they chose. 

We are also exploring more immersive scenarios, with higher 
definition videos and larger display areas, where second screens 
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or more natural interaction modes could be adopted to assist 
navigation, especially in situations where the increased sense of 
presence would be more appreciated. This also includes using 
mobile devices, not only for capturing routes but also to search 
and view: location-based searches could then be performed; 
through sensors like accelerometer and digital compass, the users 
could actually turn around to explore and watch the parts of the 
video they want, as if they hold in their hand a window to the 
360º video where they are immersed in; and navigation could be 
performed on the mobile as a second screen, complementing more 
immersive surrounding screens. 
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ABSTRACT 
In the last decade we have witnessed; the rise of social networks 
focussing on the grouping of friends to whom we broadcast short 
blasts of information. Furthermore, services like “friending”, 
“tagging”, “following” and “hashtags” have all impacted the way 
we make quick and convenient communications with one another. 
At conferences in particular, we are seeing a growing use of the 
social network service from Twitter, for networking and as part of 
the discussions around topics raised during the event. The only 
issue with this discussion is that they are often separated from the 
main conference activities and does nothing to alleviate problems 
associated within the formal nature of such events, often 
discouraging audience interaction.  In this paper we aim to 
facilitate such engagement through the playful experience of an 
online social word game, ‘BuzzBird Bingo’, which focuses on the 
buzz surrounding events. BuzzBird seeks to gamify the back 
channel discussions, by encouraging participants to contribute and 
partake in the online meta-narrative. 

Categories and Subject Descriptors 
H.5.1 Multimedia Information Systems 

General Terms 
Human Factors 

Keywords 
Social inclusion, Twitter, meta-narrative, participation, 
interactive, back channel, shared experience, narrative, 
performance 

1. INTRODUCTION 
Because of its 140-character limit on information updates, known 
as tweets, Twitter is sometimes described as the “SMS of the 
Internet and in fact this limit was imposed from its original origins 
using standard SMS messaging. Users of Twitter can now tweet 
using a range of options such as dedicated mobile applications, 
SMS or through Twitters own website. Twitter is changing the 
way in which we discuss and communicate by allowing 
information to be relayed rapidly in near real-time when events 
happen.  
In terms of a typical Twitter contributor research [5] indicates 
they would be someone that tweets very rarely, predominantly: in 

the evenings after work, lunch times, and at weekends. This 
coincides with the average workers daily lives and its association 
with entertainment events and Television shows. However, this 
behaviour seems to change during events such as conferences 
where Twitter can act as a forum for reporting and discussion. 
However, the representation of the Twitter discussion at such 
events is often simply to display the linear stream on a public 
display, which isn’t particularly engaging as users can easily 
follow this in the same way through one of the many, was users 
can access Twitter on their personal devices.  
In this paper we present the design of a system aimed at 
facilitating delegates to integrate with the themes emerging or 
narrative and actively join in discussions through a purposefully 
playful experience for such events.  

2. BACKGROUND 
 People consume their social media for many different reasons and 
different social networking services, provide for these differing 
motivations. For some it is about engaging in the conversation in 
real-time; raising questions (hopefully encouraging further 
questions) and debating their perspective on a particular topic, 
also the desire for some is the appeal of sharing what you are 
viewing/reading or hearing and Twitter provides an excellent 
platform for this. While other social networks (e.g. Facebook, 
Google+ and LinkedIn) focus on the relationships between 
people. In this respect it is perhaps unsurprising Twitter has been 
adopted by conferences and events. In terms of Twitters 
operation, tweets sent from users are independent from each other, 
whereas those tweets that have been either re-tweeted (where one 
person re-sends another persons tweet) or include a hashtag (for 
example #MindTrek12) are collated into a thread. The inclusion 
of hashtags can be particularly useful when contributing to a 
specific topic or event. It is specifically the hashtag that is of 
importance to the Buzzbird Bingo project. 

Events such as conferences still typically employ traditional 
settings where audiences sit in rows facing a physical platform, 
where someone stands presenting in front of a large display. The 
problem with configuration is that it does not encourage 
participation by the audience or questions as the environment is 
set up to focus around one person (the presenter). The impact of 
this, results in a decrease in audience participation in formal 
conference settings [9], which is in direct opposition to the 
general aims of most conferences. That being said, the openness 
and regularity of wireless internet hot spots, feature packed 
mobile devices and low costs data rates, have had an impact on 
how we engage during events and conferences.    

In response to this we are increasingly seeing events including the 
audience through in some form of digital conversation through 
what is often referred to as the back channel. The term back 
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channel in this instance refers to the online conversations that take 
place usually in real-time, discussing what is currently happening 
but outside the primary presentation. Integrating the back channel 
into presentations/events opens up the number of communication 
channels that can take place within one session. People can then 
use these services to express their opinions freely and in an 
informal manner. Furthermore, this allows those who cannot 
physically attend to also engage in the discussion. The back 
channel in the communication found at events is often understood 
as the meta-narrative (the story behind the story), the event being 
the main story and the audience discussions being the story 
associated with the event. It is this meta-narrative where the two 
channels of simultaneous communication lie. With this, it is no 
longer considered uncommon to see an array of audience 
members faces lit up by some form of device, whether its by 
nursing a laptop or interacting with a mobile device, all whilst 
listening to a talk or presentation. Notably this change of audience 
behaviour has risen since the increase of popular social 
networking tools, like Facebook and Twitter, being widely 
accessible by varying availabilities of connectivity methods and 
the range of ubiquitous mobile devices. 

With Twitter’s service focussed around the discussion and 
dissemination of information, its understandable why events 
actively promote the use of its platform. Studies suggest that the 
majority of active tweeters during events are the participants 
(attendees) and those who cannot physically attend (online users) 
[8]. It is the use of Twitter that has opened up the conversation 
globally it is no longer limited to those who physically attend 
(face-to-face) or in the same location. Participants’ usage of such 
services differs significantly in how it is used pre, during and post 
events [8]. It is during the event that is of most importance in this 
paper, focussing on participation from attendees, presenters and 
external online audiences. In particular the communication 
between users, the participation of proposing questions and 
responses of answers, the internal and external parallel 
discussions amongst attendees and its online audiences.  

Embracing Twitters’ infrastructure to increase discussions and the 
exchange of information during presentations, have already been 
explored [6]. Mitchell outlines a template for designing 
presentations around social participation, breaking down the 
presentation to encourage questions from the audience and display 
information that can be easily tweeted are a few ways in which 
she outlines to encourage audiences to participate. Ebner 
demonstrates the use of Twitters place alongside presentations to 
be used as a learning tool. The study showed how the audiences 
interact with the presentation in real-time through the use of 
tweeting [4]. In recent studies, moving on from utilising Twitter to 
increase discussion during presentations, Hazlewood coins the 
term Twitterspace to describe public displays that are connected 
online to Twitter streams. The type of interaction seen through the 
engagement with public displays, differ slightly from a 
presentation setting. Similar to displaying a feed alongside the 
presentation, these displays retrieve the latest tweets associated 
with a predefined account and displays the results as animation 
that appears across the display. The Twitterspace study was set 
out to demonstrate the effects Twitter can have to promote 
awareness within a community and to encourage enhanced 
community awareness and engagement [10].  

Furthermore on public displays, research into the inclusion of 
mobile devices, being used to explore playful experiences, which 
are presented on public spaces, have previously been studied by 
Coulton et al. In particular TxtBook [3] and Mash Reality 
[//mashreality.com] that both demonstrate ways in which users 

can playfully interact with public displays through the use of User 
Generated Content (UGC). Participants for both applications were 
required to use SMS or WAP to communicate with its services. 
Both systems represent ways in which users are required to 
contribute their expressions in order for the game to be successful. 
Mash Reality was the follow up study, set out to address the 
issues raised in Txt Book. It was developed to enable participants 
to contribute quickly and receive immediate visual feedback, 
which wasn’t apparent in TxtBook. Both these applications were 
developed at the time when Twitter was in its infancy stage, 
which shows just how quickly these types of services have 
adopted by the masses. Other research associated with event 
participation explores the use of mobile phones to interact with 
large displays [2], extending large-scale event participation, with 
user created mobile media on public displays [7], social games 
built on top of Twitter’s platform [11] and geo-tagged photo mash 
up [2, 3].  

Early novel explorations of social UGC driven games played at 
events, were made with an online game called BackChatter [1]. 
BackChatter is a modern day example of the 1988 board game 
‘Scattergories’, where players must use their vocabulary and 
social skills to come up with as many words that start with a 
certain letter and are associated with a particular category. Players 
earn scores by picking unique words amongst fellow competitors.   

BackChatter was developed around Q3 and Q4 of 2009. Although 
the authors know the developers, some of the assertions outlined 
in this paper are based solely on the authors understanding as no 
publications about the game have been produced. Local No.12 the 
creators of BackChatter, describe the game on their website [1] as 
a game split up into rounds (lobby, discussion and scoring), where 
players send a Direct Messages (DM) to BackChatter’s Twitter 
account (@bcgame), containing a limited number of words (three 
to be precise) that they predict will be popular during a 
conference. Players earn maximum points by picking uncommon 
words (which other players are less likely to choose) and scores 
are calculated against the weighting of their words against its 
popularity. The game is primarily designed for players to play in 
an inclusive environment in other words. Arguably the game 
scoring system does not promote discussion through its incentive 
for players to pick uncommon words (more likely disassociated 
with the event) and can lead to players trying to ’game’ the 
events’ Twitter stream by spamming the system with uncommon 
words to gain points.  

As we outline in this paper, the conveniences of quick 
communication often seen in conferences, seems to be key when 
networking. Unfortunately these characteristics seem to be lost in 
BackChatter, as the designers required players to DM their entry 
(both parties are required to follow one another, before any 
sending of DM could be successful), this places a great deal of 
responsibility on the administrator for managing the game as each 
follow notification must be quickly replied with a follow 
response. Also, the method of entry that game utilises could be 
quite problematic. As DM’s are key to registering your 
participation, the game is limited to one event at a time. The only 
way around this would have been to DM the events Twitter 
account rather than the creators of the game. However, this was 
probably avoided, most likely due to the key role that is placed on 
the games administrator, before game play can commence. 

In this research we attempt both to address some of the 
participation issues previously discussed for of BackChatter with 
simultaneous participation and consumption model that is key to 
the study and will be developed through the following design. 
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3. BUZZBIRD BINGO 
As the name of the game suggests Bingo provided the initial 
inspiration through which BuzzBird Bingo was conceived. Unlike 
Bingo where players are provided a pre-defined card (usually 
consisting of a set of 15 numbers), BuzzBird allows players to 
come up with their own selection of buzzwords as their card entry. 
The only limit imposed by the game, is from Twitter’s tweets 
infrastructure. The presentation of BuzzBird Bingo player 
information takes its inspiration from a traditional fun fair 
activity, The Arabian Derby also known as The Kentucky Derby. 
In the funfair game players roll a ball along their table, aiming for 
a set of coloured zones (each zone scored accordingly) in turn the 
players score moves a physical character (typically a horse or 
camel) along a track, the amount the character moves is in 
accordance to the score they received from rolling the balls into 
the zones. The player whose character reaches the winning post 
first is named the winner.  In BuzzBird Bingo tweeting birds fly 
along a track based upon the social buzz associated with the 
players chosen words. 
To enable us to perform the study on Creating a Playful 
Experience to Encourage Participation in Conference Discussions, 
a system was developed to capture tweets from Twitter 
[//twitter.com], using its Streaming API. The Streaming API was 
adopted in preference to its counterpart the Search API, due to its 
increased ability to handle the throughput of large real-time data 
streams. The system streams all tweets that contain a certain 
hashtag or hashtags, in its raw form. The tweet data is then 
parsed, split and sorted into different tables.  
The system captures all tweets that contain either the events 
hashtag or the BuzzBird hashtag (#buzzbird). People that want to 
join the events online discussion and not the game, will include 
the events hashtag in their tweets. Whereas players wanting to 
participate in the game, must first write a Tweet containing the 
event and games hashtags, along with their chosen entries (words, 
only limited by Twitters tweet infrastructure of 140-characters).  
Players, who perform this action, register their presence and 
entries into the game. Those discussing the event contribute 
towards developing a system of what topics are trending 
associated directly with the event. This allows players to freely 
join the game at any stage of the event and also doesn’t rely on 
someone performing a returning action before players can 
participate, this removes the lobbying aspect waiting for players to 
join. The games mechanics could be altered depending on the 
event. If it was important to have a period where players could 
join the game, then a lock could be placed on the entry system, 
alongside the mechanism for multiple themes and rounds but the 
authors see the later being only useful for large scale events where 
each theme would contribute a high volume of tweet data.  
In the version of BuzzBird Bingo presented in this paper, players 
can only register their participation once, this forces players to 
creatively decide on their word choices. Players are allowed to 
chose as many words that can fit in the 140 character tweet limit 
(which once you take away the event and game hashtags, leaves 
roughly around 120 characters per participant), this also forces 
players to choose their words wisely, as one buzz word for an 
event (topic associated significantly) may use a sizeable amount 
of characters, thus limiting the number of words (entries) one 
could use. However, the limit imposed of one entry per event was 
designed to be lifted depending on the type of event.  
The authors are currently arranging to deploy the BuzzBird Bingo 
service in formal conference settings. Nevertheless, the game 
went through its first open test beta on 14/04/2012. This was in 

relation to The Grand National 2012, through which players of 
BuzzBird Bingo would participate in relation to picking the most 
talked about horses in the race. Players that register with the game 
get their own racetrack on the public display. Players’ scores are 
calculated based on the amount of times their word choices appear 
in the event related Twitter stream (Tweets tagged with the events 
hashtag). As tweets can contain common words (based on an 
analysis of the Oxford English Corpus), which in this instance we 
don’t want to include towards calculating the players score.   

The game works by taking each word from the players Tweet and 
comparing against the list of common words. If a players’ Tweet, 
contains words that are contained in the list, it is not considered 
towards that players’ final score. This approach could be reversed, 
where each player’s Tweet must contain words that appear in a 
pre-defined list. This set list can be nicely termed ‘buzz words’, 
where each player are only awarded points against buzz words 
relating to the event. However, this approach may not be feasible 
for certain events, where creativity is the focus for their 
participants.  

The testing phases of Buzzbird were in place to test usability, 
performance and reliability. As mentioned above the game has 
been tested for the Grand National but also the European Football 
Championships in 2012 (Euro 2012), these events proved that the 
system could cope with a large volume of tweet data in short 
periods of time. By testing the game during Euro 2012 
(#euro2012) proved that allowing players to join at any point 
during the game didn’t actually mean they would be able to gain a 
higher score. Players who joined once a football team was doing 
well in the competition didn’t necessarily mean their score would 
match the team’s performance, as the social buzz doesn’t always 
reflect what is happening. One reason for this could be derived 
from the use of different languages. 

 

Figure 1. BuzzBird Bingo (http://www.buzzbirdbingo.com) 
online interface – participants in game 

As previously mentioned the game takes its inspiration from 
Arabian Derby, the inspiration is revealed in the online interface 
[//buzzbirdbingo.com], which would traditionally presented on a 
large public display. Each player who joins the game is 
represented independently characterised by their Twitter profile 
image and a different coloured Twitter bird, the birds fly across 
the screen depending on the players score. As the score increases 
so does the birds position on the screen (similar to the horses in 
the fun fair game Arabian Derby) as seen in Figure 1.  

It was important to the study that the game didn’t take away the 
actual purpose for the research (to engage participants in the 
themes of an event in a playful way). Which is why, the BuzzBird 
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interface also includes the discussions relating to the game 
(#Buzzbird) and the event. It was evident from the beta test that 
some people used the public discussion board to; mock other 
players (by only including the games hashtag, thus not spamming 
the event stream), promote the game and just to make general 
discussion amongst one another (Figure 2).  

Figure 2. BuzzBird Bingo (//www.buzzbirdbingo.com)  
online interface – discussion board 

4. CONCLUSION 
This paper presents a concept of building upon the platform of an 
existing social network (Twitter), to create a playful experience to 
engage conference participants in the back channel discussions. 
The meta-narrative game model introduced by BuzzBird Bingo 
provides a vehicle to encourage discussions around chosen topics 
or themes.   

The key characteristics of the research were to define a game with 
minimal rules, to encourage discussions amongst participants 
during conferences in a playful manner. Alongside the actual 
gaming and competitive elements of such key characteristics 
outlined, the interface also promotes and encourages discussions 
by including the discussions relating to the game (#Buzzbird) and 
the event.  

As previous research into engaging participants in conference 
discussions has shown some early examples of the use of Twitter, 
when seeking to enhance such events, little was proven by the 
studies when considering the following questions; by 
incorporating a display alongside a presentation, the shows a 
stream of searched tweet provide more engagement than for 
individuals to retrieve these results on their personal devices 
(private versus public consumption)? Could such a display be 
considered a distraction to the presentation? If not how is the 
presenter making use of such technology? Are participants 
voyeurs of the social discussions; do they solely observe or 
actually partake? Could the participants’ experience be improved 
by the inclusion of a competitive element, usually seen in games? 
BuzzBird Bingo attempts to bridge the gap between stand-alone 
presentations and audience participation through the use of a 
simple steeplechase playful experience. This is achieved by 
integrating a competitive element (usually seen in betting) with 
audience participation (through social mediums). By turning the 
discussions into a game, adds a fun engaging component for 
people to invest more social currency (their personal Twitter 
timeline) into the conversation, which without could be 
considered a formal activity. Which does ask the question, is the 
back channel now at the forefront of discussions?  

The long-term results of such services are yet to be fully explored, 
the game needs to be deployed in a conference environment 
setting and evaluated in greater depth through ethnography and 

utilising the games discussion board, where players can comment 
using the games hashtag. Therefore further research is required to 
fully recognise its contribution by attempting to solve the 
difficulties in encouraging participant discussions through playful 
engagements. It is hoped that the initial concept outlined in this 
paper for creating playful experiences to encourage participation 
in conference discussions.  
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ABSTRACT 

As user interfaces are becoming more ubiquitous and abundant, 

users may feel perplexed by the pure number of user interfaces 

surrounding them. In order to increase user acceptance, ubiquitous 

user interfaces should be designed to be as calm and nonintrusive 

as possible. This paper presents the design and evaluation of a 

calm user interface prototype, Living Wood. Living Wood is a 

touch sensitive graphical user interface for smart home 

applications, and designed to fade into the background and hide 

itself when it is not used. A prototype for lighting control was 

built and installed in a smart home laboratory. To investigate how 

the self-hiding nature of the panel, its aesthetic features and 

usability was experienced by users, we tested Living Wood with 

11 users.  

 

Categories and Subject Descriptors 

H5.2 [Information interfaces and presentation]: User 

Interfaces. - Graphical user interfaces.  

 

General Terms 

Experimentation, Design, Verification. 

 

Keywords 

User Interface, Calm Technology, Ubiquitous Computing, Touch, 

Panel, Ambient Display, LED, Veneer, Embedded. 

 

1. INTRODUCTION 
The advance of modern technology has affected our daily lives 

quite remarkably. New gadgets, devices and functions increase the 

amount of information available to us and make it available for us 

anywhere in the world. They also enable us to do things that 

previously were impossible, such as remotely monitor and control 

equipment in our homes. Furthermore, technology can increase 

our overall effectiveness both at home and at work, but the ever 

increasing complexity and amount of information presented from 

multiple sources poses serious challenges for user interface (UI) 

and usability design. Indeed, each device or gadget can be 

equipped with a completely different user interface, they do not 

necessarily have any common features or interfaces, or they can 

simply be very difficult for users to use. This interoperability and 

incompatibility problem can manifest itself in many ways, but the 

bottom line is that usability can suffer in many ways. Fortunately, 

in a smart environment UIs can be designed to be easier and more 

intuitive for people to use. 

