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Book will be published in September 2009. 
 
[2] Magerkurth, C., Akesson, K. P., Bernhaupt, R., Björk, S., Lindt, I., Ljungstrand, Pl., 
Waern, A. (Eds.) (2007). Proceedings of the 4th International Symposium on Pervasive 
Gaming Applications, June 11th to 12th, 2007, Salzburg, Austria, Shaker Verlag. 
 
[3] Bernhaupt, R. and Tscheligi M. (Eds.) (2007) Proceedings of ACE 2007. ACM Press.  
 
[4] Tscheligi, M., Bernhaupt, R. and Mihalic, K. (Eds.) (2005). MobileHCI 2005 - 
Proceedings of the 7th international Conference on Human Computer interaction with Mobile 
Devices & Services (Salzburg, Austria, September 19 - 22, 2005). ACM Press, New York, 
NY.  
 
 

2.2 Chapters in Books: 
 

[1] Bernhaupt, R. (in press). Evaluating User Experience: Methods used in Entertainment 
In: Bernhaupt, R. (Ed.) Evaluating User Experiences in Games. London: Springer, Publication 
Date: 2009. 
 
[2] Lankes, M., Bernhaupt, R., and Tscheligi, M. (accepted). Evaluating User Experience 
Factors using Experiments: Expressive Artificial Faces Embedded in Contexts In: Bernhaupt, 
R. (Ed.) Evaluating User Experiences in Games. London: Springer. Publication Date: 
September 2009. 

 
[3] Bernhaupt, R. (2009). Methods for Usability Evaluation of Multimodal Interfaces. In: 
Grifoni, P. (Ed.) Handbook of Research on Multimodal Human Computer Interaction and 
Pervasive Services: Evolutionary Techniques for Improving Accessibility, p. 454 – 466, IGI 
Global Publication.  
 
[4] Bernhaupt, R., Obrist, M., Tscheligi, M. (2009). Methods for involving users in the 
development of social interactive TV: Enhancing usability and user experience in non-
traditional environments, In: Caesar, P., Geerts, D., and Chorianopoulous, K. (Ed.) Social 
Interactive Television: Immersive Shared Experiences and Perspectives. p. 119 - 138. IGI 
Global Publication. Publication Date: April 2009. 
 
[5] Bernhaupt R. (2009). Digital TV in Austria. In: Van den Breuk, W. & Pearson. J. Digital 
TV in Europe, p. 9-19, VUBpress. 
 
[6] Bernhaupt, R., Wilfinger, D., Mirlacher, T. (in press). Personalizing the TV Experience: 
Vocomedia – a Case Study from Interactive TV, In: Germanakos, P. & Mourlas, C. (Ed.) 
Mass Customization for Personalized Communication Environments: Integrating Human 
Factors. IGI Global. Publication Date in 2009. 
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[7] Bernhaupt, R. (in press). Usability and User Experience Evaluation Methods, In: 
Germanakos, P. & Mourlas, C. (Ed.) Mass Customization for Personalized Communication 
Environments: Integrating Human Factors. IGI Global. Publication Date in 2009. 
  
 
[8] Bernhaupt, R., Mihalic, K. and Obrist M. (2008). Methods for Usability Evaluation of 
Mobile Applications. In: Lumsden, J. (Ed.) Handbook of Research on User Interface Design 
and Evaluation for Mobile Technology, p. 742 – 755, IGI Global.  

 
[9] Bernhaupt, R., Navarre, D., Palanque, P. and Winkler, M. (2007). Model-based 
Evaluation: A new way to support Usability Evaluation of multimodal interactive 
Applications. In Law, E., et al. (Ed.) Maturing Usability: Quality in Software, Interaction and 
Value. p. 95-127, Springer.  
 

 

2.3 Journals 
 

[1] Obrist, M., Miletich, M., Holocher, T., Beck, E., Kepplinger, S., Muzak, P., Bernhaupt, R. 
and Tscheligi, M. (accepted). Local Communities & IPTV: Lessons Learned in an Early 
Design and Development Phase, Computers in Entertainment. 
 
[2] Bernhaupt, R., Weiss, A., Wilfinger, D., Tscheligi, M. (in press) Users’ Needs, Desires and 
Design Preferences for Recommendations in the Living Room, Special Issue of the 
Multimedia Systems Journal (MMSJ). 
 
[3] Bernhaupt, R., Obrist. M., Weiss, A., Beck, E. & Tscheligi, M. (2008). Trends in the 
Living Room and Beyond. Computers in Entertainment, Special Issue, Vol. 6, 1, online. 15 
pages. 

 
[4] Obrist, M., Bernhaupt, R. and Tscheligi, M. (2008). Interactive TV for the Home: An 
ethnographic study on users’ requirements and experiences. International Journal of Human-
Computer Interaction, Volume 24, Issue 2, p. 174-196.  
 
[5] Bernhaupt, R., Obrist, M. and Tscheligi, M. (2007). Usability and User Experience of iTV 
Services: Lessions learned in an Austrian Field Trial. Computers in Entertainment. (May 
2007) vol 5, no 2, 15 pages.  
 
[6] Dienes Z., Perner J., Bernhaupt R. and Kurz A., (1997) Application of implicit knowledge: 
deterministic or probabilistic?, Psychologica Belgica, 37-1/2, p. 89 - 113 

 

2.4 Peer-reviewed Conference Articles (Full Papers) 
 
[1] Winckler, M., Bernhaupt, R. Palanque, P., Lundin, D., Leach, K., Ryan, P., Alberdi, E., & 
Strigini, L. (2009) Assessing the usability of open verifiable E-voting systems: a trial with the 
system Prêt-à-Voter, Proceedings of the International Conference on eGovernment and 
eGovernance, March 2009, Ankara, Turkey, p. 281- 296. 
 
[2] Bernhaupt, R., Wilfinger, D., Weiss, A., and Tscheligi, M. (2008) An Ethnographic Study 
on Recommendations in the Living Room: Implications for Design of iTV Recommender 
Systems, Proc. of EuroiTV 2008, Springer LNCS 5066, p. 92-101. 
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[3] Basnyat, S., Palanque, P. Bernhaupt, R. and Poupart, E. (2008). Formal Modelling of 
Incidents and Accidents as a Means for Enriching Training Material for Satellite Control 
Operations, ESREL 2008, p. 1067 - 1073. 
 
[4] Weiss, A., Bernhaupt, R., Tscheligi, M., Wollher, D., Kühleinz, K., Buss, M. (2008) A 
Methodological Variation for Acceptance Evaluation of Human-Robot Interaction in Public 
Places, Proceedings of ROMAN 2008, Munich 1-3 Aug. 2008, p. 713 - 718. 
 
[5] Bernhaupt, R., Boldt, A., Mirlacher, T., Wilfinger, D., Tscheligi, M. (2007). Emotional 
Flower: How Social Community Building is Influenced by an Emotional Interface Game; to 
AoiR 2007, online version at: http://conferences.aoir.org/papers.php?first_letter=B&cf=6. 
 
[6] Bernhaupt, R., Weiss, A., Obrist, M., Tscheligi, M.(2007). Playful Probing: Making 
Probing more Fun, INTERACT 2007, 10 -14 Sep 2007, Springer LNCS, p. 606-619. 
 
[7] Bernhaupt, R, Palanque, P., Winckler, M. and Navarre, D. ( 2007) Usability Study of 
Multi-Modal Interfaces using Eye-Tracking, Interact 2007, 10 – 14 Sep 2007, Springer LNCS, 
p 412-424. 

 
[8] Bernhaupt, R., Obrist. M., Weiss, A., Beck, E. & Tscheligi, M. (2007). Trends in the 
Living Room and Beyond. In: Cesar, P., Chorianopoulos, K., Jensen, J. F. (Eds.). Interactive 
TV: A shared Experience. 5th European Conference, EuroITV 2007 Amsterdam, The 
Netherlands, May 24-25, 2007, Proceedings of EuroiTV 2007, p. 146-155. 
 
[9] Obrist, M., Bernhaupt, R., Beck, E., & Tscheligi, M. (2007). Focusing on Elderly: an iTV 
Usability Evaluation Study with Eye-Tracking. In: Cesar, P., Chorianopoulos, K., Jensen, J. F. 
(Eds.). Interactive TV: A shared Experience. 5th European Conference, EuroITV 2007 
Amsterdam, The Netherlands, May 24-25, 2007, Proceedings, p. 66-75. 
 
[10] Bernhaupt, R., Boldt, A., Mirlacher, T., Wilfinger, D., and Tscheligi, M. (2007). Using 
emotion in games: emotional flowers. In Proceedings of the international Conference on 
Advances in Computer Entertainment Technology (Salzburg, Austria, June 13 - 15, 2007). 
ACE '07, vol. 203. ACM Press, New York, NY, p. 41-48.  
 
[11] Bernhaupt, R., Obrist, M. and Tscheligi, M. (2006). Usability and Usage of iTV Services: 
Lessons learned in an Austrian Field Trial. Proceedings of EuroiTV 2006, Athens, Greece, p. 
234-241.  
 
[12] Obrist, M., Bernhaupt, R., and Tscheligi, M. (2006). Interactive Television for the Home: 
An ethnographic study on users’ requirements and experiences. Proceedings of EuroiTV 2006, 
Athens, Greece, p. 349 -358. 
 
[13] R. Bernhaupt & J. Pfalzgraf (2002). On mathematical modeling of networks and 
implementation aspects. Proceedings of AISC'02, Springer LNCS, 2002.  

 
[14] R. Bernhaupt, S. Schönet (2001). Using artificial neural networks as an image 
segmentation tool, 5th WSES/IEEE MCME Conference, Crete, 8th - 15th Juli 2001  

 
[15] R. Bernhaupt & J. Pfalzgraf (2001). Time Coded Neurons, Geometric Networks, and 
Homomorphic learning, in Advances in Neural Networks and Applications, 1st Conference on 
Neural Networks and Application, Teneriffe, Spain, 11th-15th February, 2001  
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2.5  Peer-Reviewed Position Papers and Posters 
 

[1] Wilfinger, D., Pirker, M., Bernhaupt, R. and Tscheligi, M. (2009). Investigating Interaction 
Techniques to Support Personalization and Security for interactive TV. Proc. of Euroitv 
2009, short paper, to appear. 

[2] Weiss, A., Bernhaupt, R., Tscheligi, M., and Yoshida, E. Addressing user experience and 
societal impact in a user study with a humanoid robot. In AISB2009: Proceedings of the 
Symposium on New Frontiers in Human-Robot Interaction (2009a), pp. 149-157, published 
by SSAISB, ISBN - 190295680X 

[3] Weiss, A., Bernhaupt, R., Lankes, M. and Tscheligi, M., The USUS evaluation framework 
for human-robot interaction. In AISB2009: Proceedings of the Symposium on New 
Frontiers in Human-Robot Interaction (2009), pp. 158-165, published by SSAISB, ISBN - 
190295680X 

[4] Beck, E., Obrist, M., Bernhaupt, R., Tscheligi, M., (2008). Instant Card Technique: How 
and Why to apply in User-Centered Design. Proceedings of the Conference on Participatory 
Design (PDC) 2008, Bloomington, Indiana, USA, p. 18 - 22.  

[5] Weiss, A., Wurhofer. D., Bernhaupt, R., Beck, E., and Tscheligi, M. (2008) “This is a 
Flying Shopping Trolley”- A Case Study of Participatory Design with Children in a 
Shopping Context, Proceedings of the Conference on Participatory Design (PDC) 2008, 
Bloomington, Indiana, USA, p. 113 - 116. 

[6] Obrist, M., Kepplinger, S., Beck, E., Bernhaupt, R. and Tscheligi M. (2008) Local 
Communities: Back to Life (Live) through IPTV, Proc. of EuroiTV 2008, Springer LNCS 
5066, p. 148-157. 

[7] Palanque, P., Winckler, M., Bernhaupt, R., Alberdi, E., Strigini, L., and Ryan, P. (2008). 
AROVE-v: Assessing the resilience of open verifiable E-voting systems. 7th European 
Dependable Computing Conference (EDCC 2008). Kaunas, Lithuania. May 7-9 2008.. 

[8] Bernhaupt, R., Ijsselsteijn, W., Mueller, F., Tscheligi, M. and Wixon, D. (2008). Evaluating 
User Experiences in Games, In CHI '08 Extended Abstracts on Human Factors in 
Computing Systems (Florence, Italy, April 05 - 10, 2008). CHI '08. ACM, New York, NY, 
p. 3905-3908. 

[9] Palanque, P., Basnyat, S., Bernhaupt, R., Boring, R., Johnson, C., and Johnson, P. 2007. 
Beyond usability for safety critical systems: how to be sure (safe, usable, reliable, and 
evolvable)? In CHI '07 Extended Abstracts on Human Factors in Computing Systems (San 
Jose, CA, USA, April 28 - May 03, 2007). ACM Press, New York, NY, p. 2133-2136. 

[10] Bernhaupt, R., Jenisch, S., Keyser, Y., Will, M. (2007) Capture The Flag: Simulating a 
Location-Based Mobile Game Using the Wizard-Of-Oz Method, In Proceedings of the 
international Conference on Advances in Computer Entertainment Technology (Salzburg, 
Austria, June 13 - 15, 2007). ACE '07, vol. 203, ACM Press, New York, NY, p. 228 - 229.  

[11] Bernhaupt, R., Schwaiger, D., Riegler, S., and Enthaler, D. (2007). Evaluating children's 
gaming experiences. In Proceedings of the international Conference on Advances in 
Computer Entertainment Technology (Salzburg, Austria, June 13 - 15, 2007). ACE '07, vol. 
203. ACM Press, New York, NY, p. 224-225. 

[12] Lankes, M., Bernhaupt, R., Tscheligi, M. (2007) An experimental setting for contextual 
perception of embodied conversational agents, In Proceedings of the international 
Conference on Advances in Computer Entertainment Technology (Salzburg, Austria, June 
13 - 15, 2007). ACE '07, vol. 203, ACM Press, New York, NY, p. 56 - 59. 
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[12] Bernhaupt, R., Eckschlager, M., and Tscheligi, M. (2007). Methods for evaluating games: 
how to measure usability and user experience in games?. In Proceedings of the international 
Conference on Advances in Computer Entertainment Technology (Salzburg, Austria, June 13 - 
15, 2007). ACE '07, vol. 203. ACM Press, New York, NY, p. 309-310. 
 
[13] Bernhaupt, R., Obrist, M. and Tscheligi, M. (2006). Pragmatic Approach to Measure 
User Experience of iTV Services. Workshop on User Experience, Position Paper, Nordichi 
2006, published at www.cost294.org. 
 
[14] Palanque, P., Bernhaupt, R., Navarre, D., Ould, M., and Rubio, R. (2006). Model-based 
Measurement of the Usability of Multimodal Man-Machine Interfaces for Space Ground 
Segment Applications. Proceedings of SpaceOps, 2006.  
 
[15] Palanque, P., Bernhaupt, R., Boring, R., and Johnson, C. (2006). Testing Interactive 
Software: a Challenge for Usability and Reliability. Special Interest Group at CHI 2006. In 
Extended Abstracts CHI 2006.  
 
[16] Obrist, M., Bernhaupt, R., Tscheligi, M. (2006). Users@Home: Implications from 
studying iTV. Proceedings of the 20th International Symposium on Human Factors in 
Telecommunication (Sophia-Antipolis, France, March 20-23, 2006).  
 
[17] Tscheligi, M., Bernhaupt, R. (2005). HCI Education at the ICT&S: Human-Computer 
Interaction as a Cornerstone Between Technology and Society, interactions 12, 5 (Sep. 2005), 
p. 34-36.  
 
[18] Law, E. L., Hvannberg, E. T., Bernhaupt, R., Sefelin, R., and Skjetne, J. H. (2005). 
MAUSE-COST294: a community of interest and practice. In Proceedings of the 7th 
international Conference on Human Computer interaction with Mobile Devices & Services 
(Salzburg, Austria, September 19 - 22, 2005). MobileHCI '05, vol. 111. ACM Press, New 
York, NY, p. 319-320. (Poster) 
 
[19] Bernhaupt, R., Ploderer, B., Tscheligi, M. (2005). Relevance of Prior Experience in MHP 
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3 Presentations 
 

3.1 KEYNOTE at a CONFERENCE 
 

Bernhaupt, R. (2008). Usability and User Experience Evaluation in Non-Traditional 
Environments. Invited Keynote at the X. Brasilian HCI Conference, Porto Alegre, October 
2008. 

 
 

3.2 INVITED TALKS AND LECTURES 
 

- Teaching at the University Paul Sabatier Toulouse III, IRIT, Study Program on Human-
Computer Interaction (2006) 

- Teaching for various software products in several educational institutions and enterprises 
(1994 – 2004) 

- Invited Talk at IRIT New Forms of Research: The HCI & Usability Unit of the ICT&S 
Center, Toulouse, 14.2.06.  

- Invited Lecture at IRIT, Master in HCI, Evaluation in non-traditional environments, 14.2. - 
17.2. 2006.  

- Invited Talk at the Salzburger Medientage 2005: iTV Usage in the Salzburg Field trial 
- Invited Talk at the Salzburger Medientage 2005: Ethnographic Studies in the Home: Findings 

on iTV. 
- Invited Talk at the iTV Workshop of the IRT/MHP Knowledgebase, Munich: Usability of 

interactive systems  
- Invited Talk at the digital Teletext workshop EBU, Genf, Schweiz: Making interactive mhp-

based applications usable 
 
 

4 Community Activities 
 

4.1 Activities as Chair 
 
CHI 2011 

Courses Co-Chair 
together with tba. 

 
CHI 2010 

Courses Co-Chair 
together with Garrett Dworman 

 
EuroiTV 2009 
 
 European Conference on interactive TV, 3rd – 5th June, 2009, Leuven, Belgium. 
 Tutorials Chair 
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EuroiTV 2008 

European Conference on interactive TV, 2nd – 5th July, 2008, Salzburg, Austria,  
 
Short paper Co-Chair together with David Geerts, Belgium 
http://conference.icts.sbg.ac.at/www.euroitv2008.org/committees.html 

 
ACE 2007 

Conference on advances in computer entertainment and technology, 13th – 15th June 
2007, Salzburg, Austria 
 
Technical Program-Co-Chair together with Stephane Natkin, France. 
http://conference.icts.sbg.ac.at/www.ace2007.org/committee.html 

 
Mobile HCI 2007 

9th International Conference on Human-Computer Interaction with Mobile Devices 
and Services, 9th – 13th of September 2007, Singapore, Singapore 
Technical Programm Co-Chair together with Matt Jones, New Zealand 
http://www.mixedreality.nus.edu.sg/mobilehci2007/committee.html 

 
Interact 2007 

10th – 14th of September 2007, Rio de Janero, Brasil 
Co-Chair for Students Work 
Together with Juliana Salles, Microsoft Cooperation, USA 
http://tuim.inf.puc-rio.br/interact2007/section.php?s=committee 
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4.2 Organization of Conferences 
 
ACE 2007 

Conference on advances in computer entertainment and technology, 13th – 15th June 
2007, Salzburg, Austria 

 
Mobile HCI 2005 

7th International Conference on Human-Computer Interaction with Mobile Devices 
and Services 
Local organization 
http://conference.icts.sbg.ac.at/mobilehci.icts.sbg.ac.at/organisers.htm 

 
CHI 2004 

Member of the logistics team at CHI 2004, Vienna, April 2004. 
 
ÖGP 1997 
Tagung der Österreichischen Gesellschaft für Psychologie 1997, Salzburg, Austria 
 
 

4.3 Member of the Program Committee/Reviewer 
 
 
CHI 2009 

Conference on Human Factors in Computing Systems 2008: Reviewer for Courses, Long 
Papers 

 
CHI 2008 

Conference on Human Factors in Computing Systems 2007: Reviewer for Workshops, Long 
Paper, Short Paper, Contemporary Trends, Work-in-Progress 
 

CHI 2007 
Conference on Human Factors in Computing Systems 2006: Reviewer for Long Paper, Work-
in Progress 
 

CHI 2006 
Conference on Human Factors in Computing Systems 2006: Reviewer for Long Paper, Work-
in Progress 
 

CHI 2005 
Conference on Human Factors in Computing Systems 2005: Reviewer for Long Paper, Work-
in Progress 

 
EMC 2009 
 Member Program Committee 
 
EuroiTV 2009 
 Reviewer workshops, tutorials, long and short papers 
 
EuroiTV 2008 
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Reviewer for long papers 
 

EuroiTV 2007 
Reviewer for long papers 
 

INTETAIN 2009 
 Program Committee Member 
 
MobileHCI 2009 
 Reviewer: long, short papers 
 
MobileHCI 2008 

Reviewer: short papers, industrial case studies, posters 
 

MobileHCI 2007 
 Reviewer industrial case studies 
 
Mobile HCI 2005 
 Reviewer long papers, short papers 
 
Tamodia 2007: Workshop Series on Task Models and Diagrams for User Interface Design 2007 
 
Tamodia 2006: Workshop-Series on Task Models and Diagrams for User Interface Design 2006: long 
papers 
 
 
Reviews for: 
SAICIST 2009, SAICIST 2008, SAICIST 2007, EIS 2008, HCSE 2008, HRI 2008, HRI 2009, 
ROMAN 2008, ROMAN 2009, PerGames 2007  
 

4.4 Editorial Boards 
 
Member of the editorial board for the Journal: Computers in Entertainment, ACM Press 
 

4.5 Professional Society Membership and Services 
 
Vice-Chair of the IFIP Working Group 13.2. on Methods in User-Centered Design  
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5 Formation a la recherché 
 

5.1 GRADUATE ADVISING 
 
Member of Jurys 
 

• Julian Alvarez, DU JEU VIDÉO AU SERIOUS GAME, Approches culturelle, 
pragmatique et formelle, Member of the jury, December 2008. 

 
External Reviewer and Member of Jury : 

• Van Tonder, Martin, Stephen, THE DEVELOPMENT AND EVALUATION OF 
GAZE SELECTION TECHNIQUES, January 2009, Nelson Mandela Metropolitan 
University 

• Brown, Michael, Developing Usability Heuristics for Computer Game Design, 
University of Cork, Ireland, Defence 21st of April, 2009. 

 
Supervision of PhD Thesis (University Toulouse III, Paul Sabatier) 
 
Florence Pontico (50%), avec M. Winckler (50%) Une méthode de conception basée sur des patrons 
d’interface pour les applications d’e-Gouvernement (submitted July 2008)  
 
Co-Supervision of PhD Thesis (Univ. Salzburg) 
 
Obrist, Marianna (2007) (30%), avec M. Tscheligi: DIY HCI: Do-It-Yourself Human-Computer 
Interaction. 
 
Lankes, Michael (to be submitted beginning 2009) (50%), avec M. Tscheligi: Facial Expressions of 
Non-Player Characters 
  
Supervision of Master Thesis (FH Salzburg) 

 
Altmaninger, M. (2008). Preliminary title: new forms of media content for the ARS Box, 
Diplomarbeit, FH Salzburg, Studiengang digitales Fernsehen. 
 
Boldt, A. (2008) Emotional Flowers: An Emotional Game. Diplomarbeit, FH Salzburg, 
Studiengang digitales Fernsehen. 
 
Kappacher, M. (2007) GPS gestützte Filmtour für mobile Devices: Ökonomische Analyse und 
empirische Untersuchung des Nutzerverhaltens. Diplomarbeit, FH Salzburg, Studiengang digitales 
Fernsehen. 
 
Kepplinger, S. (2008). IPTV Portals as Community Platform: What effect does an IPTV platform 
have on the social activity of communities?, Diplomarbeit, FH Salzburg, Studiengang digitales 
Fernsehen. 
 
Losbichler, P. (2008). MyESTo: Entwicklung eines ESM Tools am Beispiel Research in Motion / 
Blackberry, Diplomarbeit, FH Salzburg, Studiengang digitales Fernsehen. 
 
Ortner, K. (2007) Analyse von gezielter Konzeption und Entwicklung von 
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Angeboten der Neuen Medien für die Generation 50plus mit dem Fokus auf die Usability. 
Diplomarbeit, FH Salzburg, Studiengang digitales Fernsehen. 

 
Pedri, M. (2006) Die Symbiose von interaktivem digitalen content 
und neuen Technologien. Diplomarbeit, FH Salzburg, Studiengang digitales Fernsehen. 
 
Pietsch, B. (2007) Recommendersysteme für digitales Fernsehen: Durchführung einer Usability 
Studie zu „IVON“, einem TV Recommendersystem von Nokia Siemens Networks, Diplomarbeit, 
FH Salzburg, Studiengang digitales Fernsehen. 
 
Pirker, M. (2008). Preliminary title: New evaluation methods for mobile games, Diplomarbeit, FH 
Salzburg, Studiengang digitales Fernsehen. 
 
Wilfinger, D. (2007). „Look There“, Diplomarbeit, FH Joanneum Graz, Studiengang 
Informationsdesign.. 
 
Zwilling, H. (2006) Usability von iTV-Services unter besonderer Berücksichtigung des 2. 
Salzburger Feldversuches „iiTV@Home“ 

 
Master Thesis (University of Salzburg) 
 

Eckschlager, M. (2004) Nemesys: Neural Emotional Eliciting System. Diplomarbeit. Universität 
Salzburg. 
 
Haberl, G. (2004) Dynamische Synapsen in Zeitcodierten Neuronalen Netzen. Diplomarbeit. 
Universität Salzburg. 
 
Mayr, M. (2004) Visualisierung von abstrahierter dynamischer Information in CSCW-
Anwendungen. Diplomarbeit. Universität Salzburg. 
 
Oberauer, C. (2004) Die Auswirkungen von Strukturmodellierung auf das Verhalten zeitkodierter 
Neuronen. Diplomarbeit. Universität Salzburg. 
 
Obermair, C. (2004) Implementierung zeitcodierter Neuronenmodelle im FlexSimTool. 
Diplomarbeit. Universität Salzburg. 
 
Rittsteiger, H. (2004) Einsatz des WebEvaluators im Usability-Engineering Prozess einer e-
Learning Plattform. Diplomarbeit. Universität Salzburg. 
 

 

5.2 Service on University Committees  
 

• Institute Vice-Chair (Stv. Institutsvorstand), Institute for Computer Science 2001-2002. 
 

• Member of the Commission for Informatic Studies (Studienkommission Informatik) 2001 – 
2003. 

 
• Member of the Development Group on an interdisciplinary Master in e-Management 2001 - 

2004 
 

• Member of the initial Team for the ICT&S Schwerpunkt at the Salzburg University 2002 – 
2004. 
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6 Project Activities and Cooperations 
 

6.1 International Projects 
 
Living Room 2010: Evaluation of new forms of interaction in the living room 
(1.8.2008 – 31.7. 2009), Project at IRIT; funded by ruwido, Austria (36.000 EUR) 
 
The aim of Living Room 2010 is to explore new forms of interaction in the living room, based on the 
findings in the iTV4ALL project. A special focus lies on the development of technologies that also 
support children and elderly – as well as on the development of products that will be sustainable. The 
project will consist of an ethnographic study investigation current trends in the living room, a concept 
study of a new interaction technique and several usability and user experience studies to improve the 
initial concept. 
 
FP6 EU, Network of Excellence ReSIST – Project AROVE-V 
(1.1.2008 – 31.3.2009), Project at IRIT, funded with 45.000 EUR for the project AROVE-V 
 
ReSIST is a Network of Excellence that integrates leading researchers active in the multidisciplinary 
domains of Dependability, Security, and Human Factors, in order that Europe will have a well-focused 
coherent set of research activities aimed at ensuring that future “ubiquitous computing systems” (the 
immense systems of ever-evolving networks of computers and mobile devices which are needed to 
support and provide Ambient Intelligence), have the necessary resilience and survivability, despite any 
residual development and physical faults, interaction mistakes, or malicious attacks and disruptions. 
 
Arove-v is a project within the ReSIST framework to investigate security, trust and uability aspects of 
e-voting procedures. Partners in that project are the University of Newcastle, City University London,  
 
Robot@CWE (2006 – 2009), funded in the 6th IST Framework FP6-2005-IST-5 Collaborative 
Working Environments (funding 250.000 for the ICTS&S Center) 
 

The aim of ROBOT@  is to establish a concept and develop prototypes of a collaborative 
working environment that include robots and thus to improve productivity and safety. We are 
part of a consortium of 10 partners in Europe and Japan, coordinated by CNRS/AIST Joint 
French-Japanese Robotics Laboratory, France. The project is funded by FP6-2005-IST-5 
Collaborative Working Environments and lasts from November 2006 to October 2009. During 
this time our focus is on usability and user experience issues in human-robot collaboration and 
tele-operation interfaces. Furthermore we investigate social issues of robots in working 
environments such as acceptance and social appliance, which underlines the interdisciplinary 
nature of the ICT&S Center. 

 
MAUSE – Maturation of Usability Evaluation Methods (Leading all ICT&S activities within the 
project) 01.01.2005 – 31.12.2008 (funding for travel costs only), 30 partners (see www.cost294.org) 

 
The human-computer Interaction unit takes part in the project MAUSE. This project started in 
January 2005 and will end in 2008 and is supported by COST. The ultimate goal of MAUSE is 
to bring more science to bear on Usability Evaluation Methods (UEM) development, 
evaluation, and comparison, aiming for results that can be transferred to industry and 
educators, thus leading to increased competitiveness of European industry and benefit to the 
public. 
The main objective of the COST 294 is threefold:  
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• to deepen the understanding about the inherent strengths and weaknesses of individual 
Usability Evaluation Methods (UEMs);  

• to identify reliable and valid methods to compare different UEMs in terms of their 
effectiveness, efficiency as well as scope of applicability;  

• to develop efficacious strategies for extracting useful information from the results of 
UEMs to improve the system tested;  

More information can be found on www.cost294.org 
 
 
IMAGE – 1.2.2006 – 31.3.2007, Evaluation of multi-modal interaction for satellite ground control 
stations, partners: ICT&S Center and IRIT, Toulouse France (12.000,-- EUR for the ICT&S Center 
funding) 
 

The goal of image is using multimodal interfaces to control 3D visual representations of 
satellites. The ICT&S Center is responsible for the evaluation of the various interaction 
techniques for controlling satellites from a ground-station control room. Especially the usage 
of 2 mice and speech will be investigated. Several user studies will be conducted to show 
applicability of interaction techniques proposed.  

 

6.2 National Projects 
 

iTV4ALL – user-centered development of new remote controls, 1.05.2006 – 30.4.2008, Bridge 
Förderlinie, FWF (220.000 EUR funding for the ICT&S Center) 
 

Main goal of the cooperation between ICT&S Center and ruwido is to lay the foundations for 
the usage of new interaction techniques in the living room. The project iTV4ALL is funded by 
the BRIDGE programme of the FFG (Austria) and supports research on user centered 
developments of new remote controls. Extensive basic research addresses current trends and 
development in the living room, media and entertainment behaviours of various user groups 
(ranging from single parents to elderly and patch-work families) as well peoples daily life. The 
first phase of the project is solely focusing on the home as a special usage context of new 
information and communication technologies. 
 
In the second phase of the project several new interaction techniques and concepts will be 
prototypically developed based on the findings from the first phase. Usability and user 
experience will be evaluated using various methods ranging from focus groups, usability 
studies to experiments. The goal will be the development of at least one fully functional 
prototype. 
 
iTV4ALL enables the development of a new generation of remote controls addressing the 
users needs for simplicity. The development of several prototypes will help to address the 
various user needs concerning new ways of entertainment in the living room (especially 
interactive TV). Requirements from social interactions and the specific usage context (“the 
living room as the new campfire of the century”, Ferdinand Maier, head of ruwido) can be 
addressed like personalization using finger print, security issues or communication 
possibilities. 

 
iiTV@Home – second field trial on interactive TV in Salzburg (Leading all ICT&S activities within 
the project), 01.07.2005 – 30.06.2006 (funding 60.000 EUR for the ICT&S Center) 

 
The goal of iiTV@home is the development of an interactive information and cooperation 
platform, based on personalized and local context. The goal of iiTV@home was the 
development of concepts and commercial successful applications, including also public 
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participation (interactive map). Technical implementation and analysis of the given concept 
was a major goal within the project. Additional the usage and acceptance of the applications 
was investigated. An overview of the results of this project can be found in the report 
“iiTV@home” in Salzburg. 
 

iTV Salzburg – Developing user friendly interactive TV services based on MHP, Field Trial Dec 2004 
– March 2005 (Leading all activities of ICT&S within the project), 

01.07.2004 – 01.06.2005 (funding 80.000 EUR for the ICT&S Center) 
 

The project iTV-Salzburg started in May 2004 and is funded by the Province of Salzburg and 
the European Union (EFRE). 100 households test and evaluate the interactive TV from 
December 2004 until February 2005. The project consortium consists of the FH Salzburg, 
Salzburg University with the Department of Scientific Computing and the ICT&S Center, 
Salzburg AG (a local cable provider) and Salzburg Research. The content for the interactive 
services is delivered by the following partners: ORF, Salzburger Nachrichten, Antenne 
Salzburg, Ticketcenter Polzer and WEBWORKS.  
 

6.3 Regional Projects 
Emotional Flower – Using emotions based on facial expressions to control a game. 1.07.2006-
30.06.2007 (Computer Science Department, Univ. Salzburg; ICT&S Center) 

 
The “Emotional Flowers” game harnesses the player’s emotions as the primary means for the 
game interaction. Within the game the player’ facial expression of emotion is used to control 
the growth of a flower. “Emotional Flowers” can be played by several players simultaneously. 
The main idea is to grow the flower as fast as possible based on positive emotions like 
happiness and surprise. Flowers of all participants within the game are additionally displayed 
on an ambient display in a public area. This influences not only emotions by the user, but also 
has an effect on social interactions within the group of players. 

 
ADIS – 1.2.2004 – 1.10.2005 

ADIS is a system capable of generating accessible and device independent hypertext structures 
out of a single data repository. The system helps authors and maintainers of content in 
hypertext structure to handle accessibility and device independence without much effort. To 
achieve accessibility of websites ADIS computes an accessible version for every webpage. 
Device independence is achieved by means of content selection according to the client’s 
capabilities. ADIS additionally delivers an accessible version which can be used on all 
devices.  

 
NEMESIS – 1.4.2003 – 31.12.2005 

 
To enhance interfaces with emotional information, we developed a technology to elicit 
emotions. Nemesys is a new system to learn emotion elicitation based on various scenarios. 
The system uses an artificial neural network and is able to learn six basic emotional states. The 
elicitation of emotions is based on models drawn from the state of the art in modelling 
emotions in the field of psychology. Further Nemesys includes the Five-Factor Model of 
Personality to represent different agent personalities. 
The system (called after Nemesis, the Greek goddess of righteous anger) is already used in in 
character centric 3D game scenarios. It will be additionally applied to enhance the user 
experience in common human-computer interaction applications 
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Active Participation in Other Projects (Selection) 

 
- Leading the project group “FlexSimTool”, development of a simulator for artificial neural 

networks; Internal project at the Department of computer science (10 team members), 
University of Salzburg (2000 – 2003) 

- Leading the development of a new e-learning platform: “E-learn: Cosy”. (2001 – 2004)  
- CitizenMedia (2006 – 2008) Set up of specialized test-beds and methodological development 

of new evaluation methods, funded in the 6th IST Framework FP6-2005-IST-41 Networked 
Audio Visual Systems and Home Platforms. 

- ETC – Salzburg (2005 – 2008) Development of Guidelines for the evaluation of mobile 
applications 

- Telearbeit und Qualität des Arbeitslebens (AQUATEL)©. (1997 – 1999) TU München. 
- Simulation und Entscheiden (01.07.1996 - 31.12.1998) Institut für Psychologie, Universität 

Salzburg 
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7 Teaching 
 
University Toulouse III Paul Sabatier: 
 
Study year 2008 – 2009 
 

• Lecture: Evaluation Methods for HCI; Master 2 IHM, (6 hours) 
• Lecture: User Experience: Concept and Evaluation; Master 2 IHM, (6 hours) 
• Lecture: Introduction to Human-Computer Interaction, Master 2 Multimedia, (20 hours) 
• TP: Introduction to Human-Computer Interaction, Master 2 Multimedia, (20 hours) 
• Lecture: Introduction to Games, Master 2 Multimedia, (20 hours) 
• TP: Introduction to Games, Master 2 Multimedia, (10 hours) 

 
Study year 2007 - 2008 : 
 

• Lecture.: Introduction to HCI at the Master 2 IHM (6 hours) 
• Lecture: Introduction to HCI under special consideration of Games, Master 2 Multimedia(20 

hours)  
• TP: Introduction to HCI under special consideration of Games, Master 2 Multimedia (10 

hours) 
 
University of Salzburg 
 
Study year 2006 - 2007 
 

• Lecture (Vorlesung), ICT&S Applications II (Course number 511 294), Master Level, 30 h 
• Lecture with practical components (VP), HCI Approaches and Methods (086 004), PhD Level, 

30 h 
• Seminar (Seminar) Bachelor Seminar – HCI-Studio I (511 194), Bachelor Level, 30 h 
• Lecture (Vorlesung) Basics in Human-Computer Interaction (511 277), Bachelor Level, 30 h 
• TP (Proseminar) Basics in Human-Computer Interaction (511 278), Bachelor Level (with B. 

Ploderer), 15 h 
 

Study year 2005 – 2006: 
 

• Lecture (Vorlesung), ICT&S Applications I (511 286), Master Level, 30 h 
• TP (Proseminar), User Experience Engineering (511 276), Bachelor Level, 15 h 
• Lecture with practical components ( VP) Introduction to Unix (511 147), Bachelor Level, 

30 h 
• TP (Proseminar) Human Computer Interaction (511 274), Bachelor Level, 15 h 
• Lecture with practical components (VP) Interactive Technologies (086 003) PhD Level, 30 h 
• TP (Proseminar) User Experience Engineering (511 276), Bachelor Level, 15 h 
 

Study year 2004 – 2005 
 

• Lecture with practical components (VP) Introduction to Unix (511 147), Bachelor Level, 
30 h 

• TP (Proseminar) Introduction to Java-Programming (), Bachelor Level, 30 h 
• Lecture (Vorlesung) Introduction to HCI (511 277), Bachelor Level, 30 h 
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• TP (Proseminar) Introduction to HCI (511 278), Bachelor Level, 15 h 
 

Study year 2003 - 2004 
 

• VP  Introduction to Unix (511 147), Bachelor Level, 60 h 
• TP (Proseminar) Introduction to Java-Programming (511 092), Bachelor Level, 30 h 
• Lecture (Vorlesung) Human-Computer Interaction (511 273), Bachelor Level, 30 h 
• TP (Proseminar) Human-Computer Interaction (511 274), Bachelor Level, 15 h 

 
Study year 2002 - 2003 

• Lecture with practical components (VP) Introduction to Unix (Anwendersysteme) 
(880148/880149), Bachelor Level, 60 h 

• Lecture (Vorlesung) Human-Computer Interaction (511 273), Bachelor Level, 30 h 
• TP (Proseminar) Human-Computer Interaction (511 274), Bachelor Level, 15 h 
 

 
Study year 2001 – 2002 

 
• Lecture with practical components (VP) Introduction to Unix (Anwendersysteme) 

(880148/880149), Bachelor Level, 60 h 
• Lecture (Vorlesung) Simulation with artificial neural networks (880370) (60h) 
• TP (Proseminar) Simulation with artificial neural networks (880371) (30h) 

 
 

Study year 2000 – 2001 
• Lecture with practical components (VP) Introduction to Unix (Anwendersysteme) 

(882240), Bachelor Level, 30 h 
• TP (PS) Formal Systems (882247/882248/882249), Bachelor Level, 90h 

 
 

Polytechnical University Salzburg (Fachhochschule) – Digital TV 
 
Lecture: Interactive Applications I (30 h), held in the study years 2007/08; 2006/07; 2005/06 
TP (PS): Interactive Applications I (15 h), held in the study years 2007/08; 2006/07; 2005/06 
Lecture: Interactive Applications II (30 h), held in the study years 2007/08; 2006/07; 2005/06 
TP (PS): Interactive Applications II (15 h), held in the study years 2007/08; 2006/07; 2005/06 
 
Lecture: Interaction Devices and Customers (30h), held in the study years 2002/03; 2003/04; 
2004/05 
Lecture: Multimedia Networks (30 h), held in the study year 2003/04 
TP (PS): Multimedia Networks (45 h) held in the study year 2003/04 
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1 Introduction 
 
In recent decades we have seen the rapid development of new information and 

communication technologies such as the Internet, new forms of distributed and embedded 

computing technology, which have spread into almost all parts of our daily lives such as 

education and health, be it at home or in public spaces. With the same development pace, new 

forms of interaction techniques have been invented, improving efficiency and promising new 

ways to enhance user experiences but accompanied by the ever-increasing complexity of user 

interfaces. 