Calm Technology [17] is a concept, which reduces the in-

formation flow and eases the stress level on the user. Calm 

technology is supposed to stay in the background, in our 

periphery, and appear in the foreground only when our attention is 

needed. The Disappearing Computer Initiative [5] suggests that 

technology should be moved and integrated into everyday objects, 

thus transforming the physical computer into something abstract 

and pervasive. While the "disappearing computer” term probably 

did not point towards computers physically disappearing [14], the 

idea quickly turned towards user interfaces [4].  

What if walls, panels and front faces of equipment could be kept 

aesthetically clean and their UIs would be invisible, only to 

appear when they were needed? A disappearing UI would 

normally not bother users, but if there was something requiring 

attention or if users want to use it, it would become available. 

Moreover, when considering a smart home environment with 

ample user interfaces and pervasive connectivity, further support 

and assistance with this ever-increasing flow of information could 

be offered to the user [8]. By using several kinds of user interfaces 

the user can have a choice of using the UI most suitable for the 

current scenario. 

2. BACKGROUND 
Smart home research started at Tampere University of 

Technology (TUT) in early 1999. Since the group was al-ready 

researching electronics and applications related to everyday life it 

was a logical step to expand this research into home 

environments. The Smart Home laboratory [9], shown in Figure 1, 

is a complete 69 m2 apartment, located at the university. It was 

designed from the outset to serve as a flexible, versatile testing 

space by using removable floor and ceiling tiles, customized 

electrics and ample installation space for equipment. The Smart 

Home is fitted with multiple controllable devices, a home 

communication network and adaptive control software. Devices 

can communicate with each other through wired or wireless 

networks, while being centrally controlled by a PC. Various kinds 

of sensors are also installed, along with controllable devices such 

as motorized curtains and front door, an infrared tag ID system, a 
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fingerprint scanner and an indoor positioning system. The Smart 

Home also contains different kinds of user interfaces: a location-

aware speech control and recognition system, a graphical user 

interface running on a tablet computer and a mobile phone UI. 

The Smart Home is currently used as a test environment for 

miscellaneous new devices and technologies, and it also functions 

as a usability laboratory. 

 

Figure 1. The Smart Home laboratory at the Department of 

Electronics. 

In a versatile smart home environment there are few restrictions 

on user interface design; practically any surface, piece of 

equipment, furniture, pushbutton or object can be used for 

interfacing with the control system. While graphical, tactile, 

auditory UIs have already been vastly researched around the 

world, the idea of a calm, self-hiding user interface that could be 

hidden until it was used proved interesting and worth further 

research. This provided the impetus for initiating research on the 

Living Wood touch panel. Furthermore, when experiments with 

thin veneer and light emitting diodes (LEDs) in early 2008 [13] 

proved that light easily passes through veneer, it produced an idea 

about a hidden display. The veneer surface also diffuses the light 

from the LED, making the image softer. Naturally, the choice of 

veneer also tints the light slightly. The backlit design makes it 

possible to create a completely uniform wooden surface, without 

the need for visible holes or cut-outs. The plan was to create a 

graphical LED display, but constructing a large dot matrix display 

using discrete LED components would have been very demanding 

considering the available circuit board manufacturing processes 

and driver or controller components. Instead, the LEDs were used 

for creating simple icons and shapes, which was sufficient for a 

static display. After performing initial tests with rudimentary 

prototypes it became evident that the veneer surface could also be 

made touch-sensitive, enabling the creation of a complete touch 

user interface. 

3. RELATED WORK 
Touch-sensitive screens have been available for over a decade 

now and have already become mainstream in mobile devices. 

Many commercial touch sensitive lighting control panels are 

already available, for example from Advantech [1]. These usually 

replace traditional light switches, or are installed in visible 

locations in the home (e.g. in the vestibule or on the kitchen wall). 

Other interesting types of touch sensitive surfaces and their 

applications have been researched by Microsoft Research [16]. In 

their research, the effects of the proximity of the human body on a 

surface have been measured and analyzed. This proximity effect 

can be used as a user interface on various surfaces [3]. Another 

study by MIT media laboratory [20] has concentrated on 

contactless electric field sensing of gestures in different kinds of 

scenarios. A laptop and a smart table were among the tested 

applications, but the system can be expanded to cover virtually 

any surface as well. Yet another study by J. Han implemented a 

low-cost method of sensing multiple touch points on a projected 

display [7]. These studies, however, have all concentrated on 

detecting contacts or gestures either together with graphical 

displays or no display surfaces at all. 

In [10], the authors describe the concept of an Ambient Display 

with the following words: “Ambient displays are aesthetically 

pleasing displays of information which sit on the periphery of a 

user‟s attention”. Typically ambient displays are relatively simple 

in nature, conveying their message through light, sound or other 

subtle activity. N. Streitz et. al. have expanded the concept further 

on a larger scale [15] and H-W. Gellersen et. al. [6] are using the 

area surrounding the user to display information. However,  

instead of displaying abstract patterns or giving visual clues, the 

Living Wood has a more direct nature. 

Another way of making a touch sensitive projected ambient 

display would be to project it from the user side, i.e. a front-

projected display. For example, C. Pinhanez et. al. [11] have 

demonstrated touch based interaction with an image projected 

onto a wall surface. As far as the authors are aware, the Living 

Wood is rather unique in its design, there is only one known 

similar veneer and LED implementation, in the form of an alarm 

clock. It is shaped as a wooden block and is now commercially 

available [18]. This device, however, lacks any touch interaction. 

4. DESCRIPTION OF THE LIVING WOOD 
The Living Wood is a touch controlled lighting control panel 

placed in the Smart Home laboratory. Its surface is made of 

veneer, which makes it nearly indistinguishable from the plywood 

cabinet door once it is installed as shown in Figure 2. The Living 

Wood is located in the living room area of the Smart Home, on 

the front face of a large wooden cabinet.  

 

Figure 2. Living Wood, shown here in sleeping state, 

embedded into the front face of a wooden cabinet. 

The decision to make a lighting control panel was made because it 

would be easy to implement in the Smart Home, and also provide 

a very visual demonstration for visitors; they can immediately 

experience the changes in lighting level and the panel looks very 
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nice in the dark. Furthermore, a light control application can be 

implemented with a static display (i.e. one with a fixed graphical 

content), simple icons and control bars are enough. Since the 

controls on the panel are mapped with software, their function and 

target can be changed later, giving more flexibility for users in 

contrast to wall-mounted light switches. 

Among other ideas for a prototype was a coffee table, with an 

embedded LED matrix display, but this would have been 

mechanically and electrically very complex to build. The Living 

Wood is just a first prototype for testing the technology itself. As 

already stated in the introduction, the concept of Calm 

Technology was a strong motivation for making Living Wood a 

disappearing UI. This way it would supplement the existing 

lighting controls in the Smart Home, and also provide us with the 

opportunity to study various alternatives of activating the display. 

The technology developed for Living Wood can later be used to 

create more complex graphical UIs. 

4.1 Controls 
The controls in the panel include four touch buttons and a slider 

bar as shown in Figure 3. These controls are implemented with 

LED lights, mounted behind the veneer surface. Red coloured 

LEDs seemed to have the highest brightness, as the red spectrum 

easily passes through the veneer. The touch buttons perform a 

toggle action and the slider bar is used for diming lights in the 

living room. The toggle buttons are each marked with a letter, 

indicating the room that it controls. R controls the dining room (in 

Finnish „Ruokasali‟), K controls the whole apartment („Koko 

huoneisto‟), E controls the vestibule („Eteinen‟) and M controls 

the bedroom („Makuuhuone‟). At first the K-button controlled the 

kitchen („Keittiö‟) but regular users of the Smart Home requested 

a feature to control all the lighting, and therefore the control 

behaviour was changed. Pressing the K button turns all the lights 

off if there is at least one light on in the apartment, otherwise 

pressing the button turns all the lights on. The toggle buttons flash 

momentarily when they are pressed, giving the user visual 

feedback of the controlling action.  

 

Figure 3. Living wood in an active state, showing the buttons 

and slider control. 

The slider bar adjusts the brightness of lights in the living room: 

touching the left end of the bar turns the lights off and touching 

the right end turns the lights to full brightness. Touching 

anywhere else in between directly sets the light level to the 

selected intermediate level. The intensity of the lighting is 

visualized in the slider by a growing led bar. 

In Figures 2 and 3, the panel is represented in sleeping and active 

states, respectively. Transition from the sleeping state to the active 

state can be accomplished by lightly touching the surface of the 

panel. A small delay (about half a second), is introduced before 

entering the active state to prevent accidental lighting 

adjustments. This delay is indicated by showing an animation of a 

growing bar in the slider. After the active state has been activated, 

users are able to adjust lighting using the controls. If the panel is 

not touched for 10 seconds, it will go back to the sleeping state. 

4.2 Hardware Design 
The panel is composed of a main board and a sensor board, 

mounted on top of each other. The sensor board is permanently 

fixed to a supporting frame, which is made of MDF (Medium-

density fibreboard) as shown in Figure 4. 

 

Figure 4. Detailed view of the construction of the panel, 

showing the different layers. 

The touch sensitive buttons and the slider were implemented 

directly on the printed circuit board (PCB) using capacitive sensor 

ICs from Quantum Research Group [12]. Red surface mount 

LEDs, placed upside down on the PCB, are used for creating the 

graphical elements of the display. The LEDs are grouped to form 

letters and shapes on the display surface, and holes are drilled in 

the PCB below each LED to allow light to pass to the veneer.  

 

Figure 5. Sensor board of Living Wood, showing the LEDs 

and wirings. 

The main board contains an Atmel microcontroller [2] that reads 

touch information from the controls and controls the LEDs of the 

sensor board. Communication with the Smart Home is performed 

through a serial connection bridged over Ethernet using an 

XPORT module [19]. Lighting control commands are passed to 

269



 

 

the Smart Home server using a proprietary UI protocol. A small 

piezoelectric speaker is also placed on the main board to provide 

auditory feedback. 

Figure 6 shows the block diagram of the components in the panel 

and the construction of assembled panel can be seen in Figure 7. 

 

Figure 6. Living Wood block diagram showing the individual 

components and connections of the system. 

The veneer surface, which is about 20 x 20 cm in size, is applied 

on top of the sensor board. The complete panel assembly is 

mounted into the cutout on the cabinet wall. 

 

Figure 7. Living Wood prototype, rear (left) and front view 

(right). 

As mentioned before, Living Wood controls lights using a 

network connection to the master server in the Smart Home. The 

server receives messages when buttons or the slider have been 

pressed, and performs the appropriate light adjustments in the 

Smart Home. It then updates the light status registers and sends 

the updated information to the panel, so the panel has correct 

information on the current lighting situation in the laboratory. 

This is a very important feature, since lights can also be controlled 

from other locations in the Smart Home. Thus, when lights are 

controlled from Living Wood, other UIs can update their status to 

reflect the current lighting situation and vice versa. The position 

of the slider will constantly be updated to reflect the current 

brightness of the living room lights, but the toggle buttons are 

always lit and thus their state is not visible to the user.  

4.3 Software Implementation 
The software controlling the panel implements a finite state 

machine (FSM) and a parser for text-based protocol messages sent 

by the Smart Home server. The FSM introduces four states for the 

panel: a sleep state, a start-up state, an interactive state and a 

glitch shield state, shown in Figure 8. 

 
Figure 8. State machine, showing the four states of the panel 

and their transitions. 

Messages sent by the server are read in every state, thus updating 

the state of the discrete lights within the program. This is 

necessary because the Smart Home UI protocol does not include 

toggle commands for individual lights. One must know whether a 

light is to be lit or to be turned off. Therefore it is possible to 

adjust lights to turn off or turn on twice, if a user presses the same 

button rapidly. The behaviour of the button controlling all lights 

(labelled “K”) in the Smart Home is different. It utilises a task 

group command which provides toggling, hence avoiding this 

problem. During initial tests it was noted that continuously 

updating the slider status with values received from the server 

caused erratic behaviour of the slider. Adjusting the slider was 

bouncy and annoying so we settled on updating the slider using 

information provided by the sensor panel. 

4.4 Panel States 
In the sleeping state the LEDs of the panel are switched off. If a 

user touches any of the invisible controls, the panel will move to 

the start-up state. This state will turn on all button LEDs and 

display an animation of a growing slider bar. All user input is 

ignored in this state to prevent any unintentional adjustments with 

the receding hand. We tested a setup without this state and found 

out that making accidental adjustments was too easy, and if the 

panel was woken up by placing the palm over the panel it caused 

unintentional adjustment of multiple lights in most cases. After 

the panel has woken up, it will move to the interactive state after 

half a second. 

In the interactive state the panel is accepting user input. LEDs of a 

button will blink once if the user places his finger on the button. 

Placing a finger on the slider will light all LEDs to the left from 

the finger. Pressing the buttons and adjusting the slider will send 

adjust messages to the Smart Home server thus controlling 

lighting in the Smart Home. If the user does not adjust lighting for 

10 seconds, the panel will move to the glitch shield state. 

The glitch shield state ignores all user input just like the start-up 

state does, in order to avoid false input detection before the panel 

changes to the sleeping state. 

5. EVALUATION 
After the successful installation of the Living Wood into the 

Smart Home, a usability study of the panel was carried out. The 

main goal of the evaluation phase was to find out how users 

would react to a user interface which is not visible all the time. A 
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secondary goal was to investigate the general usability of the 

panel and its controls. Altogether 11 participants took part in the 

study, the group consisting mainly of students and staff of the 

university. Seven of the participants were male and four female, 

and the ages were between 21 to 47 years. Some participants had 

an academic degree or were studying at the university. Three 

participants had previous experience on using the panel. The 

evaluation was carried out with a supervisor monitoring the 

participants during the tests, with video also being recorded 

throughout the entire test. 

5.1 User Testing Method 
Before the actual test started participants were given a little time 

to familiarize themselves with the panel without being given any 

instructions on how to use it. At this stage, the panel was in the 

sleeping state and all lights in the apartment were turned off. After 

the familiarization stage the participants were given instructions 

on how to use the panel and the functionality of the panel was 

explained. After this, user evaluation was carried out using a 

predetermined test plan. In the test, participants were given simple 

tasks, such as switching or dimming lights. The tasks that users 

had to perform were, in chronological order: 

1. Turn on all lights 

2. Turn off all lights 

3. Turn on lights in the dining room, and turn on lights in the 

living room on a dim setting 

4. Turn off lights in the dining room, fully turn on lights in 

the living room and turn on lights in the bedroom 

5. Turn off lights in the living room 

6. Turn off all lights, and turn them on again one room at a 

time 

7. Turn off all lights 

8. Turn on lights in the kitchen 

 

The order of the tasks was chosen in such a fashion, that the users 

would first become accustomed to the master on/off control. Next, 

the dimmer slider control was introduced, after which users had to 

be able to map the individual buttons to lights in different rooms 

in the Smart Home. 

The test was repeated four times using different kinds of 

feedback. First, the user was not given any feedback at all. 

Second, a beep sound was generated when a control gesture was 

made. Third, feedback was given in visual form by blinking the 

LEDs of the touched control on the panel once. Fourth, both 

auditory and visual feedback was used simultaneously. Users‟ 

reactions to the different kinds of feedback was noted and later 

reviewed from the video recording. After the test was completed, 

the participants were asked for their first impressions followed 

with questions involving comments on appearance, operation, 

delays and feedback types of the panel. Table 1 presents the key 

results of the test and their corresponding questions. The positive, 

neutral or negative impressions of the test users are also presented 

in the table. 

6. RESULTS 

6.1 Appearance 
The participants found the appearance of the panel simple, well-

defined, cool or even magical. Because the surface of the panel 

was already slightly worn around the controls, a few participants 

noticed and pointed out this detail. In fact, one of the participants 

questioned the hygiene of the panel and wondered if it would 

accumulate germs on its surface if placed in a public place. On the 

other hand, one participant liked the wooden surface claiming it 

was pleasant to touch and gliding a finger on the slider was no 

trouble at all. The brightness of the controls bothered some of the 

participants. They found that the controls were too bright and their 

appearance was different depending on the intensity of the 

surrounding lighting. Automatic brightness adjustment was 

suggested as a solution to these problems. 

The buttons were found unexciting and unexcitingly colored 

according to some of the participants. Others again found the 

appearance of the buttons modern and liked their unusual 

appearance compared to the buttons of conventional light 

switches. One participant suggested increasing the resolution to 

achieve more elegant symbols and letters. Every participant, in 

spite of brightness issues and other problems, agreed that all the 

symbols on the panel were easy to read. 

6.2 Operation 
The panel can be activated by touching any of the invisible 

controls and the participants were asked how they felt about this. 

Most users did not find this problematic, and in the end only one 

of the 11 participants needed assistance in activating the panel, the 

other 10 participants eventually figured out the activation 

procedure on their own. A couple of the users said that the 

problem was manageable since the prototype was not entirely 

integrated into the cabinet door leaving a clear contour around the 

device. Two participants wished for alternative activation 

procedures: making the whole cabinet door touch sensitive and 

activation through proximity detection were proposed. The states 

of the panel were clear to almost all of the participants. The sleep 

state and the interactive state were easily perceived, but a few 

participants did not notice the start-up state. 

The mapping between buttons and the associated lights was found 

to be difficult for the participants. Especially the meaning of the 

K-button was easily confused between kitchen lights („Keittiön 

valot‟) and entire apartment‟s lights („Koko asunnon valot‟). 

Many participants suggested changing K-button‟s behavior to 

control lights of the kitchen and adding a new larger button for the 

entire apartment, to clearly separate it from the other buttons. 

Some of the participants proposed an idea of adding separate 

lighting status indicators to buttons, since some ceiling lights 

could not be clearly seen from the vicinity of the panel. 

A few participants got the impression that lights should be 

adjusted by choosing the light using buttons and then utilizing the 

slider to adjust brightness of the light. One participant tried to 

adjust lights by sweeping the slider many times in a way similar 

to scrolling a long document using a mouse. 

6.3 Delays 
Most participants noticed the delay caused by the start-up state, 

but thought that the delay was appropriate. However, a few 

participants found the delay too long. Especially one participant, 

who already had previous experience with the panel, stated that 

the delay prevents quick light adjustments, for example, when 

walking by the panel without stopping. Delays between the button 

press and the light state change also caused some trouble. This 

delay caused some participants occasionally to be uncertain 

whether they had pressed a button or not, and it also makes 

turning the same light on and then immediately off slower. 

6.4 Feedback 
Our participants commented that pressing the buttons on the panel 

was found different from pressing mechanical push buttons. Half 

of the participants found the buttons worse than conventional 
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buttons, mainly because the buttons lacked a tactile response. 

Thus, the participants always had to carefully look where to place 

their fingers. The other half of the participants liked the buttons 

since they looked more elegant and pressing the buttons could be 

done by a gentle touch. Nevertheless, almost every participant 

agreed that the panel responded well to typical finger push. 

Visual feedback was conceived far more important than auditory 

feedback. This was perhaps also affected by the relatively 

distinguishable sounds made by the light controlling relays that 

masked the sound feedback of the panel. Hence all participants 

claimed sound responses either imperceptible or unnecessary. One 

of the participants particularly liked the visual feedback and said it 

brought softness and calmness to the adjustment process. Even 

though the majority argued that feedback was needed, few 

participants disagreed. They said that by observing lighting they 

can easily perceive the status and changes of the lights. In the case 

of a larger apartment, where lights cannot directly be seen by the 

user, the situation will however be very different. 

6.5 Findings 
To better understand how the participants felt about various 

features of the panel, a simple classification into three categories 

was created for the majority of the questions. An answer was 

interpreted as positive or negative based on how well the answers 

correlated with example answers in Table 1. An answer was given 

a neutral classification if it could not be clearly interpreted as 

positive or negative. For example, in question 9 many participants 

found both good and bad things about both switch types, and 

therefore the majority of the answers were interpreted as neutral. 

Answers to some questions could not be classified at all, and were 

thus not included in the table. For example, for the question 

“There are slight delays between pressing a button and the actual 

change of the lighting. If there were no delays, would the 

feedback be necessary?” there is no clear negative, positive or 

Question Negative Answer Positive Answer 
Results 

(neg/neutral/pos) 

Invisibility - N + 

1. How did you feel about the sleeping state? 

Did you find the initial invisibility of the 

controls odd? 

The sleeping state felt weird 

or unnatural. 

There were no issues with the 

sleeping state. 
2 0 9 

2. Was it strange that you could activate the 

panel only by using the invisible controls? 

Activating the panel was 

weird or difficult. 
Activating the panel was easy. 3 1 7 

Appearance    

3. In your opinion, is the panel aesthetic? The panel is not aesthetic. The panel was aesthetic. 3 1 7 

4. If the panel would be integrated 

seamlessly into the cabinet door, would it be 

more aesthetic? 

The panel would not be 

more aesthetic. 

The panel would look much 

more aesthetic. 
0 3 8 

Usability in general    

5. Were the operation of the panel and the 

functions of the controls clear without 

instructions? 

The operation of the panel 

and the controls were 

unclear without 

instructions. 

The operation of the panel and 

the controls were clear without 

instructions. 

7 0 4 

6. Were you able to figure out the different 

states of the panel? 

User was able to identify all 

the states. 

The different states were not 

identifiable. 
7 0 4 

7. Was the panel transition from the sleeping 

state to the active state too fast or too slow? 

Transition from the sleep 

state to the active state was 

too slow or too fast. 

Transition from the sleep state to 

the active state was appropriate. 
2 0 8 

8. When the visual and the sound feedback 

were active, was the response time fast 

enough?  

Response times of the 

feedbacks were too slow. 

Response times were fast 

enough. 
0 1 10 

9. How did pressing buttons of the panels 

compare to normal tactile light switches? 

Were the buttons better or worse than normal 

light switches? 

Buttons of the panel were 

worse than normal light 

switches. 

Buttons of the panel were better 

than normal light switches. 
2 5 4 

10. Was it difficult to adjust light level to 

maximum and minimum values using the 

slider? 

There were some 

difficulties adjusting 

lighting using the slider. 

Using the slider was easy. 7 1 3 

11. Were there any difficulties in reading the 

letters on the buttons? 

There were some 

difficulties interpreting 

letters of the buttons. 

The letters of the buttons were 

clear enough. 
0 0 11 

Table 1. Key results of the user survey are shown in the right hand side column, classified into three different categories. Only 

the 11 most significant of the 18 questions presented to the users are shown. 
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neutral answer. 

From the results in Table 1 it can be seen that in the general sense, 

the appearance, usability and aesthetic properties of the panel 

were considered positive. In contrast, the controls were considered 

difficult to understand, and there were also some initial difficulties 

with using the slider control. Response times of the panel were 

deemed adequate, and its general suitability for lighting control 

was rated to be at least as good, if not even better, as traditional 

light switches. Regarding the different feedback modes, visual 

feedback was generally considered to be the preferred mode.  

7. DISCUSSION 
User tests and interviews provided quite interesting results, and 

provided some insight into future directions for UI re-search in the 

Smart Home. The primary goal was to find out if the users would 

find the sleeping state of the panel confusing or unfamiliar in any 

way. To our relief, this was largely not the case. However, users 

experienced some initial uncertainty how the panel should be 

activated. The panel only woke up if the controls were touched, 

placing ones finger anywhere else on the veneer surface did 

nothing. It is also important to note that the results regarding the 

activation and overall aesthetic feeling about the panel would 

probably have been significantly different had the panel been 

embedded seamlessly in the wall.  

First, one obvious usability issue was the ambiguity of the button 

icons, there is clearly a need for more intuitive labelling in order 

to avoid confusion as to what lights each button actually controls. 

The meaning of the letters was not clear to all users, and 

foreigners will have even greater difficulty. The obvious way to 

correct this would be to implement a graphical display, where 

buttons and icons can freely be designed on the display surface. 

Furthermore, some of the functionality was unfortunately dictated 

by the environment (the case of dimmable vs. non-dimmable 

lights), as the Smart Home has dimmable lights only in the living 

room area. This was not a problem for usability as such, but 

limited the number of functions that the panel could perform. 

Moreover, some users thought that they had to first select a room 

from the buttons marked with letters, and then adjust the slider, 

thinking that every room had dimmable lights. 

Second, some users noticed delays (up to 200 ms) in turning lights 

on or off. These are caused by the server software and the 

relatively slow connection to the light controlling device and are 

not related to the functions of the panel itself. The main problem 

was that despite of the flashing, the users were not certain whether 

the system had registered the input. This could be solved with 

some other form of local feedback, such as a more audible beep or 

a clear tactile tap. 

Third, there is a logical problem with the disappearing feature of 

the Living Wood, at least if it was the only available lighting 

control interface in the apartment. An invisible panel would be 

rather hard to find and for example visitors or people unfamiliar 

with the panel would not know where they could turn on lights. 

To alleviate this problem, a simple proximity detection system 

should be implemented. The panel‟s LEDs could be activated 

when a person is nearby or walks past the panel, making the panel 

visible for the user. This could be implemented either using the 

positioning system of the Smart Home or with an additional 

proximity detector in or near the panel. 

Construction and design wise, the backlit nature of the panel 

makes it thin and easy to install, with readability being high even 

in bright ambient light. A front projected display would not be as 

readable in daylight, and a rear projected display would not be 

very thin. Also, at least some shadowing by the user would be 

unavoidable with front projection. The next prototype should, 

however, be a graphical dot matrix display, allowing for more 

complex interaction and significantly better usability.  

8. CONCLUSION 
This paper presents the Living Wood, a touch sensitive and calm 

touch user interface. This calm, self hiding UI does not disturb the 

user unnecessarily and it is out of the way when not used, 

bringing itself visible only when needed. When inactive, the panel 

blends into the environment without attracting any attention. The 

Living Wood is a prototype device and constructed as a 

technology demonstrator for light control purposes. It allows users 

to control lighting in a smart home environment by touching 

appropriate icons on the surface of a wooden cabinet.  

Functionality, appearance and usability of the Living Wood were 

tested with 11 users. Results from the user tests revealed that most 

users considered the prototype aesthetic, responsive and its usage 

comparable to using traditional light switches. Furthermore, all 

users agreed that as a display the symbols of the panel were clear 

and easy to read. Although users found the panel easy to activate, 

they still required instructions on its usage.   

The Living Wood prototype proved that the technology is suitable 

for touch-based interaction in smart environments, and the 

concept and methods described in this paper can be used for 

creating other similar UIs. Possible uses for the technology are, in 

addition to smart homes, smart clothing, automotive applications 

and mobile devices. Future work will concentrate on creating a 

graphical dot matrix display, which will become a generic UI in 

the Smart Home. 
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ABSTRACT 

This paper summarizes observations from four empirical studies 
focusing on shape replication with three input methods. The aim 
was to identify and assess how the components of several semi-
randomly generated shapes influence how accurately untrained 
users can replicate each of these components. We found that the 
pen is the least and touch the most error-prone method when used 
for drawing. Additionally, the distribution of errors was analyzed. 
The results may be used to predict which shape properties make 
shape replication more difficult. Additionally, the results may be 
used to design shapes that are easy to replicate. 

Categories and Subject Descriptors 

H.5.2 User Interfaces: Input devices and strategies. 

General Terms 

Measurement, Performance, Experimentation, Human Factors. 

Keywords 

Mouse, stylus, pen, touch, shape, replication, tracing, drawing. 

1. INTRODUCTION 
How accurately humans can interact with a system depends not 
only on the input device but also on task difficulty. Traditional 
research on computer input methods focuses on the performance 
aspects of navigational pointing or selection tasks. However, it is 
not possible to directly apply existing HCI models, such as Fitts’ 
Law or the Law of Steering, to predict more complex tasks, such 
as replicating a drawing. One issue is that these models are spatio-
temporally restrictive, as they cannot model systematic deviations 
from the classical speed-accuracy trade-off. For unconstrained 
free-hand line-tracing, as typically used in creative drawing or 
gesturing, the outcome depends also on the tool used as well as 
what shape and how accurately it is being drawn. A classic 
example is the problem of adding a signature to a document with a 
mouse as input device. 

Free-hand drawing with computer systems dates back to 
Sutherland’s Sketchpad in the early sixties [1]. However, at that 
time the term sketching was used for what is now known as 

Computer-Aided Design. The research that followed focused on 
engineering or architecture. Consequently, systems supported the 
drawing process by constraining the user’s freedom to prevent 
errors, instead of enabling free-hand drawing. Yet, free-hand 
drawing provides the opportunity to create a shape that is not 
predefined and which can be dynamically reshaped during the 
tracing process. That process will in general be influenced by the 
properties of the tool used for drawing. 

2. BACKGROUND AND RELATED WORK 
Each different popular input device, such as a mouse, stylus, or 
touch sensitive screen, delivers a different user experience that 
potentially translates to different outcomes for the same action. In 
contrast to pure pointing tasks – where the main user’s goal is 
getting from point A to point B as fast as possible – shape 
replication demands a different context. To describe such a 
continuous user action, e.g. performed on a touch-sensitive 
surface, we can use a time-series of 2D coordinates of the center 
of the touch area – the Contact Area Model [2] – and consider it 
as an example of line tracing. 

Sketching behavior has been already experimentally studied [3], 
[4] but mainly in collaborative and creative contexts. Thus there is 
a need to perform dedicated and comparative user studies to 
expand our knowledge how the computer input methods influence 
an individual's accuracy in shape replication tasks. 

3. METHODS AND PROCEDURES 
We performed a series of experiments to compare the mouse, pen, 
and touch-input in a shape replication task. We measured the 
timing and deviation from the ideal shape in a tracing task with or 
without visual feedback. We used several semi-randomly 
generated shapes that contain the most common features of 
geometrical shapes. 

3.1 Shapes 
The geometrical properties of shapes have an extensive 

impact on human visual perception [5]. For our studies, three 
asymmetrical, semi-random, non-meaningful, contour shapes were 
generated based on an existing method, Method 4 of [6]. This 
method describes a procedure for making wholly or partially 
curved shapes from the angular shapes consisting of straight line 
segments. It may be decided arbitrarily or randomly which angles 
are to be replaced with curved elements or left as originally 
drawn. We modified this method to generate shapes that consist of 
at least two instances of each of the following elements: convex 
corner, concave corner, straight segment, and curved segment. 
The parameters, such as length or angles, were randomized under 
the constraint that the segments do not intersect at any point. 
Shapes were automatically closed via a straight segment 
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connecting the last generated element with the beginning of the 
first one. To remove potential bias, shapes were selected not to 
resemble letters, well-known shapes, or popular objects. 

3.2 Feedback during tracing 
Previous research identified that visual feedback is an external aid 
in drawing tasks. This is supported by the distributed cognition 
view of cognitive support [7]. Visual feedback can also be seen as 
a trigger of difference-sensing and difference-reducing feedback 
mechanisms in the human mind [8]. Based on experimental 
results on interaction feedback [9], this might lead one to expect a 
positive influence of visual feedback. However, this hypothesis 
was not confirmed in two previous studies [10], [11]. Therefore 
we consider these two conditions as equal. 

3.3 Average Deviation (Error) 
Error is here a measure of the deviation between the original 
shape and the user input. It is equal to the average value of pixel-
wise distances between a number of corresponding points located 
on the sampled version of original shape and on user-generated 
one, see [11]. 

4. EXPERIMENTAL STUDIES 
A series of four comparative experimental studies on shape 
replication with mouse, pen and touch input were performed. 
After a short introductory session in MS Paint, greyed-out shapes 
were displayed (e.g. Fig.2-left, shown full screen with 70% 
opacity). Participants were instructed to trace over the shape 
clockwise, in one stroke, starting from the top (right) corner. They 
used every input method once with or without visual feedback of 
their input. Visual feedback took the form of a black line of the 
same thickness as the presented shape. Input methods were 
randomly assigned to counter potential order effects. Task time 
was not restricted but we recorded timing information for every 
part of the stroke and stored each participant’s final drawing as a 
bitmap. We used a HP Touchsmart TM2-1090eo Tablet PC with a 
12.1 inch diagonal LED display and a resolution of 1280*800 
pixels, equipped with a pen and touch sensitive display, as well as 
a Logitech basic optical mouse. The PC was used in “tablet mode” 
with the pen and finger input and in “laptop mode” for the mouse. 
All three input methods used default settings and standard 
Windows 7 system cursors were visible while interacting. All the 
studies followed similar scenarios but varied in terms of feedback 
and shapes (see Table 1). Study 1 consisted of two parts: a) 
tracing shape 1 in three sequential speed conditions (N–normal, 
A–accurate, and F–fast) as well as b) tracing shape 2 with 
transparent ink. Studies 2 and 3 were published before as [10], 
[11], but we analyze the data from these experiments in a different 
way here. 

Table 1. Details of experiments 

Study 
Number of 

participants 
Shape 

Feedback 

during tracing 

1a 8 1 on 

1b 8 2 off 

2 34 2 on and off 

3 16 1 on and off 

4 9 3 on 

5. RESULTS 
Similar differences between input devices were found across all 
four studies, e.g. [11]. They confirm the classic speed-accuracy 
trade-off with the overall slowest device, the mouse. Touch was 
consistently the fastest alternative. Touch was the least and pen 
the most accurate input device. The lack of any temporal or spatial 
constraint caused a large spread of measured values, depending on 
subjective operational biases towards speed or accuracy. Touch 
had the largest amount of error, yet with small variability and very 
consistent deviations. The presence of visual feedback did not 
influence the accuracy of tracing as the average deviation was not 
significantly different across studies. 

5.1 Shape properties and error 
Corners, i.e. elements where two line elements meet at an angle, 
have been recognized by previous research as perceptually 
challenging [12]. Also, the time taken to complete a trajectory-
based task is increased by the mere presence of a corner [13]. 
Pastel has shown that because of biomechanical reasons, 45° 
corners are easier to negotiate than 90° or even 135° corners. 
As we generated our shapes semi-randomly, we classify corners 
into categories not only based on their relation to the original 
shape (concave, convex), but also based on their angle (acute 
between 0° and 90° and obtuse between 90° and 180°), as well as 
the context of the types of segments around the corner (line-line, 
line-curve, curve-line, curve-curve). The corners that were used as 
starting/ending points of the tracing task were excluded from this 
analysis because they were not the result of continuous action and 
the user generated lines may not even meet at that corner. The 
distributions of users’ error at all sampled points were analyzed in 
relation to the mean value (e.g. Fig.1). Table 2 summarizes the 
results of this analysis for all three shapes for all input methods 
categorized by the shape’s properties. 

error [px]

4

5

6

7

8

9

10

11
 

Figure 1. Plot of the average error measured at each sampled 

point of shape 3 replicated with pen. White squares mark 

points where the value exceeds the shape’s mean + 1SD. 

Pastel [13] observed interesting strategies when users were 
navigating corners: “cutting off the corner” – producing a rounded 
corner without slowing the pace of movement or “stop and go” – 
producing a sharp corner through temporary deceleration. A 
similar analysis was performed here. Additionally, we analyzed if 
these strategies were applied equally to convex and concave 
corners. Thus and if at least one corner of a given type had been 
negotiated with the “cutting off” strategy, the whole trial was 
marked as positive. Table 3 summarizes the results of this analysis 
in relation to the number of trials for each experiment and for all 
three shapes. Additionally, we verified if a particular user used a 
given strategy consistently for at least two of the three input 
methods. This might indicate a general tendency towards a 
particular approach. 
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Figure 2. Shapes 1, 2, and 3 (respectively) with their placement and size proportional to the whole computer screen. 

Table 2. Deviations for all shape properties for each input method, where: “����” denotes big user error (values around and bigger 

than the mean + 1SD); “����” average user error (values around the mean); “����” small user error (values around and smaller than the 

mean – 1SD); and “ – ” property missing in a given shape. 

Shape’s properties 
Shape 1 Shape 2 Shape 3 

mouse pen touch all mouse pen touch all mouse pen touch all 

lines 

straight 
long � � � � � � � � � � � � 

short � � � � � � � � � � � � 

curved 

sharp � � � � – – – – – – – – 

smooth � � � � � � � � � � � � 

short – – – – – – – – � � � � 

long � � � � � � � � � � � � 

concave � � � � � � � � � � � � 

convex – – – – � � � � � � � � 

corners 

concave 
acute � � � � � � � � – – – – 

obtuse � � � � � � � � � � � � 

convex 
acute � � � � – – – – � � � � 

obtuse � � � � � � � � � � � � 

context 

line-line – – – – – – – – � � � � 

line-curve � � � � � � � � � � � � 

curve-line � � � � � � � � � � � � 

curve-curve – – – – � � � � – – – – 

Table 3. Percent of corners negotiated with the “cutting off” strategy per input per shape and user consistency. 

study# 

& 

shape 

 mouse  pen touch  all inputs consistent strategies 

convex 

[%] 

concave 

[%] 

both 

[%] 

convex 

[%] 

concave 

[%] 

both 

[%] 

convex 

[%] 

concave 

[%] 

both 

[%] 

convex 

[%] 

concave 

[%] 

both 

[%] 

convex 

[%] 

concave 

[%] 

both 

[%] 

3 31 6 0 38 13 6 31 13 6 33 10 4 25 6 0 

1a N 50 0 0 50 0 0 75 0 0 58 0 0 75 0 0 

1a A 63 0 0 38 0 0 25 13 0 42 4 0 38 0 0 

1a F 25 25 13 63 0 0 75 0 0 54 8 4 63 0 0 

shape1 42 8 3 47 3 2 52 6 2 47 6 2 50 2 0 

1b 0 50 0 25 50 25 25 75 25 17 58 17 13 75 13 

2 6 68 6 12 53 3 18 47 12 12 56 7 3 62 3 

shape2 3 59 3 18 51 14 21 61 18 14 57 12 8 68 8 

shape3 78 33 22 44 56 11 56 89 44 59 59 26 56 56 0 

277



Table 4. Ratio of average error to shape’s length per device. 

Shape Length [px] Mouse Pen Touch 

1 1601 4.89-e03 4.01-e03 8.03-e03 

2 2275 4.50-e03 3.66-e03 4.58-e03 

3 1451 5.03-e03 4.89-e03 8.45-e03 

6. DISCUSSION 
We expected the elements of the investigated shapes to have an 
impact on user error. We distinguish between two kinds of effects: 
shape-related effects and input-related ones. We believed that 
errors would increase with segment length (Tab. 4). However, the 
"longest" shape, #2, was not the most error-prone. Touch input 
was different from mouse and pen in terms of performance. Likely 
due to the fat finger or perceived input point problems [14], 
shapes are replicated equally badly within each study. However, 
some shapes are harder to replicate with touch. E.g., shape 2 was 
harder than shape 1, even though both share the same set of shape 
properties. Shape 2 seems to be easier to replicate with a mouse 
than the other two input methods. Yet, acute convex and concave 
corners seem to pose fewer problems to mouse users, and users 
consistently used the “cutting off the corner” strategy here. Users 
cut off convex corners more often for shape 1, while concave 
corners were cut off more likely for shape 2. For shape 3 there 
was no preference, which may be due to the more compact body 
of it. For pen users, straight lines are also easier to replicate, likely 
due to better high-accuracy control with this device. We could not 
clearly identify an influence of the ordering of the elements. Only 
the curve to line transition was noticeably easier to replicate with 
touch. 

7. CONCLUSION 
The precise line-tracing task used here is related to tasks ranging 
from free-hand drawing and design to complex lasso or linear 
selections. Our studies found that user’s accuracy in these tasks is 
affected in various ways by the input method and the properties of 
the drawn shape. Pen is the least and touch is the most error-prone 
input method when used for tracing. 