 

Usability is a crucial quality attribute of a system. Examples of measures of usability during 

operation are for example, effectiveness of the user carrying out tasks that the system is 

designed for, user efficiency and user satisfaction. These measures can be quantified with 

metrics using completion time, number of errors or subjective user satisfaction. Usability 

evaluation is not a new area, but can be traced back to the birth of the field “Human-

Computer Interaction” (HCI). Methods performing usability evaluation have only been 

systematically developed during the past 20 years. Based on various definitions within the 

literature (see e.g. Hartson, Andre and Williges, 2000) usability evaluation methods (UEMs) 

can be summarized as any method employed to perform usability of any interaction design at 

any stage of its development with the goal, when applied, to produce a list of potential 

usability problems as an output. In this work UEM is seen in a broad sense including also the 

evaluation of existing products to inform the design of new products and services. The general 

objective of usability evaluation is to determine whether a system fulfils a set of usability 

requirements. The output of an evaluation can be a list of usability problems but also design 

guidelines or explicit descriptions of improvements that enhance usability.  

 

The application of usability evaluation methods to evaluate new forms of interaction 

technologies that are used in non-traditional environments has shown various shortcomings 

and difficulties. Adaptations of methods are known from many different areas. The mobile 

human-computer interaction (Mobile HCI) field, employing usability and user experience 

evaluation methods, has taught us that the context of use has to be taken into account in order 

to understand possible limitations of methods. The context of use today reaches far beyond 

standard desktop settings, including applications like games (with thousands of players 

simultaneously involved in a combat), including domains like the home (with new forms of 

technologies that shall be connected with the home in the near future), and including new 

technologies like new interaction techniques for large displays or multi-modal interaction for 

satellite control stations. Important for my work is that the evaluation of product use and daily 

usage habits in the home context also showed that evaluation methods must be adapted. The 

variations of ethnographic methods known as “cultural probing” show how the probing 
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material has to be changed for the various environments that the method was used in 

(technology probes, mobile probes etc.). We have been adapting cultural probing to include 

playful elements (Bernhaupt, Weiss, Obrist and Tscheligi, 2007). Other influences from usage 

contexts have been reported from diverse areas like in-car usage, military services or other 

safety-critical domains like air-traffic control or satellite control (Bernhaupt, Navarre, 

Palanque, Winkler, 2007).  

 

The overall goal of my work is to understand how methods for usability evaluation can be 

systematically adapted to fit the various needs that are stemming from the non-traditional 

environment the system, product or devices is used in. The investigation of method 

adaptations has currently been performed in areas like the home, for mobile devices and 

services and for new forms of interactions in the area of safety-critical systems and human-

robot interaction. The term non-traditional environment (NTE) was first used by Bennet, 

Lindgaard, Tsuji, Connelly and Siek (2006) to describe environments that change rapidly 

without forewarning; environments that are difficult or impossible to control or environments 

that are for example stressful for the user, for example health care facilities, emergency 

response, home environments or military areas. In this document the term non-traditional 

environment is used to summarise the various application domains that have an impact on the 

successful application of evaluation methods in their respective domains, as well as the 

influences these domains have on the user interacting with the product (being stress, being 

relaxed, being sleepy, …). 

 

The term “user experience” has emerged extending the concept of usability, since the term 

usability, even when defined broadly as quality in use, neglects contributing factors like fun, 

enjoyment or emotional state of the user while using a product (Hassenzahl and Tractinsky, 

2006). When addressing user experience, various factors are seen as central for example 

Norman (2004) sees emotion as an integral part of the user experience design. The concept of 

flow (Csikszentmihalyi and Rochberg-Halton, 1982) is commonly used to describe a typical 

state of enjoyment while performing a task and is thus most often used in the area of gaming. 

The demand for structured research on user experience was recently summarized by 

Hassenzahl and Tractinsky (2006). 

 

Research on user experience is a second aspect of my work. Goal of this research is the 

investigation if user experience evaluation can be seen (and conducted) as a part of 

(traditional) usability evaluation methods currently applied. We have been using in most of 

our studies usability and user experience measures (e.g. in form of questionnaires). The 

question is if these forms of measures really help to improve the design of the system. For me 

it seems important to get a general understanding on what aspects of user experience we can 

successfully influence (when designing, building, developing a system), and how these factors 

affect the overall user experience of the people interacting with the system. My research on 
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that aspect of understanding user experience (to then inform the adaptation of methods) was 

mainly conducted in the entertainment domain. 

 

When adapting usability evaluation methods (UEMs) and user experience evaluation methods 

(UXMs) it seems necessary to validate the adaptations. Goal of a validation would be to show 

that the adapted method helps to overcome the reported shortcomings. For the validation of 

usability evaluation methods there is an extensive amount of work on how to compare 

methods (see e.g. Gray and Salzman, 1998). It is difficult to define how to measure the 

successful application of a user experience evaluation methodology. User experience (UX) is 

still not a well defined term. User experience evaluation is thus defined less explicitly, but 

refers most often to the evaluation of concepts like fun, enjoyment, aesthetics or emotions 

(Tractinsky, Katz and Ikar, 2000). User experience is seen by some authors as a factor that is 

only related to the individual interacting with the product and not seen as a factor that can be 

influenced directly during system development (Hassenzahl, 2003). When evaluating user 

experience (e.g. by measuring the user’s current emotional state) most often the implications 

for the system development stay unclear. As I believe that UX is not only related to the people 

using the product, but that it is possible to support and influence aspects of the general user 

experience within the product development to some extent (see e.g. work on product 

experience within the design community (Buxton, 2007; Desmet and Hekkert, 2007)), the 

success of an user experience evaluation method can be described as the ability to inform the 

design of the system. 

 

The description of my contribution to research on the adaptation of evaluation methods in 

various domains is structured as follows: Chapter two provides an overview on usability 

evaluation methods and shows how some of the evaluation methods have been adapted to 

make them applicable for the home environment (chapter three), to better support evaluation 

of mobile devices and services (chapter four) and how to support the evaluation of 

multimodal interaction techniques in safety-critical systems and in human-robot interaction 

(chapter five). Chapter six gives a brief overview on the current definition of user experience 

and some methods available for user experience evaluation. The adoption of evaluation 

methods to better understand one factor of user experience, namely emotion, is described. 

Chapter seven summarises the work presented and concludes that usability and user 

experience can not be seen as (the only) aspects that must be considered during system 

development and argues for an evaluation of usability and user experience framework 

considering other important attributes of interactive computing systems. Chapter eight finally 

discusses future work that should follow from the research presented.  

 

The work is generally structured as follows: each of the chase study chapters (chapter three to 

five) consists of an overview on the current state of the art (including work I have been 
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contributing), followed by a description of the methods we have been adapting to overcome 

the shortcomings: 

• on not including a variety of users (e.g. with the playful probing method published in 

Bernhaupt, Weiss, Obrist and Tscheligi, 2007), 

• improving the involvement of users in the development process (e.g. the Instant Card 

Technique, published in Beck, Obrist, Bernhaupt and Tscheligi (2008) and the 

application of the Instant Card Technique for social iTV applications in Bernhaupt, 

Obrist and Tscheligi (2009)), 

• enabling user studies in lab and in the field under controlled conditions (The Real 

World Lab, published in Bernhaupt, Mihalic and Obrist, 2007), 

• comparing lab and field studies (published in Bernhaupt (2009)),  

• or improving evaluation of new interaction techniques (e.g. using model-based 

evaluation published in Bernhaupt, Navarre, Palanque and Winckler, 2007). 

Chapter six is devoted to user experience evaluation investigating especially emotion as one 

of the major factors contribution to user experience with an experimental set-up called 

Emotional Flowers (Bernhaupt, Boldt, Mirlacher, Wilfinger and Tscheligi, 2007) and work on 

embodied conversational agents (published in the PhD of Michael Lankes, 2009, which I was 

co-supervising). 

 

At the end of each section a short paragraph highlights my contributions to that area or 

domain and points to the most important research work that should follow from the findings. 

All aspects of my future work are presented in a five step description in chapter eight.  
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2 Usability Evaluation Methods 
 
Usability evaluation is used in the area of human-computer interaction to increase the 

efficiency, effectiveness and user satisfaction when interacting with any form of interactive 

computer system or more generally any form of interactive information and communication 

technology. The document ISO 9241-11 18 Guidance on Usability (ISO, 2008) specifies 

usability as: “The extent to which a product can be used by specified users to achieve 

specified goals with effectiveness, efficiency and satisfaction in a specified context of use.”  

 

The area of usability evaluation today can be summarised as all forms of methods1 that can 

help to understand how to improve the usability of a system, to investigate usability problems 

in all kinds of domains, including methods that are used to evaluate the long-term use of a 

product in the field and methods that are used to understand and investigate daily habits and 

use of products.  

 

From the perspective of human-computer interaction, the development of a usable product can 

only be achieved following an iterative development process. The goal of a user-centered 

design process (ISO 13407) is to develop a usable product in iterative phases. Product 

development starts with investigating new ideas for a product in the field, followed by a user 

and task analysis and a simple paper prototype. Usability evaluation is conducted 

continuously during the whole development to understand how to improve the product or 

service in terms of usability. At each stage during the development different methods can be 

used to improve usability aspects of the product. For the paper prototype most often expert 

evaluations are used, while at later development stages evaluations including users are more 

likely. 

 

Usability evaluation methods (UEMs) can be classified according to several aspects. Gray and 

Salzman (1998) classify usability evaluation methods into analytic and empirical methods. 

The MAUSE project (www.cost294.com), a project on the maturation of usability evaluation 

methods, has been developing a classification for usability evaluation methods (Law, Scapin, 

Cockton, Springett, Stary, Winckler, 2009) dividing UEMs in three categories: data gathering 

and modelling methods, user interaction evaluation methods and collaborative methods. 

 

                                                 
1 Methods are defined in this work as a set of techniques for investigating phenomena and acquiring knowledge. 
Usability Evaluation Methods are summarised as a set of techniques devoted to find, understand, explore and 
improve usability problems. Contrary a methodologies would be the collection of theories, concepts, or ideas or 
comparative studies of different approaches (in German: “Schulen”). The presented work is on adapting (single) 
methods, not on the development of methodologies in general. 
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Figure 1 presents the classification used in this work, originally published in (Bernhaupt, 

Navarre, Palanque and Winckler, 2007):  

• Inquiry oriented methods: questionnaires, probing, interviews … 

• User studies and testing: usability tests, field studies … 

• Inspection or expert oriented methods: heuristic evaluation, cognitive walkthrough … 

• Analytical modelling: task model analysis, performance models … 

 
Figure 1: Overview of a typical classification of usability evaluation methods (from Bernhaupt, Navarre, Palanque 
and Winckler, 2007) 

 

The following section presents some of the most commonly used methods and their 

application in a user-centered design process. 

 

2.1 Usability Evaluation during User-Centered Development 
 

When starting to develop a new product, system or even a robot, during the idea generation 

phase, various methods can help to understand users needs and desires. Methods from social 

sciences like interviews, questionnaires or focus group are used to evaluate first design ideas. 

However, when looking at how to really meet the user needs and how the future development 

or product will be used in a non-traditional environment, we have to go back and look at the 

use of existing technologies in the field to understand current usage of the systems. For 

industrial oriented development the idea generation phase typically starts with customer 

feedback from internet sites or hot-lines. For areas like safety-critical systems and human-

robot interaction, an in-depth understanding of the usage context, its risks and pitfalls have to 

be conducted. Usability and related concepts like security or reliability are typically modelled 
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using formal specifications including various approaches of user and task analysis and 

modelling (Palanque, 1997). However, when looking at the idea generation phase of 

entertainment oriented products, these products are used anytime, anywhere, alone or with 

others, in games sometimes with thousands of other people at the same time, the products can 

be integrated in cars to be used while driving or are used together with the family in the living 

room. For these wide variety of interactive computing systems different evaluation criteria 

may apply, but most often the same methods are used to evaluate usability and user 

experience aspects, independent of the e.g. application domain, usage context or emotional 

state the users are in.  

 

One aspect that the idea generation phase of (information) systems, including safety-critical 

applications, robots and entertainment oriented applications, is that the usage context is 

typically not well understood. To investigate usage in all kinds of contexts, ethnographic 

studies are used in the area of human-computer interaction. “To limit the typical problems of 

ethnographic studies of researchers taking part in the field study and to enable the 

investigation of daily life without researchers’ participation cultural probes (Gaver, Dunne 

and Pacenti 1999) were invented as a methodological variation of ethnographic studies 

(Atkinson, 2003). Developed in the tradition of artists and designers and not based on typical 

engineering approaches, cultural probing is purposefully designed to inspire, reveal and 

capture the forces that shape an individual and his/her life, at home, at work or on the move 

(Harper, 2003). It is a method for understanding participant’s experiences and behaviour in 

situ. Probes are mainly used to gather insights on the users’ context in order to better inform 

the design process in an early stage (Gaver et al. 1999; Jääskö and Mattelmäki, 2003, 

Bernhaupt, Obrist, Tscheligi, 2006).” (Bernhaupt, 2009 a, in print) 

 

For early development stages, especially when a first (paper) prototype is available, expert or 

inspection oriented methods can be applied. Evaluation based on inspection methods assumes 

that human factors experts rely on ergonomic knowledge provided by guideline 

recommendations or on their own experience to identify usability problems while inspecting 

the user interface. Methods belonging to this category include cognitive walkthrough 

(Wharton, Rieman, Lewis & Pohlsen, 1994) and heuristic evaluation (Nielsen & Mack, 

1994). 

 

Analytical modelling like task model analysis and performance models can help to understand 

if use of the (future) system including new forms of interaction like multi-modal interaction, 

mobile interaction or even human-robot interaction is affected by the usage in a non-

traditional environment or context. 

 

For later development stages, once a prototype is available, user testing can help to reveal 

typical use problems. Usability tests or studies are performed requesting users to perform 
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selected tasks. Observation of the user can be performed by the so called test-leader, or is 

done using cameras. The results of the user performance (time to solve the task, number of 

errors, and user’s solution of the task) help to understand possible usability problems. The 

usability problems can be related to several principles like learnability, flexibility or the 

robustness of the system (Dix, Abowd, Finlay and Beale, 2004). Though a usability test only 

shows the usability problems and does not offer solutions. Asking participants performing a 

task how they would improve the interaction to make the task easier to perform is one 

possibility. Typically the improvement of the user interaction in terms of usability is a long 

process, having designers, usability specialists and engineers working close together. Once 

(fully) functional (prototypical) systems are available user studies in the lab and in the field 

help to understand how tasks are performed and how contextual influences affect the usability 

of the system or product.  

 

For further information on expert oriented methods like heuristic evaluation, cognitive 

walkthrough or pluralistic walkthrough see (Nielsen and Mack, 1994), for conducting 

usability studies, tests or experiments see Dix, Finlay, Abowd and Beale (2004), for 

evaluation methods in mobile settings see Marsden and Jones (2006), for an overview on 

usability (and user experience) evaluation methods for mobile settings see Bernhaupt, 

Mihalic, Obrist (2008), for multimodal (mobile) interfaces see Bernhaupt (2009), for 

evaluation of mass-customizable products see Bernhaupt (2009a, in press). 

 

2.2 Usability Evaluation Methods for NTE 
 
Non-Traditional Environments can be seen as an umbrella term to allow research to focus on 

influences that stem from the usage of interactive computing systems beyond the desktop. The 

term non-traditional environment (NTE) was first used by Bennet, Lindgaard, Tsuji, Connelly 

and Siek (2006) to describe environments that change rapidly without forewarning; 

environments that are difficult or impossible to control or environments that are for example 

stressful for the user, for example health care facilities, emergency response, home 

environments or military areas. NTE include the influences of these domains on the user 

interacting with the product (e.g. being nervous, ill, relaxed or stressed).  

 

Some of these NTE have an important impact on the importance of usability for the overall 

system, e.g. for safety-critical domains usability might not be the primary goal, but the focus 

will be on safety of the product, for entertainment applications the focus might be more on the 

overall user experience (and not on the usability of the game). Use of products and services in 

non-traditional environments (NTE) has been reported to influence the applicability of the 

method. For example the usage of heuristic evaluation in various application domains has 

shown that the context of the usage of the product can influence applicability: 
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• The originally proposed guidelines (Nielsen and Mack, 1994) are partly not applicable 

when evaluating new forms of interaction techniques. The guideline “Provide visual 

feedback” for example does no longer hold true for eye-gaze based interaction (Van 

Tonder, 2009).  

• Application of heuristic evaluation for games evaluation does not focus on important 

aspects like game play and playability, story lines and other game related aspects, thus 

alternative guidelines had to be developed and used (e.g. Desurvire, Caplan & Toth, 

2004). 

 

For virtual reality environment Bowman, Gabbard and Hix (2002) summarise influencing 

factors on the applicability of the UEMs: UEMs are not applicable to a variety of domains 

that use techniques beyond the standard desktop 2D approaches (including virtual reality 

environments), UEMs are not useful to investigate innovative non-routine interfaces and are 

limited when evaluating interaction styles that are radically different. Bowman et al (2002) 

showed in their classification the need for method adaptations based on three axes 

(involvement of (representative) users, context of evaluation, types of the results produced). 

 

Based on evaluating products that are used in non-traditional environments we have to cope 

with the following influencing aspects: Users are influenced by stress, time pressure or by 

their need and want to relax within the environment. The environment influences the use of 

the product (this has to be taken into account within the application of the methods). 

 

For the adoption of methods we thus have to be aware of two main aspects: first how to adapt 

the method to address the user states (e.g. how to simulate that someone is ill or how to 

measure if someone is relaxed), and second how to change the method to reflect the non-

traditional environment (and the influencing factors). Influencing factors are sometimes 

summarised using the word context. I prefer to use the general umbrella term of non-

traditional environment to refer to all possible influence on the usability evaluation method, 

which might be beyond influences just stemming from the context of use.  

 

Using a classification of methods developed within the COST 294 project MAUSE the 

following dimensions seem relevant to describe a usability evaluation method: 

• the function/goal of the method 

• method application scope 

• method application platform (e.g. all, desktop, mobile, …) 

• life cycle stage the method is used in 

• influences on the procedures and variations 
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To understand influences of the NTE (compared to other influences stemming for example 

from the current stage within the project development) various attributes can be used. The 

ISO TR16982 proposes attributes that help to understand the applicability of the method at the 

current development stage and the applicability within the domain. Attributes that might be 

considered when selecting a usability evaluation method are (Law, E., et al., 2009). 

 

• time scale (e.g. very-tight time scale might not allow field evaluations) 

• cost/price control 

• high quality level 

• need for early assessment 

• highly evolutive 

• users can/cannot be involved 

• significant disabilities / Accessibility 

• task highly complex 

• severe consequences of errors 

• new task 

• wide task spectrum 

• major organizational changes 

• high levels of time/accuracy constraints 

• existing system/product 

• limited and simple product 

• high degree of adaptability 

• availability of ergonomic expertise 

 

The set of attributes shows that for selecting a method we have to consider a wide range of 

influencing factors that might limit the applicability of the method. Especially when applying 

methods in non-traditional environments, the existing set of methods show their limitations. 

Methods must be adapted to fit to the needs in these new application domains and 

circumstances. 

 

The reasons for adopting methods (and methodologies) based on their usage to evaluate 

interactive computing systems in non-traditional environments thus can be manifold. Some of 

the limitations of applicability of an existing method are: 

(1) The set of currently available (and valid) methods does not allow to investigate the 

research question by e.g.: 

a. limiting the ability to gather data (e.g. mobile usage; users “forget” to gather 

the data …)  

b. restricted access or involvement of users (e.g. children) 
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(2) The available methods can not be applied in the new usage domain or context because 

of missing knowledge or expertise. For example heuristic evaluation is difficult to 

apply for new interaction techniques like eye-gaze as the heuristics for standard 

desktop interactive systems are not valid any more (e.g. provide visual feedback). 

(3) The focus of the evaluation is beyond only investigating usability: Usability evaluation 

methods allow to discover usage problems and (sometimes) help to understand how to 

improve the design of the system to overcome these problems. In some domains an 

improvement of usability might even contradict the main goal of the product or system 

development (e.g. in games). A usable game must not be fun to play at all, while a not-

usable game might be quite engaging. 

 

Once the limitation has been identified, the evaluation method can be adapted to solve the 

identified shortcoming or limitation. The following main research questions arise for the 

adaption of UEMs in NTE: 

 

1. What methods are currently used in that domain? 

2. What is special about the NTE, and what do we know about NTE? 

3. How can methods be “adapted” to fit the various evaluation goals?  

4. Is there a way to show that the adaptation really helps to overcome the identified 

shortcoming? 

Chapter two to six will follow these four research question to present the work on the four 

case studies I have been working on. 

 

The topic on how to show that the variation of a method is successful needs further attention. 

The following section will summarise some aspects on current adaptations of methodologies 

and following I briefly describe how evaluation methods can be compared. 

2.3 Adaptation of Usability Evaluation Methods 
 

“It is not meaningful to talk simply about the usability of a product, as usability is a function 

of the context in which the product is used. The characteristics of the context (the users, tasks 

and environment) may be as important in determining usability as the characteristics of the 

product itself.” (Bevan and Mcleod, 1994, p. 5). The evaluation or systems should take into 

account the environment is used in, take into account (various) user groups and the tasks. 

Today we can say that the applicability of an evaluation method is limited once we go beyond 

the standard desktop 2D interaction, especially when looking at new forms of interaction 

techniques. Examples for necessary adaptations of usability evaluation methods can be found 

in various domains. In the home domain a method called cultural probing was developed to 

overcome the limitations of investigations in the home context with traditional ethnographic 

and observational Methods. In mobile HCI a series of adaptations of evaluation methods was 
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necessary to overcome the limitations of standard usability evaluation methods like heuristic 

evaluation or cognitive walkthroughs (see chapter three). And for the evaluation of new forms 

of interaction a multitude of method adaptations was necessary to fit for example the goals of 

evaluating interaction in virtual reality (see Bowman, Gabbard and Hix, 2002 for an 

overview) or to fit the needs for evaluating new forms of ambient displays (see Skog et al, 

2005). 

 

Adaption of methods (and methods) can focus on all attributes of a method (see 2.2 for the 

listing) as well as the main characteristics of the method. In this work I will focus on the 

following aspects: 

• adaption of methods to include the non-traditional environment, 

• adaptations that allow evaluation of longer term usage of a product (especially in the 

field), 

• adaptations that allow to investigate influences on the users that stem from the non-

traditional environment, 

• adaptations that allow to include various groups of usersWhat aspects and attributes of 

a method we have been influencing in our work will be described for each case study 

separately, and 

• the goal of a more general understanding if user experience evaluation is (and shall be) 

just an adaption (or add on) to standard usability evaluation methods or if user 

experience evaluation has to be performed independent of usability evaluation. 

 

The attributes affected by the adaption of the method is described separately for each of the 

following chapters and case studies. 

2.4 Comparing Evaluation Methods 
 
The goal of the adaptation of methods is to overcome certain limitations within the original 

method. How to compare that a variation of a method can help to overcome these limitations 

is a matter of an ongoing scientific debate. How to ensure that the comparison of methods in 

an experimental set-up is valid has been described in detail by Gray and Salzman (1998). 

Following classical approaches on validating methods (e.g. within psychology) they argue for 

improving the statistical conclusion validity in terms of heterogeneity of participants, 

enlarging sample sizes and avoiding the wildcard effect (Gray and Salzman, 1998) as well as 

any unplanned comparisons. The internal validity for usability evaluation comparisons can be 

approached by improving the instrumentation (e.g. to make sure that the way in which 

humans identify and rate the usability problems/results is comparable between the methods). 

Another aspect is called selection and refers in general to the careful assignment of 

participants to the various experimental conditions (usability evaluation methods that are 

performed and compared). And finally, internal validity can only be achieved by controlling 
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the whole experimental setting, clearly defining independent and dependent variables and any 

possible co-founding aspects or influences. 

 

With respect to the construct validity, which refers to two aspects, “Are the experimenters 

manipulating what they claim to be manipulating (the causal construct) and are they 

measuring what they claim to be measuring (the effect construct)?” (Gray and Salzman, 

1998); will always be difficult to compare in usability evaluation methods. The problem 

related to construct validity in an experimental set-up can be improved by ensuring that the 

comparison of methods really follows the originally described methodology and that the 

performance of methods (if applied in a within subject design) is counter-balanced. External 

validity describes the possible generalisation of the results across types of persons, settings 

and times (either whole populations or sub-populations). Finally the conclusion validity can 

only be achieved by a careful interpretation of the results by the researcher(s). 

 
Froekjar and Hornbaeck (2008) have been showing how a comparison of usability evaluation 

methods can be successfully performed following the criteria of Gray and Salzman (1998). 

 
While I agree in general on the above experimental validation aspects, the comparison of 

methods that do not directly focus on finding usability problems but are intended to evoke 

creative ideas, insights or describe daily habits and behaviours might not be possible 

following the statistical validation criteria of Grey and Salzman (1998). 

 
Hereafter, I will present three examples of adapting methods for non-traditional environments 

and describe the identification of the shortcomings and how methods have been improved to 

overcome these shortcomings. First a case study from the context of home is presented, 

second a case study for adopting a laboratory to fit the needs for mobile device evaluation and 

representation of the non-traditional environment are presented. Third a study on how to 

improve methods to address the needs of evaluating new interaction techniques that are 

applied in the area of safety-critical systems development and in human-robot interaction is 

presented. 
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3 Adapting Methods Applied in the Home Domain 
 

Evaluating products in the home domain has become an almost routine task in research and 

industry. Especially during early design phases, a variety of methods is applied to understand 

usability problems of already existing products and to inform the design of new interactive 

computing systems for the home. For the investigation of how users are using the interactive 

system a variety of data gathering methods is applied to understand applications in the home 

domain. Evaluation of (final) products take place to understand the daily habits of users, how 

the adopted new forms of technologies and to understand how new services or products can 

improve their daily lives.  

3.1 Usability Evaluation in the Home 
 
Investigating the daily lives of people requires a variety of methods. A number exist, ranging 

from the traditional methods from social sciences like observation, interviews, focus groups 

etc to new forms of investigations like (mobile-device based) diary studies or experience 

sampling approaches. When researching in the home domain we must be aware that various 

factors limit the applicability of traditional investigation methods. We have to respect privacy 

concerns of the users (not everyone is happy to have ten observation cameras installed in their 

household), users are not able to describe their activities continuously, participants of studies 

tend to forget to write down activities (or sometimes they fill out the protocol for a week on 

the day the researcher is picking up the diary), it is difficult for people to describe their daily 

habits (as it is obvious to them what they are doing, and some parts are not perceived as worth 

mentioning) etc. Based on these limitations ethnographic studies have become prominent 

during the last decade, to understand these daily routines and habits in detail. 

 
Ethnographic studies (see e.g. Fetterman, 1998) including methods like cultural probing can 

help to understand the user and the usage context. While quantitative research can tell us what 

kind of products are used in the home, how many hours they are used, qualitative, 

ethnographic research tells us how and why people use products and services. Studies (e.g. 

Venkatesh, 1996, Venkatesh, Kruse and Chuan-Fong Shih, 2003, Haddon, 2006) agree that 

studying the home is a difficult endeavour, as the home contains many areas of human life.  

 

To explore the ways in which households use communication, information and other domestic 

technologies, Crabtree, Hemmings, Rodden, Cheverst, Clarke, Dewsbury, Hughes and 

Rouncefield (2004) used ethnographically oriented methods. They visited households and 

investigated daily routines and interactions, ownership of space and how household members 

manage interactions. Findings were reported using ethno-methodologically informed 
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ethnographic descriptions based on Garfinkel (1967). Hindus, Mainwaring, Leduc, Hagsrom 

and Bayley (2001) investigated how media space concepts could be incorporated into 

households and family life. They used ethnographically inspired field studies and in-depth 

interviews to evaluate early prototypes for home communication in real world settings.  

 

The probing approach allows researchers to eliminate the researcher from the field, to 

overcome privacy problems (like the already mentioned installation of cameras), by asking 

people to perform a (most often structured) self-observation. Probing allows having a look in 

peoples’ homes. The variety of probing methods (e.g. mobile probes, technology probes, etc.) 

shows, that there is still a need to adapt these methods. The variations help to gather data and 

insights that otherwise might not be possible using the traditional approach of the method. 

 

3.2 Methodological Variations 
 

In the following section, I briefly present the cultural probing approach, variations and 

limitations of this approach. The playful probing approach is presented, showing how to 

improve several aspects of the traditional probing approach. 

3.2.1 Cultural Probing 
 
The cultural probes method was developed by Gaver, Dunne and Pacenti (1999). This probe 

approach plays an important role in the initial phase of a user-centered design process. 

Cultural probes are purposefully designed to inspire, reveal and capture the forces that shape 

an individual life in different contexts, like at home, at work or on the move (Hemmings, 

Crabtree, Rodden, Clarke and Rouncefield et al., 2002).  

 

Probes are mainly used to gather insights on the users’ context in order to better inform the 

design process in an early stage (Gaver et al., 1999; Jääskö & Mattelmäki, 2003). Thereby, 

probe packages are provided to the study participants and consist normally of diaries, 

cameras, postcards, sometimes maps of the explored environments, and several other means 

to obtain as much data as possible from the participants and his context. Apart from the 

traditional cultural probe approach, new methodological variations have been developed, like 

domestic, technology or mobile probes (Hutchinson, Mackay, Westerlund, Bederson, Druin, 

Plaisant, Beaudouin-Lafon, Conversy, Evans, Hansen, Roussel, Eiderbäck, Lindquist and 

Sundblad, 2003; Crabtree, Hemmings, Rodden, Cheverst, Clarke, Dewsbury, Hughes and 

Rouncefield, 2003; Arnold, 2004; Hulkko, Keinonen, Mattelmäki, and Virtanen, 2004). 

Mobile probes are mainly used to explore the mobile environment in order to explore people’s 

activities in mobile contexts, but it is not a usability evaluation method.  
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Technology probes however are more usable for evaluation purposes. Technology probes 

involve the deployment and evaluation of a new technology or application into a real use 

context (Hutchinson et al., 2003). “Technology probes are not primarily about usability in the 

HCI sense. They are not changed during the use period based on user feedback. In fact, a 

deliberate lack of certain functionality might be chosen in an effort to provoke the users” 

(Hutchinson et al., 2003, p. 19). The main advantage of this approach for usability evaluation 

purposes is providing real life insights on a number of usability issues (e.g. how users want to 

interact with a certain device in a special context), which have to be considered in the user-

centred design and development process of a new products and applications.  

 

Cultural probes can inspire design by providing a wide range of material, reflecting important 

aspects of the participant’s context of use and potential usability factors by using technology 

probes. When conducting a study using cultural probing a so called probe package is provided 

to study participants. The probe package normally consists of diaries, cameras, postcards, 

sometimes maps of the explored environments, and several other means to obtain as much 

insight as possible from the participant’s life style, usage patterns and behaviours. Participants 

are free to control time and means of capture. Gaver et al. (1999) reported that return rates of 

materials can vary significantly in different settings and populations. This possible 

disadvantage of low return rates was alleviated in studies conducted (Bernhaupt, Weiss, 

Obrist, Tscheligi, 2007; Obrist, Bernhaupt, Tscheligi, 2006) by combining the collection of 

probing material with a final interview conducted in all households. 

 

Today a set of methodological variations of cultural probes is available to investigate usability 

and user experience issues in all kinds of contexts, areas and situation: Hutchinson et al. 

(2003) developed technology probes, Crabtree and Rodden (2004) adapted cultural probes to 

inform design in sensitive settings, and Hulkko, Keinonen, Mattelmäki, Virtanen (2004) 

extended the method to cope with mobile settings. 

 

3.2.2 Playful Probing  
 
The methods of playful probing and creative cultural probing was developed by Bernhaupt, 

Weiss, Obrist, Tscheligi (2007) to improve participation in ethnographic studies, to allow the 

participation of children within the research set-up and to increase the level of reflection of 

the participants on the provided material. Another aspect was to use the playful probing 

approach to generally improve the positive experience participants have while taking part in 

the study, that the games provided might help participants to remember special situations 

while playing to allow to elicit more in-depth information. 
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“Playful probing is a new variation of the cultural probing method. It uses the standard set-up 

of cultural probing, taking for example post-cards or post-its as probing material to gather 

insights on people’s habits and usage. The playful probing approach differs from the 

traditional approach as it uses games that are specially designed for the study. In playful 

probing the games are designed focusing on the research area addressed within the study. 

The development for the game itself depends on the study set-up. Depending on the topic to be 

investigated, variations of existing games can be used or even new games are developed. 

Within playful probing, games are used to evoke users’ insights on the areas and themes 

explored within the study. As a major advantage we expected that users will focus on the 

areas explored, while using the games and gain new insights. Based on these insights other 

probing material is used and answered in more detail. Additionally games could help to 

better involve children in the ongoing study. 

 

Using the method of playful probing is challenging. Based on the area to be investigated a 

game has to be designed. First, the game should include the topic of research. The developed 

game also has to fulfil all expected characteristics of a game (Juul, 2006): fun while playing 

the game, clear goals and rules, defined beginning and end. To facilitate the development of 

the games we started with existing and frequently used games.“ (Bernhaupt, Weiss, Obrist, 

Tscheligi, 2007, p. 415). 

 

3.2.3 Applying and Validating Playful Probing 
 
The playful probing method was proven to be more effective in terms of number of returned 

materials and quality (extend) of the materials produced by the participants (Bernhaupt et al., 

2007). The playful probing method has been used in several follow up studies for the context 

of entertainment applications in the home (e.g. Bernhaupt, Wilfinger, Weiss, Tscheligi, 2008, 

Bernhaupt, Obrist, Weiss, Beck, Tscheligi, 2007).  

 

The method was also used in the following projects (led by R. Bernhaupt): 

 

• iTV Salzburg (funded by Europäischer Fond für Regionale Entwicklung (EFRE) and 

the EU, EUR 200.000): Investigating new forms of interactive TV using MHP in 

Salzburg 

• iiTV@Home (funded by EFRE and the EU, EUR 200.000): Investigating how local 

services can be used to support the local communities 

• iTV4ALL (funded by the Fond zur Förderung der wissenschaftlichen Forschung 

(FWF), Austrian Research fund, EUR 250.000): Goal of iTV4ALL was to understand 

current trends in the living room and to develop new forms of interaction techniques. 
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Within the project the prototype “vocomedia” was developed leading to three new 

forms of remote control (including a finger-print remote control). 

• Remote Controls 2010 (funded by ruwido, currently running at the Institute de 

Recherche en Informatique Toulouse (IRIT)): goal is to develop interaction techniques 

that will change the living room. The project Remote Control 2010 wants to 

understand the consequences of introducing new forms of interaction techniques e.g. 

remote controls with touch, gesture or multimodal interaction possibilities. Currently 

the results from an ethnographic study including 20 households in Toulouse, France 

are being analysed. 

 
As discussed in Bernhaupt, Weiss, Obrist, Tscheligi (2007) a first step to show the advantages 

of playful probing was conducted within a field trial. We provided the playful probing 

material to only half of the households. We could show that the quality of the creative cards 

was improved by the playful condition. This methodological approach is discussed quite 

contrary in the current literature (see also section 2.3.). In my opinion, a methodological 

improvement can show its benefits by helping to collect data, and the rating of how “helpful 

and useful” the collected data is in answering research questions. To prove a method on a 

more scientific basis means to follow the typical steps for validating methods (see 2.3.). To 

prove the various validity aspects of the method I am currently working on the analysis of the 

set of field studies we have been conducting between 2005 and 2009. The set of field studies 

will allow answering the validity of the method in a more scientific rigorous way following 

the recommendations of Gray and Salzman (1998).  

 

3.2.4 Instant Card Technique 
 

To improve the ability to gather data at early development phases, various forms of focus 

groups, participatory design methods and others (more traditional forms) like interviews, 

questionnaires etc. are used. To allow the improvement of a focus group approach, combined 

with a participatory design approach, we have been developing the instant card technique2.  

 

The IC-Technique is a participatory design method based on the collaborative development of 

cards in the group combined with a kind of “inspiration based”workshop. The IC-Technique 

uses specially designed cards to support design ideas providing various perspectives and 

contextual information (time, space, device …). We used the IC-Technique to develop new 

design concepts and ideas together with users at an early stage in the user-centered design 

process. The IC-Technique’s goal is to motivate the workshop participants to create design 

ideas, to select relevant ideas and third, to describe contextual usage scenarios for their 

innovative and invented design ideas.  

                                                 
2 This work was part of the project CITIZENMEDIA (2007-2009), funded within the 6th EU IST Framework. 
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Why are the cards called instant? The specific design of the instant cards intends to accelerate 

the scenario development process part, where the user is involved. Users do not have to invest 

a lot of time to create new ideas and concepts in the form of scenarios. The instant cards serve 

as a memo pad for the ideas of the workshop participants. Due to their small size, they only 

allow short notes of the most important thoughts. The instant cards encourage participants to 

immediately write down their ideas when they emerge in the scenario development process. 

The instant cards do not provide masses of detailed information to the workshop’ participants; 

rather they just offer participants small pieces of information as triggers for ideas. They also 

serve as ready-to-use cards for making selections in order to describe specific user behaviour. 

Moreover, due to their minimalist design, modifications of the trigger information on the 

instant cards according to the specific research questions are carried out easily. 

 

The different steps of how to setup the IC-Technique are described below, helping the 

researcher to apply this method. First, the goals and the participants of the workshop are 

considered, second, the location, and third, the material – the instant cards are developed, 

fourth the procedure during the workshop is specified and finally procedures for the analysis 

of the outcome are specified. 