The results can be used in two ways. First, existing shapes can be 
analyzed similar to our methodology to predict the level of 
difficulty they pose for replication. Second, the results can be 
used to design shapes that are easy to replicate, e.g. for gestural 
interaction. E.g. we expect that a shape that is easy to replicate has 
compact form (similar to shape 1 and 3), consists of long and 
short straight lines, strongly concave and convex curved lines, and 
acute concave and convex corners. On the other hand, a shape that 
is hard to replicate exhibits a more dispersed form (similar to 
shape 2), consists of long and short smoothly curved lines, and 
convex and concave obtuse corners. 

We did not investigate longer-term learning in this work. We also 
have to assume that these results are only true for the family of 
shapes used here. In further studies we will check if the results 
can be generalized to other shapes. We also plan to investigate 
how the orientation or overall sequence of elements affects user 
performance. 
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ABSTRACT 

A new method and a prototype system for optical tracking using 

camera sensors from Nintendo Wii remote controllers are 

introduced. The system is of very low cost and can easily be 

extended to cover large areas. By bypassing the native Bluetooth 

interface and increasing the image analysis rate, extraordinary 

real-time performance is achieved. To overcome computational 

difficulties and uncertainties relating to the asynchronous nature 

of Wiimote cameras, a method is introduced to synchronize the 

measurements of each camera in the system. This unconventional 

synchronization scheme is widely applicable to numerous already 

existing Wiimote tracking systems improving their performance. 

The demonstrated tracking system is targeted for virtual and 

augmented reality applications as well as general purpose 

localization. An extensive analysis of the system performance and 

new findings of the camera characteristics are reported.   

Categories and Subject Descriptors 

H.5.2 [Information Interfaces and Presentation]: User 

Interfaces—Input devices and strategies; I.4.1, I.4.8, I.4.9 [Image 

Processing and Computer Vision]: Digitization and Image 

Capture, Scene Analysis, Applications—Camera calibration, 

Imaging geometry, Tracking 

General Terms 

Algorithms, Measurement, Experimentation 

Keywords 

Nintendo Wii Remote, Virtual reality, Real time tracking 

1. INTRODUCTION 
The basic requirement of a virtual environment is a real-time 

tracking system. Numerous technologies [1] have been utilized for 

this with varying results and limitations. Obviously, the task is 

solvable in multiple ways. To create a system that is 

simultaneously accurate and scalable, has low latency and is of 

low cost, presents still an elusive challenge. In our approach we 

have used the special camera from the ‘Wiimote’, the Nintendo 

Wii remote controller as the basic building block of the system, 

yielding precise, very low latency tracking. 

As all real systems still present some delay and thus are never 

truly real-time, it is essential to qualify the relationship between 

the magnitude of the tracking delay and the system performance 

deterioration. While possibly no objective metric can ever be 

established for the user immersion or presence in a system, some 

general guidelines are available from the literature [7]. Of course, 

not all delay originates from the tracking system as image 

rendering and display always take some time. Finally, there are 

several ways to compensate for the lag, including exotic methods 

like corrective image deflection [6] or the very commonplace user 

position prediction [2]. In all cases, the prediction accuracy 

improves dramatically as the actual measurement data lag 

decreases [2]. 

The Wiimote camera has been used in several [3][4][9][10][11] 

diverse tracking systems before, and arguably its original intended 

use could be considered a specialized tracking system, too. In 

practically all the Wiimote tracking systems the principle has been 

triangulation, i.e. several cameras image the same targets and by 

combining the 2D image location information, the 3D position of 

the targets is solved. Rarely is the temporal discrepancy between 

the images accounted for, although it readily results in dynamic 

errors much larger than static miscalibration. The problem is 

especially devastating if the results are used for predictive 

tracking, as the dynamic error consists of large, sudden random 

jumps in position. 

The Wiimote is of very low cost and has excellent availability and 

due to its widespread use, it is also likely to be attainable for a 

very long time in the future. A unique challenge in using the 

Wiimote camera is the complete lack of official documentation 

and full dependence on reverse-engineered information available 

from various internet engineering forums [5] and self-

experimentation.  

2. THE WIIMOTE CAMERA 
The Wiimote camera is based on a 128 x 96 pixel photodiode 

array and an intelligent control unit [5]. The camera module 

contains an imaging lens, which forms the image roughly with a 

field of view of 33 x 23 degrees (40 degrees diagonally). To 

increase the contrast at the intended usage scenario, the Wiimote 

enclosure also has an IR-pass filter window in front of the lens. 

With the filter removed, the camera is sensitive to both visible and 

infrared light, although the total sensitivity is not necessarily that 
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of a typical silicon photodiode judging by the various, clearly 

visible antireflection coatings on the optical surfaces. 

The camera control unit extracts bright targets from the image on 

the photoarray, selects four most prominent of them and reports 

their position with an interpolated 1/8 subpixel resolution of 1024 

x 768. Optionally, the brightness and spot size of the targets can 

also be output. The control unit performs complex filtering on the 

target selection and evaluation level, which fortunately is evident 

only on extreme situations e.g. targets leaving and re-entering the 

field of view. 

Internally the Wiimote camera captures 200 images per second. 

Unfortunately there is no previously reported synchronization 

information available either in hardware or in the reported data. 

By repeatedly reading the camera output with a higher rate, it is 

possible to notice the data change moments and to lock into this 

frequency. We found that the data update is not latched by the 

reporting, and at least parts of data can update and thus interleave 

during the output itself. We have never encountered internally 

invalid data values so it is likely that the interleaving is limited to 

between values i.e. on 16 or 32 bit boundaries. 

Since the camera is not separately available, the units necessary 

for this work were extracted from commercial Wiimote units. This 

also provided an opportunity to verify the information on the 

digital communication format by studying the signal lines with a 

logic analyzer while the Wiimote was operating in its native 

operating environment. 

The communication to and from the camera is performed via an 

I2C-compatible bus. In the Wiimote a standard frequency of 400 

kHz is used for the communication and in our tests this could be 

increased to 2 MHz without any problems. This simplifies the 

image synchronous readout as the data change window narrows 

and the repeated, stable data readouts become more numerous. 

Also the higher data rate could enable one to use the more verbal 

reporting formats containing brightness information etc. This 

extra information was not exploited in this system, however.  

3. THE TRACKING MODULE 
The tracking module was built around the Wiimote camera by 

including a MBED microcontroller board, power supply and an 

ethernet connector. 

 

Figure 1. MBED microcontroller, ethernet, camera and power 

connectors 

Usually the Wiimote uses a Bluetooth communication channel 

between itself and the Wii game console, while within the 

Wiimote the camera is connected via an I2C bus to a 

microcontroller. Although the data through the Bluetooth channel 

is exactly the same as on the I2C bus, we preferred a wired 

connection from the tracking module to the tracking computer. 

The Bluetooth itself and the required protocol stack in the 

tracking computer add several layers of uncontrollable latencies 

and the wireless connection is prone to interference. 

The MBED microcontroller board is an entry-level evaluation 

platform for the LPC1768 ARM Cortex M3 microcontroller 

running at 96 MHz. The board has a user friendly form factor and 

has excellent connectivity providing a variety of external buses. 

The I2C bus was connected to the Wiimote camera and the 

Ethernet bus was directly connected to an RJ45 connector with 

magnetics. The firmware was updated with the standard web-

based IDE to acquire an IP address through DHCP protocol, 

initialize the camera and immediately start transmitting the camera 

recognition results as UDP packets to the tracking computer. The 

MBED does not process the camera results in any way except to 

reorder, package and timestamp the data for Ethernet 

transmission. As the camera produces 200 results per second and 

each packet has 40 bytes payload plus 78 bytes UDP, IP and 

Ethernet overhead, the data bandwidth requirement for a single 

module is less than 200 kbit/s i.e. insignificantly small for any 

Ethernet realization. 

4. CAMERA SYNCHRONIZATION 
The camera module itself does not provide any dedicated interface 

to synchronize its operation to external events. Only possible way 

to notice a new measurement result is repeatedly read the camera 

output and compare the output data to previous readings. We also 

find that camera might update its measurement result during I2C 

reading and therefore special care must be taken not to use 

interleaved result between two adjacent measurements. In our 

implementation, after each changed result (a new measurement) a 

second read is initiated and values from the second read is relayed 

to PC for position calculation. 

Fortunately the camera module relies on an external 24 MHz 

clock. It seems that image acquisition rate is directly proportional 

and locked to this external clock. This opens a possibility to 

indirectly synchronize the camera to an external system. In our 

system, the microcontrollers 96 MHz main clock is divided by 

four and fed to the clock input of the camera module. The 

LPC1768 microcontroller has a runtime configurable PLL for its 

clock generation. Every 500 ms, the implemented software lowers 

the clock to 95 MHz or raises it to 97 MHz for a 10ms period to 

reach zero difference phase between the tracking modules. 

The tracking modules are connected to an Ethernet bus. To 

maintain synchronization, a constant 200 Hz clock source for the 

whole system is needed. For simplicity, our implementation uses 

one of the tracking modules as a clock master reference. All other 

modules adjust to follow the reference. The reference module 

sends a broadcast message to all other modules on the Ethernet 

bus segment when it acquires a new result from its camera sensor. 

Each module compares it own camera data phase to the incoming 

timing messages and adjust its own clock to accomplish proper 

synchronization. Adjustment is possible only when the reference 

module and the client module have a visible target and are 

sending data. When cameras have no targets, keeping the 

synchronization is based on the accuracy of the crystal oscillators 
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of the MBED boards. Crystal oscillators typically feature an 

accuracy of some tens of ppm [8]. 

5. EXPERIMENTAL RESULTS 
A test rig consisting of two tracking modules was constructed to 

verify the synchronized mode of operation. The camera modules 

were mounted 680mm apart from each other. Coordinate origin is 

defined at the center of the cameras. Microcontroller boards were 

connected to cameras with short ribbon cables. Power was fed 

thru the MBED USB-connectors. 

 

Figure 2. Test setup with two tracking modules, power and 

Ethernet cables unconnected 

 

A PC software was constructed to receive and parse incoming 

camera data. Each tracking module returns a direction to the target 

and the position of target is solved by triangulating results from 

two or more cameras. A single infrared led was used as a target in 

the implemented system. 

Achieved timing resolution for tracking module is limited by the 

data transfer between the camera module and the microcontroller. 

In current implementation the transfer of 37 bytes at 1.87MHz 

I2C clock takes approximately 270 us.  Same timing resolution 

applies both to the reference module and to the listening client 

tracking module. Therefore the expected overall timing accuracy 

is approximately 0.5 ms. Figure 3 shows timing of two tracking 

modules with synchronization. Signal is driven high when a new 

measurement is received from the camera module. The timing 

difference between the two modules stays within the expected 0.5 

ms.  

 

 

Figure 3. Timing of camera samples from two synchronized 

tracking modules 

Each tracking module sends the data to the master PC as soon as it 

is received from the camera. Delays from Ethernet bus at 

100Mbps are negligible compared to the 5 ms sampling period of 

the camera. 

As the camera needs 5 ms to output a new result, this is also the 

worst case time difference between the camera samples used in 

triangulation. Depending of the speed of the target and the 

geometry of camera setup, an additional position error is 

introduced. 

Figure 4 shows a test measurement where a target is swept across 

the measuring space without the help of synchronization or time 

stamping of samples. The target trajectory is loosely parallel to the 

x-axis, and the velocity is about 1.5 m/s. 
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Figure 4. Position calculation without synchronization 

 

The jagged xz-curve demonstrates the effect of time difference 

between camera samples. The target position is triangulated for 

every incoming camera sample. Samples are actually quite 

synchronously measured (as the clocks are derived from crystal 

oscillators of nominally the same frequency) but half of the 

triangulated positions are thus solved from samples with 

approximately a 5 ms time difference. As the movement lies 

mostly in the xy-plane, the mostly affected term is the z 

coordinate. 
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Figure 5. Position calculation with synchronization and sample 

timing 

Figure 5 shows a similar target trajectory with synchronized 

modules and time stamped camera samples. As the cameras are 
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synchronized, the time stamps of samples provide a 

straightforward method to select samples for triangulation. In 

Figure 5 position was triangulated only from samples whose 

timestamps differs less than 2 ms.  

6. CONCLUSION 
The demonstrated method of synchronizing Wiimote cameras 

clearly helps to improve the dynamic behavior of the tracking 

system. The use of direct I2C connection to camera modules 

maximizes the update rate and the simultaneous sampling of 

cameras provides a firm foundation for further developments. 

True sampling rate of 200 Hz is very good for a tracking system 

[7]. However most of the display drivers of virtual and augmented 

reality systems runs at lower refresh rates and possibly use double 

or even triple buffering to ease display handling. To overcome the 

latencies from graphic hardware a predictive algorithm for 

position must be used. Precise dynamic behavior is essential for 

estimating the near future positions. 
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ABSTRACT 

Games excited generations in various societies: from the very 

simple physical form – to the latest generation of digital games – 

in the world where we are living. They always played an 

important role in every aspect of human life. The initial forces 

behind games where means as social interaction, pure 

entertainment, edutainment, or simply to have fun. However, from 

the initial forces, games emerged towards a tool for empowering 

creativity and the game industry turned into a largely profitable 

industry. Within the scope of this paper, we describe the key 

findings that are indicating the common trends in gaming 

industry, we evaluate key technologies contributing to the game 

industry, and try to understand game preferences of game players 

and the specifics of behavioral patterns in different game genres.   

Categories and Subject Descriptors 

I.2.1 [Applications and Expert Systems]: Games 

General Terms 

Management, Design, Economics, Human Factors. 

Keywords 

Digital games, video games, player behavior, market 

segmentation. 

1. INTRODUCTION 
Entertainment industry has experienced many changes during the 

past century. But the one technology that might have been able to 

really engage the audience was introduced in the beginning of 

1970’s [5]. It has been turned to a multibillion industry that has 

attracted different audiences across the globe with different 

demographic characteristic. It is interesting to notice that how 

video games have evolved through times, for understanding this it 

is necessary to investigate the audience behavior.  

 

Segmentation 

Process

Desired Customer 

Profile

Company 

Resources

Current Customer 

Base

Strategic Action

 
Figure.1. Segmentation Implementation[8]. 

2.  MARKET SEGMENTATION 

DEFINITION 
The fundamental idea behind all business activities is acquiring 

profit for the firms. For doing so, companies initialize this process 

by knowing their market. The essential question to be answered 

here is the definition of the market: “A market includes consumers 

both actual and potential, needs, products and services, 

technologies and competitors.“ [14] 

After defining a market, a very important decision has to be made, 

which parts of that market should the firm focus on? Because of 

limited resources and capabilities, each company decides to be 

active in the area in which it can serve the customers in the best 

possible way. Market segmentation is the process of dividing a 

heterogeneous market to a set of smaller homogeneous markets in 

order to respond to different demands and needs of customers and 

have the best result in customer satisfaction [12]. Kotler proposes 

the potential advantages of proper market segmentation [3] 

• Improved understanding of customer needs 

• Proper resource allocation 

• Better knowledge of market opportunities 

In other words, firms use segmentation to have better 

understanding of their customers. This knowledge helps them 

enhance their profitability, increase the number of their customers 

and as a result experience a growth in their revenue. In addition to 

that, they seek to make the customers as an important part of their 

decision making and strategy. The process has been shown in 

Figure 1 [6]. 

Video games are today far than only a means of entertainment, 

gaming is a huge industry creating large amount of revenues. In 

this section a brief history of video games will be explained. For 
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acquiring a better understanding, first the definition of video 

games is given: “A video game is a game which is played with 

audio-visual apparatus and is based on a story.“ [1] 

According to this definition, a hardware as a platform should be 

existed in order to run the game. A basic introduction of the 

platforms will be offered. 

• Personal Computers: Computer games have contributed 

to the success of PC from the early days. Atari and Commodore 

were two successful firms which were active in console games 

first, then introduced an 8 bit computer for gaming, programming 

and other applications [9]. Today, with ultra-advanced graphic 

cards, PC games have reached new borders. One of the main 

characteristics of PC games is that, the hardware requirements are 

different from one game to another.  

• Handhelds: Hardware which is easy to carry everywhere 

and has the entire prerequisite to render a game efficiently. 

Nintendo is a pioneer and market leader in this segment.  [13] 

• Consoles: Today large portion of game players have 

consoles in their homes. Different generations have been in 

markets during the life cycle of the home video games systems: 

Table 1. Video Game Generations [2]. 

Gen. Leader(s) Years Other famous 

competitors 

1 Atari Video Computer 

System 

1976-1984 Mattel Intellivision, 

ColecoVision 

2 Nintendo 

Entertainment System 

1985-1989 Sega Master System 

3 Sega Genesis, Super 

Nintendo 

1989-1994 TurboGrafx-16 

4 Sony PlayStation 1994-1999 3DO, Atari Jaguar, 

Nintendo 64, Sega 

Saturn 

5 Sony PlayStation 2 1999-2005 Microsoft Xbox, 

Nintendo GameCube, 

Sega Dreamcast 

6 Nintendo Wii 2006-

present 

Microsoft Xbox, Sony 

PlayStation 3 

 

In Table 1, the players in each generation have been introduced 

plus the leader. This is a real example of the concept of evolution 

and dominant design in the game industry. It should be mentioned 

that only Nintendo Wii has managed to hold the state of 

monopoly in competition so far. In all other generations 

competition has been sever and the competitor has been able to 

acquire a good market share. In Table 2, the important 

technologies that have contributed to video games have been 

introduced. 

Table 2. Game Technologies [11] 

Game 

technology 

Functions Effects 

3D Engine Graphic engine, sound 

engine, tools 

 Removing the 

border between 

virtual world and 

reality 

 Handling graphic 

and sound 

 

Accessible 

GUI 

Works as the connector 

between the gamer and 

game features 

 Decreases the 

difficulty of game 

play 

Physical 

Models 

How real the virtual 

world is 

 Increase the degree 

of realism 

Artificial 

Intelligence 

Sets of elements which 

create the smart 

interactions with the 

player. 

 Affects the user 

experience and how 

smart the game is. 

Networking Has provided high speed 

internet with enough 

bandwidth to satisfy the 

demand of games with 

high visual capabilities. 

 Has enabled the 

online market to 

have considerable 

growth. 

Persistent It enables the features of 

an environment even 

after gamer has left 

there, next time player 

can continue the quest 

from the point of save. 

 Continuous 

development of 

virtual world 

 Huge number of 

players can 

participate. 

 

3.  VIDEO GAMES SEGMENTATION 
Games can be segmented based on genres. There are different 

genres which based on them, design and marketing of the game 

will be clarified: “Genres are types of communicative actions 

which are socially known and will be imposed by the members of 

that community to understand specific social goals.” [15] 

A research has provided a framework for classification of the 

game genres which have been shown in Table 3. 

Table 3. Game Genres[7]. 

Genre Key aspects Example 

Action Focuses mainly on conflict and 

physical challenge. 

Quake 3 

Strategy Strategic and tactical challenges 

in resource management. 

Civilization 3 

Role Playing Exploring based on a story, 

logistical challenges. 

Arcanum 

Sports Sports based context, physical 

and tactical challenge. 

Madden NFL 

Vehicle 

Simulation 

Simulating the piloting of any 

craft. 

Crimson Skies 

Construction& 

management 

simulation 

Resource management and 

development challenges. 

Sim City 
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Adventure Exploring and problem solving. Grim 

Fandango 

Artificial life Artificial intelligence is the 

driving engine. 

Dogz 

Puzzle Logical challenges. The incredible 

Machine 

Games for girls According to girl’s tastes. Barbie Beach 

Vacation 

 

For having a better understanding of customer behavior, one has 

to go beyond demographic segmentation. In the case of games, it 

means that companies should have a clear idea of why theirs 

customers purchase a certain genre. [4] A thesis work has been 

focused on this subject, what types of personalities prefer certain 

genres of games [16].  First step in the study was evaluating 

different personalities. There have been some theories about 

different personalities including Hans Eysenck’s super-traits, 

Raymond Cattell’s multifactor theory, and the Five Factor Model. 

According to Five Factor Model, personality is the combination of 

five traits [10]: 

 Introversion-extraversion: it covers the social tendencies of 

people, extrovert people like to express themselves, are 

outgoing and enjoy being in gatherings. 

 Neuroticism: evaluates emotional stability, in other words 

how much tolerance an individual has in order not to lose 

his/her temper easily. Also it is the indicator of the level of 

stress which is gained by that individual.  

 Openness: high level of openness indicates curiosity in an 

individual and the motivation to have new experiences. 

 Conscientiousness: well organized, reliable 

 Agreeableness: trusting, helpful, sympathetic 

 

This model has been applied in the form regression equations, the 

coefficients of this equation have been calculated by the result of 

a couple of questionnaires. The questions have challenged the 

players in different aspects from their desire to competition to 

individual approaches and the different reasons why they play 

game. These questionnaires have been answered based on the 

responses of 545 gamers in 36 countries across the globe. For 

example five of the questions that were used in the questionnaire: 

I prefer games with fast pace, I enjoy games where I can move my 

units tactically, it is important for me to get high score, I prefer 

games where I can shoot, and I prefer to control only one avatar at 

a time. For each genre, the coefficients have been put into the 

equation and the analysis of the results has declared the prevailing 

characteristics in each genre. The distribution between casual and 

hardcore gamers has been even with 53.8% for casual and 46.2% 

for hardcore. 72% of them had PC as the first platforms, 23.3 had 

consoles and 4.4% had portable devices. This is the equation 

which has used for the index calculation.  

Dependent variable = constant + (coefficientiv1) 

independent_variable1 + (coefficientiv2) 

independent_variable2 + (coefficientiv3) 

independent_variable3 + (coefficientiv4) 

independent_variable4 

This follows the idea which was explained in chapter two, game 

producers can start making user profile for different gamers based 

on their similar interests or need, then the content can be provided 

with more focus and accuracy. Then the complementary products 

that can be offered for users, in this case similar games are 

recognized. Then comes a critical step in which it is identified that 

how many of potential gamers have common characteristics which 

result in their interest towards a special genre. Estimation in this 

case refers to numerical calculation which has resulted in having 

the coefficients. Finally, future behaviors of gamers can be 

acquired based on the feedback of current games. The findings for 

different genres have been summarized in Table 4. 

Table 4.Game preference based on personality traits [16]  
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 +: in the table means that the trait has a positive slope, 

meaning that an individual is more interested in that genre if 

he poses that trait more. 

 -: in the table means that the trait has a negative slope, 

meaning that an individual is less interested in that genre if 

he poses that trait more. 

 For simulation construction none of the traits were 

significant. 

For demographic classification, it can be concluded from the 

surveys that the market is still iconic self-identified male 

dominant. The sample which was used for the research contained 

83.6% males with age mode value of 19. However, older people 

between 28-38 are being attracted to gaming. The game designers 

are able to choose the game mechanism which is appealing to 

their customers by using the questionnaires which has been used 

in this research and have their estimations for more efficient game 

design.  

4. CONCLUSIONS 
The game industry has experienced a significant boom in the last 

couple of years. As software and hardware are constantly 

upgraded and renewed and at the same time their prices are 

decreasing, games are more accessible for many people. Social 

experiences are an important part of the game and if the gamer can 

connect to the platform the tendency of sticking to the game will 

increase. From business perspective, there are a lot of 

opportunities; they can only be discovered if companies have a 

better understanding of customer behavior and what is more 

appealing to different users. 

The segmentation was analyzed and with its applications. Also 

some hints were offered for appropriate segmentation. Industry 

was defined along with the technological evolution cycle and 

evolution patterns. A short history of video games was introduced 

along with major elements in gaming industry. Finally, game 

segmentation was discussed in perspective of demographic and 

user behaviors and preferences. For instance, for the case of 

Rovio, the company behind the successful game of Angry Birds. 

Although the market place for this game is somehow clear 

because it mainly sells its games through the software portals of 

smart phones, but for having a better understanding of the players 

and how to increase its market share it is possible to apply this 

model or similar approaches which evaluate the users based on 

behavioral variables.  
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ABSTRACT 

This paper presents an advergame installation for promoting the 

brand and products of a food company producing various types of 

traditional Cretan rusks. The paper first presents some background 

and related work. Then the requirements set towards creating the 

game are outlined, followed by concept creation and design 

decisions taken in order to meet these requirements, as well as a 

description of the user interface, gameplay and implementation 

characteristics of the resulting game. The game has already been 

installed with remarkable success in two different food 

exhibitions.  

Categories and Subject Descriptors 

K.8.0 [Personal Computing]: General – Games; H5.2. 

[Information Interfaces and Presentation (e.g., HCI)]:  User 

Interfaces - Ergonomics; Interaction styles; Screen design; H.5.1 

Multimedia Information Systems. 

General Terms 

Design, Experimentation 

Keywords 

Advergames, game design, public interactive installation 

1. INTRODUCTION 
Most of the time, the promotion of products in food exhibitions is 

performed through the dissemination of material such as posters 

and leaflets, as well as through tasting and sample dispensing. 

Additionally, some audiovisual means like videos and rolling 

presentations are used. But, this approach has several drawbacks, 

as: (a) it is passive; (b) everybody does it; (c) the time that a 

person is „exposed‟ to a brand and its products is minimal; (d) 

recollecting which product was made by which company may be 

particularly hard after one has seen or tasted several products of 

the same type; and (e) it can quickly become tiring and boring.  

In the past few years, a trend towards more active, user-involving 

marketing of products has surfaced, through the use of interactive 

games purposefully designed for a specific brand. This trend is 

commonly referred to as advergaming [13] (from "advertising" 

and "gaming"). In this context, this paper presents the creation of 

an advergame installation that was developed by Institute of 

Computer Science of the Foundation for Research & Technology 

– Hellas (ICS-FORTH). The game is targeted to promoting, in 

exhibition spaces and key points of sale, the brand and products of 

“Kriton Artos”1, a company producing traditional Cretan rusks. 

2. BACKGROUND AND RELATED WORK 
Up to now, advergame research has mainly focused on online / 

web-based games [[3]; [18]]. In the past few years there has been 

an increasing interest in analyzing and testing several aspects of 

advergames. In this context, related findings (e.g., [[6]; [10]; 

[18]]) support that congruity between the brand and the content of 

the game impacts brand memory and attitudes towards the game. 

There is a fine balance in the level of game-product congruity, 

since too little congruity may result is inferior memory effects, 

while, too much may raise mental barriers against the 

communicated message. Additionally, several papers (e.g., [[2]; 

[7]; [14]; [15]] reference, analyze or contribute towards attaining 

the the feeling of flow (or optimal experience) [1]. A key element 

for achieving flow is a perfect balance between one‟s skills and a 

task‟s challenge. Experiments by Waiguny et al [16] and Gurau 

[7] confirmed that an optimal challenge flow state can positively 

influence brand evaluations in advergames and the buying 

behavior of players.  

Overall, research findings converge towards the fact that 

advergames are an effective tool for achieving brand awareness 

[[6]; [7]; [8]; [16]; [18]] and that they have a clear advantage over 

past approaches [17]. Furthermore, there is evidence that if a 

game is entertaining, it has a positive influence on brand 

marketing [[7]; [16]]. Another interesting fact is that prior game-

playing experience does not seem to relate to advergame brand 

memory [[6]; [12]; [17]]. Additionally, there is some indication 

that players who perform well within the game environment tend 

to retain in-game advertising messages better than players who 

perform badly [5]. Another important fact is that players who are 

aware of the presence of in-game advertising are statistically more 

likely to be happy with its use [8]. 

3. GAME DESIGN 
Our design approach was based on the following (Figure 1): 

1. New technologies, moving beyond typical approaches of the 

past. 

2. Exhibition visitors‟ active participation and interaction. 

3. Embedding useful product-related information into a fun and 

meaningful activity. 

                                                                 

1 www.kritonartos.gr 
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4. Creation of an entertaining experience. 

5. Taking advantage of social networks and word of mouth 

advertising. 
 

 

Figure 1. Key ingredients of the design approach followed 

After conducting a number of meetings with representatives of the 

food company, a set of goals that the target game should meet 

were agreed. More specifically, it should: 

(a) Allow the broader public to learn about, recognize and 

remember the brand‟s name and products and establish a 

positive image about them.  

(b) Link the brand and its products with the island of Crete. 

(c) Inform about potential uses of the products. 

(d) Establish a mental connection between the products and 

notions such as exercise, healthy living, having fun. 

(e) Provide an opportunity for rewarding active visitor 

participation (e.g., through complimentary samples). 

(f) Accommodate players of all ages. Multiple player 

(cooperative / competitive) games should also be supported. 

(g) Facilitate the collection of contact information. 

(h) Provide the means for word-of-mouth advertising. 

(i) Allow for a high-profile, dynamic presence. 

(j) Last less than 2 minutes, so that players do not get tired, 

those waiting in line do not get bored, and a high throughput 

of players can be achieved.  

In response to these requirements, and also building upon related 

work, it was decided to create a Kinect-based PC exergame [11], 

involving physical activity as a means of interaction. In this 

respect, it was decided to just use the depth camera‟s image in 

order to render a virtual shadow of the players, instead of tracking 

body skeletons. The rationale was two-fold. On the one hand, it 

was assumed that it would be easier for people, especially “non 

game-players”, to identify with their shadow rather than with an 

avatar. On the other hand, this approach allowed for maximum 

flexibility regarding the number, posture and size of players, as 

well instantly joining and leaving the game. 

The envisioned gameplay2 is simple, straightforward, and has very 

clear goals. Players perceive their bodies as shadows projected on 

                                                                 

2 Videos of indicative play sessions can be found at: 

http://www.youtube.com/user/icsforthami 

a brick wall (Figures 2, 3 4). Depending on the players‟ number, 

there may be one or two baskets at the two bottom sides of the 

wall (Figure 4). A „rainfall‟ of rusks starts. Players must use their 

shadows to put the rusks into their basket. Rusks that fall on the 

floor are broken into pieces. The game ends after a certain number 

of rusks have fallen.  

 

Figure 2. Game's main screen 

 

Figure 3. Screenshot of indicative gameplay 

In order to cater for the aforementioned design goals, the 

following features were included in the game: 

(a) The company‟s logo appears on the brick wall and on the 

player‟s baskets. Also, its motto appears on the wall. All in-

game graphics are actual photos of the company‟s products. 

(b) Cards with brief instructions about the game appear at the 

beginning. The last card is an advertisement that contains just 

a photo and the name of a product.  

(c) Two musical scores are used combining traditional Cretan 

music with a modern beat. Additionally, the moves required 

by the game implicitly refer to traditional Cretan dances. 

Level selection buttons are Cretan versions of “smilies” 

(Figure 2).  The “game over” sign appears as a road sign, 

which is eventually shot and destroyed (an infamous practice 

occasionally performed in the Cretan mainland).  

(d) If players manage to put together a round rusk and a tomato, 

a dakos, the most popular rusk-based Cretan dish, is created, 

which provides bonus points if put in a basket. 

(e) The game requires considerable body movement that 

increases as time passes. To better match player's skills to 

game challenge [15], three alternative levels of difficulty 

have been designed: (a) easy, targeted to small children and 
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older players, (b) hard, for hardcore and returning players 

and (c) normal, for everyone else.  

(f) In order to create a “memorable moment” [9], when the end 

of the game approaches, a huge amount of rusks start to fall. 

To notify players about this, a bleating goat appears, 

providing a humorous note, but also another link to Cretan 

tradition. Additionally, the music shifts to a faster tune. 

(g) For rewarding players, when a specific score level is reached, 

a bag of rusks jumps out of the basket, which can then be 

redeemed with an actual product.  

(h) During gameplay, at moments likely to provoke interesting 

players‟ poses the game takes photos of them. Game 

graphics, are overlaid to the photos, which are presented on 

screen when the game finishes. The last photo taken appears 

on the title screen until a new game starts. 

(i) Distinct high scores are kept per difficulty level and number 

of players. 

(j) As a means to ensure that the total gameplay period will not 

exceed a maximum time limit, all falling objects come with a 

specific lifespan.  

 

Figure 4. Playing a two-player competitive game 

More than 50 hours of playtesting took place in order to fine-tune 

the gameplay and also debug the game, in a realistic installation at 

the premises of ICS-FORTH, with more than 30 players of both 

genders, with ages ranging from 4 to 52 years old. A very 

encouraging fact was that all players liked the game, said that they 

had a lot of fun and wanted to keep playing, even after their 

playtesting session was over.  

4. GAME INSTALLATION SETUP 
The game installation setup (Figure 5) requires about 3m3 of space 

and includes: 

 An ultra-short throw 1280x800 projector, producing an 

image 2.8m wide x 1.75m tall from less than 1m.  

 A Kinect device mounted on a stand at about 0.5m above the 

floor surface.  

 A 1280x720 web camera, fastened on the Kinect.  

 A laptop with an Intel Core i7 processor and an nVidia 

GeForce GT 525M graphics card.  

 A large projection surface. 

 A red ribbon loosely tied on two short free-standing poles, so 

that if someone steps on it, it moves along, thus avoiding 

potential accidents.  

 

Figure 5. Indicative game setup 

5. IMPLEMENTATION 
The game was developed in Actionscript 3. The Kinect code was 

integrated using native extensions for Adobe AIR3, a combination 

of ActionScript classes and native code that provide access to 

device-specific libraries and features. In order to look more like a 

real shadow, the original Kinect image was made semi-transparent 

and altered using erosion, dilation and blurring filters. 

Additionally, arbitrary minimum and maximum distance values, 

depending on the current installation setup, are used to filter out 

objects residing outside the play area. Due to the low resolution of 

Kinect‟s RGB camera, an external web camera is used for taking 

photos of the players.  

 

Figure 6. WYSIWIG interface for setting Kinect parameters 

The game integrates a WYSIWYG (what you see is what you get) 

interface (Figure 6) which allows the dynamic change of all 

parameters affecting the virtual shadow (e.g., crop, scale, 

reposition, minimum / maximum depth, filters‟ parameters). This 

interface proved to be extremely valuable at both installation sites, 

since it allowed to quickly and easily overcoming detection 

problems in the boundaries of the camera viewing areas (e.g., due 

to a shelf with products protruding in the play area, a spot light 

reflected at the top side of the kiosk, etc.). 

In order to be able to easily fine-tune all the parameters of the 

gameplay for each distinct level, none of these are hard-coded. 

Instead, levels are defined through a set of XML rules residing in 

                                                                 

3 http://www.adobe.com/devnet/air/native-extensions-for-air.html 
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separate external files. These rules can affect global gameplay 

parameters (e.g., gravity, friction, maximum speed, maximum 

number of concurrently falling rusks, score points required to get 

bonus bag), and also cause game actions, such as the fall of a rusk 

(also setting its type, speed, lifespan, etc.), taking a photo, 

notifying the player about the start of the memorable moment 

period etc. Rules can be triggered by time-based events (e.g., 

amount of time passed since the beginning of the game, or since 

the last rule was triggered) and gameplay progress (e.g., number 

of remaining or concurrently falling rusks). In order to provide 

some randomness to the game, the time frame during which the 

effect of a rule will take place, can also be defined. 

6. CONCLUSIONS 
The game has already been installed with remarkable success in 

two different food exhibitions, where it has been played by more 

than 500 people of ages ranging from 2 to 76 years old. Overall, 

the response to the game and its goals by people of all ages who 

played it, but also by parents, friends, bystanders, and other 

exhibitors was unanimously positive. Everyone had a lot of fun 

and considered it as a very good means for product promotion. 

The company advertised by the game definitely benefited both in 

terms of publicity and of highly increased on-the-spot sales. 

Furthermore, regardless of the totally uncontrolled installation 

environments, the game ran astonishingly robustly. There was not 

a single technical problem (bug, crash, game reaching an 

undesirable state, loss of recorded data, etc.) during any of the 

game sessions. The game was also presented on MEGA (TV) 

Channel, on the morning show with the highest ratings in Greek 

television4, as well as on national television5. During both 

installations a large variety of qualitative and quantitative data 

were collected through on-the-spot and on-line questionnaires, 

interviews and observations. The analysis of these data reinforces 

the fact that the developed game achieved its design goals, 

offering on the one hand, a highly entertaining experience, while, 

on the other hand, positively contributing to the marketing of 

“Kriton Artos” company and its products.  
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ABSTRACT 
Children recently diagnosed with diabetes type 1 require lots of 
information and feel scared, alone and different. Most of the 
existing educational material is on paper. Games with relevant 
learning content are mainly small minigames in English.  There is 
a need for more material with a focus on user needs, particularly 
learning–by-doing material. Peer support is known to be 
important for this user group. We present a concept for a social 
learning game that is engaging and fun for diabetic children.   

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces – User-centered design; K.8.0 [Personal Computing]: 
General – Game; H.5.3 [Information Interfaces and 
Presentation]: Group and Organization Interface - Collaborative 
computing; J.3 [Computer Applications]: Life and Medical 
Sciences – Health. 

General Terms 
Documentation, Design, Human Factors. 

Keywords 
User centric design, social game, social computing, persuasive 
computing, multidisciplinary work, serious games, health, 
diabetes. 

1. INTRODUCTION 
Treatment of diabetes type 1 is based on insulin supplementation 
as well as nutrition and exercise. The challenge is to keep good 
glycemic control, balancing carbohydrate intake with exercise and 
insulin. Existing educational material for children consists mainly 
of brochures, board games and textbooks. Little attention is given 
the need of hands on experience, which is a problem because 
children learn better when they can experiment and try things out 
themselves [1]. Many diabetic children have little contact with 
other diabetic children their age which is problematic because 

peer support is known crucial in order to be able to cope with the 
disease for the rest of their lives. There is a need both to socialize 
with others in the same situation and to learn from the example of 
others. Since children enjoy playing computer games, we believe 
that a good approach to disperse knowledge to the target group of 
children aged 8-12 is through social learning games.  

In this proposal we first describe our methods, then state of the art 
concerning persuasive design, the initial game requirements and 
the game concept. Finally we discuss the design process and our 
experience so far. 

2. METHODS 
To define the requirements and state-of-the-art we used the 
following methods: relevant scientific papers, web search for 
existing games and forums, interviews of children with diabetes 
and their families as well as diabetes nurses, questionnaires and 
interviews with children about gaming and being online. These 
surveys were performed in Norway, Sweden and Finland in 2010, 
and have given us the needs, desires and medical limitations of 
the user group [2].  

Since the game includes elements from persuasive technologies, 
healthcare, learning, and gaming we employed a multidisciplinary 
approach when developing the concept for the game and game 
design. With the goal of motivating the children to form lasting 
good habits in their daily treatment, we employed a user centric 
design process starting with a paper prototype, moving on to 
focus-testing of game mechanics and visual designs. The results 
from the testing were used to revise the concept to suit the user 
group’s needs and likes.  

3. STATE OF THE ART SURVEYS 
3.1 Treatment challenges 
According to diabetes nurses the biggest challenges are in blood 
glucose measurements, eating habits, motivation, physical activity 
as well as the busy lives of parents. Children with diabetes will 
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often experience defeat since their condition might change due to 
stress, different food than normal, an infection, etc. Parents will 
especially need support when the children get independent and 
shall take care of the diabetes themselves. There is no learning 
material in our languages available that gives children and their 
parents a chance to implement theory into practice [2].  