 

The typical steps for the IC-technique are (Beck, Obrist, Bernhaupt, Tscheligi, 2008): 

 
1. Think about your workshop: Goals and Participants 

2. Select the workshop location 

3. Adjust the instant cards for your workshop goal 

4. Adjust the workshop phases to your workshop:  

a. Introduction 

b. Finding a common basis 

c. Scenario development 

d. Final presentation 

e. Feedback 

5. Consider the outcome of the workshop, its analysis and further use for design. 

 

The IC-Technique was improved iteratively in three workshops and showed that the method 

successfully supported focused insight generation. The method is described for the application 

on developing social iTV services in Bernhaupt, Obrist and Tscheligi (2009). 
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3.3 Summary and Contribution 
 
We have been developing playful probing to overcome privacy problems (observation in the 

home is partly impossible using cameras or researchers), to allow the involvement of all 

members of a family within a study, to increase the involvement of the participants in the 

study, to allow the participants to enjoy the study they are participating in and to enable new 

(and more structured) insights on real usage of products, and for the investigation of 

technologies that will be used in the home context. Especially the enhancement of the 

traditional probing approach with more creative cards (we refer to that variation as creative 

cultural probing in some of our publications) to allow for more structured user insights helped 

us a lot to gain new insights on the usage of interactive TV in the living room (e.g. Bernhaupt, 

Wilfinger, Weiss and Tscheligi (2008) for findings on the implications for the design of iTV 

recommender systems and Bernhaupt, Obrist, Weiss, Beck and Tscheligi (2008) for 

investigating current trends in the Living Room and Beyond). To support the possibilities of 

user-participatory design we have been combining a workshop/focus group approach with a 

participatory design approach which we called instant card technique. The instant card 

technique was published in Beck, Obrist, Bernhaupt and Tscheligi (2008) and was used within 

the CITIZENMEDIA project to develop social iTV services (Bernhaupt, Obrist and Tscheligi, 

2009).  

 

To summarize, the adaptations of the methods allowed us to: 

a. Incorporate users and user groups, that would not be reachable with the traditional 

form of the method (playful probing, IC-technique) 

b. Inspire and motivate users to actively participate in the (long-term) studies (playful 

probing) 

c. Increase the level of reflection on the investigated topic (playful probing) 

d. Enhance the quality of the material the users returned (playful probing) 

 

The adaptation of the methods helped us to gather user data, we could not have gathered using 

the traditional approaches. To validate the adaptation of the methods we have started to use 

the methodological variations in a series of field studies and projects to allow a justification of 

these variations on a more scientific rigorous basis. We plan to analyze the data of five field 

trials (that were set up following the recommendations of Gray and Salzman (1998) on how to 

validate methods) to investigate the benefits of playful probing.  
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4 Adapting Methods for Mobile Services and Devices 
 
This section discusses the adaptation of mobile technologies based on Bernhaupt, Mihalic and 

Obrist (2008). For adapting methods for mobile service and device evaluation we have to 

understand that the study of the phenomena in the field of mobile HCI is highly driven by 

technology and concentrates primarily on producing solutions, rather then reflecting on the 

methods in use. So far, only a few in-depth studies of the methodology used within the field 

of mobile HCI have been undertaken. Kjeldskov and Graham (2003) conducted one of the 

most comprehensive reviews of the mobile HCI research methods. Wynekoop and Conger 

(1990) describe the following methods in the face of mobile HCI: case-studies, field studies, 

action research, laboratory experiments, survey research, applied research, basic research, and 

normative writings. In their review, Kjeldskov and Graham (2003) selected papers focusing 

on mobile HCI from relevant conferences over the past years and classified them according to 

the described research methods. The findings clearly show that the prevalent mobile HCI 

research falls into the applied category (55%) followed by laboratory experiments (31%). On 

the bottom portion of the scale, no entries were found for action research, while only three 

and four (out of 102) research methods were conducted as case and field studies respectively. 

These findings imply that there is a strong tendency towards environment independent and 

artificial settings in research, while research on real use and action basic research is still 

widely neglected.  

 

The evaluation of systems takes place predominantly in laboratory settings (e.g. Jones, 

Buchanan and Thimbleby, 2002; Mizobuchi, Mori, Ren and Michiaki, 2002). This lack of 

real-use-contexts and natural setting research could by justified by the fact that mobile HCI 

has strong roots in the field of computer sciences and HCI. These fields have a strong bias 

towards engineering and evaluation methodology. In addition, methods stemming from the 

social sciences are normally more cost and resource intensive. 

 

Recently the need for addressing the question of what is useful and what is perceived 

problematic from a user perspective and under real use conditions has been noted. 

Increasingly researchers are incorporating natural setting methods – case and field studies and 

action research – either as stand-alone methods or in combination with artificial settings (e.g. 

Tamminen, Oulasvirta, Toiskallio and Kankainen, 2003; Bohnenberger, Jameson, Krueger 

and Butz et al., 2002; Hibono and Mockus, 2002). These methods offer ideal opportunities to 

study real-world use cases, to increase learning from existing systems within real-world 

contexts and assist with the translation of needs into new designs. 
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A good design, including usability and user friendliness, is not only critical for market 

success, but can also reduce mental and physical stress, reduce the learning curve, improve 

user-device operability in using the device. The combination of these factors improves the 

overall product quality (Duh, Tan and Chen, 2006). As we have already pointed out, 

numerous methods are used for designing products and evaluating their usability. These 

methods are also applied to mobile device and application designs. The next section gives an 

overview of usability evaluation methods that are used in the area of mobile HCI. 

 

4.1 Methods for Evaluation of Mobile  
 
Most of the usability evaluation methods developed during the last 25 years have focused 

primarily on desktop applications. The challenges for usability evaluation of mobile devices 

stem from their special characteristics like small screens with low resolution (compared to 

desktops), less power supply, the trend to make devices smaller and smaller and to increase 

the communication bandwidth between user and system by adding new forms of (multimodal) 

interaction techniques. At the same time the number of functions supported has increased. 

Non-standardized software development due to various operating systems used on these 

devices additionally complicate the matter. But these peculiarities are not the result of 

hardware and software trends only. Mobile devices are used in a variety of environments: at 

home, on the move, especially during travel. The location of the users is not the only 

determinant for the use of mobile devices. The devices are used in a number of ways and 

situations not only influenced by the location, but rather by our activities: how we coordinate 

getting to places, how we adapt our daily routines, and how we organize and define our social 

networks are central usage behaviours for mobile devices. The context of use has a high 

impact on mobile device usage, and thus must be appropriately reflected in the usability 

evaluation.  

 

Some of the methods developed for standard desktop applications have been adapted to be 

used during the development process of mobile devices and applications. A selection of some 

of the variations and adaptations of classical methods to fit usability evaluation of mobile 

devices is described hereafter.  

 

Usability tests are performance measurements to determine whether usability goals have been 

achieved. The usability evaluation of mobile devices in the lab has several advantages: the 

conditions for conducting the test can be held stable; all participants experience the same 

setting leading to higher quality data. However, user testing in the field allows discovery of 

usability problems related to the context of use. Pascoe, Ryan and Morse (2000) studied the 

effects of using mobile devices while on the move, and in particular, HCI related issues 

involved in using mobile devices in a real world (field) environment. The main factors that 
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influence the interaction between users and mobile devices include contextual awareness, task 

hierarchy, visual attention, hand manipulation, and mobility. These are critical issues of 

usability and mobile application design. Testing in a real environment means that test users 

would behave as they would normally, to the extent that they need not to be told to do so.  

Kjeldskov, Skol, Als and Hoegh (2004) found that taking usability studies in the field only 

added little value, discovering the same problems both in the lab as well as in the field. On the 

other hand several mobile HCI research studies assume benefits when conducting user testing 

in the field. Kjeldskov et al. (2004) argue that “… expensive time in the field should perhaps 

not be spent on usability evaluation (in the field) if it is possible to create a realistic laboratory 

setup including elements of context …” Duh et al. (2006) report that more usability problems 

can be found in the field compared to the lab. To cope with the shortcomings of testing in the 

laboratory several methodological variations and combinations of various methods have been 

proposed. For example, Lee, Hong, Smith-Jackson, Nussbaum and Tomioka (2006) propose 

the SEM-CPU approach – a systematic evaluation method for cell phone user interfaces, 

clearly showing the different kinds of data that can be gathered during an experimental 

usability study.  

 

Whether usability studies should be conducted in the lab or in the field is still a matter of 

discussion and research. We argue for conducting both kinds of studies carefully selecting the 

necessary methodological approach based on the research question addressed.  

 

How to conduct usability testing in “real-world” situations is also addressed in other areas of 

HCI. For example Bennett, Lindgaard, Tsuji, Conelly and Siek (2006) started a workshop on 

how testing in non-traditional environments can be conducted. Experts from domains like 

military, healthcare or mobile devices discussed how methods have to be adapted to address 

testing in non-traditional environments. The general agreement was that only a mix of several 

methods during design and evaluation can help to ensure the usability of the product. 

 

Inspection oriented UEMs are commonly used in industry because they are said to be fast and 

cheap. Most prominent is the use of heuristic evaluation and cognitive and pluralistic 

walkthrough (Nielsen and Mack 1994). It has been recognized that inspection-oriented 

methods lack validity when applied to mobile devices (Johnson, 1998; Kjeldskov & Graham, 

2003). These methods do not take into account the contextual factors that affect user-system 

interaction. The success of these methods lies in the expert’s ability to interpret the context of 

use and to draw meaningful conclusions. 

 

To adapt the cognitive walkthrough method to reflect the context of use, Gabrielli, Mirabella, 

Kimani and Catarsi (2005) enhanced the method using (comparatively cheap) video or 

performing the cognitive walkthrough in a typical environment. They explored the benefits of 

providing experts with more data about the user-system interaction. They found that providing 
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evaluators with a video recorded usage of the system in a real environment or doing the 

evaluation in a real context increases the number of problems detected by 63 % and 68 % 

respectively, compared to conducting a normal heuristic evaluation. However, they also found 

that the number of problems discovered in the video enhanced situation compared to the real 

context situation did not differ. They explain this fact with the expert’s difficulties to note and 

use the method while moving and while being distracted or interrupted by external events. 

The number of problems found related to functionality was nearly the same for all three 

conditions (standard, video, real context), but the number of problems found related to use-

context increased.  

 

Po, Howard, Vetere and Skov (2004) conducted a study to explore the interrelations between 

mobile use, heuristic evaluation, and the use context. They enhanced heuristic evaluation by 

two ways of contextual information. On the one hand, they extended heuristic evaluation with 

scenarios in use and conducted a so-called heuristic walkthrough in the lab. On the other 

hand, they varied the method by combining heuristic evaluation with scenarios in use and 

performing the method in the intended context of use. In this situation the scenarios as well as 

the intended context help evaluators by providing contextual cues. The heuristic evaluation 

and the two methodological variations were conducted by eleven experts in total. The 

heuristic evaluation discovered fewer usability problems than the two methodological 

adaptations. Po et al. (2004) also reports that heuristic evaluation did not discover the serious 

flaws with respect to the two developed variations. The standard heuristic evaluation showed 

no errors related to temporal sequences or time, while the varied methods found problems like 

that. Especially usage problems (like entering data in a lift) were discovered more frequently 

with the varied methods. The authors conclude that adding scenarios to heuristic evaluation 

helps to increase problem coverage, especially for more severe usability problems. 

 

The modification of inspection oriented methods helps evaluators to combine the advantages 

of these methods and reduce the shortcomings of the methods when applied in the field of 

mobile systems and applications. These methods are still easy to conduct, fast and cheap 

compared to other approaches like experimental usability studies. They help to give quick 

feedback in an iterative development process. They can be used early in the development 

process. However, they still have the disadvantages of all expert oriented inspection methods, 

relying on the knowledge and expertise of the experts. This might be a reason why today the 

evaluation of mobile systems and devices in HCI oriented research is mainly done by 

(experimental) user studies, predominantly taking place in laboratory settings (e.g. Jones et 

al., 2002; Mizobuchi et al., 2002).  

 

There are many different methods available to perform in-situ user research. These methods 

include ethnography, (video) observations, contextual inquiries, diary studies, probe studies or 

context mapping. Each approach has its own focus, advantages and disadvantages. The 
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methods used in earlier research like observations, contextual inquiries, interviews and 

workshops are limited to a few work contexts, where the research environment was often 

highly organized by work structures (Kort and de Vries, 2006). These factors made the need 

for in-situ research methods less prominent since users can often easily recall their activities, 

needs and preferences in detail under these circumstances. With regard to the increasing 

amount of user research in mobile and private contexts, in-situ methods are becoming more 

and more important. It is impossible to observe users in their many different, especially 

mobile contexts with limited resources and a limited time span for research. Moreover, users 

have difficulties to recall their activities, needs and preferences since the private or mobile 

context are not that well structured as their work counterparts. Regarding these 

methodological challenges, new approaches have been adapted in the field of HCI in general 

and in mobile HCI in particular.  

 

Using ethnography in the design has become increasingly prominent within HCI (e.g. 

Blomberg, Giacomi, Mosher and Swenton-Wall, 1993; Simonsen, 1997; Crabtree, 1998). 

Ideally, an ethnographer does the field work over an extended period of time to obtain data 

(Fetterman, 1998). Due to the constraints of time and resources in user research more 

practical approaches have been developed, like rapid ethnography (Millen, 2000). In this 

approach traditional ethnographic methods are combined with self-reporting methods and 

techniques. In the self-reporting approach, the ethnographer does not go into the field for a 

long time to collect the data. Instead, the researcher prepares tools that guide the participants 

in understanding how to collect the data themselves (Sanders, 2002). Cultural probes for 

example provide a variety of ways to apply self-reporting in user studies and evaluation.  

 

The adaptation of evaluation methods thus can reflect several of the following influencing 

factors from the non-traditional environment: 

• the need to represent the usage context, especially in terms of location (e.g. by 

performing the usability study in the field) 

• the need to overcome the limitations of observation by a researcher during a longer 

period of time (e.g. by allowing self-observation) 

• the general need to allow data collection, by supporting or integrating all participants 

within a study (e.g. by adding playful probing to include children) 

• to help the participants to understand the future usage context of what they are 

designing for and allow the integration of the future usage groups (including e.g. 

children). 

One of the current trends to overcome the limitations of mobile device evaluation is to 

perform usability studies in the field. But field trials require (most often) a complex technical 

set-up, a working prototype, and new forms of measurement. Field trials showed the problem 

that users are followed during a field trial by at least three researchers one holding the camera, 
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one holding the microphone and another one taking notes. To allow extending usability 

evaluation of mobile devices and services we started to develop the “Real World Laboratory”. 

4.2 Tools and Methodological Variations 
 
A way to improve methods is to enhance the technical possibilities that allow to observe the 

users, gather new forms of data and to process the gathered data. Supporting all forms of 

usability studies can be achieved by enhancing the abilities of the technical infrastructure 

used. One of these attempts was the construction of the so called “Real World Lab” at the 

ICT&S Center3.  

 

4.2.1 The "Real World" Lab 
 

This section on the “Real World” Lab was published in Bernhaupt, Mihalic and Obrist (2008). 

In order to cope with the aforementioned drawbacks of testing, a radical new laboratory has 

been operational since autumn 2005 at the ICT&S Center. Its concept is new insofar as it 

allows different testing settings to be set up dynamically. On a standard scale it provides a 

typical lab setup with a controlling desk and a testing area with participant's PC (optionally 

using an eye-tracker). This basic setup is already flexible enough to enable the testing area to 

be rearranged for testing situations other than PC-based interaction. Conducting tests of 

interactive TV services, remote controls, and mobile devices in a leisure room setting is 

accomplishable with minor effort. Likewise, providing a working environment for testing 

web-based portals or collaborative software is easily achieved. The lab is also flexible enough 

to enable switching between setups during the tests, which is required for example in multi-

channel or multi-modal applications. 

 

Additionally, it is possible to move outside of the lab for conducting the tests. The ICT&S 

Center features two courtyards adjacent to the lab. This way the test moderator can be in the 

lab, while the test participant can freely move around the courtyard. The inner courtyard is 

completely enclosed by the offices and the coffee lounge and can be monitored by the 

cameras. The outer courtyard is equipped with a night-vision camera and is directed to the 

street. Since the components of the lab are mobile, other areas of the ICT&S Center can be 

used for testing as well. The areas include a meeting room with a projection screen for testing 

work and collaborative settings; a lounge with a plasma screen for testing interactive 

technologies for leisure and spare time; a college with a wall-sized dual-head projection for 

testing 3D applications and games. Thus the entire ICT&S Center acts as a flexible user 

experience test-bed (see Figure 2). 

 
                                                 
3 The Real World Lab was initiated from Manfred Tscheligi within his appointment as University Professor at 
the ICT&S Center. 
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Figure 2: Real World Lab of the ICT&S Center of the University of Salzburg (from Bernhaupt, Mihalic, Obrist, 
2008). 

 

Expanding the limits even further, the nearby surroundings of the lab and the ICT&S Center 

provide the basis for conducting the tests “in the wild”. A public square located just opposite 

of the outer courtyard enables testing under real conditions. It is partly covered by the outdoor 

camera, and additional cameras can easily be positioned throughout the square. The cameras 

(and other testing equipment) can simply be hooked into the public wireless infrastructure, 

which is available at the square and co-provided by the ICT&S Center. An extended setup is 

being prepared in collaboration with the municipality, in which an interactively arranged 

public space will allow interactive installations to be spread across the public square, and thus 

be used for usability and user experience experimentation. 

 
The entire setup allows flexible usability and user experience observations beyond the limits 

of common usability study facilities – in particular moving out of the lab. In addition, the 

testing setup is also available as a mobile lab – albeit as a less flexible variation (see Figure 

3).  

 

The technology of the lab exploits the digital potentials based on a sophisticated network 

infrastructure. It incorporates a flexible eye-tracking system that can be used for different 

plane surfaces, because it is not integrated into the monitor. Network cameras with 

pan/tilt/zoom can be positioned wherever there is a wired or wireless IP-based network 

available, and are thus highly mobile. A mobile device camera allows capturing users' 

interaction with various mobile devices during the test in a wired or wireless setting. In 
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addition, the setup integrates user experience measurement facilities, e.g. bio-physiological 

measurements. Due to the digital nature of the lab, it is possible to make the testing sessions 

available worldwide and in real-time during the test. Thus, the clients are able to follow the 

test from anywhere in the world by the means of a web browser. The flexibility of the lab 

enables the development of test-beds in various areas of interaction innovation – mobile 

interfaces, ambient intelligence, multi-modal interfaces, games etc. Different types of sensors, 

gaze and body movement, display technologies and several other technologies will be adapted 

and integrated to enable their adoption in several scenarios. 

 

 
Figure 3: Different test settings for usability evaluation. (from Bernhaupt, Mihalic, Obrist, 2007)  

 
 

To cope with the influences of non-traditional environments the Real World Lab allows the 

flexible combination of various methods to understand usability problems that only occur in 

the field, by allowing the strictness of a laboratory-based experimental set-up. I have been 

actively contributing to the scenario development and the following planning of the Real 

World Lab. 

4.2.2 Mobile Tourist Guide 
 

To understand the importance of lab vs. field trial we have started to investigate these 

influences in a usability study for a mobile tourist guide. The lab allows more technical 

flexibility for the mock-up and it limits possible influencing factors of the trial situation 

(network problems in the field, by-passers in the street disturbing, difficult observation 

conditions, or the limited ability to mock-up a system for usage in the field). In the usability 

lab study it is easier to investigate how users will be using the new navigation system and how 

they will perceive the multimodal output. Input was limited (due to the cell phone used for the 

prototype stage) to navigation in a hierarchical menu with the navigation keys and numeric 

keys (T9). To investigate usability problems that might be influenced by contextual facts a 

field trial was used. Using an improved technical prototype, including most of the 

functionality of the final system, we conducted a usability test in the field. While walking to 

the typical locations of the “Sound of Music Tour” people can experience various forms of 

difficulties when using the local GPS system, e.g. to orientate themselves, while watching the 
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content, or to simply try to look at the content together with other tourist (which might bring 

difficulties if someone else is starting to do some pen-interaction, while the other one uses the 

navigation of the mobile phone to select content). During the different evaluation phases we 

learnt that problems that initially appear in the lab, where not problems in the real setting 

(especially tasks related to orientation and navigation), while problems that where found in 

the real world study, did not appear during the lab evaluation (the co-cooperation for input, 

the difficulties in listening to the content in a more noisy environment, the visibility of some 

design elements with very bright sunshine, the difficulties arising when a road – that was 

initially shown by the GPS – was blocked due to a festival). 

 

Comparing evaluations in the lab and in the field showed that the usage context should not be 

neglected for evaluation. A summary of this work can be found in Bernhaupt (2009). What we 

learnt is that field evaluations may change the perception of the severity of a usability 

problem and that especially the acceptance to use a product can be more easily judged by the 

users in the field. We used this knowledge in a recent study on the usability and acceptance of 

a finger-print reader in a remote control, showing that the perception of the product in the real 

usage situation was completely different compared to the judgments provided in the lab 

(Wilfinger, Pirker, Bernhaupt, Tscheligi, 2009). 

 

4.2.3 “Flying Shopping Trolley” 
 
When designing new ICTs for application domains, participatory design is frequently used to 

inform these new developments. New services today often address all kinds of user groups, 

but especially the younger ones are becoming a focus of research in the area of mobile and 

ubiquitous computing. To enable an integration of even the youngest ones, appropriate 

methods for enhancing the participations of the youth have to be used.  

 

To allow participants taking part in a participatory design method to understand the future 

usage context, we started to experiment with the idea to perform the participatory design 

method in the future usage location. Taking the user in the real usage situation should inspire 

them to develop novel mobile services that, for example, should allow improving the general 

shopping experience in a huge mall. This method not only includes children in the early 

design process, but also tries to integrate the final application context of the product, within 

the method.  

 

The goal of the first case study published under the title “A flying shopping trolley” (Weiss, 

Wurhofer, Bernhaupt, Beck, Tscheligi, 2008) was to investigate the usage of a participatory 

design method for children in the shopping context. To investigate the feasibility of this 

approach we conducted a case study in a shopping mall, enabling all children passing by to 
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take part in the study. The goal was to address design ideas for new forms of ICTS enhancing 

the shopping experience. The variation of this participatory design  workshop has proven its 

value, as most of the inventions were really devoted on the intended usage context. 

 

To validate this methodological variation in terms of influence of the context on the number 

of ideas developed related to the context, we are planning to use the method in the lab and in 

the application domain – to compare the different outcomes. The user-centred design ideas 

provided by the 110 children participating in this study will be used within a project focusing 

on ICTs enhancements to improve the daily shopping experience. 

 

4.3 Summary and Contribution 
 

To cope with the influences of a non-traditional environment in terms of influences from the 

usage context a variety of methodological variations is available. Based on an extensive 

investigation of current adoptions of methods in the area of mobile HCI we have been 

developing the real world usability lab (Bernhaupt, Mihalic and Obrist, 2008) to allow a 

variety of controlled lab and field studies. To improve the idea generation for new forms of 

mobile services we adapted the playful probing method to be performed in the field (a 

shopping center), overcoming the limitations to have access to participants (all the children 

passing by in the shopping center could participate) and to focus ideas on the final usage 

context (the shopping center). Results for the study were briefly published in Weiss, 

Wurhofer, Bernhaupt, Beck and Tscheligi, 2008 and we started to investigate on a more 

general basis the differences between lab and field studies for the area of mobile services and 

devices (Bernhaupt, 2009). One of the major aspects of future work will be a general 

understanding of the various influences and the development of a framework allowing to 

support the selection of an adequate set of usability evaluation methods (see section on future 

work on setting up a framework called USENTE).  
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5 Adapting Methods for Interaction Technique 
Evaluation 

 

Evaluation of new forms of interaction techniques in terms of usability is a difficult task. For 

these new forms of interaction it is often unclear who the intended user groups will be and 

even the intended usage is sometimes not well defined. Bowman et al. (2002) for example 

proposed a framework to guide the evaluation of new interaction techniques for virtual reality.  

Looking at the area of multimodal interfaces and new forms of interaction techniques, the 

application of usability and user experience evaluation methods shows several shortcomings. 

Bernhaupt, Navarre, Palanque and Winckler (2007) showed some of theses shortcomings in a 

preliminary study, investigating especially the problems for task selection during usability 

evaluations. One of the major general shortcomings of all usability and user experience 

evaluation methods is the missing systematic approach for task selection, especially when 

addressing new forms of interaction techniques like multi-modal systems and when applying 

new forms of interaction especially in the case of human-robot interaction. The following 

section presents a brief introduction to usability evaluation of multi-modal interaction 

techniques and presents two case studies on how to adapt methods to fit the limitations of 

evaluation: model-based evaluation and evaluation of new forms of interaction on public 

places. 

 

5.1 Usability Evaluation of New Forms of  Interaction Techniques 
 

We have been summarising usability evaluation methods for multi-modal interfaces in 

Bernhaupt, Navarre, Palanque and Winkler (2007): “Most of the usability studies for 

multimodal interfaces exploit some user testing where users’ activity is observed and 

recorded while users are performing predefined tasks. User testing is a preferred strategy for 

evaluation as it allows the investigation of how users adopt and interact with multimodal 

technology providing valuable information about both usability and user experience.  

 

Several types of user testing have been conducted both in usability laboratories and in field 

studies revealing user preferences for interaction modalities based on factors such as 

acceptance in different social contexts, noisy and mobile environments (Jöst, Haubler, 

Merdes & Malaka, 2005). In the following sections using a case study we will show how user 

testing with log-file analysis and think-aloud protocols can be customized to address the 

needs of MMI evaluation. 
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Evaluation based on inspection methods assumes that human factors experts rely on 

ergonomic knowledge provided by guideline recommendations or on their own experience to 

identify usability problems while inspecting the user interface. Known methods belonging to 

this category include Cognitive Walkthrough (Lewis, Polson & Wharton, 1990) (Polson, 

Lewis, Rieman, & Wharton, 1992), formative evaluation and heuristic evaluation (Nielsen & 

Mack, 1994) and benchmarking approaches covering issues such as ISO 9241 usability 

recommendations or conformance to guidelines (Bach & Scapin, 2003). Inspection methods 

can be applied in the early phases of the development process through analysis of mock-ups 

and prototypes. The lack of ergonomic knowledge available might explain why inspection 

methods have been less frequently employed with an exception in (Bowman, Gabbard & Hix, 

2002). Knowledge is not only missing in terms of experts experience for the design of 

multimodal systems but also due to the lack of guidelines to cover all potential modalities and 

modality combinations that might be encountered in multimodal interfaces. Cognitive 

walkthroughs are designed to assess the achievement of goals focusing on the goal-structure 

of the interface rather than on interaction techniques. We will show in the following sections 

how a cognitive walkthrough can be used when evaluating a multimodal interface, and how 

this method must be adapted to address the pecularities of multimodal interfaces. 

 

Questionnaires have been extensively employed to obtain qualitative feedback from users (e.g. 

satisfaction, perceived utility of the system, user preferences for modality) (Kaster, Pfeiffer & 

Bauckhage, 2003) and cognitive workload (especially using the NASA-TLX method) 

(Brewster, Wright & Edwards, 1994) (Kjeldskov & Stage, 2004) (Trevisan, Nedel, Macq & 

Vanderdonckt, 2006). Quite often, questionnaires have been used in combination with user 

testing techniques as presented in (Jöst, Haubler, Merdes & Malaka, 2005). 

More recently, simulation and model-based checking of system specifications have been used 

to predict usability problems such as unreachable states of the systems or conflict detection of 

events required for fusion. Paterno & Santos (Paternò & Santos, 2006) propose to combine 

task models (based on Concur Task Tree (CTT) notation) with multiple data sources (e.g. eye-

tracking data, video records) in order to better understand the user interaction.” The 

application of usability evaluation methods for investigating new forms of interaction 

techniques showed already a set of adaptations of methods. In the following I present 

adaptation of methods to allow for a more detailed understanding of task selection in (user 

oriented) evaluation methods and the adaptation of a field evaluation method. 
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5.2  Adapting UEM for Interaction Techniques: Model-based 
Evaluation 

 
A model-based evaluation for multimodal interface was described by Bernhaupt, Navarre, 

Palanque, and Winckler (2007). Model-based evaluation helps to inform traditional usability 

evaluation methods by providing information from the system’s formal specification. 

 

Model-based evaluation is particularly helpful in the context of multimodal interfaces for 

mobile systems, as the evaluation of multimodal interfaces is difficult to realise with current 

usability methods. The different modalities can only be tested using a huge number of 

experiments (conducted in lab and field). With model-based evaluation the typical usability 

problems related to the multimodality could be found more easily. Model-based evaluation 

can be used in combination with any other usability evaluation method.  

 

Below is a brief description of how to set up a model-based evaluation in combination with a 

usability study: 

 

When testing multimodal interfaces with a usability study, the following characteristics have 

to be taken into account:  

• Which pairs of (device, interaction technique) have to be tested? 

• How can the user address the system using the various communication channels and 

which channel can be used in the various contexts (tasks)? 

• What types of fission and fusion can be tested (especially in the case of safety critical 

systems)? 

• How can the various dimensions affecting usability evaluation of multimodal 

interfaces (MMIs) be addressed (Usage and interpretation of modalities, individual 

user preferences, context-of-use and activities supported by the system, etc.). 

 

The goal of a usability test is typically to identify major usability problems within the 

interface. When conducing usability tests, the most frequently performed tasks (extracted 

from task analysis for instance) are commonly included in the usability test. Having a system 

that is described in a formal notation (unfortunately this is most often only the case for safety-

critical systems), it is possible to identify not only the “minimum” number of scenarios to be 

tested but also to select more rationally the tasks that are to be focused on. This selection can 

be done using analysis techniques on the models that will help designer to identify complex or 

cumbersome behaviours that have been modelled and might require more specific usability 

testing.  

 

When testing multimodal interfaces, the selection of scenarios reaches a higher level of 

complexity due to the significant number of possible combinations of input modalities. In 
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order to test all (or most) of these combinations it is necessary to provide usability tests 

scenarios at a much lower level of description than what is usually done with systems 

featuring more classical interaction techniques.  

 

When setting up the usability test for multi-modal interfaces the selection of tasks must be 

informed by the models. Tasks with high complexity in the low-level multimodal interaction 

must be listed exhaustively. Until now, this comprehensive list has had to be done by the 

expert describing the tasks to be evaluated. In addition, the frequency of highly-complex low-

level interactions has to be estimated, based on the task-models. In the case study, the number 

of synergistic usage of speech and two mice has been counted. Based on this information the 

tasks for the usability test representing the low-level interaction are selected. Additionally 

high-level tasks are selected to conduct the usability test. 

 

This way of selecting the tasks for the usability test, helps to represent all levels of multi-

modal interaction. Thus the results of the usability test are more informative and connected to 

the precise design of the system. 

 

Model-based evaluation helps to support standard usability evaluation methods to overcome 

their reported weaknesses when testing multimodal interfaces. Provided with the adequate 

tools for editing models and generated marking graphs, the above descriptions may sound 

easy to follow. Of course the method will only show its benefits, when the method is carefully 

set up and conducted. 

 

In September 2008 a follow-up study to the work published in Bernhaupt et al. (2007) was 

conducted, using an improved version of the modelling tool (called PetShop, developed by the 

IHCS group of IRIT). Analysis of data is still ongoing, but in general it can be said that the 

combination of formal description with traditional methodology helps to understand usability 

problems in detail and might even help to predict usability problems.  

 

5.3 Adapting Usability Evaluation: Evaluation in Public Places 
 

Developments of new forms of robots to support user tasks are typically informed by the 

working practice they are embedded in. While today robots are used in everyday life, these 

practices and routines used to inform design are often missing. To evaluate typical reactions 

of people when a robot appears in their daily lives, we propose a variation of a breaching 

experiment. The main idea is to confront people with a robot during their daily routines. The 

breaching experiment as a research instrument disrupts ordinary action in order to enable a 

sociological analyst to detect unusual behaviours and reactions. Variations of breaching 

experiments are used to investigate the social acceptance of new aspects of technology. 
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Treating the new forms of technology as a breaching experiment allows us to study the new 

forms of robot usage beyond the typical laboratory setting.  

 

To investigate if such a breaching experiment is reasonable to address social acceptance, and 

even beyond to investigate possible societal impacts for human-robot interaction we 

developed a questionnaire. The questionnaire is based on the UTAUT model, investigating 

four factors; performance expectancy, effort expectancy, social influence, and facilitating 

conditions. As a basis for our social acceptance evaluation approach we used the UTAUT 

model and extended it with concepts from the theory of object-centred sociality. We assume 

that the factors described below explain when summarised, social acceptance in the area of 

human-robot interaction. 

• Performance expectancy and effort expectancy  

• Attitude toward using technology: In the UTAUT model the attitude toward using 

technology is defined as an individual’s overall affective reaction to using a system 

(Venkatesh, Morris, Davis and Davis, 2003). In the evaluation context we will define 

the attitude toward using technology as the sum of all positive or negative feelings 

about solving working tasks supported by technology.  

• Self-efficacy: Self-efficacy is not included as direct determinate in the UTAUT, but it 

seems to be a relevant factor in robot collaboration (Venkatesh, Morris, Davis and 

Davis, 2003). Perceived self-efficacy is defined as people's beliefs about their 

capabilities to produce designated levels of performance that exercise influence over 

events that affect their lives. Self-efficacy beliefs determine how people feel, think, 

motivate themselves and behave. Such beliefs produce these diverse effects through 

four major processes. They include cognitive, motivational, affective and selection 

processes. 

• Forms of grouping: Grouping describes a collection of humans, who share certain 

characteristics, interact with one another, accept expectations and obligations as 

members of the group, and share a common identity. The question arising is, if 

humans can also share identity with robots. Our assumption is that people will more 

easily integrate a humanoid robot as part of their working group.  

• Attachment: Attachment may be defined as an affection tie that one person forms 

between him/herself and another person or object — a tie that binds them together in 

space and endures over time. Tamagotchi, Aibo etc. are good examples, that humans 

can feel attached to an object, so why not also to a humanoid robot? 

• Reciprocity: Reciprocity describes the principle of give-and-take in a relationship, but 

it can also mean the mutual exchange of performance and counter-performance. It is 

the positive or negative response of individuals towards the actions of others. In the 

transferred context of a human-robot-relationship, reciprocity can be seen as followed: 
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The human maintains itself by the robot and adopts the needs of it. The individual 

adopts the potential attitudes to fulfil its needs. 

To investigate this extended theoretical factor model for social acceptance, we performed a 

field study (see Weiss, Bernhaupt, Tscheligi, Wollher, Kühleinz, Buss (2008) for details). The 

work on an evaluation framework for the factors usability, social acceptance, user experience 

and societal impact (we abbreviated it USUS-framework) is the subject of the PhD Thesis of 

Astrid Weiss, which I am still actively involved in4. 

 

From a methodological perspective the evaluation of interactive systems in public places 

allows, (in particular for human-robot interaction) the investigation of not only usability 

aspects, but also insights on other related concepts like the overall user experience, (social) 

acceptance or even an understanding of societal impact. The limitations of this approach are 

the necessity of a (fully controllable, secure, functional) prototype, which can be extremely 

expensive. 

 

5.4 Summary and Contribution 
 

Evaluating usability of new forms of interaction techniques most often requires a fully 

functional system or at least the availability of a (nearly) fully functional prototype. 

Investigating the interaction technique in detail is a difficult endeavour. We have been 

proposing model-based evaluation, a combination of a formal-based specification of the 

system that is fully functional and standard usability evaluation methods (e.g. usability 

studies). Model-based evaluation (Bernhaupt, Navarre, Palanque and Winckler, 2007) allows 

to improve the task selection process for standard usability evaluation methods, helps to 

understand typically usage problems of multi-modal interaction techniques that can not be 

monitored or registered with a standard usability set-up (e.g. cameras might not be enough to 

understand what the user generated input was). The tool currently developed within the group 

of P. Palanque was used to investigate multi-modal interaction (two mice and speech) for 

satellite control rooms (Bernhaupt, Palanque, Winckler and Navarre, 2007). 

 

The evaluation of a product in a public place allows us to understand the real usage situation 

and enables researcher to understand other influencing factors like user experience, trust or 

security. The USUS-framework was first published now in Weiss, Bernhaupt, Lankes and 

Tscheligi, 2009 and is currently used within the ROBOT@CWE project to guide the 

evaluation. The lessons learned on the limitation of “only” investigating usability without 

considering other influencing factors like trust or acceptance guided also the work in another 

                                                 
4 Due to the regulations of the University of Salzburg an official involvement of a Computer Scientist within a 
PhD thesis of a Sociologist is not possible ☺ 
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project on evaluating an e-government application (Winckler, Bernhaupt, Palanque, Leach, 

Ryan, Alberdi and Stringini, 2009) conducted with the RESIST network of excellence. 

 

For a more general understanding on how to adopt methods we have to investigate in more 

detail how to overcome the methodological limitations of data capturing (e.g. in a public place 

with a possibly unlimited number of participants), on how to understand when a (most often 

costly) field trial is necessary or how to improve the lab situation to grasp the most important 

influencing factors of the field. And finally we have to further investigate how to decide if a 

methodological adaptation is helpful in terms of answering scientific research questions on a 

valid basis.  
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6 User Experience Evaluation: Broadening Concepts 
and Methods? 

 
"User Experience'' is a concept in the area of Human-Computer Interaction (HCI) referring to 

the quality of the experience a person has when interacting with a specific design. Research 

on UX currently has three facets (Hassenzahl and Tractinsky, 2006): First, UX is seen as a 

concept that goes beyond the instrumental, e.g. the standard measurements of usability like 

efficiency and effectiveness have to be extended with concept like fun. Second, UX is related 

to emotion and affect referring to the positive aspects of an experience and how to support 

them (shifting from the perspective of trying to avoid negative consequences). Third, UX is 

seen as a concept that is related to a product and user experiences are embedded in a specific 

situation. Interaction goals, intra-psychological dispositions, the environment, involved 

people and the product itself have a significant impact on how users experience the product. 

Each experience has a discrete beginning and an ending. During this time span a user 

experiences emotions, which are heavily influenced by the introduced components. How user 

experience shall be evaluated is still focus of a scientific discourse. But several methods exist, 

helping to understand user experiences and the user needs and desires that form the basis for 

any user experience. To investigate user experience from a research perspective methods from 

social science are applied. To understand aspects of user needs and wants, their motivations 

and experiences ethnographic studies can be used. 

 

UX is an attribute of the user (not like a function of the product) (Hassenzahl, 2003). Time, 

for example, is not perceived as a real measure by the users, as time can be perceived quite 

differently in various situations. The functional and emotional nature of user experience was 

investigated for some time using the notion of fun. These investigations missed the temporal 

nature of user experience: before, during use and after use and especially the possible long 

term relationship during the whole product lifecycle. The temporal and granular nature of user 

experience was recently investigated by Roto (2008). Additionally the relationship of a 

persons feelings and the level of satisfaction has been neglected in usability evaluations. 

 
To investigate on a long-term basis if evaluation of user experience will be “just another” 

adaptation of UEMs, I will first present an overview on currently used user experience 

evaluation methods (UXMs), followed by some aspects on how user experience aspects can 

be evaluated using games. The goal to define or adapt methods to measure user experience is 

one of the aspects I would like to contribute to within the next years. 
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6.1 An Overview on UX Evaluation 
 

User experience evaluation is currently performed using standard usability evaluation 

methods and extending them with for example additional questionnaires to measure aspects 

contributing to user experience, but also new types of methods are available to evaluate user 

experience. 

 
Table 1 gives an overview on evaluating user experience describing briefly their advantages 

and limitations. Following, is a brief description of these methods and some of their 

methodological variations. 

 
Evaluation Methods for UX Key Facts Advantage(s) Shortcoming(s) 
Ethnographic Studies/ Various 
Probing Approaches 

Qualitative insights on 
peoples daily lives 

Gives insight on people 
daily lives on a qualitative 
basis, can be used before a 
product is developed 

Probing material has to be 
carefully designed 

Experience Sampling Method Insight in peoples daily 
lives 

ESM can be used 
throughout the design life 
cycle 

Technological based ESM 
can be time and resource 
intensive and 
personalisation and 
individualisation are 
difficult to be logged 

AttrakDiff  Questionnaire to evaluate 
the dimensions of hedonic 
and pragmatic quality 

Easy to use, fast Measures only a short term 
perspective of one factor 
that contributes to user 
experience 

SAM/Emocards Questionnaire oriented 
self-assessment of 
emotions 

Easy, fast, cheap Typically used after 
interacting with the product, 
so effects like the recency 
effect can influence the 
judgement and people might 
not remember their emotions 
during the interaction well. 

Bio-metrical measurements Using heart rate, skin 
conductance or facial 
expression changes to 
investigate emotions 

Detailed insight on minimal 
physiological changes 

Interpretation of bio-
metrical measurements is 
still unclear, set-up is 
expensive and resource 
intensive 

Table 1: User Experience Evaluation Methods (from Bernhaupt, 2009a, in press)  

 
Focus of the evaluation of UX can be to understand the emotional attachment the user has to 

the product, feelings of the user while interacting with the product, as well as satisfaction, fun 

and other related concepts like acceptance of the product. Research in that area should be 

supported by research in marketing to find out if products for example represent the current 

lifestyle and trends. 

 

The experience sampling method (ESM) (Larsen and Csikszentmihalyi, 2003) originally 

introduced by Csikszentmihalyi (see Hektner, Schmidt and Csikszentmihaly, 2006), asks the 

user to protocol his feelings and emotions before, during or after use of a product. Computer-

supported forms of the ESM today help to investigate everyday life. ESM is conducted in-

situ, involves many participants, and takes place over time, and collects quantitative and 

qualitative data. When using experience sampling the specific research interests as well as the 
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measurement method, which are suitable to gain the desired information, must be carefully 

considered (Conner, 2004; Conner, Barrett et al., 2003). The main qualities of experience 

sampling are that usability and user experience factors can be studied within a natural setting, 

in real time, on repeated time occasions, and by request. Computerised experience sampling 

on mobile devices has recently gained a lot of attention, especially since people are used to 

carrying mobile devices with them most of the time (Bernhaupt, Mihalic and Obrist, 2008). 

 

Hedonic quality is evaluated using questionnaires like the AttrakDiff (www.attrakdiff.de). 

Focusing on emotions as an important part of user experience various forms of questionnaires 

have been used. Emocards (Desmet, Overbeeke and Dax, 2001) uses 16 faces representing 

eight emotions on the two dimensions arousal and pleasantness. Other questionnaires 

measuring emotion have been developed in psychology, e.g. the Self-Assessment-Manikin 

(SAM) or use of semantic differentials (Bradley and Lang, 1994). In the area of games in 

particular, emotions have been evaluated using bio-metrical measurements (Mandryk, Atkin 

and Inkpen, 2006). The experimental perspective dealing with the nature of experience has 

mainly been investigated from a research perspective (Forlizzi and Battarbee, 2004). 

 

6.2 Investigating Aspects of UX: Emotional Flowers 
 
To understand how user experience can be an integral attribute of a product we started to 

investigate games and especially how games lead to emotion. To study the possibility to 

evoke emotions during playing a game Emotional Flowers was developed. 

 

“Emotional Flowers” is a game that is supposed to influence emotions and moods of people. 

“Emotional Flowers” can be played by everyone connected to the Internet. The game is 

intended to be played by a group of people to enforce competition, but can also be played 

alone.  

 

The gaming concept of “Emotional Flowers” is very simple: The user simply uses his 

computer and sits in front of a webcam. The users cannot play “Emotional Flowers” in a 

conventional way. Because the game is not controlled by a classical input device like a game 

pad or a keyboard but interprets facial expressions of the user. We used Ekman and Friesen’s 

(1977) six basic emotions classification (happy, angry, sad, surprised, disgusted, scared) and 

additionally neutral as a state of no emotion or not interpretable input (Ekman, 1999). The 

game itself consists of a flower as avatar, which grows or shrinks depending on measured 

emotions in the facial expressions. 

 

The player starts the game with an empty flowerpot. The facial expressions are measured in 

timeslots of ten minutes to half an hour. The user receives short feedback that will be 
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measured and then recording starts. With every positive measuring (happy, surprised) the 

flower starts to grow and eventually blossoms which changes colour when further positive 

emotions are measured. The flower starts with violet, turns into blue, green, yellow, orange 

and finally red. When the blossom is red the next blossom starts to grow and then again 

changes colour. When the third blossom is fully developed the player has reached the game’s 

goal. If the measuring of the facial expression has a negative outcome (sad, angry, disgust, 

scared) the flower will decrease step by step implying a changing of the colour back to earlier 

stages and shrinking blossoms. If the facial expression is neutral, the flower does not change. 

 

We used FaceReader, recently developed by VicarVision and Noldus Information 

Technology. The software recognises facial expressions by distinguishing six basic emotions 

(plus neutral) with an accuracy of 89% (Face Reader, 2009). More particularly, FaceReader 

classifies happy, angry, sad, surprised, scared, disgusted and neutral (Den Uyl and van 

Kuilenburg, 2005). The system is based on Ekman and Friesen’ s theory of the Facial Action 

Coding System (FACS) that states that basic emotions correspond with facial models. 

FaceReader makes it possible to play the game without any explicit movements or conscious 

activities. Although the game could be played during the whole day, by simply sitting in front 

of the computer, our results will show that users behave far more actively than expected when 

playing the game. 

 

The game is supposed to have an ambient and social character as well. All plants are projected 

on a big screen together on a meadow. This adds an ambient aspect and makes it possible for 

the player to observe how the other plants are developed. The players can talk about their 

plants, their personal success or their failure. The ambient screen can be seen as a social 

interface and increases the social aspects of the game, because it creates a real life situation 

for a physical community building, besides the virtual mood raising aspect of the game itself. 

 

The game was evaluated in various settings and showed that games can directly influence the 

user’s emotions. Longer term influences on moods could not be found (Bernhaupt, Boldt, 

Mirlacher, Wilfinger and Tscheligi, 2007).  

6.3 Investigating Aspects of UX: Embodied Conversational Agents 
 
Another aspect of the research on user experience is the series of experiments conducted by 

Michael Lankes in his PhD5. The main goal is to investigate the relation of context and the 

perception of facial expression which has long been studied and discussed in the scientific 

community. In 1932 Goodworth and Tinker studied the perception of facial expression using 

photos as stimuli and written contextual information, concluding that neither facial expression 

nor the text stimuli were dominant. The Facial Expression Program propagated the 
                                                 
5 I was/am partly supervising the PhD of Michael Lankes. The PhD is to be submitted in May, 2009. 
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methodological set-up of Goodworth and Tinker. They claimed that subjects are capable of 

judging facial expression isolated from its contextual background (Reeves and Nass (1996). 

Other research attempts (Shiano, 2004) criticised the dominance of facial expression over 

context stated by Facial Expression Program. 

 

Until now studies investigating the relationship of contextual factors and emotional perception 

used two kinds of visual stimuli: facial expressions extracted from pictures or film clips 

showing posed or natural performance. To explore user perception of emotional expressive 

stimuli in various contexts, interactive settings can help. Thus context and facial expression 

can be observed in a controlled setting.  

 

We propose an experimental setting introducing three contextual scenarios: In the first setting 

participants are confronted with static stimuli (Stimulus: Frame). Scenario two shows short 

animated clips of emotional expression (Stimulus: Animation) and scenario three, is set in an 

interactive, virtual environment that adds context information on the perception process 

(Stimulus: Interaction). Furthermore, Scenario three is made up of two parts that differ in the 

quality of the contextual information presented. Not only the perception of the emotional 

performance of virtual actors is addressed but also the emotional disposition of the subjects.  

 

The modelling of the context is based on work by Wallbott (1990). To clarify the different 

components of contextual information in emotional expression a matrix was designed that 

discriminates stimuli dimensions (1. Simultaneous, 2. Sequential, 3. Adaptive). Each 

dimension can be observed from three perspectives. The matrix by Wallbott (1990) was 

slightly modified to incorporate a virtual environment setting.  

 

The findings of Michael Lankes’ PhD thesis show that positive emotions evoked by 

(congruent) stimuli of emotions (in terms of facial expression and related contextual 

description) lead to the perception of a better user experience, rated on a simple questionnaire 

(www.attrakdiff.de). Interestingly, partially animated (sequential) stimuli do not improve the 

overall user experience, compared to still images. Interactive scenarios of stimuli presentation 

provide the most positive user experience (Lankes, 2009).  

 

6.4 Summary and Contribution 
 
A variety of methods help to understand and investigate aspects of user experience. 

Summarising the current scientific discussion it is clear that various factors contribute to a 

(maybe holistic) user experience. The term user experience is still not well defined. Attempts 

to define user experience as a typical attribute of the human (from a psychological 

perspective) helps to measure the perceived UX by the user, but are too narrow with respect to 
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the insights on generating various forms of user experiences in the design community. Our 

work on emotion as an important aspect of the overall user experience showed the ability to 

influence emotions with games and demonstrates that simple mechanisms can help to support 

an overall user experience (Bernhaupt, Boldt, Mirlacher, Wilfinger and Tscheligi, 2007).  

 

The perception of embodied conversation agents (and non-player characters) in terms of 

emotional facial expression shows that user experience of that interactions is heavily 

influenced if the embodied conversational agent is combined with congruent or divergent 

contextual descriptions (Lankes, 2009).  

 

On a more general basis I want to investigate if user experience evaluation is just another 

adaptation of usability evaluation methods (like currently conducted in various projects) or if 

other forms of evaluation methods are needed. Especially results from the game industry 

(with their main focus on making a game fun to play) show that user experience evaluation 

results for games are difficult to integrate in the game development and new forms of methods 

(and methods) might be needed. From a research point of view the relationship between user 

experience evaluation and usability evaluation has to be investigated in more detail during the 

next years – to better understand how to measure, observe, evaluate, user experience and how 

to improve the developed system accordingly. 
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7 Summary: Adaptation of UEMs and UXMs 
 
Usability and user experience evaluation in non-traditional environments is a broad field. My 

work and research contribution to that area was a set of method variations that shall improve 

several shortcomings of the application of (traditional) usability evaluation methods in non-

traditional environments. Based on a number of case studies I have been starting to investigate 

on how to systematically adapt methods. Every method does have shortcomings and 

weaknesses that have to be considered carefully when applying a method to improve usability 

and user experience aspects of interactive computing systems. Table 2 shows an overview on 

the possible adaptations for the various domains/research fields I have been investigating and 

what factors the adaptation of the method was taking into consideration.  

 
DOMAIN USAGE CONTEXT LONG(ER) TERM 

USAGE 
INFLUENCES 
ON/FROM THE USER 
(E.G. TIRED, ILL, 
RELAXED, …) 

INCLUDING A 
VARIETY OF USER 
GROUPS 

Mobile Real world laboratory 
Field Usability 
(Bernhaupt, Mihalic and 
Obrist, 2007) 
Comparing Lab and 
Field Studies 
(Bernhaupt, 2009)  

 Partly addressed in 
comparing lab and field 
studies (Bernhaupt, 
2009) 

Flying Shopping Trolley 
(Weiss, Wurhofer, 
Bernhaupt, Beck and 
Tscheligi, 2008) 

Home Playful Probing 
(Bernhaupt, Weiss, 
Obrist and Tscheligi, 
2007) 
IC-Technique (Beck, 
Obrist, Bernhaupt and 
Tscheligi, 2008) and 
application of the IC-
Technique (Bernhaupt, 
Obrist and Tscheligi, 
2009) 

Application of a 
combination of 
Technology Probes and 
Playful Probing in 
several projects (iTV 
Salzburg, iiTV@Home, 
iTV4ALL, Remote 
Control 2010).  

Partly addressed in the 
field trials: Results on 
current trends in the 
living room (Bernhaupt, 
Obrist, Weiss, Beck and 
Tscheligi, 2008), iTV 
recommendations 
systems (Bernhaupt, 
Wilfinger, Weiss and 
Tscheligi) and new 
systems (Bernhaupt, 
Wilfinger, Mirlacher, in 
print). 

Playful Probing 
(Bernhaupt, Weiss, 
Obrist and Tscheligi, 
2007) 
IC-Technique (Beck, 
Obrist, Bernhaupt and 
Tscheligi, 2008) and 
application of the IC-
Technique (Bernhaupt, 
Obrist and Tscheligi, 
2009) 

Interaction Techniques Model-Based Evaluation 
(Bernhaupt, Navarre, 
Palanque and Winckler, 
2007) and Application 
(Bernhaupt, Palanque, 
Winckler and Navarre, 
2007) 

   

User Experience  Investigating the 
influence of the 
Emotional Flowers 
Game on Users Emotion 
(Bernhaupt, Boldt, 
Mirlacher, Wilfinger and 
Tscheligi, 2007) 

Framework for 
investigating ECAs (PhD 
Lankes, 2009), (Lankes, 
Bernhaupt and Tscheligi, 
in press) 

 

Table 2: Summarizes the adaption of methods by Bernhaupt et al. to allow to take the usage context into account, to 
investigate longer term usage, understand influences on the users stemming from the NTE usage and the inclusion of 
various user groups within a study.  

 

Based on the analysis of existing methods in mobile HCI and the home domain it became 

clear in my work that an improvement for methods that are applied for field studies in early 

development stages of a product can be helpful. The method of playful probing and creative 
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cultural probing was developed by Bernhaupt et al. (2007) to improve participation in 

ethnographic studies and to enable a clearer understanding of user experience aspects.  

Bernhaupt, Obrist, Tscheligi (2009) gives an overview on how to involve users in the 

development of social interactive TV by enhancing usability and user experience in non-

traditional environments. The instant card technique especially helps to involve users in 

workshops to allow investigating users’ ideas on how future services should look. The same 

method was used in various other evaluations conducted with in the FP6 funded project 

CITIZENMEDIA. First results of the test-bed in Engerwitzdorf are published in Obrist, 

Kepplinger, Beck, Bernhaupt and Tscheligi (2008). An overview on the instant card technique 

can be found in Beck, Obrist, Bernhaupt and Tscheligi (2008). 

 

My work in the area of mobile devices and services allowed to set- up an infrastructure (The 

Real World Lab) enabling to conduct methods like experientially controlled field studies. To 

improve the participation of children and to understand influences of the final usage context 

we additionally developed workshops including a variation of playful probing in the final 

usage situation (e.g. in a shopping center). Weiss, Wurhofer, Bernhaupt, Beck and Tscheligi 

(2008) describe findings on how conducting methods in the real usage situation can help to 

improve findings.  

 

Model-based evaluation is the adaptation of usability evaluation methods to allow 

investigation of new interaction techniques. The method is described in Bernhaupt, Navarre, 

Palanque and Winckler (2008), an pre-study on investigation multi-modal interaction 

techniques was published in Bernhaupt, Palanque, Winckler and Navarre (2007).  

 

A basic set of methods and their applicability for evaluating usability aspects of new forms of 

interaction techniques is investigated in the Robot@CWE project (EU, 6th Framework; goal of 

the project is to investigate social cooperation in industrial settings between humans and 

robots). A first publication on the methodological findings on how context (a public place) 

can influence evaluation can be found in Weiss, Bernhaupt, Tscheligi, Wollher, Kühleinz, 

Buss (2008). A framework allowing the investigation of usability, social acceptance, user 

experience and societal impact (USUS-framework) was developed together with Astrid Weiss 

within her PhD thesis and serves as evaluation framework in the Robot@CWE project. 

 

The current summary of influencing factors for usability and user experience evaluation in 

non-tradition environments shows that taking the usage context of the final product is critical 

for the development of usability services, products or robots. But usability and user 

experience can not be seen independently of other constraints stemming from the technical 

requirements and limitations. To understand how usability and user experience is related to 

other concepts future workshops and projects shall investigate the dependencies of usability 

and user experience. 
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A first special interest group was held during CHI 2006 (Conference on Human Factors in 

Computing Systems), a second interest group during CHI 2007. A first application field was 

the project within the EU funded network of excellence RESIST. Results are published in 

Winckler, Bernhaupt, Palanque, Leach, Ryan, Alberdi and Strigini, 2008).  

 
The summary of my contributions includes only work that is directly related to adaptations of 

methods. Other parts of my work are and were related to  

• investigating TV and interactive TV in the home, development of iTV systems and 

concepts, 

• research on games (especially non-player characters) and evaluation of games, 

• and former work in the area of artificial neural networks and psychology. 

The publications describing that work can be found in the extensive list of publications in the 

curriculum vitae. 
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8 Future Research Directions and Outlook 
 

Based on the work I have been conducting during the last five years I see the following areas 

as an important part of my future work: 

 

1) Summary and Description of a Framework: USENTE 
 

On a (very) long term level, I think that a categorisation of the influencing factors stemming 

from the non-traditional environment usage is necessary. This categorisation shall allow to 

describe how methods should be adapted or which combination of methods should be used. I 

call this framework USENTE (Usability Evaluation in Non-Traditional Environments). The 

result of this research work will be a framework consisting of: 

 

• a general description of each method, the process for conducting the method and 

results that are expected when using that method 

• limitations and shortcomings of the methods 

• applicability of the method in the development cycle (when and at what cost) 

• contextual factors of non-traditional environments that limit the applicability of the 

method, especially for entertainment applications in the home, safety-critical, 

multimodal for various environments including human-robot interaction. 

• a solution on how to overcome the limitation of the method, by proposing a process 

for conducting the method, measurements and tools. 

 

The framework shall be available in a researcher friendly way, allowing free access to the 

framework, the sources and the studies conducted that helped to validate methods and 

framework6. 

 

Some first attempts on describing the currently available set of usability evaluation methods, 

including a classification and a comparison (on the effectiveness and efficiency of the 

methods) were done in the COST funded MAUSE project (www.cost294.org). The 

framework (USENTE) must allow to directly compare methods in terms of efficiency, but 

also to understand when a special type of usability or user experience evaluation method is 

applicable for the evaluation of a system that is beyond the standard desktop environment, or 

beyond the standard interaction technique. The framework shall be available as a guideline for 

researchers to help them select the appropriate methods for evaluating usability and user 

experience during the development lifecycle, and USENTE shall additionally explain if the 

                                                 
6 I am aware that this research project will keep me busy until I will hopefully be retired in about 25 years. 
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evaluation of these factors might help understand other related factors (e.g. security or social 

acceptance). 

 

To reach the goal of developing USENTE the following steps are necessary (and some of 

them were already partly achieved): 

 

• To give a systematic overview of the current shortcomings in traditional usability and 

user experience evaluation: 

o Based on an extensive literature review and using results of existing projects 

the applicant is involved in (e.g., MAUSE) current shortcomings of usability 

and user experience evaluations will be analysed. A full set of existing case 

studies from the various projects the applicant was involved in will help to 

identify these shortcomings. 

o  To investigate the possibilities offered by formal methods to limit 

shortcomings in traditional usability methods. 

• Based on case studies performed together in projects with IRIT, new forms of 

evaluation methods are developed. 

o  Improve and extend existing usability and user experience evaluation methods 

for use in non-traditional environments: 

o As shown in a preliminary case study (Bernhaupt, 2007) usability and user 

experience evaluation methods can be easily adopted to limit the negative 

consequences for example task selection within the usability evaluation 

process. The improvements and extensions shall be varied systematically, 

taking into account contextual influences from the different non-traditional 

environments, especially with respect to multimodal interfaces and the 

application of multimodal interfaces to human-robot interaction. 

• Prove the methodological improvements with a set of experiments and case studies. 

• The improved methods shall be applied systematically in various contexts and shall be 

used in ongoing projects. 

• To develop an expert guideline for usage of evaluation methods and their determining 

contextual factors. 

One of the major aspects of the USENTE framework is how to achieve a validation of the 

adapted and improved methods. 

 

2) Validating Methods 
 
A first step will be the validation of the playful probing approach based on the various field 

studies conducted with the iTV projects conducted during the last five years. The validation of 

the set of evaluation methods began by analysing the usage of the methods in various projects. 

Results on the general cross-validation of the playful probing method (5 ethnographic studies 
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with more than 1000 participants, experimental set-up with a split condition, resulting in 500 

participants using the normal probing approach and 500 participants using the playful probing 

approach) are currently under investigation. 

 

To allow a better comparison it would be helpful to develop new forms of measurements that 

enable an easy comparison if an adapted method fulfils the needs of the evaluation within the 

non-traditional environments.  

 

3) Extending “Traditional” UEMs with Formal Method Approaches  
 
Based on the analysis of existing methods it became clear that various non-traditional 

environments pose different evaluation problems due to the usage context. A first step to 

overcome these limitations especially for multimodal interfaces (applied today in different 

application fields such as safety-critical systems, home entertainment systems, mobile phones 

with all their services and especially human-robot interaction) was a detailed analysis of a 

possible support of traditional evaluation methods using formal modelling. Based on the 

conducted work, other standard usability evaluation methods shall be analysed and used in 

case studies to understand how formal modelling can support standard usability evaluation. 

Each method shall be described, used in case studies and validated (for their benefit in terms 

of efficiency and effectiveness). Then the adapted method shall be described according to the 

context criteria. 

 

Improving traditional usability evaluation methods can help to overcome problems that are 

related to the use of new interaction techniques and concepts in non-traditional environments. 

The explicit description of interaction techniques makes it possible to identify not only the 

minimum number of scenarios to be tested, but also to select the tasks that are to be focused 

on more rationally from the interaction technique perspective. This selection can be done 

using analysis techniques on the models that will help usability specialists to identify 

cumbersome or complex behaviours that have been modelled and might require more specific 

usability testing. 

 

Especially when testing usability of multimodal interfaces, selection of scenarios reaches a 

higher level of complexity due to the significant number of possible combinations of input 

modalities, and also due to the fact that fusion engines usually involve quantitative temporal 

evolution. To test all (or most) of these combinations, it is necessary to provide usability 

testing scenarios at a much lower level of description than is usually done with systems 

featuring more classical interaction techniques.  

 

Evaluation of user experience often fails to additionally take into account usability aspects 

that might affect the experience of the user especially when interacting with multimodal 
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systems. Thus an experimental framework is necessary allowing to fine-grain possible 

parameters of the interaction techniques. Using formal models to describe and specify the 

tasks, such an experimental background can be setup quite easily, compared to other software 

development steps.   

 
4) Investigate User Experience Factors 
 
On a long term basis the goal of research on the evaluation of user experience should be to 

develop methods that allow the evaluation of (various aspects) of user experience in non-

traditional environments. The general focus should be to describe evaluation methods and the 

measurements they allow to make for the various environments. For the games domain, a first 

step is the summary of user experience evaluation methods used in games development 

(Bernhaupt, 2009b, in print). The edited book (Bernhaupt, 2009b, in print) shows a variety of 

factors that are related to user experience in games. The goal of my research within the 

coming years will be to describe a more general framework on these evaluation formats and 

how various variables contribute to the gaming experience. Based on this games evaluation 

the applicability of methods to other domains shall be investigated. For example for the area 

of safety-critical systems it has to be analysed to what degree other factors influence user 

experience and how user experience can be improved. It seems interesting to understand if a 

high user experience will contribute to increased safety of the system. But this kind of 

research can only be conducted, once appropriate measures are available that help us analyse 

user experience.  

 

5) Investigate other Attributes of Interactive Systems 
 
Based on the workshops at CHI (SURE) (Palanque et al., 2006) and the attempts to develop a 

framework to investigate usability, user experience, (social) acceptance and societal impact 

for Human-Robot Interaction a long term goal is to investigate in detail how different system 

aspects affect each other. Systems with high security may lead to low usability, while highly 

usable systems may provide low security. Acceptance of systems does not only depend on the 

usability of the system, but is influenced by a variety of factors – the role of user experience is 

still not well understood in that context. The investigation of various attributes of interactive 

systems will be a long term goal that shall be achieved in a series of projects (first proposals 

are currently under development). 

 

The goal for the long term research is to generally analyse how factors like security, privacy, 

social acceptance or even societal impact are related to the measurements of usability and 

especially user experience. Does a positive user experience improve the perception of a user 

that the system is secure? Does a usable system increase the users trust in the system? How do 

these factors affect the development of products, services, systems or robots – will a robot – 

that is difficult to manipulate be perceived as “more intelligent”?  
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The results of the validation of methods, extension of methods with formal-model approaches, 

user experience factors investigation and the results of the investigation of factors influencing 

or contradicting usability and user experience evaluation attempts will be necessary steps to 

reach the overall goal on developing a framework for usability and user experience evaluation 

in non-traditional environments. 
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Abstract. We present a methodological variation of cultural probing called 
playful probing. In playful probing games are developed according to the area 
investigated, to enhance participants’ involvement in the studies. The games are 
used as additional probing material and enhance participants’ involvement. 
Based on an experimental case study with 40 households participating in a 
ethnographic study on new forms of media usage in the home context we show 
how playful probing can successful support users’ engagement during the 
ethnographic study. We found interesting insights, for example the amount of 
data provided on creative cards doubled for households using the playful 
probing approach compared to households not using playful probing. Thus the 
methodological extension seems worth the effort when used in ethnographic 
studies within the home context. 

Keywords: Ethnography, cultural probes, playful, method, computer 
technology usage in households, interactive TV. 

1   Introduction 

Today there is a steady growth of technology usage in the context of peoples’ homes. 
To address the need for understanding technology usage in everyday life, various 
methods have been used. In the field of human-computer interaction ethnographic 
methods are used to better understand how technology is adopted and used in the 
home context. In the Casablanca project, for instance, Hindus et al [14] investigated 
how media space concepts could be incorporated into households and family life. 
They used ethnographically inspired field studies and in-depth interviews to evaluate 
early prototypes for home communication in real world settings. Taylor & Swan [26] 
or Crabtree & Rodden [8], among many others, used ethnographic methods and 
variations focusing on domestic routines and the role of technology in home life. All 
these ethnographically inspired studies have in common, that they involve researchers 
as integral part of the field study. To limit the effects of researchers taking part in the 
field studies, new methods (like cultural probing) are used enabling the investigation 
of daily life without researchers’ participation.  

Cultural probes were invented to provoke inspirational responses from participants 
[11]. This method uses a package of materials, for example post-cards, maps, photo 
albums or media diaries. Participants use the material to describe their everyday 
experiences and to answer questions in an informal way. Cultural probing turned out 
to be a valuable method to gather rich in depth qualitative data about the private life 
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of the participants to inform design of technology (like computers). Meanwhile 
several variations of cultural probing were developed like empathy probes [19], 
technology probes [17] or mobile probes [15]. Moreover, Crabtree et al. [7] adopted 
cultural probes for the care sector in order to better inform the design of applications 
for this sensitive environment, and Iversen & Nielsen [18] further developed cultural 
probes for the use with children.  

Depending on the material used for the cultural probes method, results and return 
rates can vary extremely. To improve cultural probing we wanted to intensify 
participants’ involvement in the study and enable children’s participation. We wanted 
participants to have more fun when taking part in the study. Thus we developed a new 
methodological approach called playful probing. 

In the following we present playful probing, a methodological variation supporting 
active participation by using games as integral research tool. We present the concept 
“playful” as an advanced way to involve users in the data collection process and 
demonstrate the development and usage of playful probing and show in an 
experimental case study how this methodological variation increased users’ 
participation, especially the involvement of children.  

2   Related Work: The Concept of “Playful” and Cultural Probes 

Children Research Net (CNR) [9] defines playful as “a certain feeling or emotion, the 
thoughts, curiosity and inquiring mind that arise when an individual is absorbed in 
something. The definition of ‘ playful spirit’  also includes sympathy for others, 
positive attitudes, and a concern for people and things. In other words, a playful spirit 
encourages children's spontaneous learning”. The CRN stresses that playfulness 
enhances children to fully use the capabilities of mind and body, and that general a 
person being absorbed in play is filled with excitement and ‘joie de vivre’ enabling 
mind and body to work intensively.  

Using games to make experiences more enjoyable was addressed in various 
disciplines. Especially in the area of (e-)learning the concept of play was used. For 
instance Egloff [10] conducted a case study on interactive CD-ROM play-sets where 
correlations between gender, age and knowledge regarding edutainment were 
investigated. 

Overall, games and gaming can be seen as an adequate methodological extension 
to conventional methods in order to increase children’s participation in research and 
in the design process. However, games can also help to increase participant’s 
motivation to take part in the study. Muller et al. [22] summarized the benefits of 
gaming as research technique as follows: Enhanced communication, enhanced 
teamwork, improved articulation of the perspectives, knowledge, and requirements, 
and new insights leading to important new analyses and designs. Based on this 
advantages Muller [21] developed several games for the practice of participatory 
design, like CARD, a card game for visualising work activity flows, PICITVE, a 
paper - and – pencil game for screen design, Icon Design Game for generating new 
ideas for icons, and Interface Theatre for design reviews. 
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A growing amount of literature has emerged discussing the involvement of 
children in the research process of human-computer interaction. Different methods 
were already used to integrate children into the design process. For instance Burov [4] 
used observations with videotaping to discover activity patterns in children’s’ play 
and used additionally standardised questionnaires. Candy and Edmonds [5] conducted 
a study concerning on the computer usage to support the learning process of children 
with particular basic language difficulties. The dialogues between the students and the 
computer were recorded and discussed afterwards. Others showed patterns of 
children’s interactions with different system tools by capturing logging data [23], or 
conducted observations of children’s reactions to HyperCard menus and commands 
and tracked their navigation patterns [24]. Wyeth [27] conducted an ethnographic 
study on children’s play experiences in a Kindergarten. The study focused on how 
new playful technology for young children needs to be designed. To better address 
children’s’ needs Read [25] developed special questionnaire instruments called 
“funometer” and “smileometer” measuring the satisfaction rate of children.  

To add a ‘playful’ component in a methodological approach seems to be a 
reasonable step to enhance participation and to increase involvement of children in 
research studies. 

 
Cultural probing  is a method developed in the tradition of artists and designers 

rather than being based on the more typical engineering approaches. Developed by 
Gaver et al. [11], the cultural probes approach plays an important role in the initial 
phase of a user-centered design process. Cultural probes are purposefully designed to 
inspire, reveal and capture the forces that shape an individual and his/her life, at 
home, at work or on the move [13]. It is a method for understanding participant’s 
behavior and experiences in situ. Probes are mainly used to gather insights on the 
users’ context in order to better inform the design process in an early stage [11], [19]. 
Cultural probing differs from traditional field and ethnographic methods, like 
observation and interview, as the researcher is remote from the participants. The 
participant is the observer him/herself. 

When conducting a study using cultural probing a so called probe packages is 
provided to the study participants. The probe package normally consists of diaries, 
cameras, post cards, sometimes maps of the explored environments, and several other 
means to obtain as much data as possible from the participants. Participants are free to 
control time and means of capture. Gaver et al. [11] reported that return rates of 
materials can vary significantly in different settings and populations.  
Apart from the traditional cultural probe approach new methodological variations 
have been developed, like domestic, technology or mobile probes ([17], [7], [1], [15]). 
Mobile probes are mainly used to explore the mobile environment in order to explore 
people’s activities in mobile contexts, but it is not a usability evaluation method. 
Technology probes involve installing a technology into a real use context, watching 
how it is used over a period of time, and then reflecting on this use to gather 
information about the users and inspire ideas for new technologies [17]. Especially in 
the ethnographic study of Battarbee et al. [2] it was tried to address children with 
cultural probes. Animal stickers were used which should be assigned to the different 
technologies in the children’s surrounding. The presumption therefore was that 
children imagine electronic devices as „sort of alive“ and that animal metaphors can 
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give a deeper insight on how children experience technology. However, the study 
revealed that the abstraction level with the stickers was quite difficult for children. 
Iverson et al. [18] used digital cultural probes for addressing children’s everyday live. 
Therefore children were asked to send audio-visual material by a mobile phone to a 
web-page to investigate what is interesting, funny or relevant for them. The produced 
content could be shared by the children as well as by the researchers.  

Cultural probes can inspire design by providing a range of material reflecting 
important aspects of the participant’s context of use and potential usability factors. In 
the initial setting results were used to inspire the design of new technology. Other 
studies used the gathered material to inform design in a more structured way, for 
example by developing scenarios and personas based on the findings. 

3   The Method: Playful Probing 

Playful probing is a new variation of the cultural probing method. It uses the standard 
set-up of cultural probing, taking for example post-cards or post-its as probing 
material to gather insights on people’s habits and usage. The playful probing approach 
differs from the traditional approach as it uses games that are specially designed for 
the study. In playful probing the games are designed focusing on the research area 
addressed within the study. The development for the game itself depends on the study 
set-up. Depending on the topic to be investigated, variations of existing games can be 
used or even new games are developed. 
Within playful probing, games are used to evoke users’ insights on the areas and 
themes explored within the study. As a major advantage we expected that users will 
focus on the areas explored, while using the games and gain new insights. Based on 
these insights other probing material is used and answered in more detail. 
Additionally games could help to better involve children in the ongoing study. 

Using the method of playful probing is challenging Based on the area to be 
investigated a game has to be designed. First, the game should include the topic of 
research. The developed game also has to fulfil all expected characteristics of a game 
[20]: fun while playing the game, clear goals and rules, defined beginning and end. To 
facilitate the development of the games we started with existing and frequently used 
games.  

We developed several variations of traditional card playing games. Variation one 
was a card playing game called “Neunerln”. We extended the normal card game by 
additionally printing questions on the cards. The goal of the game is to get rid of all 
the cards as soon as possible. Cards have four kinds of symbols (colours) and 
numbers on them. In the beginning one card is in the middle (visible) and the first 
player can lay down a card either if one card has the same symbol or the same 
number. The player wins, if he is the first one to have no cards left. To reduce the 
number of negative points in the case of loosing, the player could answer a question 
card on the game. We used this game in an ethnographic study in May/June 2006 
investigating users’ experiences with interactive TV during a local field trial. Based 
on our first experience with playful probing, we recognized that the more professional 
the cards look like, the more the participants were motivated to use the game. 
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Moreover, it became clear that changing original rules in the game made it more 
difficult to play. Participants neglected to use the changed rules, as they were used to 
play the game with the original rules and it was difficult to remember the changed 
rules.  

A second variation was the development of a game using small cards with verbs 
and adjectives on them. The goal of the game was to describe objects using verbs and 
adjectives on the cards. We started to use technology-oriented objects. The goal of the 
game was to describe the object with the verbs and adjectives on the cards. We used 
this game in internal trials and found out, that the number of verbs and adjectives 
available was too large, rules were too complicated, and production costs too high to 
be effectively used. 

When using playful probing, the adoption of an existing game without replacing 
the rules of the game is important. On one hand, it is the easiest and cheapest way to 
develop the needed material. On the other hand, it doesn’t require the participant to 
get used to the game, thus increases the potential of usage. These insights and lessons 
learned from the two trials built the basis for development of a novel playful probing 
design which will be described in the following chapter. 

4   The Experimental Case Study 

Based on former experiences with playful probing and the development of variations 
of several games, we conducted an ethnographic study using playful probing in 
September 2006. Main goal was to evaluate if playful probing improves the 
“traditional” methodological set-up of cultural probes. The study focussed on TV and 
media consumption habits and the use of remote controls. Results from that study can 
be found in [3].  

For the material we developed a basic probe package consisting of specially 
designed creative cards including modelling clay, post-its, and sweets which all 
participating households received. We called this special collection of material 
creative cultural probing. Usage and development of creative cultural probing is 
described in [3]. The methodological impact of this kind of material is still the focus 
of a long-term investigation and will be described elsewhere. Additionally we 
developed a playful probe package for selected households consisting of a game 
based on two frequently used games in Austria and Germany. The development and 
usage of the games are described in the following. 

4.1   Developing the Game 

To be able to profit from the moment of playfulness we combined the card-game 
UNO with some additional question cards following the standard rules of the game. 
We chose this well known card game as basis, because it is easy to play for children, 
but also addresses adults. We knew from experience, that the game is easy to learn, as 
it follows easy rules. 

Each player receives seven cards. The remaining cards are placed face down to 
form a drawing pile. The top card of the drawing pile is turned over and acts as 
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discard pile. The first player has to match the card in the discard pile either by 
number, colour or word. If the player can not use one of his cards, he has to take one 
card from the drawing pile. If the drawn card fits he can play, otherwise it’s the next 
person’s turn. UNO got his name from the rule that in case a player has only one card 
left, he has to say UNO. Failing to do so, results in taking again two cards from the 
pile. The goal of the game is to get rid of all the cards as fast as possible. The first one 
without any cards is the winner. The other ones have to count (negative) points, based 
on the remaining cards in their hands (see Figure 1). 
 

 
Fig. 1 The playful probing package (left) and a family playing the game developed 

for the study (right). All photos used with permission of the participants.  
 
We rebuilt the cards and extended the gaming rules by using concepts from a game 

called “Activity”. As we learned in previous studies, that changing the rules might be 
too difficult for people to follow, we simply added some features according to the 
rules. We introduced a new card showing a question mark. If the “question mark” 
card was used, the following player had to draw a card from an additional card pile 
and had to fulfil the given task. To relate the game to the research area, we used so 
called “activity” tasks. We included various kinds of activity tasks to address different 
skills and to make the game more diversified. Examples for the tasks are for instance: 
“Think of a technology and describe it with the words: unaffordable, open, vitamin-
packed, simple, and professional. Let the others guess”. “Pantomime: Imitate the 
Internet and let the others guess.”, “Draw a combination of a remote control and a 
mobile phone. Let the others guess which two devices you have drawn.” If the other 
players could not guess the right answer it was a failure and they had to take cards 
from the regular drawing pile as penalty. The activity tasks were inspired by a 
common game in Europe called “Activity”. The activity tasks consisted of 48 cards 
which were addressed to the three research areas we wanted to investigate. 
Additionally all participants were asked to write down their answers on a notepad so 
the data could be used as probing material.  

A further variation - especially created for adults - was the usage of sand glasses 
with 30 seconds duration instead of the “question mark” cards. Whenever the sand 
glass finished, the one currently laying down a card, has to answer an activity task. 
This variation made the game flow quicker. Participants reported increased fun, when 
playing this variation among adults.  

The main advantage of this game is that it is reusable for different research areas 
by simply changing the questions or activity tasks. We currently explore other games 
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to be used as an additional instrument for data collection considering factors like ease 
of use and cheap production within a reasonable time frame.  

4.2   Study Set-up 

Our ethnographic study focused on how technology is used in everyday life. We 
focused on new forms of media usage in the home, to explore possible new concepts 
of interactive TV navigation and remote control development. To thoroughly explore 
the different aspects of technology in the households we used creative cultural 
probing with the above described materials for all households and playful probing for 
selected households. The playful probe package consisted of the developed game (see 
Figure 1).  