3.2 Children and gameplay 
Playing multiplayer web based games is common among the 
children aged 8-12 that answered our survey, but they are not 
allowed to play games with heavy violence or with a higher age 
limit. We also asked the children if they had any ideas for a game 
where they could learn about diabetes and also have fun. On the 
list we find: lots of colors, fantasy avatars, several levels, possible 
to talk, collect things, minigames, it should be fast. Noisanen & 
Kankaanranta [13] found that children like rich designs with lots 
of information and numerous alternative actions. They also like 
playing together either sitting together or meeting in a game. 

3.3 Existing games and forums 
There are several games to educate about diabetes on the Internet 
for children, mainly in English, but none are multiplayer. They 
give information about the pancreas, nutrition, what to do at 
school, etc. [2]. There are also many games about food and 
nutrition for the young population. One example is the game 
“Hypos at School” [5], which is designed for children with a 
recently diagnosed disease that teaches about diet and 
hypoglycemic events. The game contains animations, texts and 
multiple choice questions. 

Many diabetes associations have forums, mainly for adults, but 
some offer forums for young people with diabetes as well. The 
Norwegian site did not even have a forum for adults in 2010. 

3.4 Persuasive design 
The main goal of persuasive games is to persuade the users to 
modify their behavior. Baranowski et al [14] studied 27 articles 
about videogames promoting health related behavior change, and 
found that most demonstrated health-related changes. Packy and 
Marlon was an early educational videogame for children with 
diabetes, and after a trial [15] the conclusion was that such games 
can be effective interventions. Didget [6] is a blood glucose meter 
for children that can be used together with Nintendo DS in a 
persuasive manner. In videogames the player earns game points 
when testing the blood glucose level, and gets extra points with 
good readings. This is a way to persuade not only to perform 
measurements, but also to strive for stable blood sugar levels.  

Consolvo et al [9] found that goal setting can be an effective for 
changing behavior. A social game on Facebook for diabetes 
prevention, HealthSeeker [10], uses goal setting when it comes to 
food and exercise. Kharrazi, Faiola and Defazio J. [4] used the 
Health Belief Model to design a game aimed at adolescents with 
type 1 diabetes. They point out that one also has to consider 
empowerment, compliance and behavioral change in game 
planning. In a literature study, Brox et al [3] found that goal 
setting, game interaction, identification with the avatar and 
rewards, are important in persuasive design for health games [9].  

4. REQUIREMENTS AND CONCEPT 
4.1 Some basic requirements 
The basic requirements we have found are: 

• The primary target group is children with type 1 diabetes in 
the age group 8-12. 

• Children need to have their parents’ consent to play. 
• The game shall not contain violence or mature language, and 

the player avatars cannot die. 
• The game must be appealing to both genders 
• It must be possible to practice all the main diabetes tasks in 

the game (blood glucose, insulin treatment, exercise and 
nutrition) 

• No medical or sensitive personal information shall be stored  
• The game shall not give personal medical advice 
• The game shall be social, but also possible to play alone 
• The game shall have predefined dialogues and chat enabling 

cross-language communication between players 
• The game shall use asynchronous gaming principles. 

4.2 Game concept 
Based on the requirements a game was developed. Most of the 
social aspects of the game are handled through a social learning 
platform. Avatars, leader boards, achievements, communication, 
etc. are part of that system. Games developed for the platform can 
tap into and benefit from the social arena provided by the 
platform. This allows for mechanics like prerecorded opponents 
to race against, allowing an asynchronous game to appear 
synchronous, or mechanics where players ask their friends for 
help with some task. Another feature is the possibility to “push” 
missions to players by either asking them to help out on behalf of 
one of their friends or challenging them to beat a high score set by 
one of their friends. Rewards from the missions and games 
provide incentive to keep playing and to try other games built for 
the platform. Having several minigames introduces variety and 
helps integrating the learning tasks. 

In order to test the concept one minigame has been developed. 
The game is a glucose race (see Figure 1). In this game the player 
uses different types of transportation (plane, car, motor cycle, on 
foot), in a race to get to the goal first. The game tricks the players 
into unknowingly using their knowledge about insulin – fuel is 
food, oil/air is insulin and speed is exercise level. As soon as the 
player realizes that the game mechanics correspond to insulin and 
blood sugar mechanics they can use their knowledge in order to 
perform better, and are able to learn and train their understanding.  
The player should plan before the race; speed, fuel and oil must 
be in balance, and races against recorded races of friends, 
showing them as a ghost, giving the impression of live interaction. 
Help from friends can be provided in the form of pre-recorded 
comments and tips from previous play sessions. 

4.3 User centric persuasive design 
In order to gather input from children at an early stage the design 
was discussed with two groups of children without diabetes aged 
8-13. The children were asked to fill in forms which described the 
functionality of the vehicles in the game and draw graphics to the 
game. The children were most interested in the look and feel of 
the game vehicles. They were attached to their own design and all 
wanted it to become a part of the real game. The also played a 
paper prototype which gained experience into how often obstacles 
and boost should be given in the game.  It was easy to get input to 
familiar game functionality, such as boost. Multiplayer games and 
persuasive games are not so common among children and it was 
not easy to make them design such functionality in their own 
game design or comment on suggestion to such mechanisms. How 
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to give peer player support was also discussed, and that diabetic 
knowledge give advantage in game play was accepted as positive. 

 

Figure 1. Moodboard for the glucose race minigame. 

5. DISCUSSION 
Most educational games are intrinsic, meaning that the learning 
material is a part of the game contents, where the educational part 
is perceived as boring. Aoiki et al [11] created three small games 
for initial diabetes education, they point out that if the game is too 
much fun without any content, there is no learning effect, on the 
other hand it will not have appeal if the education is emphasized 
too much. There are several games available with the aim to 
educate about diabetes or information related to diabetes, 
particularly about nutrition. We have however not found any 
social games.  
It is well known that social networks play a big role in health 
behaviors [12], and competition and co-operation that are present 
in multiplayer games provide extra incentive and motivation as 
well. We believe that social games that are mainly fun but also 
contain useful information will help our target group to master 
their lifelong disease better, and our strategy is to use elements 
that have been proven to work when designing our game. 
Our work so far has shown that it is not easy to get feedback from 
young children about issues they are not familiar with, and our 
test children are not familiar with intrinsic learning games, real 
social games and persuasive games. The minigame will hopefully 
be a more helpful tool than a paper prototype.  

6. CONCLUSION 
There is a big need for online social games for children with 
chronic diseases, and children with diabetes type 1 are the main 
target group for our social game. The game must be fun and not 
obviously an educational game, but also motivational to help 
create healthy habits as early as possible. 
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Mobile Communication, Gamification and Ludification  
   

 
 
 
 

ABSTRACT 
Gamification is the current buzz word. It refers to "the use of 
game design elements in non-gaming contexts" [16]. This paper 
aims at suggesting a new approach to this concept through taking 
one step back, and looking at "ludification" instead of 
“gamification”. Relying on preexistent literature to infer the 
differences between gamification and ludification, and trace the 
characteristics of mobile games that may or may not contribute to 
the construction of a culture of playfulness and fun, the author 
wants to understand what is the real range of these two terms. 
Mobile apps and games should reflect these phenomena and help 
understand how are they part of contemporary culture and society 
and what do they tell us about the historical moment we are living 
in. 

 

Categories and Subject Descriptors 
K.4.m [Computers and Society]: Miscellaneous. 

General Terms 
Documentation, theory. 

Keywords 
mobile games, ludification, gamification, mobile communication, 
play. 

1. INTRODUCTION 
Mobile telecommunications technologies underwent great 
evolution in the past decades. 20 years ago, the mobile phone was 
a “simple” gadget with just a couple of functions, in which the 
central one was voice communication. Back then, it was used by a 
fairly small group of people around the world. Nowadays, mobile 
phones are advanced computers, in which voice communication 
and text messaging compete with the internet and internet 
mediated communications as central features. One of those 
competing features, and one that reflects the technological 
evolution of mobile phones, is gaming. 

Games were first introduced in mobile phones in 1997, when 
Nokia preinstalled Snake on Nokia 6110 [34]. After this, all major 
manufacturers started including games in their phones. In the 
1990’s, mobile phones were still monochrome and had very 
limited processing and memory capacities. As technology 
developed, games played on and with cellphones evolved too. By 
the end of the 1990’s, the trend were WAP-based games - mainly 
in Japan - and SMS-based games [52]. These had the advantage of 
being cross-platform and, therefore, anyone, no matter which 
mobile phone they owned, could play. The next big change in 
mobile games occurred in 2001, when java technology was 
introduced in mobile phones [52]. Then, games became multi-
colored and manufacturers started paying more attention to mobile 
games. Some companies tried to release phones specially 
conceived for gaming, like Nokia’s N-Gage (2003). Although the 
phone wasn’t commercially successful, this wasn’t the end of the 
history of mobile games. In late 2000’s, smartphones took over 

the market and, with them, a new era for mobile phone games 
began. The event marking this market change was the release of 
the iPhone, in 2007. This new phone quickly reached critical 
mass, giving millions of people access to 3D graphics on their 
mobiles, fast internet, a new computer-like interaction paradigm 
and, above all, the App Store, where all kinds of applications, 
namely games, can be easily found and downloaded [59]. This is 
the state of affairs now.  
The mobile games market made $800 million in 2010 [9]. These 
numbers show how the mobile game industry is growing in 
importance and audience. The fact that the phone is a ‘console’ 
easily accessible and multi-feature, and mobile phone games are 
cheaper than other video games certainly helps the growth [52]. 
Another characteristic of the mobile phone is pervasiveness, so 
games in these devices can as well be played anywhere, making 
them perfect to fill in gaps, like waiting periods - waiting for the 
bus, waiting in line, etc. People want to play whenever they have 
some free time, no matter where they are. Particularly popular 
nowadays are games like Angry Birds, Fruit Ninja, Cut the Rope 
and Tetris [4] [25].  
The idea that people like ‘fun’ in their lives, inspired gamification, 
“the use of video game elements in non-gaming systems to 
improve user experience and user engagement” [16]. This term 
has been used both among game studies [7][16][31][41] and 
marketing [29][48][60][61] and it has been causing a lot of 
controversy, with voices rising for and against it. 

2. GAMIFICATION 
The idea of Gamification has been discussed before the word 
became ‘trendy’. In February 2010, game designer Jesse Schell 
gave a talk at DICE titled Design Outside the Box, in which he 
talked about using game mechanics for increased engagement. 
Simultaneously, Jane McGonnigal was giving presentations about 
the ideas in her book, Reality is Broken [42][55] Seth Prietbatsch 
was another early enthusiast of the idea of a “game layer on top of 
the world” [56]. These talks and book gave the discussion the 
boost it needed. Voices raised both for and against these ideas, 
coming from different contexts, namely game studies/industry and 
marketing. 
According to the official Gamification Wiki, Gamification is “the 
infusion of game design techniques, game mechanics, and/or 
game style into anything”i. Perhaps the most popular example of 
gamification is Foursquare - it applies most of the common “game 
elements” that are typical of gamified apps: points, badges, 
leaderboards and incentives, though it is not a typical game, it is a 
tool for customer loyalty “in disguise”. According to Khaled et al. 
[32], points are used for tracking “game status” and feedback, 
badges set goals, leaderboards add a competitive layer, and, 
finally, incentives represent the reward “players” need - explicit 
motivations.  
In Reality is Broken, Jane McGonigal [42], a games researcher 
and designer, presents the idea of Gamification without using the 
word. She believes that “games can make a better world” [55]. It 
was not without criticism that the book was received by the 
academic community. The internet was filled with negative 
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reviews as soon as the book came out, coming from the 
gamification skeptics.  

Common criticism points out that gamification relies on extrinsic 
motivations, when intrinsic motivation “is the real thing,” others 
criticize it for not being game design and, finally, some say it is 
just a new wrapping for old sales techniques like loyalty programs 
[57].The distinction between extrinsic and intrinsic motivations is 
an important issue in this context. These psychological terms 
describe different ways in which people can “be moved [emphasis 
in the original] to do something” [49]. 

 Intrinsic motivation is defined as the doing of a activity 
for its inherent satisfactions rather than for some separable 
consequence. When intrinsically motivated a person is moved to 
act for the fun or challenge entailed rather than because of 
external prods, pressures or rewards (56).  

Extrinsic Motivation “is a construct that pertains whenever an 
activity is done in order to attain some separable outcome,” like a 
reward, namely a material reward. As those skeptics point, the 
base of Gamification is the belief that extrinsic motivation can be 
effective in changing behavior and creating loyalty. 

One of the most famous critics of gamification is Ian Bogost. In 
Gamification is Bullshit [7], he claims that gamification’s true 
purpose is better translated through the word “exploitationware”,  

A grifter's game, pursued to capitalize on a cultural moment, 
through services about which they [so-called ‘gamification 
experts’] have questionable expertise, to bring about results meant 
to last only long enough to pad their bank accounts before the next 
bullshit trend comes alongii.  
In another essay, Persuasive Games: Exploitationware, Ian 
Bogost [8] calls Gabe Zicherman the “gamification movement's 
Dark Lord,” and explains the notion of “exploitationware” further. 
He criticizes the argument that points, badges, levels are “key 
game mechanics” - they are, instead, “mere gestures that provide 
structure and measure progress within” a game. He adds that the 
term “gamification” makes it sound  easy to make games and to 
bring games into other contexts “at low cost and high scale.” The 
word “exploitationware” suits the concept much better, it 
“dissociates the practice from games,” connects it to “better 
known practices of software fraud,” like malware, spyware and 
adware, and, among others, “opens the door for more earnest, 
beneficial uses of games.” Bogost is not the only game researcher 
to criticize the word “gamification”. Just to cite another example, 
Khaled et al. [32] also suggest a new expression to define the 
concept now associated with gamification: “gameful design”, an 
expression taken from Jane McGonnigal’s Reality is Broken, that 
describes the use of game design elements in a stricter way than 
the word “gamification”, and it doesn’t carry with it the 
connotations the ‘old’ word already does. The word 
“gamification” also sounds like a word that was created to 
describe a bigger social phenomenon, or a social trend. The truth 
is, it does not. Gamification is, now, a set of marketing 
techniques, a buzz word, and motive for discussion among 
academics and marketeers.  

Most gamification criticisms agree on one thing, though: 
“wonderful things can happen when people play” [11]. The idea 
that games are powerful, and that power can be used for doing 
great things, is at the back of scholars and game designers’ heads, 
whether they are for or against gamification. It has brought, years 
ago, edutainment and serious and persuasive games. But there’s a 
bigger phenomenon in which all these movements are 
contextualized, a phenomenon that Khaled, Dixon and Deterning 

[32] refer to as the “ludification of culture.” ‘Gamification of 
culture’ does not exist, and “gamification” does not describe a 
bigger phenomena. It is, though, a consequence of a paradigm 
change in society, a change towards playfulness, and that is here 
understood as “ludification of culture”. 

3. LUDIFICATION OF CULTURE 
“Ludification” should be understood, in this paper, as a major 
social and cultural phenomenon, a subset or consequence of what 
was, in the 1990s, called “the postmodern turn” [51]. 
Postmodernism is useful in this context to understand the specific 
context of the cultural change the word “ludification” translates. It 
is a concept valid only in the West and it is specific of the moment 
we are in now. “Signs of postmodernity are visible in processes of 
‘de-differentiation’ (the breakdown of boundaries between social 
institutions and cultural spheres) and the ‘de-territorialization’ of 
national economies and cultures.” Siedman afirms that 
interdisciplinary knowledge is a sign of modernity as well. There 
is no doubt that, according to this definition of postmodernity, 
these are the times we are going through. 

The term “ludification” describes the increasing spread of play as 
a routine activity in everyone’s life. It derives from ludic and -
ification. Ludic, from the latin word for ‘to play’, ludo, means 
“playful”iii. The suffix -ification means “the process of 
becoming”iv. Gathering these two, “ludification” expresses the 
process of becoming playful, and it describes a society in which 
play is a centric element.  

In Man, Play and Games, Roger Caillois [10] distinguishes 
several categories of play that can be classified within a 
continuum between “ludus” and “paidia,” where “ludus” 
corresponds to the most structured forms of play - games -, and 
“paidia” to free-play. Borrowing these terms, we can move one 
step further and understand “ludification” not only as a term that 
describes a society in which play is central, but also, one in which 
games play an important role. But arguing that play and games are 
especially important in society does not explain the use of the 
expression “ludification of culture”.  
Boellstorff [6] quotes Tylor’s definition of culture as ‘not 
compelling’ but yet a “helpful starting point”: “that complex 
whole which includes knowledge, belief, art, morals, law, custom, 
and any other capabilities and habits acquired by man as a 
member of society” (1). Arguing that we are witnessing a 
“ludification of culture” is saying that play and games are 
becoming important elements of knowledge, belief, art, morals, 
law and custom. Huizinga [28] talks about the relation between 
play and culture through its relation with law, war, ‘knowing’, 
poetry, philosophy and art, some of them elements of culture in 
Tylor’s definition of culture mentioned above. Belied, morals and 
custom are the elements missing. However, Huizinga refers play 
as part of the ‘civilizing process’, arguing it preexists culture and 
helps building it, since it is natural of our species, homo ludens. If 
play builds culture, there must be reminiscences of it in all those 
elements. Caillois [10] explains that playing “reveals the 
character, pattern, and values of every society” (66). Brian Sutton-
Smith [54] says ritual and festivals, jokes and traveling are forms 
of play. The ideas of ritual and festival are strongly connected to 
religion and, therefore, belief. Custom is associated with ritual and 
law so, reversely, play as ritual is associated with custom. 
Summarizing, play is related to all of Tylor’s elements of culture. 
But, how about games? Law, custom and knowledge are tightly 
connected with the notion of rules, a defining element of games, 
according to Salen and Zimmerman [50]:  
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 A game [emphasis in original] is a system in which 
players engage in an artificial conflict, defined by rules, that 
results in a quantifiable outcome. (...) [Rules] are a crucial part of 
games. Rules provide the structure out of which play emerges, by 
delimiting what the player can and cannot do. (80)  

Costikyan argues, as cited in [50], “a game is a form of art in 
which participants, termed players, make decisions in order to 
manage resources through game tokens in the pursuit of a goal” 
(78). Games are, inclusively, starting to be showcased at museums 
in recognition of their artistic form [33]. Besides, for some years 
now, several discussions around video games and values and 
violence have arisen, proving they relation with morals [53]. 

As seen so far, it is easy to connect play and games with culture. 
However, play has been seen as an activity of children, even after 
being proved that adults play, in different ways and proportions, 
but they play [20]. This marginality of play in society is changing 
and society is more and more aware of its relevance. This is what 
I call “ludification of culture” - not only we can see that play has a 
connection with traditional elements of culture (law, art, ritual, 
custom), but it is being recognized by society in general as 
relevant for its development. Next, we are going to look at proves 
of that generalized recognition and de-marginalization of play and 
games. 