To evaluate the playful cultural probes method, 40 households were recruited. 20 
households being media-entertainment oriented (means above-average equipped with 
and interested in entertainment technology), 20 households representative for the 
population of Austria (concerning media usage, household size and income). We 
balanced the number of household members in the two groups, choosing 14 
households with three or more family members and six households with couples. 20 
households were equipped with a multi-functional video camera (Mustek DV5200 or 
Mustek DV9300), all other households used a one way disposable camera. We had 
requested the participants to take a photo each time there was a symbol on the creative 
cultural probing card or they are on the road and in contact with technology (the 
importance of this was made clear to participants as it was necessary to obtain more 
information for the extended home concept). 

All households received a package with creative cards and some modeling clay. 
The creative cultural probing cards are designed following a special topic for each 
week within the ethnographic studies, like “When I am on the move”. We 
investigated three concepts: extended home, shared experiences and new forms of 
interaction techniques with a special focus on remote controls. Additionally the 
playful probing material was distributed counter-balanced between the two 
household-groups, number of household members and recording device. The study 
lasted three weeks, with a first introductory visit and a final in-depth interview 
conducted by a researcher in each participating household.  

5   Results 

Based on in-depth interviews at the end of the study and based on the quantitative 
demographic data collected by a questionnaire, we evaluated how the participants 
used the game in particular. To present the gathered data and material in a reader-
friendly way, we report the main findings in two usage scenarios. These scenarios are 
based on the interviews and show a summary of typical usage scenarios of playful 
probing as reported by the participants.  

Family Maier consists of four persons, Christina (42), her husband Mario (47) and 
the sisters Susi (6) and Nicole (10). Mario is working full time as a teacher in a 
secondary school while Christina is working half time as a secretary. Mario gives 
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private lessons in his free time to improve his wage and allow his family a small 
amount of luxury.  

Susi and Nicole enjoy their time in primary school. Even more than their time in 
school they love the free afternoons, when they leave the flat of the family and meet 
their friends in the shared garden. When it’s raining the sisters get really nervous 
because they can not go into the garden so Christina tries to distract them by offering 
them some activity like playing a game or baking a cake. Although playing games 
with her mother is fun it is even better when Mario joins and the family is together. 

Both parents do not watch TV very often, firstly because they don’t like most of 
the programme and secondly because they want to give an example to their children. 
Therefore, Mario and Christina often try to find alternative activities for the evening, 
when the whole family is together. Instead of watching TV they prefer talking about 
the day or playing games. When the children are sleeping, Christina is doing the 
household, while Mario is preparing the material for the lessons for next day. That is 
the time of the day where the radio or the TV runs in the background. 

Eva (26) and Peter (32), a young couple, are not married so far, but they life 
together in a small flat for two years now. Peter just finished his studies and is now 
working as research assistant at the university. In his spare time he loves to play on 
his game station or online games in the Internet. He always tries to stay informed 
about new technological innovations and devices, and thus he reads a lot of computer 
magazines. He wishes to have a better wage for buying more entertainment devices, 
because most of the time Eva decides that there is no money left for something new. 
Eva is still studying at the university. She has little leisure time because besides 
writing her diploma thesis she is working half time in a call centre. She is not really 
interested in technology and entertainment devices and wishes that Peter would spend 
more time in the evening with her instead sitting in front of the computer. Therefore 
she tries to convince Peter as often as possible to play the card game with her, as she 
knows that Peter really loves to put the last card on the staple in the moment the sand 
glass finishes. He enjoys making the game a bit more difficult for her to play, and she 
is happy to spend some time with him. 

The usage scenarios describe the typical usage of playful probing, as reported 
during the final interviews from several participating households. The data (described 
as scenario) shows that even households without children were using the game. 
Reasons therefore are that the game in general is also suitable for adults and that the 
variation with the sand glass supports the fun experience of adults.  

 

5.1 Influences of Playful Probing 

 
The game stimulated families to play. One father stated: “The game was good, as it 
brought all family members at one table; it mobilizes family members to play 
together.” (household 20, male, 42 years old) 

The fact that we chose a well known game was appreciated by the participating 
households: “It was funny to play, because everybody knows how to play the game, 
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also the combination of ‘Activity’ and ‘UNO’ was nice.” (household 17, male, 25 
years old) 

One household did not play the card game at all, because of little leisure time, but 
the family father mentioned that the idea was excellent: “I had the game, but we 
never played. The idea is great, […] but we never played, it was an unfavourable 
time, because other things were of more interest“(household 13, male, 40 years old). 

Two more households only played a short time and later on filled in the answers on 
the notepad without playing. The following tables show an overview how many of the 
activity task cards were answered in the participating households (with the playful 
probing material).  

Only one out of the 18 households1, which actually played, complained about the 
game and stopped playing it, because the family did not like it: „The question cards 
disturbed the flow of the game, we did not want to play any longer; we (our family) 
always played a lot […] therefore we only played the game once, because that was 
not a game any longer” (household 5, female, 46 years old). 

Table 1. Answering rate of the question cards (max N=48). 

Standard households with playful 
material (N=9): 

 
household 2 35 
household 3 20 
household 4 30 
household 5 40 
household 6 20 
household 7 48 
household 8 16 
household 9 16 
household 10 46 

Mean 30.12 (SD 12. 73) 
 

Media-oriented households with 
playful material (N=9): 

 
household 11 45 
household 12 29 
household 13 9 
household 14 44 
household 15 34 
household 16 24 
household 17 46 
household 18 7 
household 19 36 

Mean 30,45 (SD 14, 73) 
 

 
Table 1 Number of question cards answered by participants using playful probing 

showing that household interests and knowledge in the domain do not have an effect 
on playful probing.  

5.2   Results from Cultural Probing Cards 

To understand our impression from the qualitative analysis of interviews and other 
data, we started to investigate possible influences of the game. We do not want to 
analyze the material on a quantitative (statistical) level but show on a more qualitative 

                                                           
1 One of the 20 households, which received the playful probing material, quit the participation 
of the whole study (without mentioning any reasons).  
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base, how the method can help to improve the involvement of participants. We 
analyzed the collected material from the probe packages separately for households 
with and without the playful probing material. Sample 1 are households with the 
playful material (20 households, 74 participating household members), sample 2 are 
households without the playful material (again 20 households, 57 participating 
household members). As described before, we balanced the number of household 
members in the two groups, choosing 14 households with three or more family 
members and six households with couples for each group. We compared these 
samples in the amount of information given on the creative cards. As we collected all 
the material during the final interview we had a 100% return rate1. 

Three categories to quantitatively measure the amount of content were built on 
how detailed the cards were filled in: 1: under average (less then 70 % filled in), 2: 
average (70-80% filled in), 3: more than 80% filled in. Each of the 13 creative cards 
were assessed in amount, afterwards the categories were coded with -1, 0, 1.  

The comparison showed that playful probing has an impact on the percentage of 
creative cards filled out: the summarized card values from the two household samples 
equalled 82 for sample 1 and 38 for sample 2. Standardised by participants results 
equalled a value of 1,2 for sample 1 and a value of 0,67 for sample two. For sample 1 
(with the game) the value is doubled compared to sample 2 (no game).  

 
In general it can be said that the households with the playful probing material 

produced about twice as much content on the creative cards compared to households 
without the game. We see our assumption confirmed, that the playful probing method 
involves the participants more into the topic, even though six of the participating 
households self-estimated in the final interview that the game did not influence their 
engagement with the topic. 

5.3   Results from the Photographs 

The households in the playful probing condition took 182 photos and videos for self-
documentation. The households without the playful probing took 181 photos and 
videos. So it seems that the game neither increased, nor reduced the user motivation 
to take photos. 

Worth to mention is the fact that all households who received a one way disposable 
camera took pictures, but 8 out of the 20 households who received a multi-functional 
video camera did not take any photos or videos. The reason therefore could be that 
parents are afraid that their children could damage the camera or that in general not 
media-entertainment oriented households are skeptical using a camera never used 
before. Probably it is more useful when working with children and not media-
entertainment oriented households to use one way disposable cameras. 

Interesting is also that according to the split design regardless of the playing 
condition there is no clear difference between the normal and the media-oriented 
households. The normal households documented more by photographing (214 photos 
and videos) than the media-entertainment oriented households (149 photos and 
videos). A reason therefore could be that the media-entertainment oriented households 
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understand more technologies as self-evident in their every day life and consider them 
not worth documenting, so they only photographed “uncommon” situations. 

5.4   Results from the Modelling Clay 

The 40 households invented 38 devices as response to the thematic area new 
interaction techniques. 17 households created their innovations with modelling clay 
and three households even formed more than one device. Seven households from 
sample 1 created their invention with modelling clay and built 10 objects. On the 
other hand eleven households from sample 2 built thirteen figures with modelling 
clay. The number of inventions did not seem to be affected by using the game or not 
using the game.  

 

   
   
Fig. 2 User participation and creations of ideas for interaction techniques by using 

modeling clay. All photos used with permission of the participants 

5.5   Results from the Post-Interview 

The results from post in-depth interview were clustered into answer categories and 
can be summarised as follows: 

18 households from sample 1 played the card game and wrote their answers on the 
notepad. One household even played the game while they were on holidays, all other 
households only played at home. In general the game was judged positively by all 
participants except one. Seven people mentioned that the idea was funny, two 
described the game as pretty nice, three answered that UNO is a card game everybody 
knows and which is always funny to play. Two households described the question 
cards as funny and two other households even wished to have more question cards. 

The opinion whether the game supported the examination with the topic 
“household and technology” differed between the 18 households: six participants 
answered yes, four not really and six participants also mentioned that the game 
showed how many useless devices they store at home (indicating that participants 
gathered new insights into existing habits). Only two households mentioned that no 
stimulation is needed to be in touch with this topic, because it is present every day. 

Nevertheless, 12 households answered in the final interview that they did not 
develop any new ideas for devices inspired by the game. Other households mentioned 
that they invented the following devices because the game inspired them: a mobile 
phone remote control (two times invented), a remote control that can be operated 
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from far distances even outside the house, a remote control for the fridge and a 
combination between a turntable and a radio. 

In general the idea of the game was appreciated by the participants. They favoured 
the fact that they already knew the game and did not have to learn new rules. 
Furthermore the game supported the participants recognizing already existing habits 
regarding technology, so the game seems to help revealing existing domestic routines.  

6   Advances and Shortcomings of Playful Probing 

The main advantage of playful probing is the higher user involvement during the 
research process. As ethnographic studies normally last over longer periods it is 
important to motivate the participants to be engaged with the research topic. Playful 
probing presents an amusing way of self-observation, which helps participants 
answering the probing materials faster and more efficient. Participants even engage in 
the study while playing the game. Using the game described in the case study, 
participants answered questions on three research areas while playing the game.  

Furthermore playful probing involves children into the research project. They can 
prove their knowledge with the question cards and integrate their own ideas. 
Therefore playful probing is a way to get a deeper insight in everyday life of children 
and their interests in technology. 

Definitely playful probing is a promising way to investigate the daily routines of 
families with children in the context home, above all it can reveal family habits based 
on the relationships of the family members. When all family members are playing 
together discussion and topics can arise in the family which would probably never 
develop without the gaming situation. For households without children it will be 
necessary to make the game more attractive, because adults seem to quickly loose the 
interest of playing if the challenge is too low.  

Summarized the experimental study showed that participation of households in the 
playful probing sample was higher compared to households not using the playful 
probing approach. Playful probing has no negative effect on other probing materials, 
like taking photos or using the modelling clay. It is thus a useful extension of cultural 
probing to increase participants’ motivation and children’s involvement. We will 
further explore the concept of using games in ethnographic research. We will extend 
the samples to larger populations (more than the 40 participating households like in 
the described ethnographic study) and will use playful probing in other research areas 
beyond media usage in the home.  

7   Conclusion and Future Work  

Playful probing is a reasonable method to increase participant’s engagement in a 
study using the cultural probing approach. Children can be more actively involved 
into the research using cultural probes. The experimental methodologically case-study 
showed that the answers provided by the participants doubled when in the playful-
condition compared to participants not using (having) the game. The game does not 
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influence the number of photos or videos taken, nor does it influence the number of 
material used. But it helps people to focus on the investigated area. The game helps to 
gain new insights in a playful way (for example when answering the question: Guess 
how many cell phones all the people playing the game own).  

Based on the experience when designing and developing the probing material we 
can say that playful probing is a new and innovative way to attract participants and to 
motivate their active participation. It also helps to include children in the research 
process and is a good starting point for discussion in the post in-depth interviews in 
order to gain more detailed user feedback on the addressed research topics. The 
development of the game showed, that not all kind of games might support playful 
probing, but the game presented in the experimental study has proven to be functional 
and re-usable for other research topics by simply adjusting the question and activity 
cards if the method of playful probing should be used. 

Playful probing proofed to be a method for gathering in-depth data of participant’s 
opinions, attitudes, and ideas in a favourable way for the participants. Based on these 
findings we will develop further variations of the method based on the feedback from 
the participants and preliminary lessons learned. 

Concerning the game we will iterate the card game to extend different sets of 
activity cards for different age classes. So we can gain direct insight in the world of 
children and adults. Second we will enhance the concept by using more than one 
game to address participant’s preferences in game selection. By developing more 
variations on the game we will also develop a set of guiding principles for playful 
probing game design. 

From the methodological perspective we will explore possible influencing factors 
(especially the material developed for the creative cultural probing concept) on a long 
term scale. Currently we are working on a meta-review of four ethnographic studies 
using the playful probing and creative cultural probing method. 
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AbstrAct

Applications for interactive TV (iTV) addressing social aspects will only be successful, if the intended 
user and user community is taken into account during the development process. Existing methods for 
evaluating usability and user experience aspects of social interactive TV applications are not really 
enough to address and focus on the broad range of factors related to social user experience. This chap-
ter presents various forms of user-centered methods enhancing usability and user experience aspects of 
interactive TV applications in general. Giving an overview on currently used user-centered methods to 
enhance and evaluate usability and user experience, some selected methods are presented for early and 
late development stages, reflecting the peculiarities stemming from the non-traditional environment the 
applications are used in—the home. The chapter will show how the methods can be adopted to focus more 
precisely on social aspects, especially social user experience. It enables the reader to get an overview 
on currently used user-centered methods in interactive TV and to learn about benefits and shortcomings 
of these methods as well as how to choose appropriate methods for their own purposes.
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INtrODUctION

Usability and user experience have become a 
buzzword in the interactive TV (iTV) industry. 
As new forms of iTV services are emerging, 
including applications like live-chatting during 
watching TV, exchanging personal media content 
like private home movies via internet, or writing 
emails, the usability and in general the overall 
user experience has become a main focus dur-
ing its development. From the users perspective 
this kind of applications is difficult, complex and 
sometimes time-consuming. Navigation within 
the iTV content and usage of several applica-
tions (maybe just for a few times per year) tempt 
the user to be way more active than in the past. 
Sometimes users even have the general user ex-
perience, that their TV set is no TV set any longer 
but a time consuming, complex form of a personal 
computer, instead of an entertaining and relaxing, 
fun-oriented entertainment device. 

Even though, people have always been social 
in front of the TV by discussing the TV program 
with other household members, it is still unclear 
how successful social iTV applications will be 
for e.g. talking on the phone or playing a game 
while watching program. Both, usability and user 
experience aspects, have to be addressed when 
designing and developing social interactive TV.

Usability is typically defined by three fac-
tors: how effective, how efficient and with what 
level of satisfaction users can perform their tasks 
(Dix, Finlay, Abowd, and Beale, 2004). A high 
level of usability is typically achieved using a 
user-centered development process, developing 
the product in iterative steps with various forms 
of evaluation at each development stage. Results 
of the evaluations are typically informing the 
further development of the product, system or 
service. If users are able to perform a task within 
a certain amount of time, with only few errors 
and if they are overall satisfied when using the 
product for their tasks, the system is said to be 
usable. But usability is just one aspect. Users of 

a social interactive TV application are using the 
product to be entertained, to relax, to have fun, 
to forget about the real world, to interact socially 
and to have special forms of experiences that go 
way beyond simple usability. A good example to 
make the distinction between usability and user 
experience a bit more clear is the following: Sitting 
in front of the interactive TV system, a user is 
playing a game with two of his friends. The goal 
is to cooperatively solve a game, simply answer-
ing questions. The goal can only be achieved if 
all of the three players reach a certain number 
of solved questions. The social iTV game would 
be usable if each user was only given a dialogue 
box asking if they want to solve the game. If the 
user answers yes—the game is won. What a bad 
experience for playing a social game! The user 
experience of the game lies within solving a 
number of sometimes difficult questions, trying to 
figure out where to go, what to do, and exploring 
the social structures between the players and how 
they co-operate during playingtheir cooperation 
during the game: when is it necessary to rely on 
the other players? When would it be beneficial to 
solve a quest alone? The players will perceive a 
new form of experience: social user experience.

User experience of social iTV games, and 
more general of iTV systems, is different from 
the concept of usability. Following the fact that 
a number of qualities of a product go beyond the 
instrumental aspects of product use and usability, 
user experience research has evolved (Karapanos 
and Hassenzahl, 2008; Buxton, 2007; Hassenzahl, 
2006). User experience is a broadly defined term, 
including attainment of behavioral goals, satisfac-
tion of non-instrumental (or hedonic) needs, and 
acquisition of positive feeling and well-being. 
Neither a universal definition of user experience 
nor a cohesive theory of experience yet exists 
that can inform the Human-Computer Interaction 
(HCI) community on how to practically design 
for and evaluate user experience. Researchers are 
still looking for an adequate and overall defini-
tion of user experience (Law, Thora, Hassenzahl, 
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Hvannberg, 2006; Law, Vermeeren, Hassenzahl, 
and Blythe, 2007; see also COST Action: MAUSE 
Group http://www.cost294.org/). 

Experience is still something that is defined 
as being private, with several models describ-
ing experience either as a factor-oriented model 
or using a more holistic approach (Forlizzi and 
Battarbee, 2004; Arhippainen and Tähti, 2003; 
Hassenzahl, 2003, 2004, 2006; Kankainen, 2003; 
Karapanos, Hassenzahl, and Martens, 2008). 
“An experience is more coalesced, something 
that could be articulated or named. This type of 
experience may be characterized by a number of 
product interactions and emotions, but is schema-
tized with a particular character in one’s memory 
and a sense of completion. An experience has a 
beginning and an end, and often inspires emo-
tional and behavioral changes in the experience. 
For example, a dinner party or a news hour seen 
on television could be classified as an experience” 
(Battarbee, 2004, p. 162). Battarbee (2004, p.162) 
defines social user experience as a process of 
“lifting up experiences to shared attention, where 
they become part of a social interpretation process 
that can influence what the experience comes to 
mean to the individuals and others.” During the 
development of social iTV applications we have to 
take both aspects into account: On the one hand, 
usability of the iTV service must be high to allow 
the user to consume the content, interact with the 
service, navigate or choose what they want to do. 
On the other hand, we user experience must be 
supported, either by working with a factor-model, 
influencing certain aspects of user experience 
like emotion, fun, playability—or influencing 
the design process in general to enable a good 
overall user experience and social co-experiences 
especially for the social iTV applications.

Social iTV applications are thus characterized 
by enabling the user to experience a special form 
or user experience: the co-experience. Social TV 
applications in a strict sense would be everything 
enabling this co-experience, but are typically 
used when incorporating a special form of com-

munication between users at different locations, 
or enabling several users in front of the TV to 
interact in a more social way. More precisely, 
social TV systems typically integrate some com-
bination of text chat, voice chat or video chat with 
TV programming and use presence to provide 
awareness of the status and context of other users 
of the system (Harboe, Metcalf, Bentley, Tullio, 
Massey, and Romano, 2008; Boertjes, 2007, p. 1; 
see also Boertjes, 2007; Harboe, Massey, Metcalf, 
Wheatley, and Romano, 2008; Oehlberg, Duch-
eneaut, Thornton, Moore, and Nickell, 2006). 

From an industrial perspective social iTV—the 
new trend of interactive TV—can be summarized 
as encompassing, among other things, web-based 
and IPTV programming services that allow view-
ers to set up personal play lists and communication 
in real time about the program they are watching; 
applications that enable online social networking 
services to extend their reach to television; and 
services that use online communities as a source 
of user-generated advertising for distribution on 
both, broadband and traditional TV. The variety 
of social TV applications available for the end-
consumer is still low, but there is an increasing 
number of ready to go applications developed 
within scientific projects and industries (Cop-
pens, Trappeniers, and Godon, 2004; Lommel 
TV, 2008; SAMBA, 2008).  Lommel TV is a 
project located in a small town called ‘Lommel’ 
in Belgium. It’s a do-it-yourself community 
TV channel allowing people to post videos (see 
http://www1.alcatel-lucent.com/bnd/lommel/). In 
the SAMBA project—an interactive community 
TV project in Brazil—the main aim is to create 
a framework for allowing local communities 
and citizens (including low income population) 
to access community-oriented content and ser-
vices by means of iDTV channels (http://www.
ist-samba.eu/). Community TV is also fostered 
in the CITIZEN MEDIA project by providing an 
IPTV platform for user-generated content to a local 
community. TV-centric social services, such as 
sharing of personal videos and pictures, as well 
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as publishing an own profile on the TV, have been 
implemented and should enhance the social life 
and community experiences beyond offline social 
activities. Moreover, the IPTV platform intends 
to make people aware about what is happening 
in their village, bring them together online and 
in a next step offline again. 

Looking at the broad range of social iTV 
applications, it has to be discussed, how  the 
development process to enhance usability and 
user experience of interactive TV applications 
supporting social aspects can be assisted. As 
social iTV applications are typically used in the 
living room, the special usage context must be 
considered as well: how can this usage context 
be investigated, what kind of methodological 
variations have to be taken into account, when 
investigating the context of home—and how can  
the social user experience be improved?

The following chapter will look at these 
questions in detail, first describing the special 
context of the home, then giving a summary of 
currently applied methods and finally present-
ing some selected methods in detail, describing 
their usage during the development of social iTV 
applications. 

NON-trADItIONAl
ENvIrONmENts

Today’s technologies allow users to access infor-
mation and communication services wherever 
they are and whenever they want, using a broad 
range of devices ranging from mobile phones, 
PDAs or laptops to more fixed devices like set 
top boxes or computers. Usage of information 
and communication technologies (ICTs) is heavily 
influenced by the usage context. During the last 
decade the context is playing a major role in the 
development of new products. People on the move 
using their mobile phone have different needs, 
than using a mobile phone at the workplace or in 
their home and Evaluation methods for usability 

and user experience have to be adopted accord-
ingly (Bernhaupt, Mihalic, and Obrist, 2008). 
Usage of ICTs like a mobile TV in a public place 
is different from usage in the home (or even in 
the office), thus several EU projects are currently 
focusing on how to develop new forms of ICTs 
with respect to the usage context, for instance by 
trying to connect the home and the mobile context 
within a cross-platform IPTV environment. The 
use of multiple media in the IPTV environment 
builds on the idea to support the pre-experiences 
of people with both devices, the mobile phone and 
the TV. Thus, existing media experiences with 
each device are supported instead of replaced 
by new interaction concepts (Obrist, Kepplinger, 
Beck, Tscheligi, and Muzak 2008). 

However, the main focus for interactive social 
TV is still on the home environment. The home has 
been described as a place where people can relax, 
be comfortable, and be close with other people 
(Csikszentmihalyi, 1981). The home provides a 
space for action and interaction in which people 
freely decide what to do and which technology 
to use. In terms of research the most interesting 
question is how people adopt new technologies 
and how they use these kinds of technologies 
related to the different aspects of context. The 
context of use is the environment into which the 
technology will be placed and used (Gawlinski, 
2003; Jääskö and Mattelmäki, 2003). The home 
has been described by Vankatesh (2001) as a living 
space, defined by emotional, social, educational, 
and recreational needs of the household members, 
divided into three components: social, technologi-
cal and physical space. Obrist, Bernhaupt, and 
Tscheligi (2006, p. 350) extend these three spaces, 
using six contextual factors typically related to 
investigations of the home:

• “Spatial context: TV in the living room; 
multifunctional in all rooms; individual 
rooms

• Temporal context: TV viewing during the 
day; week and weekend; season
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• Social context: TV used alone; in com-
pany; in both contexts; social structure of 
the household, e.g. adults, children, older 
people

• Personal context: demographic data; prior 
experience with other technologies; hobbies 
and interests; TV preferences 

• Technological context: household equip-
ment; technologies used at home 

• Context of the context home: neighbourhood; 
nation; cultural factors”

What we have learned form our studies (Obrist, 
Bernhaupt, and Tscheligi, 2006) is that context 
has to be taken into account during the whole 
development process. But evaluation methods only 
reflect the influences of context limitedly. Few 
methods, like a contextual factor questionnaire 
at the beginning of the project, focus directly on 
the context. As usage can depend heavily on the 
combination of contextual factors, the variation 
and combination of various evaluation methods 
is crucial to collect user feedback and in par-
ticular users’ experiences. To address contextual 
influences during the product development we 
argue for an interdisciplinary development team, 
mixing methodological approaches from several 
disciplines to enable the development of products 
that are usable and that convey a high level of 
(positive) user experience.

For the development of social iTV applica-
tions we learned that all methods related to the 
evaluation of usability and user experience must 
take contextual influences into account. We thus 
extended several methodological approaches to 
include contextual factors and to investigate usage 
contexts (Bernhaupt, Weiss, Obrist, and Tscheligi, 
2007). What we have learned is that during the 
whole development process the involvement of 
real users in their real usage context is necessary 
to achieve a high level of user experience of social 
iTV applications. Only a combination of several 
methods can help to really understand the user 
in the context of home.

UsAbIlIty AND UsEr  
ExpErIENcE mEthODs fOr  
sOcIAl Itv

When evaluating usability and user experience, 
several forms of methods are applicable. In the 
next sections we want to give an overview of 
currently applied usability and user experience 
evaluation methods. We present the methods 
loosely structured according to the application 
during early or late development stages.

User-centered methods for Early 
Development stages

During the development of social iTV applica-
tions several methods can be applied in the early 
development stage. We want to focus on methods 
that have been already used for the development 
of social iTV services, as they have been proved 
to successfully inspire and inform the early de-
velopment stages. We thus describe in the follow-
ing: Ethnographic studies, diary studies, cultural 
and technology probing, social sciences oriented 
methods like interviews, questionnaires, focus 
groups and observation and special co-design 
methods like creative techniques and workshops. 
For each of the methods we will give the scope of 
usage, methodological advantages and possible 
restrictions.

In the field of Human-Computer Interaction 
(HCI) ethnographic methods are used to better 
understand how technology is adopted and used 
in the home context. Crabtree & Rodden (2004), 
among many others, used ethnographic methods 
and variations focusing on domestic routines and 
the role of technology in home life. Ethnographic 
studies today are an accepted method within the 
area of HCI to address the possible usage context. 
When using ethnographic studies for social iTV, 
the ethnographer must especially focus on the 
social interaction. But all of these ethnographically 
inspired studies have in common, that they involve 
researchers as integral part of the field study. 
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The presence of a researcher might influence the 
social communication and social experiences of 
users. Thus, depending on the focus of the study, 
ethnographic studies involving the researcher in 
the field might only be of limited value.

To overcome the limitations of ethnographic 
studies, diary studies have been used. Participants 
within the diary study are asked to fill out a (pre-
structured) diary, noting special forms of usage 
or special forms of communication. Diary studies 
help to overcome the limitations of ethnographic 
studies as the researcher no longer goes into the 
field to collect the data, but prepares tools that 
guide the participant in understanding how to 
collect the data themselves (Sanders, 2002). On 
the other side this form of in-situ research method 
depends on the willingness of the users to fill out 
the diary in time, to take the diary with them to 
take notes about usage and it is especially dif-
ficult to investigate social situations, as some 
note taking during conversations or co-usage of 
products might be inferring the usage process of 
the product.

Cultural probing provides a variety of ways 
to apply self-reporting during the ethnographic 
oriented studies. The method, invented by Gaver, 
Dunne and Pacenti (1999), uses a so-called probe 
package including for example post cards, post its, 
cameras, diaries, maps or other probing material. 
The participants of the study are asked to fill out 
the material or use the tools provided to describe 
the daily usage of products or special usage situa-daily usage of products or special usage situa-
tions. Technology probing (Hutchinson, Mackay, 
Westerlund, Bederson, Druin, Plaisant, Beaud-
ouin-Lafon, Conversy, Evans, Hansen, Roussel, 
Eiderbäck, Lindquist, and Sundblad, 2003) uses 
a real prototype or product to be evaluated dur-
ing the study, providing real life insights during 
the usage of the developed product. Technology 
probing is especially useful when studying social 
interactive TV applications, as the adoption of 
that forms of services is heavily influenced by 
peoples habits and routines in real live (as shown 
a field study on ambient Social TV by Harboe, 

Metcalf, Bentley, Tullio, Massey, and Romano, 
2008). Probing approaches can inform the design 
at early stages of the design process, in the case 
of technology probing at very late stages of the 
development. The results of probing are typically 
qualitative in nature, and especially for technol-
ogy probing larger samples are often difficult to 
manage, as the number of functional prototypes if 
often limited during the development of interactive 
social TV applications (Coppens, Trappeniers, and 
Godon, 2004; Obrist, Kepplinger, Beck, Tsche-
ligi, and Muzak, 2008). To design products that 
people will really use, designers must be aware 
of user’s experiences, emotions, the situation of 
product use as well as social and cultural influ-
ences (Stappers, and Sanders, 2003).

Apart from the above described methods, 
there is a growing interest in finding new ways 
to involve and engage users in the very early 
design process of new applications and services. 
Co-design is a qualitative research methodology 
that is often referred to as participatory design 
or co-operative design approach (Muller, 1993; 
Spinuzzi, 2005). Participatory design is originated 
in the Scandinavian approach in the 1970s and 
1980s (Ehn, 1992). Its ambition was to empower 
workers and to enhance democracy and profes-
sional development in the workplace (Spinuzzi, 
2005; Facer & Williamson, 2004). Participatory 
design is nowadays being used beyond the do-
main of workers and their workplace, namely 
in the extensive domain of end users and HCI, 
computer-supported cooperative work and related 
fields (Spinuzzi, 2005). Examples are the projects 
WebKit and KidReporter (Facer & Williamson, 
2004) or CITZEN MEDIA (Obrist, Beck, Kep-
plinger, Bernhaupt, and Tscheligi, 2008). Es-
pecially interesting for social iTV applications 
is the focus on families, like in the interLiving 
project and EnComPAs (Westerlund, Lindquist, 
Mackay, and Sundblad, 2003; Van Rompaey, 
Hemmeryckx-Deleersnijder, Van Der Meerssche, 
De Mondt, and Godon 2005b). 
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Co-design can be defined as the process of first 
obtaining insight in the natural environment of 
users who then take on an active role in creating 
ideas and designing/testing new applications in 
their natural setting, supported by a multidisci-
plinary research team. Co-design in particular 
means actively integrating end users in the de-
velopment process of a future product by putting 
them in the role of designer and stakeholder (Van 
Rompaey, Van Der Meerssche, Godon, Vanden 
Abeele, Charliers, 2005a) and thus enabling a high 
level of user involvement (Steen, Kuijt-Evers, and 
Klok, 2007). In co-design a number of qualitative 
techniques are used. Next to in-depth interview-
ing and observation, also cultural probing and 
technology probes—as described above—are 
used. Moreover group sessions and co-design 
workshops are used through an iterative process 
of evolving and refining ideas together with end 
users. Co-design workshops were experienced 
to be very valuable to be conducted in an early 
design phase in order to involve end users in the 
idea generation and conceptual phase for new 
social TV services and applications (Obrist, Beck, 
Kepplinger, Bernhaupt, and Tscheligi, 2008). 
This co-design approach also enables users’ to 
collaboratively explore new ideas, get involved 
in the design of new concepts and have a early 
kind of co-experience with a newly emerging 
service or system.

Methods for early design and development 
phases help in general to understand the usage of 
the product, especially the influencing factors of 
social (iTV) usage. These factors can be related 
to usability and the overall user experience of 
the social iTV application. Of course the general 
research question, selection of methods and par-
ticipants, and interpretation of results, form the 
basis of realistic and interpretable findings that 
inform the development. 

Influencing factors that are typically neglected 
in traditional research methods for early design 
and development are the spatial, temporal, social, 
personal, technological context and the context of 

the usage context. Especially the social context 
and influences on the usage context (context of the 
usage context) like opinions and information from 
social communities or groups can only be studied 
with in-situ research methods like ethnographic 
studies or probing approaches. 

Following the presented co-design approach, 
user involvement should be understand as a 
means, where end users are, ideally, involved 
in the entire development process, e.g. from the 
beginning, during the iterative design and evalu-
ation process, and also during the evaluation of 
the designed product or service in the end users’ 
usage context. The ultimate goal of user involve-
ment is to deliver system requirements, which can 
lead to a system which better matches end users’ 
needs and preferences (Kujala, 2003).

User-centered methods for late  
Development phases

During the development of products, several forms 
of evaluation should take place to steadily inform 
the (technical) development of the iTV service. 
To investigate the usability, user expereince and 
in particular also the co-experience of social iTV 
applications various forms of methods can be ap-
plied. Following we present a selection and give 
a brief overview of the methods we perceive as 
most reasonable during the development of social 
TV applications.

Usability studies in the lab, sometimes referred 
to as user testing, are performance measurements 
to determine weather usability and user experience 
goals have been achieved during the develop-
ment. Usability and user experience evaluations 
of prototypes in the lab have several advantages: 
the usage conditions can be controlled and the 
prototype must not be fully functional—as tasks 
can be limited or functions can be replaced by 
Wizard-of-Oz technique (Dahlbäck, Jöhnsen, 
and Ahrensberg, 1993). The usability and user 
experience testing typically includes the following 
stages: a pre-interview to understand the users’ ex-
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periences with similar technologies, performance 
of some tasks, where the difficulty of the tasks is 
rated, a final interview and some questionnaires. 
Depending on the research question, usability 
studies in the lab include several forms of measure-
ments. Eye-tracking can help to discover usage 
problems (Obrist, Bernhaupt, Beck, and Tscheligi, 
2007), bio-physical measurements can be used to 
investigate aspects like emotions. 

The set-up of the studies must either focus 
on the social usage of the TV system, or should 
involve several participants interacting with the 
product (Lull, 1980), or the Co-Discovery tech-, or the Co-Discovery tech-
nique described by Dumas and Redish (1993) 
could be used to make it feel more like a social 
TV context. During a usability test, two test us- During a usability test, two test us-
ers attempt to perform tasks together while be-
ing observed. They are to help each other in the 
same manner as they would if they were working 
together to accomplish a common goal using the 
product. They are encouraged to explain what they 
are thinking about while working on the tasks. 
Compared to the thinking-aloud procedure, this 
technique makes it more natural for the test users 
to verbalize their thoughts (Dumas and Redish, 
1993). Disadvantage of testing social iTV applica-
tions in the lab is the missing real context, even if 
it could somehow be simulated (by testing with 
more users, make the lab more look like a living 
room). People might like and use an application 
in the lab, but when offered other possibilities of 
entertainment in their home places, they might 
not adopt usage of the service at all, due to the 
limited user experience. Evaluation of social iTV 
applications should thus also include field studies, 
enabling the study of the product in a real usage 
situation. 

For evaluating a product in the field a variation 
of technology probes can be used. Technology 
probes can be used combined with other methods, 
like ethnographic studies. To support the fast 
development cycles of products, we typically 
combine ethnographic studies focusing on general 
trends with some technology probing of already 

existing prototypes (Bernhaupt, Obrist, Tscheligi, 
2006; Bernhaupt, Obrist, Weiss, Beck & Tsche-
ligi, 2007). The usage of field trials in research 
helps to discover contextual influences that can 
not be investigated with other methods. On the 
other side, field trials require lots of preparation, 
time and are expensive, as several functional 
prototypes must be developed and deployed in 
the participating households.

Evaluation of user experiences during prod-
uct usage is difficult. The role of evaluation is 
mainly to inform the design and to improve it 
at all stages of the design life cycle (Dix, Finlay, 
Abowd, and Beale, 2004; Stone, Jarrett, Woodroffe, 
and Minocha, 2005). Different kinds of evaluation 
may be carried out at different design stages and 
for different reasons. Evaluation done during 
the early design stages is undertaken to evaluate 
the users’ requirements, predict the usability of 
the system, and to assess how well the interface 
meets the users’ needs. Evaluation in a later stage 
is carried out to check the usability and user 
experience of a nearly complete system. Several 
methods and techniques like usability testing in 
laboratory environments or other in-situ meth-
ods, like experience sampling, can be used. The 
experience sampling method (ESM) is especially 
suited for evaluation of user experience aspects 
on an individual level (e.g. users’ experiences 
with a mobile device - Meschtscherjakov, Obrist, 
Mirlacher, Lankes, and Tscheligi, (2008)). ESM 
can also be used for evaluating user experience 
on a social level, in particular to evaluate co-
experience aspects (e.g. ESM on IPTV, which 
is currently implemented and pre-tested within 
the CITIZEN MEDIA project, to be used in field 
trials in autumn 2008). 

ESM is an in-situ method for collecting in-
formation about the context and the content of 
the daily life of individuals. It aims at catching 
emotions, motivations and cognitive processes 
when they actually occur in a real live situation 
(Larson and Csikszentmihalyi 1983). ESM is typi-
cally applied in the area of mobile applications, 
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but is further extended towards other platforms 
such as described above for the IPTV field and 
is also made usable for web applications within 
CITIZEN MEDIA (based on the TUMCAT tool 
developed by TNO in the Netherlands, http://www.
freeband.nl/). Depending on the technical set-up, 
users are sent questions after using the specific 
service, or in fixed or variable time steps. ESM 
helps to discover typical usage problems in real 
life situations and to investigate the users’ experi-
ences while using the product. One of the main 
disadvantages of ESM is the possible disruption 
of the user’s activity, requiring some attention 
for answering the questions, which is especially 
critical for the IPTV ESM application related to 
the home environment—where we know that the 
living room is a place for relaxing and often a 
place for lean-back activities. On the other side the 
tools functions (like additional cameras included 
in the device), or the combination of ESM with 
logging analysis and other qualitative methods 
such as interviews can provide rich data for the 
researcher to understand the various aspects of 
user experience.

In general user experience studies in the field 
can help understand the usage of social iTV ser-
vices. Only when understanding the real needs 
within the households, we are able to develop 
successfully adopted social iTV services. Within 
the CITIZEN MEDIA project a combination of 
several in-situ field methods are used to capture 
users’ experiences with the community IPTV 
platform. Apart from new creative means, such 
as a „Smiley Box“ developed for collecting us-
ers positive and negative experiences in-situ, we 
are also going to use the experience sampling 
method directly on the TV for getting real live 
feedback from end users. These methods are 
further combined with logging analysis and tra-
ditional qualitative methods such as interviews, 
discussion groups for collecting user feedback, 
in particular related to their experiences and user 
acceptance issues. All this user data is used as 
input for future iterations of the system to make 

it more fit to the users’ requirements and social 
community needs. 

cAsE stUDIEs fOr thE EArly 
INvOlvEmENt Of UsErs

Following we are going to describe the applica-
tion of two methods during the development of 
social iTV services. The selection, combination 
and conduction of methods must be carefully, to 
enable a reasonable investigation of the research 
topic and to achieve meaningful results. Only with 
reliable information, an enhancement of usability 
and user experience is possible. 

creative cultural and playful  
probing

Creative Cultural Probing and Playful Probing 
are ethnographic inspired methods and variations 
of the cultural probing approach, developed to 
investigate the usage of new forms of technolo-
gies and media in the home (Bernhaupt, Weiss, 
Obrist, and Tscheligi, 2007). The probing method 
consists of an introduction interview, the ethno-
graphic period of several weeks (including the 
later described packages) and an in-depth final 
interview with household members after the study. 
Creative cultural and playful probing use a pack-
age of material to support the self-observation of 
participating households. The package includes 
so called creative cards for each research topic. 
Additionally the creative cards include some play 
elements (like building a prototype of a future 
system using modelling clay), and a specially 
designed game, reflecting the research topic to 
be investigated. 

The method was used to investigate social 
aspects of interactive TV, especially how people 
watch TV together in groups, how they would like 
to personalize the iTV content for the household 
and if people would like to have a new form of 
interactive TV experience—we call it “individu-
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alized TV”, by having the possibility to identify 
themselves in front of the TV. First results from 
this trial can be found in Bernhaupt, Wilfinger, 
Weiss, and Tscheligi (2008).  

For the preparation of the study first the re-
search topic was described :To understand how 
social iTV services, like recommendations based 
on the user profiles, personalization of services 
and - contrary—social usage of services are influ-
encing each other. The intended user population 
(households with several members) was specified, 
followed by recruiting 40 households, spread over 
a city and some areas on the country side.

For the development of the creative and play-
ful probing material we addressed at least three 
creative cards to each research hypothesis. Ad-
ditionally we developed the playful game, extend-
ing a card game called UNO with a new form of 
activity: a special card, once played is prompting 
the players to answer some questions related to 
the research topic. Figure 1 shows the cards and 
the game. Activities on the cards included ques-
tions like: services I would like to receive “just for 
me” or “for all members of the household”. These 
questions should help to understand what kind of 

services would have some “social” potential, and 
what kind of services need the identification of 
the individual.

The study lasted two weeks (including a trial of 
a recommendation system) and was concluded by 
a final interview, investigating the probing mate-
rial and asking participating household about their 
general usage behavior on TV, recommendations, 
privacy and security.

Creative and playful probing are methods 
enabling the researcher to understand the social 
usage context, to identify services, that are used 
social (with other people) and services that are 
more individual. The study above revealed an 
interesting social aspect: people would like to 
become recommendations for the household (to 
see a nice film together with the kids) but at the 
same time prefer individual recommendations 
(“when the kids are to bed, I really like to relax 
in front of the TV, and would need different rec-
ommendations”) (Bernhaupt, Wilfinger, Weiss, 
and Tscheligi, 2008). Recommender systems thus 
show social aspects that should be included in the 
development of new social TV services.

Figure 1. Creative Cards used during the study: on the bottom right: A question asking for recommenda-
tions that people would like to receive solely or for all members of the household.
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co-Design Workshops

As described in section 3.1, the co-design ap-
proach is increasingly used for early user involve-
ment in a design process of new services and 
applications. Referring to the methodological 
framework developed within the EnComPAs 
project by Alcatel-Lucent (http://encompas.org/), 
co-design could be divided in four major steps: 
SCAN (you scan a field/problem), THINK (you 
think towards/choose a solution), MAKE (you 
make/implement something) and TRY (you try 
it out). These steps are based on frameworks 
out of both software development and design 
cycles. Following a contextual investigation in 
the first scan phase, co-design workshops are 
most applicable in the „Think“ phase in order to 
collaboratively generate new concepts and ideas 
with end users.

In our research within the CITIZEN MEDIA 
project, we tried to explore several techniques to 
make co-design workshops more successful in 
terms of quality of the results. As part of this re-
search, we developed a card based technique called 
„Instant Card Technique (short IC-Technique)“, 
which we evaluated and iteratively improved in 
three successive co-design workshops within two 
projects: „Future Communication Design“ (May 
2007), „Game Design “ (June 2007) and „Mobile 
Service Design“ (August 2007) Workshops (see 
Beck, Obrist, Bernhaupt, and Tscheligi, 2008). 
The IC-Technique allows a simple gathering of 
user-generated ideas, supports people to express 
their ideas, considers the way of life of the users, 
offers a formalized procedure by using the instant 
card types and results in context scenarios.

Collaborative card-based techniques already 
have a long tradition in participatory design. 
The CARD technique (Collaborative Analysis 
of Requirements and Design) by Tudor, Muller, 
Dayton, and Root (1993) and its refinement by 
Muller (2001) set initial steps in the usage of cards 
for participatory analysis and design. Similarly, 
Lafrenière (1996) invented CUTA (Collabora-

tive Users’ Task Analysis) to provide a simple 
and low-cost technique for analyzing task flows. 
Another closely related method is the Inspiration 
Card Workshop of Halskov and Dalsgård (2006). 
These cards serve as triggers of ideas in the cre-
ation of design concepts. The IC-Technique is to 
some extent similar to the above presented card 
techniques, as it also uses cards, which are then 
further arranged. But the goals of the related card 
techniques differ from the goal of the IC-Tech-
nique. Our technique doesn’t solely concentrate 
on tasks and activities; it has a much broader 
research focus, including users and the context of 
use. Furthermore, the IC-Technique aims making 
users express their ideas. Compared to Muller’s 
layered participatory analysis, the IC-Technique 
also strives for structuring the research process by 
classifying the card material. But our technique 
extends the usage of the cards by using the cards as 
building blocks for the scenario development.

The five typical steps for using the IC-Tech-
nique in a Co-Design Workshop are described 
below. 

1st Step: Think about your Workshop: 
Goals and Participants

The technique has to be designed carefully by 
using procedures which are familiar to users, e.g. 
to take notes on cards and tell stories about activi-
ties. An important consideration is how to manage 
the different roles of the participants during the 
workshop. In our understanding the researchers 
typically act as mediators (workshop leaders), the 
users act as designers. But it can be fertile for the 
brainstorming and design part of the workshop 
when researchers act as facilitators by digging 
deeper and asking further questions.

2nd Step: Select the Workshop  
Location

We experienced that it is essential for brainstorm-
ing and for the overall success of the workshop 
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that participants feel comfortable and secure in the 
selected workshop location. Co-Design workshops 
should therefore preferably be conducted in the 
real user context (see Figure 2).

3rd Step (set-up): Adjust the Instant 
Cards to Your Workshop Goals

In order to structure the scenario development 
process, different types of cards are used in the 

workshop. Six types of basic instant cards are 
used (see Figure 3): user cards, location cards, 
time cards, technology cards, activity cards and 
goals card.

4th Step: Adjust the Workshop Phases 
to your Workshop Goals

The main workshops phases are: (1) Introduction, 
(2) Finding a common basis, (3) Scenario develop-
ment, (4) Final Presentation and (5) Feedback. A 
detailed description of each phase can be found in 
Beck, Obrist, Bernhaupt, and Tscheligi (2008).

5th Step: Consider the Outcome of the 
Workshop, Its Analysis and Further Use 
for Design

The outcomes of the IC-Technique are user-gen-
erated ideas and a set of context scenarios. In 
general the following material can be analyzed: 
the developed poster, audiovisual and/or oral 
presentation of the scenario by the workshop par-
ticipants on tape, and observations and notes from 
the researchers accompanying the workshop. 

Figure 2. Workshop held in a local pub, support-
ing participants in feeling more familiar with the 
situation. 

Figure 3. Various card forms supporting the different stages. 

 
User card example 

 
 

 Location card example 
 

 
 Time card example 

 

 
 Technology card example 

 
 

 Activity card example 
 

 
 Goal card example 
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The IC-Technique not only helps to increase 
the user involvement, but also helps to investigate 
several aspects of design ideas by guiding users 
during the development of usage scenarios. In 
particular, the flexible usage of the six card types 
helps investigate various research aspects, guides 
users through the idea generation process, selec-
tion of ideas and development of usage scenarios 
for new service ideas and concepts. The presented 
five step procedure is very flexible, in order to 
enable the researcher to modify the instant cards 
towards their specific research aim, for instance 
to decide about the order of the introduced instant 
cards into the workshop as well as on the amount 
of cards. 

Even if the IC-Technique has been proved to be 
very useful to support the idea generation proc-
ess in co-design workshops, there are still some 
critical issues which have to be improved, such 
as the selection of participants for the workshop 
(to represent the intended user group), as well as 
the grouping of people in sub-groups during the 
workshop. We experienced that some dominant 
participants in a sub-group or the combination 
of young and old could lead to some problems 
in the brainstorming and development of new 
conceptual ideas (some ideas might be overheard 
or remain unspoken). This social context has to 
be carefully taken into account. We have recently 

also used the IC-Technique with children for 
gathering ideas on the future development of an 
emotional game including co-creation activities 
and social interaction, intended to be used on the 
PC as well as on the TV in a public environment. 
First results show that the technique is very use-
ful for children above 10 years old. For younger 
children a more visual approach for the instant 
card design has to be considered.

We additionally experienced that participants 
who were previously involved in a field study 
around the topic of the workshop could express 
themselves better as newly involved participants. 
Therefore, we were also thinking about an ex-
tension of the recent IC-Technique set up, by 
combining it with a short pre-experience study 
using the cultural probes approach in combina-
tion with selected instant cards. Moreover, we 
intend to further improve the IC-Technique for 
other research areas. 

mEthODs ApplIcAblE DUrINg 
thE ImplEmENtAtION phAsE 

This section presents a selection of most com-
monly used methods involving the user in terms 
of usability and user experience during the 
implementation phase. Laboratory tests offer a 

Figure 4. Users select instant cards and take notes 
themselves in their community location.

Figure 5. Workshop participant explains the game 
visualized on the poster.
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controlled, interruption free testing environment, 
but do not reflect real life conditions (Rosson and 
Carroll, 2002). Normally a usability laboratory 
is well equipped with audio/visual recording 
possibilities and facilities for analysis (Dix, Fin-
lay, Abowd, and Beale, 2004). One advantage 
is that the participant works in an interruption 
free environment; on the other hand the testing 
situation misses the context and cannot reflect 
the real life. In-situ field trials offer a natural 
evaluation situation, where one can observe be-
haviors, which could be missed in a laboratory, 
but the test setting can hardly be repeated. There 
are many different methods available to perform 
in-situ user research (see a detailed overview 
in Fields, Amaldi, Wong, and Gil, 2007; Dix, 
Finlay, Abowd, and Beale, 2004). With regard to 
the increasing amount of user research in mobile 
and private or sensitive contexts, in-situ methods 
are becoming more and more important (see also 
Bernhaupt, Mihalic, and Obrist, 2007). Insights on 
useful evaluation methods for iTV applications, 
inspired by the field of media studies, is already 
provided by Konstantinos and Spinellis (2006). 
In the following sections, we will describe two 
selected methods technology probing and user 
experience studies in the field, to show how this 
form of evaluation can inform the development 
of social iTV services. 

field studies (Involving several  
Users) Including a variation of  
technology probes

Using field studies to evaluate aspects of usability 
and user experience helps to understand the real 
usage of the product in people’s daily life. The 
real usage of products is typically related to a kind 
of adoption process. Using a (prototype) system 
in the study, can help understand how people 
learn to use the system, how usage behavior 
might change over time, and to what extend the 
usage of the system can be expected. We want to 
summarize what we have learned during several 

field studies related to the introduction of new 
interactive TV formats, services and technolo-
gies related to interactive TV, especially remote 
controls (Bernhaupt, Obrist, Weiss, Beck, and 
Tscheligi, 2007).

We used technology probes as the method 
of evaluation new prototypes of interactive TV 
services (field trial 2004/05, 2005/06), remote 
controls (2006) and a recommender system (2007). 
A field trial is only worth time and effort if the 
used technology is sufficiently stable to be used by 
people, with no prior experience. Especially when 
evaluating user experience, technical instability 
might heavily influence the user experience, lead-
ing to non-realistic results. Our experiences with 
technology probes showed, that when applying 
the method the following aspects must be taken 
into account:

• Learnability of the system: Technology 
probes are especially useful to understand 
the usage of the prototypes in the field. When 
people used and learned the system at home, 
they showed in general less problems, than 
during (comparative) usability studies in the 
lab. People really try to use the system, they 
know their system at home, and the added 
component (like a new service, a new TV 
channel with additional information, or just 
the exchange of the remote control) is less 
difficult to learn in the real home context.

• Usage over time: Field study using tech-
nology probing helps to understand the 
long-term usage of the system, and why 
and when people stop to use new technolo-
gies. The usage of a new remote control can 
be interesting for some participants in the 
household, while other ones prefer to use the 
old one—due to lack of interest or simply 
due to the additional effort that learning a 
new remote control would need.

• Information material: The trial should be 
accompanied by information material, to 
reduce the likelihood of calls at the people 
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installing the system or the researchers. 
People tend to use the system as a real system, 
and they refer to their typical strategies of 
getting help, if they can not use the system 
(call the hotline, call the researcher, ask other 
ones participating in the study, etc.). This 
kind of support might be given only limited 
(we had hot-lines available for two of the 
tests during the normal working times, but 
the hotline would have been needed during 
the TV-watching hours—in the evening 
and during the weekend). Providing some 
basic instruction manual, or—as preferred 
by most of the participants—short videos, 
can help to reduced this problem.

User Experience studies in the field 
(Investigating social User  
Experience)

Usability Studies are an adequate method to en-
sure usability aspects of the system. But social 
aspects of user experience are difficult to access. 
One possibility to investigate social aspects are 
usability studies involving several users in the 
lab, or field trials and studies, including usability 
observations or co-discovery techniques. As a 
realistic social environment can not be reached 
in a lab based study, a combination with in-situ 
studies is therefore needed, in particular to cap-
ture the social experience. Based on our lessons 
learned during various field trials (e.g. Obrist, 
Bernhaupt, and Tscheligi, 2006; Bernhaupt, Ob-
rist, Weiss, Beck, and Tscheligi, 2008) we describe 
methods combined in a field trial to investigate 
social iTV.

Ethnographic methods, cultural probing and 
other inquiry techniques and methods are already 
available to more actively involved users in a 
user-centered design. Although, we know from 
previous research (Bernhaupt, Weiss, Obrist, and 
Tscheligi, 2007), in particular in the home context, 
that it is not easy to keep users motivated to par-
ticipate over a long time. A second aspect is that 

it is not easy to enter the home context, a private 
place, as a researcher. Therefore, we applied more 
creative and playful techniques (see section 4.1.), 
as well as more sociable methods that are useful 
in particular when taking the social context of TV 
viewing into account. Following we describe a 
method used as part of a field study focusing on 
social user experiences of TV-centric services. 

For our long-term field trial for the social 
community IPTV platform developed within 
the CITIZEN MEDIA project and deployed in 
about 60 test households we come up with a new 
methodological approach, we called „Smiley Box“ 
(see Figure 6). The Smiley Box given to the test 
participants is a small cardboard box which has to 
be feed by filled out „smiley“ question cards.

The box was intended to:

• Be a nice object participants put in their liv-
ing room (in analogy to the Set top box they 
received for using the IPTV application)

• Be an artifact to motivate all household 
members to contribute (give feedback)

• Address different ages present in households 
(old and young)

• To make the whole evaluation process more 
fun for the participants (alternative way to 
ask questions, not just through a question-
naire).

The first Smiley Boxes have been sent out to 30 
test participants in spring 2008. Each household 
received the empty box and a certain amount of 

Figure 6. Smiley Box
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prepared cards (positive feedback cards, negative 
feedback cards, idea cards, and cards for further 
information) to fill out and put into the box. In order 
to keep test participants motivated expressing their 
opinion they received/will receive additional cards 
(addressing special factors of user experience in 
general and sociability in particular) through the 
post in defined intervals (once a month).

Based on a first analysis of user feedback, 
the results are twofold. On the one hand, the 
„Smiley Box“ earned a lot of sympathy from the 
test participants, facilitating further steps for the 
researcher to ease the inlet to the users’ territory 
and to establish relationships. On the other hand, 
the feedback rate was very low (only 8 out of 30 
household send back their cards). The results from 
the analysis revealed that most of the participants 
were disappointed about the low activities on the 
IPTV platform, which also reduced their initial 
motivation to use it, and was also mentioned as 
reason for not being able to provide more feed-
back on their experiences through the smiley 
cards. The feedback received through the smiley 
box, was reported back to the developer. One 
participant also attached a long letter to the box 
explaining the difficulties experienced with the 
platform, but also the challenges of such a IPTV 
platform for a local community by supporting 
social activities. In order to further explore the 
social issues surrounding the IPTV platform, 
several other methods are used, such as content 
analysis combined with personal interviews and 
home visits. Moreover, the combination of this 
qualitative feedback with the logging data deliv-
ers additional data on the usage behaviour and 
patterns on the platform. 

As next step we further explore the appli-
cability of the smiley approach, in particular 
the smiley cards, beyond the home context. We 
already used the smiley cards to gather in-situ 
user feedback during co-design workshops. 
This revealed additional positive feedback and 
strengthened the participant-researcher-com-
munication/relationship. As the method itself is 

assumed to be accepted by users, but its value in 
sense of gathering lots of user feedback is still 
low (connected to low field activities around 
deployed social community IPTV service), we 
plan to develop a digital version of the Smiley 
Box with digital cards, which will be available 
as feature of the IPTV platform itself. 

sUmmAry AND OUtlOOk

Developing social iTV applications addressing 
new aspects of interactive TV like social com-
munication, preference lists or social recommen-
dations, is a challenging task. The introduction of 
interactive TV services showed, that iTV service 
usage is different from what was expected during 
the introduction in the 1990s (Gawlinski, 2003). 
People tend to use new forms of services only 
for a small period of time (weeks to months) and 
then tend to ask for new services. iTV services in 
general are thus more entertainment oriented than 
information oriented. Interactive TV neglected 
also the social aspects of watching TV, like sitting 
in front of the TV together, but also recommend-
ing TV shows or series to other ones, or simply 
talking about an ongoing TV show (like calling 
your friends on the phone, to talk about the great 
football match currently shown on TV).

Evaluation methods of usability and user expe-
rience for social iTV must thus take into account 
the usage context of the applications, and must 
enable understanding the possible influencing fac-
tors for social TV applications. During the early 
stages of development so called in-situ methods 
can help to investigate requirements, limitations 
and pitfalls of social iTV services. Ethnographic 
methods, cultural probing, technology probes, 
creative or playful probing, social-science oriented 
methods like interviews, can be used to evaluate 
the usage context and to get new design insights 
for developing social TV services. Participa-Participa-
tory and in particular co-design methods (e.g. 
co-design workshops) are also used in the early 
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design and development phase to collaboratively 
explore new ideas for services and applications, 
create and discuss concepts between end users 
and towards the design team. During later stages 
of development, the evaluation of a prototype or 
system can help to understand usage problems 
(like using usability studies in the lab environ- environ-
ment) and to evaluate the user experience (like 
using field studies including technology probes, 
in-situ methods like experience sampling).

Further research should focus on establish-
ing low budget, easy to use and standardized 
methods for the evaluation of user experience, 
to enable a comparison of achieved (positive) 
user experiences. The name for the inhere pre-
sented IC-Technique (Instant Card Technique) 
was consciously selected to outline the „instant“ 
usage of this technique. The specific design of 
the instant cards intends to accelerate the part 
of the scenario development process, where the 
user is involved. Users don’t have to invest a lot 
of time to create new ideas and concepts in form 
of scenarios. The instant cards serve as a memo 
pad for the ideas of the workshop participants. 
Due to their small size, they only allow some short 
notes of the most important thoughts. The instant 
cards encourage participants to immediately 
write down their ideas when they emerge in the 
scenario development process. The instant cards 
don’t provide masses of detailed information to 
the workshop’ participants; rather they just offer 
participants small pieces of information as trig-
gers for ideas. They also serve as ready-to-use 
cards for making selections in order to describe 
specific user behavior. Moreover, due to their 
minimalistic design, modifications of the trigger 
information on the instant cards according to the 
specific research questions are carried out easily. 
The IC-Technique will be improved, using this 
technique in planned co-design workshops within 
other projects. 

In general it could be stated, that it is very 
important to ensure an early user involvement 
in the development of social interactive TV. User 

can provide valuable input in the early concep-
tual design phase of new social TV services by 
bringing in their daily experiences, expectations 
and thoughts. Thereby not only usability aspects, 
but in particular the users’ experiences can be 
addressed for non-traditional environments, such 
as the home context. In later development stages 
it is necessary to extend the methodological set 
up toward a combination of qualitative and quan-
titative methods and techniques. Triangulation of 
methods and constant user involvement during 
field trials will lead to a fast user feedback to the 
developers, which can be used for constant and 
iterative improvements of social iTV services 
and applications.
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kEy tErms

Usability Evaluation Methods: A set of 
methods used to evaluate a system, mock-up, or 
prototype in terms of usability.

User Experience: All aspects of how people 
use an interactive product, the way it feels like 
in their hands, how well they understand how it 
works, how they feel about it while they’re using 
it, how well it serves their purposes, and how 
well it fits into the entire context in which they 
are using it

Non-Traditional Environments: Describes 
environments that are distinct from a work setting, 
like the home, on the move, in public places.

Co-Design: Means actively integrating end 
users in the development process of a future 
product by putting them in the role of designer 
and stakeholder.
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__________________________________________________________________________________________ 
In this article we present the findings of two ethnographic studies embedded into two broader projects on 
interactive television in the home environment. Based on previous research on the home context and inspired by 
ongoing trends around interactive television, we explored basic concepts, such as the extended home, and new 
interaction techniques, in particular those related to future developments of the remote control. For the two 
studies we also developed two variations of the cultural probes method: creative probing and playful probing. 
This methodological approach proved to be appropriate for gathering in-depth data on participants’ opinions, 
attitudes, and ideas in a way favorable to the participants. Overall, our results support existing research data on 
user media behavior and expectations and show trends in and beyond the living room, concerned with 
personalization, privacy, and security as well as communication.  
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1. INTRODUCTION: INTERACTIVE TV IN THE HOME CONTEXT 
Information and communication technologies (ICTs) and other technological innovations 
have had, and continue to have, a tremendous influence on people’s daily lives. 
Researchers from various fields started to investigate people’s daily usage of new forms 
of technology by employing and adapting various methods. In the HCI field, 
ethnographic methods are used to better understand how technologies are integrated and 
adapted in a specific context (e.g., work or home); ethnographic studies remain a unique 
way to explore this area. When we look at digital and interactive television (iTV).we see 
rapid changes in the number of services provided to people all over the world. Hence to 
inform the design of technology in everyday life, there is need to explore current adaptive 
and usage behaviors of new forms of technology in the area of iTV. 
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In the following we will briefly discuss the reasons why iTV is a challenging field, the 
current state of the art, the characteristics of the home context, and the kinds of methods  
used to investigate technologies in the home. We will then present results from two 
ethnographic studies conducted in 2006. We will explicate the trends that have to be 
taken into account when designing and developing new forms of iTV services by using 
new variants of cultural probes. 

1.1 Interactive TV Today 
Enhancing TV with additional services is becoming state of the art in today’s living 
rooms. Digital TV can be defined as a device that features digital video broadcasting 
(DVB) reception, persistent local storage (hard disk drive-HDD), and data processing 
capabilities [Chorianopoulous and Spinellis, 2003]. Offers like triple play enable the 
client to receive all kinds of information and communication technologies via one line 
and to enhance the TV with new services, ranging from electronic programming guides to 
live participation during a quiz show, and even betting on  live TV.  

Negroponte [1995] states that with the invention of digital TV, consumer behavior 
changed. Since TV is no longer sequential, but can be accessed more like a book or a 
newspaper, the patterns of television use will continue to change. This leads to the 
question of how to design user interfaces for these new forms of entertainment. The PC-
oriented desktop metaphor does not work for television.  

The TV consumer is too far away from the screen to be able to see detail; the input 
devices did not allow (until now) any kind of point and click support. The design of 
remote controls is often limited to the number of keys for the various functions, and new 
forms of iTV entertainment services are mostly designed independently of set-top boxes, 
middle-ware, and remote control devices. Design metaphors borrowed from the 
workplace are not suitable for the living room. Users are not willing to sit in front of the 
TV with a keyboard. Their main interests are widespread, depending on time, social 
situation, physical context, technological knowledge or personal preferences and habits. 
Users of new forms of services want to be entertained, get informed, and relax, 
sometimes all at the same time. 

Thus, the challenge in developing new forms of iTV entertainment services for the 
living room remains that of understanding the needs of the users. 

Research on the adoption and consumption of domestic technologies is central to 
understanding this phenomenon [Ha et al.2006]. To enhance the design and development 
of successful iTV services and applications for the home, there is an ongoing need to 
understand their patterns of adoption and use. This is challenged by the variety of users 
and their different characteristics within this environment. The multiple entities in the 
home cannot be studied in isolation, as they are interconnected in social and 
technological networks, as well as determined by spatial and temporal factors [Venkatesh 
et al.  2006]. 

Today, very few in the west can imagine a home without information technology, 
which has been successfully introduced over a considerable period of time (fax machines, 
telephones, television, Internet, etc.). Moreover, the home itself has become the main site 
for many technological innovations, and most of them are being developed with the home 
as the main target market. As a result, people are exposed to computerization more than 
ever, and using technology has became part of daily routine [Venkatesh et al.  2003]. 
These authors highlight the “home” as the place where new technologies can develop to 
their full potential, but they stress that what the technology can do in the household must 
not be the same as what the household wants to do with the technology. 
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Adopter and user profiles are changing and expanding. Current trends suggest that a 
growing number of users are young children and teenagers, as well as adult women. As 
more young people begin to use technology in their homes, technological literacy will 
also expand [Venkatesh 1996]. Furthermore, technology will become more integral to 
family life, and is less likely to be perceived as imposed from outside. The emergence of 
new technologies coupled with growing user sophistication, will lead to more intense 
technological activity within the household. Thus, today’s homes are described as centers 
for shopping, communication, and information as well as learning [Venkatesh et al. 
2003]. Recently, homes have had to be readied for coming innovations like HDTV (high 
definition television), smart homes, ambient computing (ambient homes), and new kinds 
of converging and interactive media. 

However, a narrower focus is necessary to understand users at home. From a more 
individual perspective, it can be said that the more technology one has, the more one may 
profit from it. Ha et al. [2006] divide people into two categories – those who are good at 
understanding developing technology and those who are not. In the past, people had to 
strive to get accustomed to developing technology, but nowadays technology strives to 
meet people’s needs [Norman 2002], and it follows that it is necessary to understand 
people’s behavioral characteristics in the home context in order to meet their needs. 

1.2 Characterizing the Home Context 
O’Brien et al. [1999] highlight those key aspects of the social dimensions of households 
that are relevant to the potential uses of new domestic technologies. Within this context, 
the focus on daily routines is essential. These routines emerge from the daily activities of 
households and support the organization of daily life. O’Brien et al. [1999] stress the 
configuration of the household and its interactions with technology, which tend to be 
flexible and are organized to enable the household to orient its activities towards those of 
other members within the household. Crabtree and Rodden [2004] also emphasize 
domestic routine as the coordinating feature of domestic life. In particular they focus on 
the routine nature of communication. Routines are characterized as the product of local 
and concerted work, whereby the notion of work is not necessarily a phenomenon to be 
understood in terms of “tasks, plans, and procedures,” but that work means that people 
must engage in practical action if they are to get their day-to-day activities done.  

Taylor and Swan [2005] introduce the idea of the home as an organizing system that 
grows out of the artful design and use of information artifacts in the home. The system 
not only organizes household routines and schedules, but also shapes social relations 
among family members. According to the authors, technologies must be designed to 
accommodate the rich and diverse ways in which people organize their homes by 
providing resources to artfully construct their own systems from their own experience. 
Moreover, domestic life encompasses countless activities that can incorporate the use of 
information technology (activities associated with leisure and entertainment such as 
watching TV, using the internet, etc.). Systems are not stable, but are continually 
(re)designed to meet the ever-changing needs (like changed life circumstances) of 
families. In the future, (interactive) TV will become an exciting playground for 
innovation and new kinds of advanced and individual user experiences. 

Our research was inspired by Venkatesh et al. [2003], who conceptualized the home as 
a living space defined by the emotional, social, educational, and recreational needs of the 
household. Following Venkatesh et al. [2003], home is divided into three components: 
(1) social space, (2) technological space, and (3) physical space, which are linked to each 
other. All three components contribute to explain the home context as a living space.  
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Social space is the most complex of the three, as it involves not only the activities of 
household members, but also various social actions, tensions, and emotions. The social 
space is not one that is given, like the physical or technological spaces are, but varies 
over time [Venkatesh et al. 2003]. Technological space consists of the number of 
technologies in the home, their density relative to the size of the home and the people 
living there. Technological space has recently gained particular importance due to the 
emerging work on smart homes [Harper 2003]. The smart home idea has been around for 
at least a decade, but its implementation has not been very successful so far. The third 
space, the physical space, is likely to change less frequently during the life course of a 
family. This space is measured in units and defined by subspaces like kitchen, living 
room, and so on; their organization is based on the functionality assigned to each 
subspace (e.g., kitchen for cooking). 

Besides the three main spaces that characterize the home context, there is another 
important element that should not be forgotten, namely, “time”. The time each household 
member spends in the home with a technology also constitutes a “living space”. One way 
to handle time is to make it part of the social space by asking at what time, how long, and 
in which space people used a particular technology; another way is to introduce time as a 
separate dimension.  

Venkatesh et al’s [2003] model of “home as a living space” outlines the main 
characteristics of the home context and the interplay between the various components. 
Each space is s interrelated with another (social space ↔ technological space; physical 
space ↔ technological space), and interdependency influences usage patterns. However, 
the home context is not easy to investigate as it is a very personal and individual place, so 
it is important to carefully select the methods and techniques for studying it. 

1.3 Methods for Studying the Home Context 
 Evidence drawn from observing the use of technology in the workplace shows that there 
are great differences between how people talk about their use of technology and how they 
actually use it [Kjaer et al. 2000]. When studying the “home” it is important to 
understand family life and the processes of domesticity. Most methodologies used to 
study this area are qualitative in nature, as they are interested in the meaning and 
significance of new technologies [Haddon 2006].  

A variety of methods can be used to clarify context: While quantitative research tells 
us how many TV sets there are in the house and how many hours and which programs are 
on, qualitative, ethnographic research tells us how and why people watch TV. For the two 
studies (presented later) ethnographic research was done via cultural probes. Most studies 
[e.g., Attkinson, 2003; Crabtree and Rodden 2004; Venkatesh et al. 2003] agree that 
investigating the home context is a difficult endeavor, as it is an inherently complex area. 
During the last few years, ethnographic studies and  a variety of methodologies such as 
cultural [Carter and Mankoff 2005; CRN 2007] and technological probes [Crabtree et al. 
2003] have proved suitable for gathering insight on domestic processes and  their usage 
patterns in today’s homes.  

To explore the ways in which households use communication, information, and other 
domestic technologies, Crabtree et al. [2003] used ethnographically-oriented methods. 
They visited households and investigated daily routines and interactions, ownership of 
space, and how household members managed their interactions. They reported  their 
findings using ethno-methodologically informed descriptions based on the work of 
Garfinkel [1967]. Participatory design methods and techniques were also used to involve 
users more creatively in the product development process. For instance, Eronen [2003] 
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used a combination of qualitative interviews, focus groups, and spontaneous discussions 
(based on art) in the development of new interactive TV programs for the home 
environment. This methodological approach enhanced user involvement in participatory 
design sessions. 

Hindus et al. [2001] investigated how media space concepts could be incorporated into 
households and family life. They used ethnographically inspired field studies and in-
depth interviews to evaluate early prototypes for home communication in real- world 
settings. They found that households are private places, where family life has first 
priority. Women act as household communicators to maintain communication with 
friends and family. The authors’ main discovery was that social communication and 
interaction could be supported by media, but that media should not add new social 
obligations, as users already felt overcommitted. 

1.4 The Cultural-Probing Approach 
The methodology of cultural probes [Gaver et al. 1999] was invented as a methodological 
variant of ethnographic studies in order to limit the negative effects of researchers taking 
part in field studies and to enable the investigation of daily life without the participation 
of researchers. It follows the tradition of the arts and design, and is not based on typical 
engineering approaches. It is purposefully designed to inspire, reveal, and capture the 
forces that shape an individual and his or her life at home, work or on the move [Harper 
2003]. It is a method for understanding the participant’s experiences and behavior in situ. 
Probes are mainly done to gather insight into the participant’s context so as to inform the 
design process at an early stage [Gaver et al. 1999; Jääskö and Mattelmäki  2003]. 

A so-called “probe package” is given to participants during a cultural probe study, 
which usually includes diaries, cameras, post cards, and sometimes maps, in order to 
obtain as much insight as possible into the participants’ life styles, use patterns, and 
behaviors. Participants are free to control the time and means of capture. Gaver et al. 
[1999] reported that the rates at which materials are returned can vary significantly in 
different settings and populations. How the possible disadvantages of low rates of return 
could be ameliorated by combining the collection of the probe material with a final 
interview conducted in all households was demonstrated in the work of Bernhaupt et al. 
[2007] and Obrist et al. [2006]. 

Some methodological variations had been developed based on the original cultural 
probes approach. Hutchinson et al. [2003] devised technology probes; Crabtree et al. 
[2004] adapted cultural probes to inform design in sensitive settings; and Hulkko et al. 
[2004] extended the method to cope with mobile settings. 

Apart from the methodological variations for different settings and purposes, another 
trend has been to increase active and creative user involvement through play. In the area 
of (e)learning the concept of play was used to enable learning and to enhance its 
effectiveness. In order to increase participants’ (especially children’s) involvement in 
research, game-play can be a legitimate methodological extension to conventional 
methods. Muller [2003] summarized the benefits of game-play as a research technique as 
follows: it enhances communication and teamwork, improves articulation of perspectives, 
knowledge, and requirements, and leads to new insights and important new analyses and 
designs. 

To explore certain aspects of the home context, we developed two methodological 
variants, called creative and playful cultural probing, and evaluated them in the 
ethnographic studies presented in the following section.  
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2. THE STUDIES 
To inform new kinds of iTV services and interaction concepts, we investigated current 
trends in the living room and beyond by conducting two ethnographic studies by means 
of creative and playful cultural probing. These methodological variants of cultural 
probing enabled us to use and stimulate the creative potential of the study participants to 
invent, investigate, suggest, or even produce, new forms of ICTs that they would like in 
their living rooms. Based on overall trends in today’s living rooms, we developed new 
interaction concepts to support iTV as well as new interaction techniques for future living 
rooms.  

2.1 Projects iiTV@home & iTV4ALL 
The two studies in this article were embedded in the framework of a larger project 
(iiTV@home and iTV4ALL), which is  described briefly in this section. 

The project iiTV@Home (information-oriented interactive TV at home) was supported 
by the EFRE project of the Federal Province of Salzburg and by the European Union. The 
iiTV@home project mainly focused on the development of new forms of news and 
information-oriented regional iTV services. The goal of iiTV@home was the 
development of concepts and commercially successful applications (public participation 
was included with the offer of an interactive map). The technical implementation and 
analysis were major goals of the project. Within the project the usability and user 
experience with iTV services was evaluated via heuristic evaluation and usability tests. 
Furthermore, user acceptance and use of the developed iTV application were evaluated 
during a three-month field trial (April 2006 to June 2006). Throughout the field trial, 
different methods were used to investigate the home context as an important place for 
new interactive systems.  

The aim was to gain a deeper understanding of selected household types and 
household members, their daily habits and social backgrounds, their TV viewing 
behaviors and experiences, and their expectations of iTV. This project identified patterns 
in what people do, how existing technologies facilitate their daily activities, what 
meanings people connect with the TV, and how iTV services can support them at home 
[Obrist et al. 2006].  

The iTV4ALL is the second project; it is funded by the BRIDGE program of the FFG 
(Austria), and supports research on user-centered development of new remote controls. In 
the project, we cooperate with ruwido (a leading producer of remote controls), with the 
aim of laying a foundation for the use of new interaction techniques in the home. Basic 
research addresses current trends and developments in the home, the media and 
entertainment behaviors of various user groups (ranging from single parents to the elderly 
and families), as well as peoples’ daily lives. The first phase of the project is solely 
focused on the home as a special context for new ICTs. In the second phase, several new 
interaction techniques and concepts are developed as prototypes, based on findings from 
the first phase. Usability and user experience will be evaluated using various methods 
ranging from focus groups and usability studies to experiments. The goal is the 
development of at least one fully functional prototype. 

iTV4ALL enables the development of a new generation of remote controls that meet 
the users’ desire for simplicity. The development of several prototypes will help users 
deal with the new forms entertainment in their homes (especially interactive TV). Social 
interaction and specific contexts, such as security and personalization, can be addressed 
through various communication possibilities. 
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2.2 Methodological Approach 
We developed two variations of the cultural probes approach by inventing creative 
cultural probing (CCP) cards and extending it to playful cultural probing (PCP). Later we 
will present our ethnographic field notes to help make sense of and to interpret the 
material we collected about each topic we addressed.1 
 
2.2.1 Creative Cultural Probing: Material. Our creative cultural probing (CCP) material 
is based on the idea that creative stimuli will motivate participants in their self-
observation and provide more insightful information on daily routines and technology 
use. Some examples of CCP cards (from the second study) are shown in Figures 1 to 4.   

 
 

 

This card asks what technology people 
use when they are on the move. They 
should describe the situation, the device, 
and the reason for using it. Additionally 
there is a “family joker,” which asks that 
all family members describe their usage 
from their point of view. The camera 
symbol hints that pictures should be 
taken of the “on the move” situation. 

Fig 1. Creative card: “When I am on the move...” 
 

 

This card tries to visualize the kind of 
information people want or like to store 
at home and how it can be accessed 
when they are on the move. Participants 
provided interesting information on this 
card, and mentioned ideas that had not 
been considered before. 

 
Fig. 2. Creative card: “When I am on the move…”  

 

 

This card asks participants to write down 
the technologies they shared. It provided 
a wide spectrum of answers (e.g., lists of 
shared devices, citations from family 
members, and descriptions of shared 
programs on TV).  

 
 
 

Fig. 3. Creative card: “When we are all together at home…”  
 

                                                           
1 As the entire study was conducted in German, the quotations in this article were translated into 

English. 
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This card provides the most interesting 
information due to its totally open 
phrasing, which begins with “I…”. 
Participants could not complete all 
phrases immediately, but during the one 
week allotted to each topic they 
remembered situations which they 
expressed with these verbal phrases.  

 

Fig. 4. Creative card: “When a problem with a technical device occurs…”  
 

2.2.2 Playful Cultural Probing (PCP). PCP takes the idea of creative stimuli one step 
further by providing joie de vivre. Children and adults involved in play are filled with an 
excitement that encourages them to use their capabilities of mind and body fully [CRN 
2007]. Furthermore, playing and game-play are inherent cultural activities. “We have to 
conclude therefore, that civilization is, in its earliest phases, played” [Huizinga 1950]. 
Playful cultural probing encourages a high level of user involvement and claims to be 
appropriate for use in different cultural contexts. Playful probing uses playful elements to 
develop games in order to investigate certain research topics [Bernhaupt et al. 2007]. 
Depending on the topic, various games can be used and adopted to enhance the 
participants’ involvement. It can be shown that including playful probing material in the 
probing packages can increase the quantity and quality of the data collected. Providing 
users the possibility of expressing themselves is also supported by the work of Carter and 
Mankoff [2005].  