There was a first wave of the study of play in the 1970s, inspired 
by Huizinga’s writings from 1940s. This was when the 
Association for the Anthropological Study of Play was born [46]. 
Though this Association has existed for many years, and some 
work was done among the field of play, it took some more years 
before academia looked at play and games outside of the realm of 
childhood. Brian Sutton-Smith [54] suggests a group of seven 
‘rhetorics of play’ that afford a definition of play that is broad 
enough to include all of its forms: mind or subjective play 
(dreams, imagination, role-playing, fantasy...), solitary play 
(hobbies, collections, building models, gardening, using 
computers, travel, cooking...), playful behaviors (playing tricks, 
playing for time, playing a part, playing fair, being played out), 
informal social play (joking, parties, dancing, getting laid, 
amusement parks, bars...), vicarious audience play (television, 
films, spectator sport, parades, museums...), performance play 
(playing music, playhouses, playing the game for the game’s 
sake...), celebrations and festivals (birthdays, Christmas, 
weddings, balls...), contests (games and sports, gambling...) and 
risky or deep play (caving, rafting, skateboarding, sky jumping...). 
If all this is play, as Sutton-Smith argues, then we are constantly 
playing, independently from age. He wrote Ambiguity of Play in 
1997. After this, it would take some years until play and games 
are understood by academia as non-child exclusive. This 
happened, officially, in 2001, when the first number of Game 
Studies, an online journal dedicated to computer games only, was 
released, creating the discipline with the same name. In that first 
number, Espen Aarseth published Computer Game Studies, Year 
One, “2001 can be seen as the Year One of Computer Game 
Studies [emphasis on the original] as an emerging, viable, 
international, academic field” [2]. Since then, successive 
researchers have affirmed the importance of games in culture. “It 
is important to study computer games (including arcade games, 
console, and handheld video games) now because like television 
and music, they have become a phenomenon of great cultural 
importance” [48]. The discipline has grown bigger and bigger in 
number of researchers, range of subjects studied and impact of 
that study in the word - the gamification discussion is a good 
example. 

In 2008, Eric Zimmerman said, at the Games for Change 
Conference, that we were living in the “Ludic Age”v and later 
argued the 21st century could be “The Ludic Century” [12]. As 
game researcher and designer, Zimmerman has a great deal of 
interest in advertising an era as specially prolific for games. There 
is truth in these words, though. his claims are earlier than the 
gamification discussion, but they provide context - playfulness is 
spreading into all - or, at least, many - realms of everyday lifevi. 

Another reflection of the “ludification of culture” is the use of the 
adjective “ludic” to characterize new fields of knowledge (remark 
that knowledge is one of the elements of culture, according to 
Tylor’s definition). Bill Gaver [23] defends a new approach to 
design, for example. Strongly inspired by the idea that the human 
being is naturally playful [28], he suggests “ludic design.” 
Technology has historically been associated with work and it has 
been used to help us get work done faster, so that more time is left 
for leisure. But technology has the potential to fulfill our ludic 
needs as well, it does not necessarily have to “provide clear, 
efficient solutions to practical problems” [23]. That is ludic 
design, the creation of technology with the purpose of leisure, “a 
place for exploration and experimentation”. He criticizes 
Ubiquitous computing, saying that the real revolution lies one 
layer under, it happens when computing leaves “the confines of 
task-oriented, rational, ‘left-brain’ work, and is set to join us (...) 
everywhere, in short, where ‘work’ is the stuff we want to get 
done so we can do what we really want to do.“ This idea resonates 
Ubiquitous computing and, at the same time, criticizes it. On the 
one hand, Gaver talks about a form of pervasive and mobile 
technology we can have with us constantly, so that we can work 
faster and leave more time to play. On the other hand, he claims 
that tangible interaction and virtuality merging with the physical 
are not the point. In a way, it seems that what he is advocating is 
the widespread of mobile phones and more advanced mobile 
phones. In this sense, smartphones are a good example of “ludic 
technology” - they can, at the same time, accelerate and facilitate 
the completion of work tasks and afford leisure (surfing the web, 
social media and mobile games).  

4. LUDIFICATION AND MOBILE 
COMMUNICATION 
Everyone plays, whether it is computer games or free forms of 
play - play is ubiquitous in itself. Technologies are becoming 
more and more ubiquitous as well. As discussed earlier in this 
paper, we are living in a “ludic age” that is, simultaneously, a 
“technological age”. We depend on technology for the simplest 
tasks of our everyday life, and we work with technologies in a 
daily basis. "Play is (...) a key concept to understand the 
interaction of users with new media. It (...) incorporates the 
concepts of control, immersion and performance and that the 
specific pleasure of play is contingent on these other three 
pleasures " [30]. As mentioned earlier, since the beginning of the 
2000s, these two ideas were brought together into one new 
proposition - “ludic design.” Mobile phones, and specially 
smartphones, are the ultimate example of a “ludic technology.” 
One of the features that makes today’s mobile phones ludic are 
mobile games. They give users the chance to play games, and, 
therefore, be “ludic”, independently from their location and, to a 
certain point, independently from  the situation they are in, as long 
as they have a mobile phone with them. The mobile phone is now 
“taken for granted” [36]: everyone expects others to have one with 
them and are expected to have one with them as well. 
Connectivity is valued to the point of necessity and commodity, 
making mobile phones a good example of ubiquitous technology, 
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in the sense that they can be found everywhere. Note that I am not 
referring to the common notion of ubiquitous computing - I am 
not interested in the invisibility of technology but, yet, in its 
pervasiveness. Ubiquitous technology is here seen as technology 
used in everyday life by a large group and can, thus, be found 
everywhere [58]. Mobile games are both mediated by ubiquitous 
technologies and ubiquitous in their nature because play itself is 
ubiquitous. Though play is said to be ubiquitous and natural, until 
some years ago, most forms of play were confined to specific 
spaces and/or situations. Children’s games, like tag, for example, 
require some free space to be played, a minimum number of 
participants, etc. There is a set of conditions that need to be met 
before the game can be played.  Computer games require a 
location where a computer is set up, video games require a space 
where a console is set up and board games require a space where 
the game board can be laid. Mobile games are changing this 
scenario. There is no longer a specific location for playing a 
game, as long as there is a mobile phone at hand, and there 
usually is. Games are at the distance of a mobile phone, no matter 
where one is. The conditions to be met in order to play mobile 
games are very different from the constraints that shape computer, 
video and board game playing. They are no longer physical and 
spatial, they are only social. To play mobile games, one has to 
consider whether it is appropriate to play in a certain situation.  

Mobile technologies afford different kinds of playfulness, ranging 
from games to playful uses of language. Caillois includes jokes 
and language play in his categories and definitions of play, forms 
that suit the mobile form of language-based communication the 
cellphone provides. “Mobile messaging is also used directly for 
leisure purposes, such as messaging to pass the time while on a 
train” (76) [13]. 
 

5. GAMIFICATION AND LUDIFICATION 
As both Caillois and Huizinga argue, play is free, separate, 
uncertain, unproductive, regulated and fictive and “any 
contamination by ordinary life runs the risk of corrupting and 
destroying its very nature” [10]. The idea that play is separate 
from real life and, yet, it generates culture is contradictory. If play 
generates culture, then, there are real life implications of play. 
These implications of play in culture do not seem to make play 
less ‘playful’ or to destroy it in any way. Caillois says that games 
are part of daily life and several customs and traditions are a 
reflection of that. Huizinga analyzes the importance of play 
through history. It seems logical to argue that in play has been 
building culture, it has been having real-life implications all 
through history without disappearing. Play and real life are not a 
zero sum condition and they can coexist and interact. In recent 
years, the relevance of play in culture has been promoted and 
embraced by society, by academic disciplines like anthropology 
and game studies, by the games industry, specially through game-
marketing campaigns and, now, through gamification. The 
concept of “gamification” meets Seidman’s definition of “de-
differentiation,” the “breakdown of boundaries between social 
institutions and cultural spheres.” Gamification seems to be 
turning those boundaries into a sort of cell membrane through 
which exchanges between institutional and cultural spheres can 
occur constantly, in a sort of “post-modern osmosis”, proving 
Huizinga and Caillois wrong when they argue for the separation 
between play and real life. Gamification defends the exchange 
between games and institutions, for the profit of the latter. The 
positive values associated with play are sought by individuals and 
companies, to ease work and increase engagement, sales and 

profit. There is, now, a generalized belief, promoted by 
gamification, serious and persuasive games, that “gaming can 
make a better world” [54]. 

Gamification is an idea that does not come out of the blue. The 
most influential gamification ‘evangelists’, like Gabe Zicherman 
and Seth Priebatsch, include reflections on the reasons for the 
success of social media and social games. Gamification is an 
attempt to combine these two forces into an even more powerful 
set of tools that guarantee, they argue, successful audience 
engagement and loyalty. "We already know that games are 
generally good motivators. By focusing on three central 
components - pleasure, rewards, and time - games have become 
one of the most powerful forces in all of humanity" [59]. It is 
debatable that the power of games comes from pleasure, rewards, 
and time, but the recognition of the power of games and the 
attempt to bring that power into other domains is the perfect 
reflection of ludification and the mark that gamification has 
gained its momentum. 

This perfect momentum for gamification is possible due to a 
combination of factors mobile communication technologies have 
contributed to. This is the moment when mobile phones reached 
critical mass and became taken for granted, it is the moment when 
mobile technologies have features like GPS, internet browsers and 
all sorts of applications, it is also the moment when technology 
and software are democratized and anyone can develop an app for 
a phone or computer, making the market rich and diverse, it is the 
moment when most people (in the West) are technology literate 
and the moment when computer games are reaching all audiences. 
These are, in a nutshell the characteristics of the ludic momentum 
we are in - ludic technologies afford ludic moods and vice-versa. 
Play is influencing technology and technology is influencing play. 

It is not by chance that the most famous gamification examples 
are merely mobile or have a mobile counterpart. Let’s take 
Foursquare, a previously mentioned successful example of the 
gamification trend, as an example. Foursquare is a location-based 
app users use to exchange ‘check-in’s in physical spaces for 
points. According to the user’s score, she takes a different rank in 
her friends’ leaderboard and, depending on the kind and frequency 
of her check-ins she can get badges. The more one often one visits 
a venue, the bigger the punctuation she gets for each visit and 
higher the chances of becoming the place’s “mayor” (the closest 
thing to a winning condition on Foursquare). According to the 
official website,  

Foursquare makes the real world easier to use. We build tools that 
help you keep up with friends, discover what’s nearby, save 
money and unlock deals. Whether you’re setting off on a trip 
around the world, coordinating a night out with friends, or trying 
to pick out the best dish at your local restaurant, foursquare is the 
perfect companion [19]. 

Foursquare is not a game, it is an app that uses some techniques 
we usually find in games (points, leaderboards and badges), 
combined with social media elements (friends, information 
sharing, integration with facebook, user generated content) for the 
purposes users see fit and with the potential to create customer 
loyalty to different companies - restaurants, bars, clubs, etc. 
(foursquare business partners). Venue owners and brands can use 
Foursquare in the ways they see fit for their business goals. It is 
not completely clear whether Foursquare is or is not a game, same 
say it is, others say it is not. Whether we consider it a game or not, 
the truth is that a lot of people are using it in a competitive way 
and feel entertained and engaged as if it were a game. This is 
made possible by its pervasiveness, easy learning, easy using and 
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quick feedback. Pervasiveness is only made possible by mobile 
technologies and it is, reversely, one of the characteristics that 
makes mobile technologies ‘playful’. If, rather than checking in a 
location using a phone while actually standing in one place is 
certainly more interesting that using a computer, far from a certain 
location, and say “I’ve been in this place.” Immediacy is another 
quality of mobile phones that foursquare enjoys and makes 
foursquare enjoyable. As soon as a user is in a location, she can 
check-in on Foursquare, because she will have her mobile phone 
with her. She does not have to wait until she can use a computer 
to interact with the app, she can make that check in more 
meaningful by turning the physical check in into a virtual one 
almost as the first occurs. "As the ludic structures of gaming 
pervade ordinary life, we no longer require technical aids, or 
indeed games, to play. Travelling through the city can already be 
an adventure, as can collecting friends, (...) or mastering the secret 
spaces of one's home neighborhood.” [43] 

Whether we call it “gamification”, “gameful design” [32] or 
something else, the truth is that this business technique seems to 
be here to stay. According to Gartner, cited in Lopezvii, “by 2015, 
50% of companies that manage innovation and research will use 
gamification to drive innovation”. 
 

6. CONCLUSION 
Recently, a lot has been written and discussed about 
“gamification”, the use of game design elements in non-gaming 
contexts [16]. Most game researchers criticize it and most 
businessmen praise it. This paper tries to look at it through a third 
perspective, by highlighting its contribution to a bigger social and 
cultural trend - ludification. This social trend is powered by 
mobile phones and reflects a new impact of these new devices in 
social structures and environments - the inclusion of playfulness 
in culture, society and everyday life. 

Though it is a fact that searching for terms including the word 
‘play’ on google scholar still provides, mostly, results about 
children-related studies, it is also true that we seem to be 
witnessing a turning point in society and mentalities, when this is 
finally changing. Games are played by more and more people and 
the game industry has finally broadened its themes in order to 
include formerly forgotten audiences, like women and the elderly. 

The growing acceptance and adoption of games shows that our 
species is naturally playful (homo ludens), independently from 
age. This is not to say that all the work towards accepting games 
as higher forms of culture is complete, on the contrary, it is just 
producing its first results. One of those results is “gamification”. 
Dovey and Kennedy [17] state:  

 The computer game, then, is produced as an 'ideal' 
media form by the conjunction of a culture in which the playful 
and the ludic are once again of serious concern and a history of 
technoplay in which a playful relation to digital media technology 
has informed its entire development (39).  
Mobile Games are a very special form of computer game that 
enhances the spread and generalization of that ‘ludic culture’. 

Even though the discipline “Leisure Studies” exists, very few 
scholars have done work on the concept of “ludification”. We are 
now in the right moment to do it, society has reached its ludic 
momentum and the process is just starting. The future will tell 
what will this “ludification of culture” originate, besides 
gamification. For now, it is important to understand what exactly 
is this phenomenon, what originated it and what could be its 
outcome.
                                                                    
i Gamification Wiki 2011   
ii Bogost, I., “Gamification is Bullshit - My Position Statement at 
the Wharton Gamification Symposium,” Ian Bogost – Videogame 
Theory, Criticism, Design, August 8, 2011, 
http://www.bogost.com/blog/gamification_is_bullshit.shtml. 
iii Wikipedia 2011 
iv Wikipedia 2011 
v David, “The Ludic Age,” Buzzcut.com, November 18, 2008, 
http://buzzcut.com/?p=56. 
vi Wise Gaming, “More Ludic Century Nonsense,” Wise Gaming, 
February 27, 2010, http://www.wisegaming.org/?p=215. 
vii Lopez, J. “Gartner: 50% of Innovation Will be Gamified by 
2015.” The Gamification Blog, April 13, 2011. 
http://gamification.co/2011/04/13/gartner-50-of-innovation-will-
be-gamified-by-2015/ 
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ABSTRACT 
An existing rhythm game is modified to provide a new kind of 
collective experience. In addition to providing a novel collective 
experience, this study seeks answers to the following research 
question; how could the game be modified so that it would 
enhance social interaction between players? In order to obtain 
answer to the question, the game modification was based on an 
extraordinary custom-made user-interface that involves players in 
cooperation. According to players, the modified multiplayer 
version of the game was both engaging in action and enjoyable. 
Totally out of the context of the game, controllers offered 
amusing game experience. Finally, cooperation through 
modification of the game was the answer to the proposed research 
question.  

Categories and Subject Descriptors 
H.5.3 [Information Interfaces and Presentation]: Group and 
Organization Interfaces—Collaborative computing;                  
H5.2 [Information Interfaces and Presentation]: User 
Interfaces—Input devices and strategies. 

General Terms 
Experimentation 

Keywords 
Experimental Design, Audiovisual Play, User Interface, Mobile 
Phone, Social Context, Game Testing 

1. INTRODUCTION 
The computer and video game industry has been recently 
producing games in a genre called music or rhythm games. The 
technology used in these games allows for novel interfaces to 
represent musical instructions. The games themselves have greatly 
simplified instruments and music is created to the point where the 
skills learnt are not transferrable to the actual instruments that 

they seek to recreate. [20] Actually, rhythm-based or beat 
matching music games have become increasingly popular. The 
challenge is to usually press, hit, strum or slide on buttons at the 
correct time. Players are presented with the next required button 
presses on screen and they are scored on their accuracy of 
matching their selection with the beat of the music. The simplistic 
interaction required for rhythm-based games allows the genre to 
rely less on complex interactivity and gameplay. The focus is the 
engagement of players. [39] 

A rhythm game was selected for this study based on both 
popularity and simplicity, with focusing to provide a new kind of 
collective experience for players. The game was played at a public 
event. Thus, a multiplayer feature and simplicity were important 
aspects. Because there are no rhythm-games for many players 
(even up to 20 players) simultaneously, for this experiment an 
existing game called Frets on Fire (published by Unreal Voodoo 
2006) was modified to a cooperative multiplayer version. This 
game is based on the popular Guitar Hero (published by 
Harmonix, Neversoft and Vicarious Visions 2005) game, but it is 
open source software. It can be run on Linux, Microsoft Windows 
and Mac OS X operating systems. Frets on Fire can be played 
with a keyboard, an external joystick or even a Guitar Hero 
controller. 

This study will examine ways to create an enjoyable and usable 
collaboratively controlled game. For the purposes of this study, a 
game is considered usable if the players are reasonably capable of 
playing the game without explicit instructions. A game’s 
enjoyability is determined through player feedback. Collaborative 
control refers to a mechanism that allows multiple users to control 
a single game entity. A game entity in this case is a virtual 
instrument. In a conventional multiplayer game, each player has at 
least one entity that they alone control. In contrast, collaboratively 
controlled gameplay requires that multiple players provide 
collective input for an entity or system. Thus a group of players 
must work simultaneously and in concert with one another to 
achieve their intended goal. 

In the unmodified Frets on Fire game, a player must read the on-
screen notation, simultaneously pressing a particular fret button 
with the left hand and a strum bar with the right hand. Correct 
playing allows each note to make its way out of the audio 
playback. In other words, the goal of this game is that the player 
presses the right button combination, matching the colored dots on 
the screen, which are moving along with the music (Figure 1). 
Some dots have lines attached to them, implying that one should 
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hold down that corresponding button for a longer period of time, 
until the end of the line hits the bottom of the screen. The score 
increases when a player hits the right combination of buttons 
matching the dots on the screen. 

 

Figure 1. During the Frets on Fire gameplay a player presses 
buttons in time to colored markers. They are matched to the 

rhythm of the music. 
In the modified version, players work as a team to control a 
virtual instrument via colored dots. The game prototype piloted 
during the fall 2011 with a total of 36 players. Results based on 
observations and interviews are promising and several subjects for 
future work occurred during the study. 

2. RATIONALE 
In addition to providing a new kind of collective experience, this 
study tries to answer the following research question; how could 
the game be modified so that it would enhance social interaction 
between players? In order to obtain answer to the question, in 
addition to the basic game, game modification is based upon a 
novel user-interface that involves players in cooperation. 
Cooperation is a part of the persuasion, enjoyment as well as 
adding more playfulness to the game. McGonical [23] even claims 
that cooperation always provokes positive emotions and meaning 
in games. Furthermore, by adding the cooperation element to the 
game, the hypothesis is that a novel multiplayer user-interface will 
be the answer to the research question. To understand better this 
solution, persuasion, enjoyment and playfulness are described in 
more detail. 

2.1 Persuasion 
Many people do not need external pressure or rewards to do 
things like playing the guitar; the rewards are built-in, or intrinsic. 
[8] Malone and Lepper [22] have outlined seven types of intrinsic 
motivators that work with games. Three of these motivators are 
group-level intrinsic motivators: competition, cooperation, and 
recognition. They involve interaction among people. According to 
Fogg [8] competition is perhaps the most powerful group-level 
intrinsic motivator. Not everyone is competitive by nature, but in 
most situations and for most people, competition is energizing and 
motivating. Cooperation is another motivator, one that seems to 
be built into human nature. When people belong to a work group, 
most of them cooperate. Finally, people are intrinsically motivated 
by recognition. [8] 

The modified game includes competition between teams. Scores 
are stored on the high score list and teams can watch while others 
are playing. The high score list tries to motivate teams by 

recognition. Cooperation is an essential part of the modification 
through user interface.  