To enhance the participants’ involvement in our project, we integrated traditional 
games into the cultural probing method and by doing so created the playful probing 
approach (see Figure 5).  

 

   
Fig. 5. The PCP package (left) and a participating family playing and writing answers on the notepad (right). 

 
Because games are attractive to adults and children, we modified a card game by 
including research-related query cards. As the game is played, a query card comes up and 
has to be answered, otherwise the player has to pick up several more cards and take a step 
back in the game. We asked the participants to write their answers to the queries on a 
notepad, so that we could analyze the answers and treat them as probing material. (the 
queries on the cards were related to the research topics).  
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This playful approach also motivated participants to reflect on the research topic more 
thoroughly. We also added modeling clay to the playful probing approach as another way 
to answer design-oriented questions. 

3.   STUDY 1: THE LIVING ROOM CONTEXT 
From May to June 2006, we conducted (as part of the iiTV@home project) an 
ethnographic study to explore the living room context. We recruited participants from an 
existing iTV field trial in the Federal Province of Salzburg. Based on former studies 
[Obrist et al.2006; Bernhaupt et al.2006], we recruited households with elderly 
participants or those with more than three family members. Such households are more 
likely to be interested in the services on offer during the three-month field trial. From the 
40 households in the iiTV@home project, 16 participated in the ethnographic study.  

In this study the participants’ media habits were explored in detail. Among the 
participating households the number of TV sets ranged from one to four. Nearly half of 
the households owned two TV sets (43,75%). The reasons for watching TV were  
diverse: from entertainment, to information, to recreation. Participants told us that more 
options in TV usage would make TV more interesting, so possibilities for personalization 
were very welcome. The participants were especially interested in news with local and 
national content, documentaries, and sport reports. Our study found that 46 % of TV sets 
were usually placed in the living room. At the same time, apart from the kitchen, the 
living room was one of the most important rooms for social interaction. Many 
participants in our study also identified watching TV as a major common activity, along 
with eating and playing games; 38% of the households also had Internet access in the 
living room environment.  

3.1 The Study Set-Up  
The ethnographic study, conducted as part of the iiTV@home project, lasted three weeks, 
with a final interview at the end of the study during which the results of the probing 
material was discussed with the most active participant in the household. Each of the 16 
households received a package with several CCP cards along with a pre-questionnaire to 
capture demographic data and TV viewing behaviors. The CCP cards were designed to 
foster the active participation of all family members. Figure 6 shows one of the packages. 
Participants were asked, where possible, to place the package on a table in the living 
room, so that all household members would be encouraged to actively contribute on a 
weekly basis as part of the study. In addition, eight households got a multifunctional 
video camera (Mustek DV5200), and another eight households got a disposable camera 
to record their ideas and contributions.  

In this first study we address the following topics: (1) the living room; (2) in front of 
the TV; and (3) interaction techniques in the home context. These topics were selected on 
the basis of previous research on iTV services [Garfinkel 1967]. 

 
 

 
Fig. 6. Creative cultural probe package  with disposable camera. 
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3.2   Topic 1: The Living Room 
We made an effort to gain greater understanding of the physical space of the living room 
and its contribution to the concept of home. As Venkatesh  [2006] points out: “The 
physical space has both a functional and a symbolic value”. To explore this context, we 
asked participants to complete the CCP cards that began with the phrase, “In front of the 
TV...” which could be completed with, for example: “I have an idea…”, or “I write down 
information about …”  “or “I am working on …”. 

Other questions included elements and symbols to engage individuals and encourage 
family collaboration during the process of filling out the CCP cards. We asked 
participants to name five things they liked to do in the living room and things they would 
like to change to adapt the living room to their needs. The living room is still the place 
for social interaction among family members; it is central for most family-oriented 
activities – either technologically-oriented ones like watching TV or nontechnological 
social activities like playing cards. People described the living room as a recreational 
area, with most of the activities in it related to watching TV, listening to music or playing 
with children and pets. The living room was an important place for socializing with 
family members, friends, and neighbors. A place where people met to discuss the 
everyday occurrences of their lives. The five things that people mentioned they did most 
in their living rooms were socializing, watching TV, listening to music/radio, and reading 
and playing.  

In an interview, a participant (with two children) summarized it thus:  

 “I can watch TV, be lazy, read something, … I enjoy watching the garden. In the 
living room I have a lot of fluffy things which make me feel at home and comfortable. 
I spend my time there when all my work is finished – unfortunately only in the 
evening. But the living room is also the place where my son plays on the Play 
Station”. (46-year-old male) 

Another participant said  

 “We designed our own house as an open space, where the kitchen and the living 
room are one big room with different spaces. I can cook and serve the food or drinks 
to my guests in the same room, I can watch TV on my comfortable chair, I can listen 
to music and have some day dreams. I can read the newspaper, sort the advertising or 
read the daily mail… and I can change the look of the room, whenever I want. Next, I 
have to buy a new entertainment rack, as there is not enough space for all the 
technology (TV, DVD player, digital TV receiver, stereo system) in the living room”. 
(67-year-old male) 

Roles and use patterns in the living room are influenced by age, the number of members 
in the household, work, leisure activities, and not least, time. One of the most 
characteristic feelings is people’s strong relation to their homes and their living rooms, 
where they find the quiet, relaxed atmosphere, and privacy they need. On one hand, the 
living room is seen as a personal and social space and on the other hand it is associated 
with technological space. People are often not aware of the technology that surrounds 
them, until it is missing. Technology has been integrated into the physical environment 
and has become part of it (the domestication process). Hence it is essential to understand 
the domestication and consumption of domestic technologies [Haddon 2006]. 
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3.3   Topic 2: In Front of the TV 
People usually want to relax when they are in front of the TV, but they are interactive 
nevertheless [Lull 1990]. Interactivity is an integral part of the iTV user’s experience, 
with the proviso that interactivity is understood as a psychological and emotional process, 
not as a technological one. While watching TV people do a lot of different things, like, 
for example, changing the volume several times because the telephone is ringing. 

A female participant living with her husband, three children, and parents) stated that  

“Most of the time I talk to my family – but they normally tell me to be quiet 
[laughing] … so I go on with my housework, like ironing, writing the shopping list or 
reading the newspaper. Late in the evening I have more time to watch TV, as the 
others are sleeping and most of the work is finished, then I can watch TV, when I 
know that there is something interesting on the TV (I always check this in advance)… 
sometimes I’m upset because I missed or forgot a program. Therefore, I would really 
like to have a kind of time shifting, so I can watch the program when I’ve time, which 
is quite rare…”. (45-year-old female) 

Other participants reported that they take notes while watching TV: they write down 
Internet addresses, telephone numbers, names of experts mentioned in a TV program, 
they note lottery results, and make up shopping lists. Socializing, discussing, and sharing 
information are also major activities that take place in front of the TV. This clearly 
demonstrates how active people are while watching TV, and that they do not only 
concentrate on the ongoing program, but participate in various TV and non-TV related 
activities. One of the main challenges for designers, especially for iTV designers, will be 
to support such activities or to transform the data above into new ideas for home-based 
technologies. 

3.4 Topic 3: Interaction Techniques at Home 
As a first step, we focused on the traditional way of interacting with the TV, that is, by 
means of the remote control. Some participants were demonstrating on the one side 
difficulties with current remote control usage during the final interview, on the other side 
they were quite creative designing possible solutions for these problems. In one 
household the children drew their desired remote control (see Figure 7) and stated  that 

“the remote control should have a funny and cool shape (like a pyramid), an 
integrated clock and a function to see what’s going on in different channels. The 
remote control should be small and handy”. (two girls, 11 and 13 years old) 

 

 
 

Fig. 7. Design of a remote control in the shape of a pyramid, drawn by two girls. 
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Fig. 8. Several remote controls in one household; the one on the right has been fixed with a glue strip several 

times. 
 
In another remark about the use of the remote control, a participant (with 6 household 
members; see Figure 8) explained that 

 “Our TV remote control is very old … we have fixed it several times with glue strip 
we have also bought a new one, but we still use the old one because it is easier to 
use… we know where to press to get what we want. We use only selected buttons of 
our remote controls… some are really useless”. (42-year-old male) 

For many household members (in particular for elderly people and women), 
multifunctional remote controls were often too complicated to use, so that both old and 
new remote controls could be found in such households. Five out of sixteen households 
informed us they had replaced or changed their remote controls because they were 
broken. Only two households reported that they bought a multifunctional remote control. 
A more technical-oriented participant described his idea for a remote control as follows: 

 “I need a multifunctional remote control because I like to program it according to my 
preferences... define which button has a particular function and so on. In addition, it 
must have a simple interface, so that also my daughter can use it… I though about a 
LCD display and a kind of trackball on the remote control, with which I can navigate 
through the menu. Moreover, speech recognition – similar to mobile phones – could 
be used to choose a program or to select other functions”. (45-year-old male engineer) 

3.5   Lessons Learned and Next Steps 
The creative cards were designed to address a special research topic every week. The 
time span of a week is sufficient to enable the households to work on that topic and to 
creatively explore new product ideas. To express their innovative ideas, households 
usually used the creative cards as well as post-its, which they stuck onto the cards. 

Their ideas were discussed in the post-interviews, along with other study material 
(photos and videos). In the interview, participants reported that they liked the cards very 
much, as the cards allowed them to think about the topic, discuss it with other family 
members, and to write down or draw their most important ideas. The participants 
mentioned that at the beginning of the study they were more motivated by the chance to 
shoot photos and videos, but that during the study they tended to concentrate on the 
cards, since it was difficult, mainly for the adults, to capture relevant situations otherwise. 
They were careful in choosing the subject matter to photo or film. A participant 
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mentioned that he did not want to show too much of his private life, and that it was easier 
to formulate ideas on the cards and then explain them to us in the personal interview.  

In the interview, participants mentioned that they always tried to relate the videos and 
photos to the creative cards. At times they forgot about their cameras and were reminded 
by the camera symbol (hint) on the cards. The analysis of the visual data revealed that 
only a few households took photos and videos in a free and creative way (not related to 
the cards). These were families with kids (between the ages of 8 and 12) and members of 
an older household who were interested in new technologies. Some playful effects were 
achieved with cameras and multimedia devices, which were used in a very creative way 
(for example, to stage in the living room typical situations or to demonstrate all the 
available technological devices there). The use of special materials (like creative cards) in 
combination with other media (disposable cameras, digital multimedia devices) 
encourages the cultural probes method to become more creative. The CCP’s main 
methodological contribution to the original method is that it allows the users themselves 
to generate new product ideas. Innovation by the user(s), either individually or with 
others in the household, is supported. Moreover, the final interview revealed that it was 
very useful to discuss the results of the study with each participant and to get direct user 
feedback on the method used. 

Inspired by the results of the first study, we developed the creative probe package by 
including playful elements, and applied and evaluated the method in a second 
ethnographic study in the iTV4ALL project. 

4.   STUDY 2: THE LIVING ROOM AND BEYOND 
To investigate current trends in ICT use in the living room and beyond, we set up a 
second ethnographic study as an integral part of the iTV4ALL project. We investigated 
(1) the concept of an extended home; (2) the shared experience; and (3) new kinds of 
interaction techniques for the living room. The iTV4ALL project focuses on the 
development of new forms of interaction techniques within the home context, especially 
on new concepts of iTV services combined with more intelligent remote controls. We 
recruited 40 households for this second ethnographic study, none of which had 
participated in any previous studies about iTV. During the recruiting interview we 
classified 20 households as media entertainment-oriented;  the 20 other households were 
recruited to represent the population of Austria. We chose 14 households with more than 
3 family members and 6 households with couples for each group of media entertainment-
oriented (and other) households. In a prequestionnaire, we investigated the characteristics 
of the participants’ homes in detail; all of them had several TV sets and most owned at 
least a VCR, DVD-player, and a radio. 

The main activities that participants mentioned as spare time, daily, entertainment 
were watching TV, listening to radio, calling on their mobile phones, reading, and using 
their computers. Thus, using devices for entertainment seemed to play an important role 
in the daily routines of the participating households.  

4.1   Study Set-Up  
We extended the methodological approach by combining the creative cards with 
additional playful elements (i.e., with the extended card game and modeling clay). We 
called this new variant “playful cultural probing” (PCP).  

During the study, 10 households, classified as heavily media entertainment- oriented, 
also tested a universal remote control; 20 households were equipped with a 
multifunctional video camera (Mustek DV5200 or Mustek DV 9300); and the other 20 
households used a one-way disposable camera. All households received a package with 
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creative cards and some modeling clay. We also used a traditional card game and 
extended it with additional cards that addressed our main research topics. The distribution 
of cameras and card games was counterbalanced between the two household groups. The 
media entertainment-oriented households that tested the remote control were selected 
randomly. Participants were asked to take a photo each time there was a symbol on the 
creative cards or whenever they were on the move and in contact with technology (this 
was required, as it was important to obtain more information for the extended home 
concept). 

4.2   Topic 1: Extended Home Concept 
Extended home (Xhome) can be defined as “the family accessing communication 
elements, or media entertainment and consumption of personal objects while they are 
away from home” [Nokia 2006]. The main idea here is that smart and connected devices 
provide the background for ubiquitous connectivity and communication. Schotanus  and 
Verkoelen [2003], whose main work is on the topic of the extended home, stress that 
“Xhome is a relatively open system: many users can make use of the Xhome, not only the 
inhabitants of Xhome make use of the network capabilities, but also many visitors”. 
Based on this definition, we investigated entertainment, leisure, and fun in the home with 
respect to the concept of the extended home. 

On this topic, a participant said 

“[This] technological invention simplifies my life… I have seen something on the 
TV, they have installed a central computer into a house in the foyer, which controls 
everything, means all technical devices, light, electricity, water, heating - everything; 
I thought something like this would be really convenient. That was simply a screen, a 
touch screen, which was built in the wall”. (25-year-old male student) 

This example shows that even when people do not know the exact meaning of terms like 
“extended home” or “smart home,” they do have a clear idea of how technology can 
simplify their daily lives.  

Nowadays people on the move use a lot of different technologies:  on the CCP cards, 
almost all the participants mentioned that they used a mobile phone to stay connected, but 
they also used MP3 players, iPods, and CD players to enhance their daily routines and 
overcome boredom--for instance, while waiting. People have become accustomed to 
using mobile phones and digital cameras to capture precious moments during holidays 
and in everyday life. For example, one mother noted that “On the playground, it bothers 
me when the battery of my mobile phone or my digital camera is empty”. Such remarks 
lead us to conclude that people nowadays have become accustomed to the idea that their 
technological devices should accompany them. Our research also highlighted the ways in 
which people shared ideas on how to make their lives easier via technology:  

“To remotely switch on the coffee machine before I come home would be convenient 
or to program the video recorder, or to access the computer, or to preheat food, that 
would be nice, or to control the heating, that would be great”. (24-year-old male 
student)  

 “My mother is afraid of burglars while we are on holidays, therefore a remote control 
for the house would be good to bluff burglars by controlling the curtains, switching on 
and of the lights; …then grandma has not to come twice a week”. (27-year-old female 
student) 
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During the interviews, some ideas for smart homes, which had already been 
mentioned on the CCP cards, were developed, and often were related to storing 
information and knowledge. A participant had the following idea: 

“It would be convenient to access personal data, which is stored at home or when I’ve 
forgot something, e.g., addresses, which are saved on my mobile phone, which I 
forgot at home; or hearing music with my mobile phone, which connects to my MP3-
player at home”. (28-year-old male engineer) 

“I can imagine to access my computer or server when I am on the move and to access 
my data”. (24-year-old male student)  

Similar wishes were stated on the CCP cards: people want to store addresses, 
telephone numbers, pictures, and photographs at home and have access to them when 
they are on the move, and they would like access to their email. 

4.3   Topic 2: Shared Experience 
“Broadcasting is all about creating shared experiences. New technologies will enable 
new modes of awareness and communication among different groups of people that 
were not possible before. These new capabilities and ways of ‘staying in touch’ could 
serve a significant role in swift acceptance and deployment iTV technologies”. 
[Agamanolis 2006]  

Our understanding of shared experience is also related to Battarbee’s [2003] 
definition of co-experience, which “is the seamless blend of user experience of products 
and social interaction”. We specifically focused on the following questions: Which 
activities do people already share at home? Which technologies support shared 
experience at home? Which contents do people like to share? 

On the CCP cards participants mentioned a huge variety of technologies they used 
together; the most frequently mentioned were the TV, CD-player, radio, DVD-player, 
and the Internet. People liked to watch TV with others because they enjoyed discussing 
the content while doing so. Thus, news and sport programs were often watched with 
others. People often experienced a feeling of community while watching quiz shows 
(many participants mentioned that they liked to join in the guessing). Ways of sharing 
experiences in the future were also envisioned by the participants; above all via a video 
telephone such as Skype. 

“I already did that; it works with Skype Internet telephony, if you have a webcam. 
Philip and I for instance were in Linz and we watched soccer; Flo called us, so we 
installed the webcam, put the laptop next to it, …, we put the microphone into the 
centre an turned the computer loud”. (25-year-old male student) 

 

 
Fig. 9. Idea for a screen connectable to any mobile phone and a PC created with modeling clay by a 

participating household. 
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It seemed to become increasingly important to our participants to see the faces of the 
people they were talking to. They also expressed this desire with modeling clay in week 
three of our study (see Figure 9). One household built a monitor and connected it to a 
computer which was connectable to any mobile phone, so that it was possible to 
communicate with via telephone while watching TV. 

Nevertheless, people did not want to share everything. To the question “Do you want 
to know what other people are doing at the moment, so that you do not bother them with 
a phone call?” 17 participants answered that this would be a violation of privacy and 14 
said that it was not necessary, since they could just ask whether they were disturbing 
anyone. On the other hand, some participants answered that they could imagine this as 
beneficial, for instance if there were a status message on the phone such as “I am at a 
concert, call you back in 30 minutes”. Some skepticism regarding the technical aspects 
could also be read between the lines. This is probably the reason people wanted to share 
private content like photographs and film selectively, with family and friends above all. 
They also wanted to communicate to family and friends in emergencies (e.g. car 
accidents, traffic jams, etc,) or regarding the daily news on TV. Two technologies that 
were often mentioned as the worst to use when other people were nearby were the 
telephone and the Internet. 

4.4 Topic 3: Interaction Techniques for the Living Room 
As Knoche and McCarthy [2005] point out, “Interaction spans devices”. Users often 
combine multiple devices in their daily routines, but since each device has a separate 
remote control, the user will experience difficulties when interacting. Portoloan et al. 
[1999] hypothesized that voice control, for instance, can support interaction: “in front of 
a table of channels, people prefer to speak out the channel’s name instead of navigating 
through the table”. Lessiter et al. [2003] investigated the ease with which remote controls 
for DDT and iTV could be used in order to identify intuitive labels for remote control 
buttons. They discovered that, while using remote controls, subjective preferences related 
closely to behavioral responses. Problems with interaction were certainly part of people’s 
everyday experience with technology, and so they discovered their own strategies and 
solutions for coping with such problems.  

To the question on the CCP card: “Did you ever buy a device that you never really 
used?” only four out of forty households answered “no”. It seems that people believe they 
can make life easier or more enjoyable by buying technology. But why doesn’t this 
strategy always work? A participant explained as follows:  

 “If I cannot understand just trough trying out how a new device works I need to read 
the manual; if the manual of a device which I do not necessarily need is too 
complicated, I stop trying and try it again later on”. (25-year-old female student) 

Members of eight households admitted that they became angry when the technical 
equipment in their homes did not work correctly; members of 27 out of 40 households 
noted on their CCP cards that they needed to read the manual when a problem with a 
device occurred. On the other hand, 18 households wrote that they got help for technical 
problems--for instance, 11 participants mentioned asking a friend. The main point made 
by the participants was that they intended to get context-dependent help and that they 
didn’t like to read manuals. 

 “Manuals should not be written by engineers, but by users; sometimes manuals are 
written that complicated, that my wife asks me how to do or program things, because 
she does not understand it”. (39-yea-old male educational advisor)  
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Moreover, participants had several ideas for the perfect manual:  

 “Probably this would be a thing, which starts a dialog and tells me, what I did wrong; 
this would not be manual in the traditional sense.... For example, when I wouldn’t 
know in a situation which key to press or what to do… the device could tell me and 
explain me in a dialog: you did the following steps… but should do it in that way”. 
(60-year-old commercial clerk)  

 “In general I like a manuals, but on tape phonetically would also be helpful, if I have 
a headset with instructions, then I have nothing in my hands”. (54-year-old female 
secretary)  

 “Pictures, a cartoon is easier to understand than a text; printer-producers are good in 
that, there is nothing left to read”. (35-year-old self-employed male) 

However, manuals were not the only reason why people stopped using their technological 
devices, the following example gives very different reasons why three households never 
used their newly bought DVD-players:  

 “No one in the family knows how the device works, it was not necessary until today, 
it was not really necessary to buy it, because we already have a similar device, we 
need to adjust it with the TV”. (24-year-old female law-trainee) 

Another participant told us that  

 “I am rarely at home in the evenings, I am not a real film-freak, I do not buy DVDs 
and I am too lazy to borrow them or to download them and we have pay TV”. (24-
year-old male student) 

As part of the third week’s research topic, we asked people to think about innovative 
technologies that could make their lives easier in the future. A total of 31 innovative 
technologies were invented by the participating households.  

Several households had similar ideas, the most prominent one was that of a household 
robot, who should be able to clean the house, cook meals, do repairs, and simply know 
everything. People also imagined a “house PC,” a central computing unit enabling 
household members to control all devices and technologies in the house. In addition the 
participants wanted a “home monitor” to observe each room and enable the participants 
to check their homes at any time. 

 

 
 

Fig. 10. Household robot created by participants using modeling clay. 
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4.5 Emerging Topics: Personalization and Security  
In our study, personalization and security were not addressed as a single defined research 
topic, but emerged as an important subject in the general home context. We gained 
insight into the users’ need for the personalization of certain devices and the related 
security issues, which must be considered for the further design and development of 
interaction concepts. 

The main technical devices participants wanted to use on their own were mobile 
phones and computers. Mobile phones were mentioned as very private devices because 
they store telephone numbers, short messages, and calendars. The computer was often 
mentioned as private because people were afraid that important data could be deleted by 
others. MP3 players were mentioned often because participants did not want that personal 
music tracks to be deleted. 

Devices for my own…the mobile phone, because everybody has his own friends and 
one can call each other, and everybody has his own telephone number. Always the 
same should be the computer, one should not be able to change something; my 
husband has things on his computer I do not understand, therefore we have different 
accounts”. (32-year-old female) 

Participants wanted their mobile phones and computers to be configured just the way 
they wished, and to stay that way (nine participants wanted this for all their devices). 

 “Devices which I want to have for my own: my mobile phone, it is my possession 
and I have to pay for it, my IPod because it is too expensive that my child could have 
it and the music on it is my personal taste. My mobile phone settings should nobody 
change, because it is user-friendly for me the way I adopted the settings without much 
extras, I adjust the ring tones and nobody should change my phone numbers or delete 
my photos”. (28-year-old female).  

These statements reflect the need for “personalization” to become more user-friendly, and 
also voice concerns regarding security for (private) data stored on mobile phones. 

The participants’ attitude towards private media is also shown re the question about 
which technical device nobody else (except the owner) should be allowed to change; 
more participants mentioned the computer (12 times) than the mobile phone (9 times). 

In general, participants stated that they adjusted the settings of their own devices. 

 “It depends on the device: I change the background picture and the screen saver of 
the laptop, as well as periodical, automatic updates of the virus scan, the setting of 
ventilation, volume and power consumption. It’s actually the same with the mobile 
phone”. (27-year-old male)  

Eighteen of the participants said that they personalized their devices.  

 “I mostly personalize every device, so that it’s how I want it to be: background, 
clock, date display are important to me and should be in the foreground”.  (24-year-
old male) 

“I personalize my devices as much as possible. I adopt menu designs and make them 
more compact for my needs”.` (35-year-old male) 

Overall, personalization is a task people perform on devices they see as their own. 
They tend not to personalize devices they see as shared or used with others. Based on the 
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information on the CCP cards and the participants’ statements, it looks like 
personalization is closely related to security issues.  

We were also interested in how multi-person households with young children handled 
personalization and security aspects. Parents told us that they explained only the basic 
functions to their children, such as switching the TV on and off or playing a DVD. Many 
devices like digital cameras or MP3 players were judged expensive and easy to destroy, 
and therefore not suitable for children. 

 “We use devices only together with our daughter [5 years old], but we do not explain 
in detail how to use them, as she is too young for that, she does not need to know that, 
for the TV-set she knows only the on and off button”. (28-year-old female) 

 “The adults of the family are talking about devices, but the children do not, because 
they are too young for that. By looking at the photo camera I find out that my 
daughter has again taken a picture. However, she doesn’t know more about the 
device. We examine every new device together”. (32-year-old female) 

 “First I have a look on a new device and then I explain the basic functions to my wife 
and my son, I support him and explain him the new device, so that he can for instance 
insert a DVD on his own”. (36-year-old male) 

Indeed, a participant with six children invented a dream device: the “all in one central 
server,” which he could use to control his children’s media consumption. On the CCP 
card he described his tactics as follows: 

“Child one, two, three, four, five, six is allowed to make a phone call, but just to 
specific persons, is allowed to watch x minutes a day TV, but only program y, has to 
complete learning program x before watching TV, is only allowed to download 
specific audio CDs/DVDs/videos, is allowed to use the Internet at z-times…”. (42 
year old male) 

An “intelligent” door bell (see Figure 11) was invented by a young couple, as 
explained by the husband in the final interview: 

 

“It would be practical to combine the door bell with a fingerprint; uninvited guests 
could not enter the house […] furthermore one could integrate advanced 
functionalities for instance showing locked and unlocked doors in my house, or 
recommended doors”. (30 year old male) 

 
 
 
 
 
 
 

 
 
 
 

Fig. 11. Intelligent door bell with fingerprint created with modeling clay. 
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Personalization and security are closely interwoven when addressing user needs related to 
the use of media in the living room. They must be taken into account when developing 
new interaction techniques for the home, and particularly for the living room. 

5. TRENDS IN THE LIVING ROOM AND BEYOND  
The results of the two studies lead us to the following observations:  
 

(1) The living room is a social and individual space, in which technology plays an 
important part. Technology becomes part of personal space only when it supports 
the feelings of being at home, of privacy, and of relaxation. The living room is an 
important place for “intrinsically motivated activities” done for the enjoyment 
inherent in performing an activity that satisfies personal needs [Reeve 1992], The 
home is one of the most important places that an individual can change or 
maintain. One organizes the home according to one's needs and tastes, which 
gives the home personal and unique meaning. People take decisions and make 
purchases based on aesthetics, fashion, and self-image, in addition to practical 
considerations of cost and utility. The ways in which people think about 
technology are also specific to diverse home settings [Hindus et al. 2001]. 

(2)  TV viewing is strongly related to other activities in the home because it takes 
place in the background or at the same time as other activities do. TV is 
perceived as a medium for recreation and information, depending on the context 
(time as a major contextual factor). Conventional media users usually seek an 
enjoyable experience without having to invest much ambition and energy in 
making it so. On the other hand, interactive media users hunt for challenges and 
try to overcome them, and hence choose content that promises to be challenging. 
This characteristic is especially present in computer games but can also appear in 
iTV [Vorderer et al. 2004].   

(3)  Interaction techniques, like remote controls, are often perceived as difficult to 
use. However, some participants provided a number of very clear and direct 
solutions, focusing on the most important buttons on the remote control (e.g., 
pyramid remote control), which could also be supported via additional features 
such as a display or a menu. 

(4) The participants could not express the idea of a smart or extended home in 
words; but they were accustomed to using technology in their daily lives and had 
clear ideas on how they would like to be connected to their homes. Home was 
still a place where participants wanted to store personal knowledge and data they 
wanted to keep private. 

(5)  The main activity participants liked to share with others was watching TV, 
which they experienced as “doing something together”.  An especially popular 
activity was watching TV-quiz shows and trying to guess the right answer. Video 
telephony, as a way of spending an evening with others over a distance, was 
another clearly discernible trend; but participants did not wish to know what 
others were doing at all times. Privacy is an important topic, and has to be 
considered when addressing shared experience in the design of new interaction 
concepts. 

(6)  Almost all participating households bought at least one technical device that they 
never used. Hence participants had lots of concrete ideas on how technology can 
be made easier to use. Above all, they would like to have easier-to-understand 
manuals with pictures and personalized or contextualized support, and one that is 
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not too complicated for many of the household members to use (in particular, 
elderly people and women). For future innovations, participants were interested 
in devices that take care of daily routines (for example, household robots). 

(7)  Security and personalization were seen as important aspects in the development 
of new kinds of interactive services for the home. Whenever security and 
personalization are addressed, the user’s habits and use patterns have to carefully 
be taken into account. Ongoing convergence of content from personal computers, 
mobile phones, and television opens more possibilities for bringing 
personalization to television in the home context. Although, as the following 
statement makes clear, special needs have to be taken into account: “In a 
computer environment, the system knows which user is currently logged in, can 
guess his native language, location and current time(zone), whereas a traditional 
television system has little of this knowledge” [Aroyo et al. 2007.]. These 
limitations must be addressed in the design of future interaction concepts for the 
home environment. 

6. SUMMARY AND OUTLOOK 
In this article we presented two ethnographic studies conducted as part of two projects on 
interactive TV. The purpose of the research was to investigate important media usage 
behaviors and trends in the living room and beyond. First of all, we investigated ongoing 
trends in the field of iTV and ongoing research on the home environment. Based on this 
preliminary literature review, we defined the most interesting themes for our studies. 
Starting from a more general examination of the living room as a space for media and TV 
usage in the first study, we become more focused on future trends for the home context 
and new interaction techniques for the living room in the second study. We investigated 
the key concepts and developments for extended homes and shared experience, as well as 
related challenges like privacy and security issues. 

We also presented two methodological variants of the cultural probes method (i.e., 
creative probing and playful probing), which we developed and used in our research. The 
probing material was based on the idea of slightly prestructured creative stimuli to 
encourage the participants’ involvement in self observation; it should provide more 
insight into daily routines and use of technology in the home. Our results prove that the 
probing material is suited to gathering a huge amount of qualitative data. The additional 
photo and video material was easy to analyze because of its connection to the creative 
cards. Categorizing the data according to predefined research topics proved generally 
valuable. With the playful probing approach we even doubled the amount of data on the 
creative cards. The final interview was based on the probing material, and gave us 
additional and deeper insights into the various research topics. Involving users through 
creative and playful elements proved useful within the user-centered design process, and 
was accepted well by the participants. Although the time spent by participants of the 
study as well as by researchers in analyzing the data was greater than would have been 
using traditional methods. A more detailed overview, from a methodological perspective, 
of the lessons learned is provided in Bernhaupt et al. [2007]. 

The first study shows that technology plays an important role in the home context, 
especially in the living room. Watching TV is the major activity in the living room; but it 
is not always watched actively, and is often consumed passively. Participants often found 
the remote control too difficult to use. The second study shows that participants are used 
to having technology around. People like the idea that technology could make their lives 
easier (e.g., smart homes that store information or take over daily routines like closing the 
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windows or heating the house). Watching TV was stated as the primary shared activity in 
the family: taking part in guessing on quiz shows was mentioned as “doing something 
together”. People often said that they had problems understanding manuals for the 
electronic devices in their homes, and wanted more personalized support; they also had 
clear ideas on how technology could be made easier to use.  

The results of both studies show that people still want the remote control as an input 
device, although it is perceived as being too complex and difficult to use. Moreover, 
existing interaction techniques support only a small amount of shared experience, and 
new interaction techniques raise questions regarding privacy and security, especially for 
the extended home concept. We also found that people tend to personalize devices they 
see as ”personal,” compared to those they frequently share with others (like the TV). 
Personalization for TV has to address new forms of interaction so as to give the user the 
impression that he or she is using a personal device. In multiperson households, 
especially, the need for security can be the main reason in pushing users to personalize 
their TV sets, TV channels, settings, and recordings. We started to investigate the kinds 
of services that should be personalized and how personalization could be integrated into 
new forms of interactions in the living room.  

Based on these findings we have begun to develop a new universal remote control that 
has only one button and is integrated with a display to inform users about what they have 
to do next. (The hardcopy manual is replaced by a video [Vexo 2007]). We are currently 
extending this concept by developing interaction concepts addressing issues of 
connectedness (talking to each other), personalization, and security.  

REFERENCES 
AGAMANOLIS, ST. 2006. At the intersection of broadband and broadcasting: How ITV technologies can support 

human connectedness.  In Proceedings of the EuroiTV 2006 Conference (Athens, May 25-26), 17-22. 
ATKINSON, P. ET AL. (eds.). 2001. Handbook of Ethnography. Sage, London.  
AROYO, L., BELLEKENS, P., BJORKMAN, M., HOUBEN, G-J., AKKERMANS, P., AND KAPTEIN, A. 2007. SenSee 

framework for personalized access to TV content. In Proceedings of the Interactive TV: 5th European 
Conference, EuroITV 2007 (Amsterdam, May 24-25), P. Cesar et al. (eds.), 156-165. 

BATTARBEE, K. 2003. Defining co-experience. In Proceedings of the Conference on Designing Pleasurable 
Products and Interfaces (Pittsburgh, PA, June 23-26), ACM, New York, 109-113. 

BERNHAUPT, R., WEISS, A., OBRIST, M., AND TSCHELIGI, M. 2007. Playful probing: Making probing more fun. 
In Proceedings of the INTERACT Conference (Rio de Janeiro). Springer LNCS, 606-619.. 

BERNHAUPT, R., OBRIST, M., AND TSCHELIGI, M. 2006. Usability and usage of iTV services: Lessons learned in 
an Austrian field trial. In Proceedings of the EuroiTV 2006 Conference (Athens, May 25-26), 234-241. 

CARTER, S. AND MANKOFF, J. 2005. When participants do the capturing: The role of media in diary studies. In 
Proceedings of the Human Factors in Computing Systems Conference, CHI 05  (Portland, OR), 899-908. 

CHORIANOPOULOS, K. AND SPINELLIS, D. 2003. A metaphor for personalized television programming. In 
Universal Access: Theoretical Perspectives, Practice, and Experience. Proceedings of the 7th ERCIM 
Workshop on User Interfaces for All, N. Carbonelle and C. Stephanides C. (eds.), Lecture Notes in 
Computer Science 2615, SpringerVerlag,  Berlin, 187-194. 

CRABTREE, A. AND RODDEN, T. 2004. Domestic routines and design for the home. Computer Supported 
Cooperative Work: Journal of Collaborative Computing.  

CRABTREE, A., HEMMINGS, T., RODDEN, T., CHEVERST, K., CLARKE, K., DEWSBURY, G., HUGHES, J., AND 
ROUNCEFIELD, M. 2003. Designing with care: Adapting cultural probes to inform design in sensitive 
settings. In Proceedings of the Conference on New Directions in Interaction, Information Environments, 
Media, and Technology, OzCHI’03. 

CRN 2007. www.childresearch.net/. Accessed Oct. 2007. 
EMERSON, R. M., FRETZ, R. I., AND SHAW, L. 1995. Writing Ethnographic Fieldnotes. University of Chicago 

Press, Chicago, IL.  
ERONEN, L. 2003. User centered research for interactive television. In  Proceedings of the First European 

Conference on Interactive Television, EuroiTV'03, 5-12. 
FETTERMAN, D. M. 1998. Ethnography: Step by Step. 2nd ed., Sage Publications. 
GARFINKEL, H. 1967. Studies in Ethnomethodology. McGraw-Hill, Englewood Cliffs, NJ. 
GAVER, B., DUNNE, T., AND PACENTI, E. 1999. Design: Cultural probes. Interactions 6, 1, 21-29. 

HDR - R. BERNHAUPT 
 

 
 
139



Trends in the Living Room and Beyond ● 5: 23 
 

 
ACM Computers in Entertainment, Vol. 6, No. 1, Article 5. Publication Date: May 2008. 

HA, T. S., JUNG, J. H., AND OH, S. Y. 2006. Method to analyze user behavior in the home environment. Personal 
and Ubiquitous Computing 10, 110-121. 

HADDON, L. 2006. The contribution of domestication research to in-home computing and media consumption. 
The Information Society J. 22, 195-203. 

HARPER, R. 2003. Inside the Smart Home. London et al. Springer Verlag, London. 
HEMMING, T., CRABTREE, A., RODDEN, T., CLARKE T., AND ROUNCEFIELD, M. 2002. Probing the probes. In 

Proceedings of the Participatory Design Conference, 23-25. 
HINDUS, D., MAINWARING, S.D., LEDUC, N., HAGSTROM, N.L., AND BAYLEY, O. 2001. Casablanca: Designing 

social communication devices for the home. In Proceedings of the CHI’01 Conference, ACM, New York, 
325-332.  

HUIZINGA, J. 1950. Homo Ludens: A Study of the Play-Element in Culture. Beacon Press, Boston, MA. 
HULKKO, S., KEINONEN T., MATTELMÄKI, T, AND VIRTANEN, K. 2004, Mobile probes. In Proceedings of the 

2004 NordiCHI Conference, 43-51. 
HUTCHINSON, H., MACKAY, W., WESTERLUND, B., BEDERSON, B.B., DRUIN, A., PLAISANT, C., BEAUDOUIN-

LAFON, M., CONVERSY, S., EVANS, H., HANSEN, H., ROUSSEL, N., EIDERBÄCK, B., LINDQUIST, S., AND 
SUNDBLAD, Y. 2003. Technology probes: Inspiring design for and with families. In Proceedings of the 
CHI’03 Conference, ACM, New York, 17-24. 

JÄÄSKÖ, V. AND MATTELMÄKI, T. 2003. Observing and probing. In Proceedings of the International 
Conference on Designing Pleasurable Products and Interfaces, DPPI’03, ACM, New York, 126-131. 

KJAER, A., MADSEN, K. H., AND PETERSEN, M. G. 2000. Methodological challenges in the study of technology 
use at home. In Home Informatics and Telematics: Information, Technology and Society, A. Sloane  and F. 
van Rijn (eds.), Kluwer Academic, Boston, MA, 45-60. 

KNOCHE, H. AND MCCARTHY, J. D. 2005. Design requirements for mobile TV. In Proceedings of the Mobile 
HCI 2005 (Sept. 19-22, Salzburg), 69-76. 

LESSITER, J., FREEMAN, J., DAVIS, R, AND DUMBRECK, A. 2003. Helping viewers press the right buttons: 
Generating intuitive labels for digital terrestrial TV remote controls. Psychnology 1, 3, 355-377. 

LULL, J. 1990. Inside Family Viewing. Routhledge, London.  
MULLER, M.J. 2003. Participatory design: The third space in HCI. In The Human-Computer Interaction 

Handbook: Fundamentals, Evolving Technologies and Emerging Applications, J. A. Jacko, and A. Sears 
(eds.), Lawrence Erlbaum, Mawah, NJ, 1051-1068. 