2.2 Enjoyment 
Games (single-player and multiplayer) use different strategies for 
enjoyment. According to Lazzaro [18] one main criteria for 
enjoyment in games is social interaction. Games should support 
and create opportunities for social interaction. Furthermore, 
games should support competition and cooperation between 
players. To support social interaction, games should create 
opportunities for player competition, cooperation, and connection 
[18, 27].  

Game experiences should be structured to enhance player-to-
player interaction and to create enjoyment in playing with others 
both inside and outside the game [18]. People enjoy interacting 
with other people, spending time with friends, watching others 
play. Chatting and talking about the game, seeing other people’s 
reactions and expressions, gloating when beating a friend, or 
feeling pride when they win [18, 35]. Social competitions are also 
an important aspect of social interaction [40], as people gain 
satisfaction from competing against and beating other people. 
Anyway, it is important to note that games with social interaction 
are not necessarily the most enjoyable ones although it is one 
approach to create enjoyment. 

2.3 Playfulness 
Fullerton et al. [10] propose that a playful approach can be applied 
to even the most serious or difficult subjects because playfulness 
is a state of mind rather than an action. Playfulness is a way to 
motivate and activate a user on creating new approaches for many 
not-so-exciting tasks [13]. The definition of playfulness in user 
experience can be constructed from elements that engage people’s 
attention or involve them in activity for the sake of playing, 
amusement, or creative enjoyment [7]. Playful user experience 
provides users with opportunities to develop skills through 
exploratory behavior [41]. 

Several design methods can be used to evoke playfulness in the 
user. A playful game can contain elements of experimentation 
[41] and social interaction [30] such the game modification does. 
Frivolous interaction such as a component of interactive silliness 
can be implemented. According to Malone, an enjoyable user 
interface is based on three aspects: challenge, fantasy and 
curiosity [21]. Playfulness attracts users and provides enjoyable 
user experience. It should also inspire and enable users to develop 
their knowledge and skills. [17] In this case, a novel way to 
control the game provides elements of playfulness such as 
experimentation, social interaction, silliness, challenge, fantasy 
and curiosity. 

3. RELATED WORK 
There are several studies about persuasion, enjoyment and 
playfulness in games. The intention of this study is to achieve 
cooperation with these elements via the novel user-interface. Thus 
it is more relevant to present game controller modifications based 
on Guitar Hero or Frets on Fire games. Many of them deal with 
people with disabilities. Thus, the viewpoint of the design is 
different and they are not comparable with this study. Anyway, 
the system presented in this study is designed to be more social 
paralleled to the following. 
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Versteeg [38] managed to use a brain computer interface to 
control simplified Frets on Fire game. He disabled the rhythm 
button and decreased the number of buttons from five to two. The 
game is dependent on timing, thus it is important that the brain 
computer interface software can analyze data quickly and 
correctly. 

Armiger and Vogelstein [1] developed an interface for the 
commercial video game Guitar Hero using surface 
electromyography to create a novel training and evaluation device 
for upper-extremity amputees. Rather than pressing the keys with 
one’s fingers as in the normal game, a user merely flexes his or 
her index, middle, or ring finger muscles, and the resulting 
myoelectric activity is recorded using six or more EMG electrodes 
placed around the forearm. The acquired data is processed in real-
time using pattern recognition algorithms to derive intended 
motion, and the results are used to control the game. 

Tilley [37] hacked the Dualshock controllers for the Guitar Hero. 
The game is normally played with a plastic guitar-shaped 
controller where one player presses five colored buttons in time to 
music and two players can compete at the same time. The 
controllers were modified so that five students can have one 
colored button each and this allows up to ten students to play at 
the same time in two-player mode. 

Gamers with severe physical disabilities cannot always use 
traditional input devices. Based on that, Vickers et al. [39] utilized 
an eye-gaze interaction technique to control a Guitar Hero style 
game. The experiment concludes with a case study in which a 
young person with physical disabilities is able to successfully play 
the game using only eye movements. 

Very few video games have been designed or adapted to allow 
people with vision impairment to play. Yuan and Folmer [43] 
developed a glove that transforms visual information into haptic 
feedback using small pager motors attached to the tip of each 
finger. This allows a blind player to play Guitar Hero successfully 
and enjoy the challenge. 

Friedman et al. [9] presented the MusicGlove for individuals with 
hand motor impairment as a motivating way to perform hand 
exercises and to quantitatively assess hand movement recovery. 
When the user touches the thumb lead to one of the other five 
electrical leads, a distinct event is sent to the computer through a 
microcontroller. Frets on Fire interprets these events in the form 
of musical notes. 

4. MODIFIED GAME 
The single player game Frets on Fire is modified to a multiplayer 
version, which is designed in a way that everyone can participate. 
Actually players are not necessarily controlling a guitar anymore. 
The original game visualization and user interface modifications 
can present any imagined instrument. In general, this game 
modification was designed to provide a new kind of collective 
experience to players. Via this approach there is an attempt to 
offer a new way of improving team spirit. 

A typical case scenario for use is that a group of friends play the 
game. To succeed in the game, they have to works as a team and 
practice cooperation skills. Another scenario is that the game 
system is available in a public space and people want to try it. In 
addition to playing, they meet new people. 

4.1 Design Principles 
This modification is designed for 1-6 players. But even more 
players can play simultaneously because players use mobile phone 
flashlights to control the game. One player can also have two 
flashlights in both hands. A single player game is almost 
impossible but six players are optimal. In an optimal case, each 
player controls one color. The sixth player similarly controls the 
guitar’s pick. Basically, players just point their flashlight towards 
light sensor items (Figure 2). 

 

Figure 2. Study participants use mobile phones as flashlights 
to control the Frets on Fire guitar-playing game. 

The design is so simple that anyone can just start to play without 
any practice. But players have to decide how they will work as a 
team if they want to experience success in the game, especially if 
there are less than six players. Simplicity in controlling is one of 
the key reasons why this study was not carried out with, for 
example, the multiplayer Band Hero (published by Harmonix, 
Neversoft and Vicarious Visions 2009). Controllers are even 
simpler than five button Buzz! (published by Relentless Software 
2005) buzzers. Another reason is that this solution does not limit 
the amount of players. This is why flashlights (Figure 3) are 
suitable controllers instead of some kind of buttons, for example. 
There can be, for example, ten players controlling the same color 
and they can switch positions during gameplay or they can use 
light as they like. In addition, future work follow-up studies will 
utilize for example phones’ camera sensor (discussed more in 
Future Work chapter). 

 

Figure 3. Mobile phones are equipped with rear camera led 
flash (red circle) and it can be controlled by software without 

using a camera. 
This solution utilizes mobile phones also because almost everyone 
already has a suitable game controller in their pocket. There are 
no modifications to the original game software. Only the game 
controlling mechanics is different. In other words in addition to 
Frets on Fire, this system can also be implemented with the Guitar 
Hero game. In addition to game software, of course, mobile phone 
flashlight application is needed. Actually this modification could 
be used in other kinds of games too, to add an extraordinary 
multiplayer dimension. 
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4.2 Technological Implementation 
The modification (Figure 4) includes three main points: 1) mobile 
phones with flashlight applications, 2) custom-made light sensors 
and 3) the electronics of a keyboard. In general, keyboard buttons 
are replaced with light sensors. Players use mobile phones as 
flashlights to control sensors. Points 1-3 are described below. 

 
Figure 4. The system architecture of the prototype version. 

1) Mobile phones are equipped with rear camera led flash (Figure 
3). The flash can be controlled by software without using a 
camera. The mobile application (Figure 5) is as simple as possible 
and it acts like a flashlight. There is one on/off slide switch to 
control a phone’s flash led. The switch is visualized on a touch 
screen. The light produced is bright and illuminative (Figure 2). 

 

Figure 5. The mobile application includes only one on/off slide 
switch to control a phone’s flash led (see Figure 3). 

2) A light sensor (Figure 6) includes a high-speed light sensitive 
switching diode. It is attached to the inside of a tube-shaped 
container. Its cover is made from transparent plastic and white 
printing paper. Thus light is able to pass through it. The paper’s 
function is to filter light so it is not too sensitive. This way, a 
gaming room does not have to be completely darkened. Only 
intensive light can pass through. When this happens a switch is 
connected and it replaces a button pressed like in the unmodified 
version. 

 
Figure 6. Light sensors and mobile phones on a desk during 
the first try-out. One light sensor corresponds to a certain 

color in the game. The so-called pick button is also a similar 
light sensor and it was colored black (not in this picture). 

3) All light sensors are wired to a keyboard (Figure 7). Wires are 
connected and soldered to keyboard’s circuit board like certain 
keyboard buttons. In this modification a USB-keyboard was used. 
It does not make any difference if it is a Bluetooth-keyboard or it 
can even be a game controller like a gamepad or a guitar-
controller. Light sensors just replace necessary buttons. There was 
no significant delay, even though connectors between the 
keyboard and light sensors were five meters long. 

 
Figure 7. In this initial prototype, all light sensors are wired to 

a keyboard. 
The first attempt to create the game was to utilize phone’s (Nokia 
5800 XpressMusic) ambient light sensor instead of diodes. It 
turned out that the sensor worked too slowly. The second attempt 
to fulfill this solution was using real flashlights with colored 
lenses attached. Colors would match the game’s colors. One or 
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more mobile phones were utilized to observe flashlights via the 
camera function. An image detection mobile application would 
recognize players’ actions. In other words in this case, players 
would play with different colored flashlights and they would point 
towards mobile phones (or a phone) that capture colors (compare 
with Future Work chapter). This kind of solution would need 
more work but it is still an alternative method of implementing 
this modification. Furthermore, the delay between the game and 
players could be a problematic issue if real-time mobile image 
detection application is not efficient. 

5. STUDY 
The study was conducted in the autumn of 2011 with the 
cooperation of Insomnia XIII LAN gaming event (Pori, Finland). 
In addition, a group of volunteers was recruited to attend one try-
out (October 7, 2011) before the actual study (October 28, 2011). 
The participants of the try-out group were college students from 
the Meri-Porin lukio (Pori, Finland, n = 8, 2 teams, 4 female and 4 
male, age 15-18). The participants of the final test (n = 28, 7 
teams, 11 female and 17 males, age 15-20) were attendees of the 
Insomnia event. Team size varied from 3 to 6 players. The 
purpose of the try-out was mainly to test and simulate the 
upcoming gaming situation and discover possible bugs. So the 
following findings and results are mainly based on the actual 
study. During it, volunteer participants played the game by 
forming teams, which competed against one another. Scores were 
saved on a high score list. 

5.1 Research Methods 
Traditional evaluation methodologies in human-computer 
interaction are rooted in the productivity environment; however, 
for entertainment technology, the interest lies in the quality of the 
experience and to what degree this experience is facilitated by the 
entertainment technology, regardless of performance [27]. 
Currently, the most common methods of assessing user 
experience are through subjective self-reporting and through 
objective reports [18]. 

In this study, objective reports are based on real-time and video 
observations. This method was selected because it enabled 
observation of participants while playing and confronting them 
with the game session recordings afterwards. One observer 
captured on video and another wrote down notes during the event. 
Especially, we tried to record behaviors and social interactions. 
Self-reporting included informal on site conversations with study 
participants. All study participants provided feedback 
immediately after playing the game. Questionnaires were not used 
in a situation where people came and went all the time. Too much 
interference might negatively affect the overall experience.  

5.2 Findings and Results 
It was a surprise to participants how much attention playing 
required. In the case of every team, the first round was a tricky 
one because successful gaming requires practiced reactions, in 
spite of the fact that all teams were briefly instructed before 
playing. Almost everyone had also played Guitar Hero earlier so 
they were familiar with the idea of the game. Players noticed that 
it is hard to be good, but the game is easy enough anyway so that 
everyone could participate. In every case, players wanted to try 
more than once and they played even same songs several times. 
Actually a couple of players did not want to stop gaming at all. 

Some players used their feet to tap the beat to concentrate and 
some did it because of a good music listening and playing 
experience. These players said that in order to catch the rhythm, 
playing needs whole body interaction. According to Miller [16], 
playing Guitar Hero is deeply theatrical and the affective 
experience of making music is bound up with embodied 
performance. The same kind of action happened even with mobile 
flashlight controllers; some players acted like rock stars. The 
sound volume has an effect on the players’ moods. Some players 
even said that the experience was like partying. According to 
them, in addition to the music the light controllers provided 
unseen user-controlled light show for the event. 

It turned out that the mobile flashlight application’s on/off slide 
switch was too slow for accurate gaming. Because of that, some 
players tried real flashlights as game controllers but they were 
also too clumsy. The best solution for controlling the game was to 
keep the mobile phone flashlight on all the time. Players only 
pointed towards light sensors at the appropriate moment. One 
player controlled one or two light sensors (colors) depending on 
the number of players on a team. They did not try to control the 
same colors together. 

Communication between team members was important because of 
based on observations and discussions, cooperative teams 
managed to earn more points than others. A good team was 
encouraging and positive minded. Actually the sociality of the 
game formed particularly from the players’ encouragement and 
guidance of others. Anyway, the nature of game is not too social 
because it does not include necessary communication between 
players. Also, shy ones dared to participate and play. In any case, 
players unknown to one another beforehand met new people. It 
did not have an effect on the final results if a team was formed of 
friends or random participants. Teams competed a little bit against 
one another but mainly a team tried only to improve its own 
scores. 

Some players acted as leaders of the team and they encouraged 
and assisted others more than other players. This behavior just 
happened in some teams. It probably depends on the personality 
of players. Also, the most skilled person usually became a leader. 
These leader players also usually controlled the color that 
included the most action during a game. Leaders helped unskilled 
players adjust with a suitable amount of anticipation. Players who 
missed colored dots all the time, were advised that they should 
take action about half second beforehand. Teams with this kind of 
person played better and in a more organized manner. However, 
no one acted as a pure coach-like player on a team; all participants 
wanted to play the game. 

Only a couple of people asked about the implementation of the 
game. However, they did not call it into question. All participants 
just enjoyed playing. This could mean that the game modification 
was convincing and it offered a good experience. Gender did not 
affect skills, progress or results. Also, based on the feedback 
females and males liked the game similarly. The audience seemed 
to enjoy the music show also. Players indicated that the modified 
version was better than the original one because it was fun to play 
with others. According to players, collaboration and skill are the 
main factors of performing well. They also mentioned that this 
version could be a commercial success among other so-called 
party games. 
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Last but not least, one player told that she does not like Guitar 
Hero because of the guitar-like controller, but she would like to 
play this modified multiplayer version. According to players this 
version was easier to try because it is simpler than the instrument-
like controller. Players also told that the flashlight solution is 
better than a keyboard. All players said that game controllers used 
in this study were fun to use and it was fun that mobile flashlights 
are not related at all to music playing. This indicates that a game 
controller does not have to always remind or simulate its real 
world counterpart. 

6. DISCUSSION 
At first, it looks like the game controller solution used in this 
study offers a good gaming experience. It is obvious that the 
appropriate guitar-like controller offers good gaming experience 
too. If these are compared to a keyboard, players prefer to use the 
previously mentioned ones. The keyboard and flashlights are not 
directly related to the music playing game. What causes the 
difference? Is the keyboard too traditional input method? Or does 
it depend on the multiplayer possibilities? Should the controller be 
simple enough or somehow entertaining? This study does not 
answer these questions but it would be useful to study more 
affects of different kind of game controllers on the experiences of 
players. Also the light interface seems to be less embodied than 
the original guitar interface - so is less embodiment part of a more 
social interaction design? 

Ryan and Siegel [31] stated that when users experience a device 
as ready-at-hand, the focus of their attention is on the activities 
they are doing and not consciously on the device itself. In a sense, 
the device becomes an extension of the user. When they 
experience the device as present-to-hand, however, they focus 
specifically on the device, which goes from being an extension to 
being a hindrance as they try to resolve whatever is preventing 
readiness-at-hand of the device. This may explain differences 
between the keyboard and mobile flashlight controllers. 

Arsenault [4] argued that Guitar Hero is not about simulating 
guitar playing and rhythm is the worst simulated dimension. 
However, can this kind of modification change some people 
attitudes towards practicing musical skills? Does it lower the 
threshold to try something unfamiliar like real instruments? 
During the study, there was significant improvement among study 
participants’ sociality. The game could be also used in this way as 
persuasive technology to enhance communication, collaboration 
and social skills between people. 

When it comes to the technology, Frets on Fire was a good choice 
to pair with the game controller modification presented. Although 
the game is related to music, and good music itself can improve 
people’s feelings and emotions, a new kind of social aspect 
positively affected the overall experience. Would this kind of 
modification work as well with other game genres? Even though 
as mentioned earlier, single player game is almost impossible and 
six players is optimal with this modification. For a commercial 
game, this could be a problem if the game cannot cater for 
situations when there might be just one or two players around, and 
they need to be physically present. 

Selected research methods were well suited to this study. 
Observations were found to be a critically valuable tool in 
prototyping this kind of game and studying the experiences 
related to it. In this study, interviewing that was more like planned 

chatting with players worked well because it did not interrupt 
players at all.  

7. FUTURE WORK 
In addition to further research, the next version of the presented 
system will work wirelessly using socket server solution (Figure 
8). It would be similar to that presented by Perttula et al. [28], but 
instead of WLAN (wireless local area network), networking will 
be conducted via the Internet (players will be still co-located). The 
installation and configuration will be more straightforward 
without a local network. A computer or a device with Internet 
connection is needed to view the game. 

 
Figure 8. The system architecture of the planned second 

version (compare to the Figure 4). 
There could be for example colored lights or painted plates 
according to the colors of the game. A player points the phone 
towards corresponding color in time to game events. The game 
will utilize phones’ camera to capture the color and thus perform a 
color detection function. A mobile phone will send captured color 
as a game command to the server. Thus it is possible to create the 
game system without light sensors. In addition, this kind of 
implementation enables also data gathering and monitoring 
options; phones can collect information about players’ 
performance and accuracy. Phones could vibrate and thus provide 
feedback to players. 

There is a need to arrange more comprehensive study and 
compare the modified one with the original version in similar 
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settings. Although some study participants already reported that 
the modified version was more fun to play compared to the 
original single-player guitar controller version. 

As future work, to deepen this study, it could be re-arranged with 
a greater number of study participants and research methods could 
also be based on playability and player experience research [26]. 
In addition, other game research method approaches like Ribbens 
and Poels [29] and Järvinen [11] should be taken into 
consideration. Also, Ian Bogost’s [5] persuasive game studies 
could offer a comprehensive starting point for further research. 
Anyway, as Nacke et al. [18] suggested, a multi-measure 
approach enables a fuller characterization of game experience 
than any single isolated measure. Furthermore to succeed in future 
work, social play [34, 6], different attitudes for play [33], gamer 
mentalities [12], playful experiences [42, 14, 15, 16, 2, 3, 19] and 
ambiguity of play [32] should be taken into consideration. 

8. CONCLUSION 
All study participants enjoyed the game; even players who do not 
profess to like or play so-called rhythm games. As Mäyrä [25] has 
stated, there is plenty of anecdotal evidence available on how 
people who are not usually players of particular digital games or 
games at all actually end up enjoying the experience when they 
have been introduced to such games under suitable conditions. In 
this case, the suitable conditions were an element of cooperation 
and fun input devices. By adding these, the proposed hypothesis 
turned out to true. The user interface that involved players in 
cooperation enhanced sociality between players significantly. 
According to players, the modified game was engaging in action 
and enjoyable. It is interesting that, totally out of context, the 
game controllers offered amusing game experience. 

To sum it up, by adding a novel user-interface, a social element, 
to this game, people were attracted. In addition, simplified game 
controller mechanics with extraordinary multiplayer dimension 
created a new kind of collective experience. Collaborative control 
could be considered the next step in the emerging trend of socially 
encouraging games. The potential knowledge gleaned by this 
study will equip the creators of these games to make novel game 
design decisions allowing them to create fun gameplay 
experiences. 
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