NEGROPONTE, N. 1995. Being Digital. Hodder and Stoughton, London. 
NOKIA 2004. Bringing mobility to homes. Home Domain Short Paper. 

http://nokiapapers.techrepublic.com.com/whitepaper.aspx?docid=236041. Accessed Dec. 2006.  
NORMAN, D. A. 2002. The Design of Everyday Things. Basic Books, New York.  
O’BRIEN, J., RODDEN, T., ROUNCEFIELD, M.J., AND HUGHES, J. 1999. At home with the technology: An 

ethnographic study of a set-top-box trial. ACM Trans. Computer-Human Interaction, 282-308. 
OBRIST, M., BERNHAUPT, R., AND TSCHELIGI, M. 2006. Interactive television for the home: An ethnographic 

study on users requirements and experiences. In Proceedings of the EuroiTV 2006 Conference (Athens, 
May 25-26), 349-358. 

PORTOLAN, N., NAEL, M., RENOULLIN, J. L., AND NAUDIN, S. 1999. Will we speak to our TV remote control in 
the future? In Proceedings of the HFT’99 Conference. 

REEVE, J. 1992. Understanding Motivation and Emotion. Harcourt Brace Jovanovich, Fort Worth, TX. 
SCHOTANUS, H. A. AND VERKOELEN C. A. A. 2003. Extended home environment from a security perspective; 

X-home deliverable.  
TAYLOR, A. S. AND SWAN, L. 2005. Artful systems in the home. In Proceedings of the Human Factors in 

Computing Systems Conference, CHI’05 (Portland, OR), ACM, New York, 641-650. 
VENKATESH, A. 1996, Computers and other interactive technologies for the home. Communication of the ACM 

39, 12, 47-54. 
VENKATESH, A., KRUSE, E., AND CHUAN-FONG SHIH, E. 2003. The networked home: An analysis of current 

developments and future trends. Cognition Technology and Work J. 5, 1, 23-32. 
VENKATESH, A. 2006. Introduction to the special issue on ICT in everyday life: Home and personal 

environments. Information Society J. 22, 191-194. 
VEXO 2007. vexo.ruwido.com, Instruction Video. Accessed Oct. 2007. 
VORDERER, P., KLIMMT, C., AND RITTERFELD, U. 2004. Enjoyment: At the heart of media entertainment. 

Communication Theory 14, 4, 388-408. http://www.asc.upenn.edu/usr/ogandy/c634/enjoyment%20 
vorderer.pdf/. Accessed Sept. 2006. 

 
Received April 2007; accepted November 2007 

HDR - R. BERNHAUPT 
 

 
 
140



113 

“This is a Flying Shopping Trolley”- A Case Study of Par-
ticipatory Design with Children in a Shopping Context 

 
Astrid Weiss

1
, Daniela Wurhofer

1
, Regina Bernhaupt

2
, Elke Beck

1
, Manfred Tscheligi

1
 

 
1
HCI & Usability Unit, ICT&S Center  

University of Salzburg 

Sigmund-Haffner-Gasse 18 

5020 Salzburg, Austria 

{astrid.weiss, daniela.wurhofer, elke.beck, man-

fred.tscheligi}@sbg.ac.at 

 

 

2
IHCS-IRIT 

University Paul Sabatier  

118 Route de Narbonne 

31062 Toulouse Cedex 9, France 

Bernhaupt@irit.fr  

 

 

ABSTRACT 

Participatory design methods are increasingly used to in-

vestigate design ideas for new forms of information and 

communication technologies. We present a methodological 

variation of a user-centered idea generation, with children 

using a playful setting in the real usage context. This play-

ful context-aware design workshop with children is situated 

directly in the context for which the device should be de-

signed: the shopping context. To investigate the methodo-

logical concept we have conducted a three day design 

workshop with children to find out if this method can be 

beneficially used to provide recommendations for the de-

sign of new forms of information and communication tech-

nologies, especially mobile devices. We could show that 

this method can be useful to stimulate the creativity of chil-

dren, helping them to focus on the usage context by a high 

number of shopping context related inventions. 

Keywords 

Children, playful, context aware, participatory design, 

method, variation. 

INTRODUCTION 

The introduction of new forms of information and commu-

nication technologies and services (ICTs) in our everyday 

environments showed the limitations of various user-

centered and participatory design methods. In the field of 

mobile human-computer interaction methodological differ-

ences between the lab and the field could be shown [2]. The 

application context of a method can thus be critical for its 

success or failure.  

When designing new ICTs for various innovative and tradi-

tional application domains, participatory design is fre-

quently used to inform these new developments. As new 

services today often address all kinds of user groups, but 

especially the younger ones, participatory design methods 

involving children are becoming a focus of research in the 

area of mobile and ubiquitous computing. To enable an in-

tegration of even the youngest ones, appropriate methods 

for enhancing the participations of the youth have to be 

used. We are going to present a case study on such a 

method involving children in the design process of a new 

ICT-oriented service supporting shopping. This method 

does not only include children in the early design process, 

but also tries to integrate the final application context of the 

product, within the method. Following, we give a brief state 

of the art with respect to the methodological variation de-

veloped. 

METHODS INVOLVING CHILDREN, PLAYFULNESS AND 

CONTEXT 

Children and Design 

Historically children were only rarely integrated during the 

design and development process of new forms of technol-

ogy [7]. Based on the difficulties during the development of 

new kind of youth-oriented services, the usage of participa-

tory design methods including children was growing [8]. 

An overview on how children can be integrated in the de-

sign process and what methodological aspects have to be 

considered can be found in [7]. Children can have several 

roles within the design process: a user of the systems, a 

tester of prototypes, an informant for designers and a part-

ner. As an informant for designers, children give input at 

any stage in the design process, depending on when contri-

bution is considered necessary from the designer’s point of 

view. By creating low-tech prototypes with paper and other 

everyday materials, children express their ideas for tech-

nology designs and scenarios. 

As Jones et al. [9] report, children often have difficulties 

when generating unbounded ideas and thus may easily be-

come frustrated. Therefore, creating situations which ease 

the brainstorming process and the development of ideas 

should be a crucial aim for participatory design with chil-

dren. Scaife et al. [14] noted that children often are con-

fronted with difficulties like connecting something drawn 

on a paper to its presentation on the screen or finding a 

starting point for prototyping. Due to the absence of any 

predetermined structure or “boundaries”, a blocking of 
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children’s creativity can often be observed. Kankainen [10] 

therefore suggests user-centered idea generation techniques 

that are not for solving problems but for creating solutions 

for possible use situations.  

To support the use situation we have to investigate the pos-

sible usage contest. Context in general can be broadly de-

fined as “any information that can be used to characterize 

the situation of an entity, where an entity can be a person, 

place, or physical or computational object” [5]. To explore 

the usage context of a device, the method is typically con-

ducted in the field. Dix et al [6] showed that successful 

learning for children heavily depends on the right prompts 

and materials and an environment allowing a playful ex-

amination. To support the design process we therefore pro-

pose to use the participatory design method also in the 

field, to inspire possible design ideas.  

When children should design something, a transformation 

from ideas (in the form of mental representations) to ac-

tions has to be done. According to Piaget [13], the first 

logical operations of children (at around 7 years of age) are 

limited to mental representations of physical objects and 

current events, meaning that their thoughts stay on a con-

crete level. Therefore, children’s articulation and realiza-

tion of their ideas can be supported by embedding the set-

up for participatory design in the concrete context to be de-

signed for. 

Playful Methodology 

“It is terribly difficult for a child to sever thought (the 

meaning of a word) from object. Play is a transitional stage 

in this direction” [16].  

“The Scandinavian IT Design Model” [3] involves children 

into a cooperative design process. The research team found 

out that children are empowered and challenged by seeing 

themselves as inventors. When addressing children the us-

age of a playful methodology has proven its value. Partici-

patory design methods can be usefully enhanced with game 

play, integration of games or game-oriented developments 

([15]; [4]).  

The advantages of games include enhanced communica-

tion, improved articulation of the perspectives, knowledge, 

and requirements, and new insights leading to important 

new analyses and designs [3].  

Games for the practice of participatory design based on 

these insights are for example CARD, a card game for 

visualising work activity flows, PICITVE, a paper - and – 

pencil game for screen design and the Icon Design Game 

for generating new ideas for icons and Interface theatre for 

design reviews [11]. Bernhaupt et al. [1] used games to ex-

tend the participatory design oriented method of cultural 

probing to include a game. The games were developed spe-

cifically for the research context to foster participants’ ex-

amination of the research topic. In general the enhancement 

of methodologies for early design phases by playful com-

ponents can be seen as positive factor increasing the num-

ber of inventions, a refined focus of the inventions pre-

sented in terms of usage context and the general level of 

participation of the study participants. 

CASE STUDY: “THE FLYING SHOPPING TROLLEY” 

Goal of this case study was to gather first impressions of 

the applicability of a user-centered idea generation with 

children in the real usage context of the to-be-designed 

product (the shopping center) involving children in the very 

early design phase for a new ICT based shopping service. 

Study Setting 

The case study lasted three days and was conducted in a big 

shopping mall in Salzburg, Austria. As workshop-setting 

we created an “invention corner”, consisting of three tables 

and chairs around it, suited for children. The material for 

the workshop was chosen according to the playful probing 

method of Bernhaupt et al. [1]. Playful probing is a varia-

tion of cultural probing including playful elements, like es-

pecially design games related to the research topic. Main 

goal of the playful probing method is a better integration of 

children within ethnographic studies and a more in-depth 

involvement of participants.  

  

Figure 1. Study Set-up in the Passage of a Shopping Center 

In this study we used a shopping center as ethnographic 

study background and invited children to participate in a 

user-centered idea generation workshop (see figure 1). For 

the idea-generation we used modeling clay and a creativity 

card. The modeling clay (in different colors) was placed on 

the tables and could be chosen and taken by the children 

themselves. When passing our “invention corner” with their 

parents, children were invited to spend some time with us 

(two researchers were always present) to invent a future 

device which they wanted to keep with while shopping. 

When they wanted to participate (with allowance of their 

parents), they were told to sit down and were handed out an 

“invention – card”, which should be filled in (see figure 2).  

On the front of the card the name or a nickname (to person-

alize the participation and to get the gender information) 

and the age of the child should be specified. On the back of 

the card children filled in the following information about 

the invented device: (1) the name of my invention is…, (2) 

What I can do with my invention…, (3) How my invention 

 
Figure 2. Invention Card (Front and Back) 
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works…Younger children were supported in filling in the 

card, whereas older ones preferred to fill it in themselves. 

The children were given no time restrictions for building 

their future ICT device supporting shopping. The only task 

was: “Invent a future device which you would like to have 

with you when you go shopping, when you are finished we 

fill in the ‘invention-card’ together”. We did not restrict 

participation of children alone, but we encouraged chil-

dren’s companions like parents or grandparents to work out 

the idea together. If they wanted to discuss their ideas a re-

searcher supported them. After indicating to having com-

pleted their invention, the card was collected by the re-

searcher and the invented future device was photographed.  

RESULTS  

Main goal of this field trial was to validate if this form of 

playful context-aware participatory design is helpful, feasi-

ble and reasonable to get an in-depth understanding of the 

needs and functionalities of new forms of ICTs in the shop-

ping context. 110 children took part in our “invention cor-

ner”, with 36 boys and 86 girls respectively. The age of the 

participants ranged from 6 to 15 years, with most of them 

(63,6 %) being between 10 and 12 years. We conclude that 

this kind of semi-public setting (everyone shopping in the 

shopping mall with children could take part in the study) is 

most attractive for the age group 10 to 12, with a focus on 

girls more likely to attend. We assume that the playful set-

ting with the modeling clay to directly influence this kind 

of participation. The context-aware set-up was helpful for 

the inventions, as 72% directly related to the shopping con-

text. 

 

 

Figure 3. Shopping Robot 

Ideas for how to improve today’s shopping experiences 

ranged from robots to flying shopping trolleys (see figure 3, 

for a depiction of an invented shopping robot and figure 4 

for a flying shopping trolley). Ten children invented a mo-

bile device which was labeled or described in its function-

alities as robot, which can do all boring jobs (like shop-

ping) for the children. This example shows that even 

though children have no imaginations how the robot works 

or should be controlled (“oh you just need to switch it on”) 

they do have a clear idea of how technology can simplify 

their daily lives. Interestingly the context of mobile devices 

lets children think of flying device: 11 children invented a 

device that can fly (see figure 4).  

 

 

Figure 4. Flying Shopping Trolley 

How the flying function can be implemented varies from 

solar energy (boy, 11) to remote control (boy, 15), sensors 

(boy, 11) and even mechanical wind up (girl, 11) – “it 

works like a musical clock, you have to wind it up”. In 

general the data showed that children initially have a men-

tal model of the functionality of devices by the age around 

eight years. Younger children mainly answered the ques-

tion “how do you think your invention works?” “it works 

perfectly” or “it works without any problems” or simply “it 

works really well”. However, while filling in the ‘invention 

card’ together with a child and asking again about the func-

tionalities, 15 children added a power-button to their inven-

tion (see the blue spot on the shopping ladder robot, figure 

5).  

Furthermore results show, that nowadays also children are 

used to a lot of different technologies when they are on the 

go. Children who had no idea for a future technology sim-

ply built an existing one out of modeling clay like mobile 

phones (7), MP3 players (3), or even a portable game con-

sole (1). These are all devices that children already accom-

pany in their everyday life and enhance their daily routines 

to overcome boredom, for instance, during waiting periods, 

while their mother needs to wait in the cue for paying.  

 

 
Figure 5. Shopping Ladder Robot 

LESSONS LEARNED AND NEXT STEPS 

To investigate the feasibility of this approach we conducted 

a case study in a shopping mall, enabling all children pass-

ing by to take part in the study.  

Children like to use modelling clay. In participatory design 

we know that children like to use modelling clay. The 

variation of this participatory design workshop to be con-

ducted in the real (final) context of product usage helped to 

focus the inventions on the usage context. Most of the in-

ventions (roughly 70%) could be devoted to solving a par-

ticular problem during the shopping experience (see Figure 

6: the shopping ladder robot, helping kids to reach products 

they can not usually reach).  
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Other methodological advantages are the easiness of mate-

rial preparation and that the number of participants out-

numbered our expectations. The shopping context allows 

not only a focus on user-centered innovations, but enables a 

huge number of participants within the study. 

To validate this methodological variation in terms of con-

text, we are planning to use the method in the lab and in the 

application domain – to compare the different outcomes. 

The user-centred design ideas provided by the 110 children 

will be used within a project focusing on ICTs enhance-

ments to improve the daily shopping experience. 
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abstract

Evaluating mobile applications and devices is particularly challenging given the variability of users, 
uses, and environments involved. This chapter introduces usability evaluation methods (UEMs) for mo-
bile applications. Over the past decades various usability evaluation methods have been developed and 
implemented to improve and assure easy-to-use user interfaces and systems. Since most of the so-called 
‘classical’ methods have demonstrated shortcomings when used in the field of mobile applications, they 
were broadened, varied, and changed to meet the demands of testing usability for mobile applications. 
This chapter presents a selection of these ‘classical’ methods and introduces some methodological 
variations for testing usability in the area of mobile devices and applications. It argues for a combina-
tion of both field evaluation methods and traditional laboratory testing to cover different phases in the 
user-centered design and development process.
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intrOductiOn 

Usability testing of mobile applications is an 
emerging area of research in the field of human-
computer interaction (HCI). It is commonly ac-
cepted that data collection for evaluation of mobile 
devices and applications is a central challenge, 
and that novel methods must be found for that 
(Isomursu, Kuutti, & Värinämo, 2004).

Overall, the study of the phenomena in the 
field of mobile HCI is highly driven by technology 
and concentrates primarily on producing solu-
tions rather then reflecting on the methodologies 
in use. So far, only a few in-depth studies of the 
methodology utilized within the field of mobile 
HCI have been undertaken. Wynekoop and Conger 
(1990) describe the following methods in the face 
of mobile HCI: case-studies, field studies, action 
research, laboratory experiments, survey research, 
applied research, basic research, and normative 
writings. Kjeldskov and Graham (2003) conducted 
one of the most comprehensive reviews of the 
mobile HCI research methods. In their review, 
Kjeldskov and Graham (2003) selected papers 
focusing on mobile HCI from relevant conferences 
over the past years and classified them according 
to the described research methods. The findings 
clearly show that the prevalent mobile HCI research 
falls into the applied category (55%) followed by 
laboratory experiments (31%). On the bottom por-
tion of the scale, no entries were found for action 
research, while only three and four (out of 102) 
research methods were conducted as case and field 
studies respectively. These findings imply that 
there is a strong tendency towards environment 
independent and artificial settings in research, 
while research on real use and action basic research 
is still widely neglected. 

The evaluation of systems takes place predomi-
nantly in laboratory settings (e.g., Jones, Buchanan, 
& Thimbleby, 2002; Mizobuchi, Mori, Ren, & 
Michiaki, 2002). This lack of real-use-contexts and 
natural setting research could be justified by the 
fact that mobile HCI has strong roots in the field 
of computer sciences and HCI. These fields have 
a strong bias towards engineering and evaluation 
methodology. In addition, the methods stemming 

from the social sciences are normally more costly 
and resource intensive.

Recently, the need of addressing the question of 
what is useful and what is perceived problematic 
from a user perspective and under real use condi-
tions has been noted. Increasingly researchers are 
incorporating natural setting methods—case and 
field studies and action research—either as stand-
alone methods or in combination with artificial 
settings (e.g., Tamminen, Oulasvirta, Toiskallio, 
& Kankainen, 2003; Bohnenberger, Jameson, 
Krueger, & Butz et al., 2002; Hibono & Mockus, 
2002). These methods offer ideal opportunities to 
study real-world user cases, to increase learning 
from existing systems within real-world contexts 
and assist with the translation of needs into new 
designs.

A good design, including usability and user 
friendliness, is not only critical for market success, 
but can also reduce mental and physical stress, 
reduce the learning curve, improve user-device 
operability when using the device. All these fac-
tors together improve the overall product quality 
(Duh, Tan, & Chen et al., 2006). As already 
mentioned, numerous methodologies are used for 
designing products and evaluating their usability. 
These methods are also applied to mobile device 
and application designs. The next section gives an 
overview of usability evaluation methods used.

usabiLity evaLuatiOn methOds 
fOr mObiLe appLicatiOns 

The current trend of users demanding mobile infor-
mation and communication technologies (ICTs) to 
support their everyday life and work has led to new 
generations of mobile devices. Mobile devices have 
expanded their functionality step by step. Looking 
at today’s generation of mobile phones, various 
functions are offered. People may communicate 
via voice and text (short message service), receive 
information from the Internet, or use calendars on 
their cell phone to organize their daily lives. An 
endless variation of functionality exists on these 
pocket-sized devices. Mobile devices are used in 
various situations and contexts. They are used to 
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support social life, peoples’ social network, and 
are enablers of new ways of communication and 
coordination behaviors. The development of these 
mobile devices with their specific applications 
must follow an iterative process using appropri-
ate usability evaluation methods at each stage of 
development to ensure the usability of mobile 
devices and applications.

Most of the usability evaluation methods 
developed during the last 25 years have focused 
primarily on desktop applications. The chal-
lenges for usability evaluation of mobile devices 
stem from their special characteristics like small 
screens with low resolution (compared to desk-
tops), less power supply, and the trend to make 
devices smaller and smaller. At the same time 
the number of functions supported has increased. 
Non-standardized software development due to 
various operating systems used on these devices 
additionally complicate the matter. But these 
peculiarities are not the result of hardware and 
software trends only. Mobile devices are used 
in a variety of environments and contexts: at 
home, on the move, especially during travel. The 
location of the users is not the only determinant 
for the usage of mobile devices. The devices are 
used in a number of ways and situations not only 
influenced by the location, but rather by our ac-
tivities: how we coordinate getting to places, how 
we adapt our daily routines, and how we organize 

and define our social networks are central usage 
behaviors for mobile devices. The context of use 
has a high impact on mobile device usage, and 
thus must be appropriately reflected in the us-
ability evaluation. 

Some of the methods developed for standard 
desktop applications have been adopted to be 
used during the development process of mobile 
devices and applications. A selection of some of 
the variations and adoptions of classical methods 
to fit usability evaluation of mobile devices is 
described in the following. 

framework for current uems

Usability evaluation methods are classified within 
the following framework as:

• User testing (in the laboratory and the 
field)

• Inspection oriented methods (like heuristic 
evaluation and cognitive walkthrough)

• Self-reporting and inquiry oriented methods 
(like diaries and interviews)

• Analytical modeling (task model analysis 
and performance models)

This classification is based on traditional clas-
sifications for UEMs. More general classifica-
tions for methods in the field of mobile HCI are 

Figure 1. An overview of currently used UEMs in the field of mobile HCI
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available focusing on the way data is collected. 
For example, Hagen, Robertson, Kon, and Sadler 
(2005) distinguish between mediated data collec-
tion, simulations and enactments, and combina-
tions of these two approaches for a more general 
framework on methods in mobile HCI. Which of 
the above evaluation methods is used depends on 
the strengths and weaknesses of the method, as well 
as its applicability with regard to the researcher’s 
objectives (Duh et al., 2006).

User Testing 

Usability tests are performance measurements 
to determine whether usability goals have been 
achieved. The usability evaluation of mobile de-
vices in the lab has several advantages: the condi-
tions for conducting the test can be controlled; all 
participants experience the same setting leading 
to higher quality data. On the other hand, user 
testing in the field allows discovery of usability 
problems related to the context of use. Pascoe, 
Ryan, and Morse (2000) studied the effects of using 
mobile devices while on the move, especially HCI 
related issues involved in using mobile devices in 
a real world (field) environment. The main factors 
which influence the interaction between users and 
mobile devices include contextual awareness, task 
hierarchy, visual attention, hand manipulation, 
and mobility. These are critical issues of usability 
and mobile application design. Testing in a real 
environment means that test users are able to 
behave as they would normally, to the extent that 
they need not to be told to do so. 

Kjeldskov, Skol, Als, and Hoegh (2004) found 
that taking usability studies in the field only added 
little value, discovering the same problems both 
in the lab as well as in the field. On the other 
hand, several mobile HCI research studies assume 
benefits when conducting user testing in the field. 
Kjeldskov et al. (2004) argued that “… expensive 
time in the field should perhaps not be spent on 
usability evaluation (in the field) if it is possible 
to create a realistic laboratory setup including ele-
ments of context …” Duh et al. (2006) reported that 
more usability problems could be found in the field 
compared to the lab. To cope with the shortcomings 

of testing in the laboratory, several methodological 
variations and combinations of various methods 
have been proposed. For example, Lee, Hong, 
and Smith-Jackson (2006) propose the SEM-CPU 
approach—a systematic evaluation method for 
cell phone user interfaces, showing clearly the 
different kind of data that can be gathered during 
an experimental usability study. 

Whether usability studies should be conducted 
in the lab or in the field is still a matter of discussion 
and needs further research. Conducting both kinds 
of studies has been argued for (see “Case Study: 
Towards a Real World Lab”), carefully selecting 
the necessary methodological approach based on 
the research question addressed. 

How to conduct usability testing in “real-
world” situations is also addressed in other areas 
of HCI. For example Bennett, Lindgaard, Tsuji, 
Conelly, and Siek (2006) conducted a workshop 
on how testing in non-traditional environments 
can be conducted. Experts from domains like 
military, healthcare, or mobile devices, discussed 
how methods have to be adopted to address test-
ing in non-traditional environments. The general 
agreement was that only a mix of several methods 
during design and evaluation can help to ensure 
usability of the product.

Inspection

Inspection oriented UEMs are commonly used in 
industry because they are said to be fast and cheap. 
Most prominent is the usage of heuristic evalu-
ation and cognitive and pluralistic walkthrough 
(Nielsen & Mack, 1994). It has been recognized 
that inspection-oriented methods lack validity 
when applied to mobile devices (Johnson, 1998; 
Kjeldskov & Graham, 2003). These methods do 
not take into account the contextual factors that 
affect user-system interaction. The success of 
these methods lies in the expert’s ability to inter-
pret the context of use and to draw meaningful 
conclusions.

To adopt the cognitive walkthrough method 
to reflect the context of use, Gabrielli, Mirabella, 
Kimani, and Catarsi (2005) enhanced the method 
using (cheap) video for performing the cognitive 
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walkthrough in a typical environment. They ex-
plored the benefits of providing experts with more 
data about the user-system interaction. They found 
that providing evaluators with a video recording 
showing the usage of the system in a real envi-
ronment or doing the evaluation in a real context 
increases the number of problems detected by 63 
% and 68 % respectively, compared to conducting 
a normal heuristic evaluation. However, they also 
found that the number of problems discovered in 
the video enhanced situation compared to the real 
context situation, did not differ. They explain this 
fact with the expert’s difficulties to note and use the 
method while moving and while being distracted 
or interrupted by external events. The number of 
problems found related to functionality was nearly 
the same for all three conditions (standard, video, 
real context), but the number of problems found 
related to use-context increased. 

Po, Howard, Vetere, and Skov (2004) conducted 
a study to explore the interrelations between mo-
bile use, heuristic evaluation, and the use context. 
They enhanced heuristic evaluation by two ways 
of contextual information. On the one hand, they 
extended heuristic evaluation with scenarios in use 
and conducted a so-called heuristic walkthrough in 
the lab. On the other hand, they varied the method 
by combining heuristic evaluation with scenarios 
in use and performing the method in the intended 
context of use. In this situation the scenarios as 
well as the intended context help evaluators by 
providing contextual cues. The heuristic evalua-
tion and the two methodological variations were 
conducted by 11 experts in total. The heuristic 
evaluation discovered fewer usability problems 
than the two methodological adaptations. Po et al. 
(2004) also reports that heuristic evaluation did 
not discover the serious flaws with respect to the 
two developed variations. The standard heuristic 
evaluation showed no errors related to temporal 
sequences or time, while the varied methods found 
problems like that. Especially usage problems 
(like entering data in a lift) were discovered more 
frequently with the varied methods. The authors 
conclude that adding scenarios to heuristic evalua-
tion helps to increase problem coverage, especially 
for more severe usability problems.

The modification of inspection oriented meth-
ods helps evaluators to combine the advantages 
of these methods and reduce the shortcomings of 
the methods when applied in the field of mobile 
systems and applications. These methods are still 
easy to conduct, fast and cheap compared to other 
approaches like experimental usability studies. 
They help to give quick feedback in an iterative 
development process. They can be used early in 
the development process. On the other hand, they 
still have the disadvantages of all expert oriented 
inspection methods, relying on the knowledge and 
expertise of the experts. This might be a reason 
why today the evaluation of mobile systems and 
devices in HCI oriented research is mainly done 
by (experimental) user studies, predominantly 
taking place in laboratory settings (e.g., Jones et 
al., 2002; Mizobuchi et al., 2002). 

Inquiry (Adapted Methods)

To evaluate mobile devices and applications, 
questionnaires and self-reporting methods are 
additionally used to survey users’ behaviors and 
usage of the systems. As traditional question-
naires conducted at the end of the usage are able 
to show several hindering effects (primacy and 
recency effects, etc.) new variations of these 
methods have been developed. Especially, differ-
ent in-situ methods and how they help to address 
the context of mobile usage will be described in 
the next section. 

There are many different methods available 
to perform in-situ user research. These methods 
include ethnography, (video) observations, con-
textual inquiries, diary studies, probe studies, or 
context mapping. Each approach has its own focus, 
advantages, and disadvantages. The methods used 
in earlier research like observations, contextual 
inquiries, interviews, and workshops are limited 
to a few work contexts, where the research en-
vironment was often highly organized by work 
structures (Kort & de Vries, 2006). These factors 
made the need for in-situ research methods less 
prominent since users can often easily recall their 
activities, needs, and preferences in detail, under 
these circumstances. With regard to the increas-
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ing amount of user research in mobile and private 
contexts, in-situ methods are becoming more and 
more important. It is impossible to observe users 
in their many different, especially mobile contexts, 
with limited resources and a limited time span 
for research. Moreover, users have difficulties 
recalling their activities, needs, and preferences 
since the private or mobile contexts are not as well 
structured as their work counterparts. Regarding 
these methodological challenges, new approaches 
have been adopted in the field of HCI in general 
and in mobile HCI in particular. 

Using ethnography in the design has become 
increasingly prominent within HCI (e.g., Blom-
berg, Giacomi, Mosher, & Swenton-Wall, 1993; 
Simonsen, 1997; Crabtree, 1998). Ideally, an eth-
nographer does the field work over an extended 
period of time to obtain data (Fetterman, 1998). 
Due to the constraints of time and resources in 
user research, more practical approaches like 
rapid ethnography have been developed (Millen, 
2000). In this approach, traditional ethnographic 
methods are combined with self-reporting methods 
and techniques. In the self-reporting approach, the 
ethnographer does not go into the field for a long 
time to collect the data. Instead, the researcher 
prepares tools that guide the participants in un-
derstanding how to collect the data themselves 
(Sanders, 2002). Cultural probes for example, 
provide a variety of ways to apply self-reporting 
in user studies and evaluation. In the following 
section, the cultural probes approach as well as the 
already mentioned experience sampling method 
(ESM), and how they have been considered for 
studying people’s actions in mobile contexts, are 
discussed in more detail. 

Cultural Probes

The cultural probes method was developed by 
Gaver, Dunne, and Pacenti (1999). The probe ap-
proach plays an important role in the initial phase 
of a user-centered design process. Cultural probes 
are purposefully designed to inspire, reveal, and 
capture the forces that shape an individual life in 
different contexts, like at home, at work, or on the 
move (Hemmings, Crabtree, Rodden, Clarke, & 
Rouncefield, et al., 2002). 

Probes are mainly used to gather insights on the 
users’ context in order to better inform the design 
process in an early stage (Gaver et al., 1999; Jääskö 
& Mattelmäki, 2003). Thereby, probe packages are 
provided to the study participants and consist nor-
mally of diaries, cameras, post cards, sometimes 
maps of the explored environments, and several 
other means, to obtain as much data as possible 
from the participants and his context. Apart from 
the traditional cultural probe approach, new meth-
odological variations like domestic, technology, or 
mobile probes have been developed (Hutchinson, 
Mackay, Westerlund, Bederson, Druin, Plaisant, 
Beaudouin-Lafon, Conversy, Evans, Hansen, 
Roussel, Eiderbäck, Lindquist, & Sundblad, 
2003; Crabtree, Hemmings, Rodden, Cheverst, 
Clarke, Dewsbury, Hughes, & Rouncefield, 2003; 
Arnold, 2004; Hulkko, Keinonen, Matttelmäki, 
& Virtanen, 2004). Mobile probes are mainly 
used to explore the mobile environment in order 
to explore people’s activities in mobile contexts, 
but it is not a usability evaluation method. 

Technology probes however, are more use-
ful for evaluation purposes. Technology probes 
involve the deployment and evaluation of a new 
technology or application into a real use context 
(Hutchinson et al., 2003). “Technology probes are 
not primarily about usability in the HCI sense. 
They are not changed during the use period 
based on user feedback. In fact, a deliberate lack 
of certain functionality might be chosen in an 
effort to provoke the users.” (Hutchinson et al., 
2003). The main advantage of this approach for 
usability evaluation purposes is providing real life 
insights on a number of usability issues (e.g., how 
users choose to interact with a certain device in a 
special context), which have to be considered in 
the user-centered design and development process 
of new products and applications. 

Cultural probes can inspire design by provid-
ing a wide range of material reflecting important 
aspects of the participant’s context of use and 
potential usability factors by using technology 
probes. A more profound understanding of the 
mobile context provides a better basis for usability 
evaluations in a later stage in the design cycle. 
Technology probes particularly provide advance-
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ments to existing user testing evaluations. Recent 
shortcomings of laboratory user testing of mobile 
devices and applications can be overcome by using 
technology probes. Users can explore the technol-
ogy in their real life setting without being directly 
observed by the evaluator. By using self-reporting 
materials (mainly diaries and photos) the user 
becomes the evaluator themselves over a speci-
fied period of time (e.g., 2 or more weeks). Probes 
results are normally discussed with the users in 
a post-interview and further explored within the 
design team in order to improve existing concepts 
and applications. One of the main challenges of 
probe studies related to mobile applications is 
to motivate people to complete the probe mate-
rial in mobile contexts. In order to address this 
shortcoming, further methods are used, especially 
experience sampling. 

User Experience Sampling

The experience sampling method is a technique 
from the field of psychology which addresses 
several evaluation needs for mobile and ubiq-
uitous computing (Consolvo & Walker, 2003). 
“The Experience Sampling Method (ESM) is a 
research procedure for studying what people do, 
feel, and think during their daily lives” (Larson & 
Csikszentmihalyi, 1983). The ESM is conducted 
in-situ, involves many participants, and takes place 
over time, and collects quantitative and qualitative 
data. When using experience sampling for usabil-
ity evaluation of mobile applications, the specific 
research interests as well as the measurement 
method, which are suitable to gain the desired 
information, must be carefully considered . 

The main qualities of experience sampling are 
that usability and user experience factors can be 
studied within a natural setting, in real time, on 
repeated time occasions, and by request (Kort & 
de Vries, 2006). Computerized experience sam-
pling on mobile devices has recently gained a lot 
of attention, especially since people are used to 
carrying mobile devices with them most of the 
time. Computerized experience sampling involves 
the use of mobile devices (like Palms or palmtop 
computers) on which the sampling software is 

installed and allows the participants to answer 
questions about their experiences in daily life. This 
method is getting easier and less expensive but it 
is still time and resource intense. Conner, Barrett, 
Bliss-Moreau, Lebo, and Kaschub (2003) provide 
additional information on ESM procedures and 
Van Esch-Bussemakers, Neerincx, Lindenberg, 
and Streefkerk (2005) report experiences about 
the combination of ESM with classical usability 
evaluation methods. 

One of the main disadvantages of ESM is that 
it disrupts the user’s activity, requiring the user 
to stop the current activity and answer questions 
on paper or on an electronic device. Therefore, 
Intille, Kukla, and Ma (2002) propose the use of 
image based experience sampling, where photos 
and short video clips are captured and can provide 
rich contextual information to the designer. An 
extension of this home-based approach combined 
with diverse logging and sensing measurements, 
can be considered for the mobile context. Future 
usability evaluations of mobile applications should 
also consider context-aware experience tools as 
well as the combination and triangulation of dif-
ferent in-situ methods (Intille, Rondoni, Kukla, 
Iacono, & Bao, 2003).

Analytical Modeling

In addition to the aforementioned user and expert 
centered usability evaluation methods and adopted 
methods for user inquiries, we should not forget 
traditional usability evaluation methods originally 
applied in the field of software engineering, like 
automatic testing, formal descriptions of user and 
task models, model-based evaluations, or critical 
incident and accident analysis. The authors are not 
aware of a broad usage of these methods in the 
field of mobile devices and applications, although 
one example in reference to Lee et al. (2006) was 
proposed in the SEM-CPU approach of a critical 
incident analysis. 

Further methods to improve usability evalu-
ation in mobile settings can be adopted from 
other areas and disciplines. For example, usabil-
ity evaluation settings in the area of ubiquitous 
computing or smart homes can be successfully 
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applied to address contextual issues. Koskela, 
Väänönen-Vainio-Mattila, and Lehti (2004) show 
how a smart home can help to address contextual 
issues while testing mobile applications, whereas 
Intille, Tapia, Rondoni, Beaudin, Kukla, Agrwal, 
Bao, and Larson (2003) describe how tools can 
support testing (of ubiquitous) applications in 
natural settings. This work inspired the setup for 
the development of a kind of “Real World” labora-
tory described in the following section.

case study: towards a real world 
Lab

Shortcomings of Traditional Usability 
Testing

Since mobile applications are commonly used 
en route, various stationary methods cannot be 
directly applied. Laboratory settings have the 
advantage of being able to control the environment 
(Love, 2005). Laboratory experiments are only 
partly feasible for contextual mobile applications. 
Such experiments enable testing of a system in 
an artificial, controlled environment. While they 
allow precise metrics, and thus more accurate 
comparisons and evaluations, the artificiality of 
the situation does not take external factors into 
account. However, when testing mobile applica-
tions, this might not be the preferred choice. 

Mobile systems are usually used in different 
situations, which cannot be easily represented 
in the lab. Moreover, context issues are almost 
impossible to setup in a lab because of the dif-
ferent factors and their mutual interdependences. 
Except for classical usability issues (Kjeldskov et 
al., 2004) as well as testing some particular issues 
within a predefined context, testing of mobile ap-
plications and services might better be conducted 
in the field. Even mobile laboratories (sometimes 
called contextual laboratories), in which equip-
ment is brought to the users’ natural environment, 
cannot fully overcome these drawbacks. Ideally, 
in a contextual laboratory it would be possible to 
control different external factors in order to provide 
the same settings to all participants. Although 
field-testing does not provide the control over the 

settings, mobile applications are used in dynamic 
environments, thus it is important to assess these 
factors in-situ.

The Role of Context

Today’s technology provides the users with the 
possibility to access information and communi-
cation services wherever they are and whenever 
they want. The social eco-system and the physical 
environment provide a vast amount of communica-
tion capabilities and information access, strongly 
influencing our everyday lives. Bearing this in 
mind, the context of interaction plays a major role 
in mobile settings. Understanding the particular 
context in which the systems are being used is 
crucial for the development of systems with good 
user experience and high user satisfaction.

People use mobile technologies such as mobile 
phones in a variety of settings: at work, in their 
homes, while on the streets, in public transport, 
while driving a car, in restaurants. Sometimes 
people use them also in theaters and lectures, 
or other quiet places where the usage of mobile 
phones can be annoying or even disrupting. The 
versatility of the technology catapulted the cell 
phone to become people’s constant companion. 
This brings about an important issue: contrary to 
many other technologies, the context of use with 
mobile technologies is continuously changing. 
These changes are rapid and on a short-term, fol-
lowing the ever increasing mobility of the users 
themselves. 

The concept of context is a problematic one. 
One reason for this is that there are so many aspects 
of context that depend on the current application 
and usage schemes. Thus it is difficult to come up 
with one general solution of evaluating contextual 
issues—taking a variety of context dimensions 
into account, each and every situation is entirely 
different from one another. However, it is exactly 
this variety of factors that constitutes context of 
our daily environment. The scope of contextual 
features is defined dynamically and is particular 
to each occasion of an action. Context is actively 
produced, maintained, and enacted in the course 
of the activity.
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Traditional system design often fails to ana-
lyze and incorporate the social context in which 
the actions unfold. As Dourish (2004) argues, it 
is important to understand “how and why, in the 
course of their interactions, do people achieve and 
maintain a mutual understanding of the context 
for their actions?” Thus, methods are needed to 
assess and understand the interactional context of 
the users, especially in mobile settings and future 
ambient intelligence environments. In mobile en-
vironments, internal factors of the users, such as 
tasks and goals, are interconnected with external 
factors of the environment and the social system, 
which are dynamic and unpredictable (Blom, 
Chipchase, & Lehikoinen, 2005). Gathering data 
wherever the users are as well as adapting to the 
changes in the context is crucial in studying the 
use of mobile technologies.

The “Real World” Lab

The ICT&S Center for Advanced Studies and 
Research in Information and Communication 
Technologies and Society at the University of 
Salzburg seeks to enhance the positive potential 
of information and communication technologies 
for individuals, organizations, and society and to 
reduce negative phenomena. It incorporates three 
research units that work in a trans-disciplinary 
setting: HCI & usability, e-policy and e-society, 
as well as e-theory. 

In order to cope with the aforementioned 
drawbacks of testing, a radical new laboratory has 
been operational since autumn 2005 at the ICT&S 
Center. Its concept is new insofar, as it allows dif-
ferent testing settings to be set up dynamically. 
On a standard scale it provides a typical lab setup 
with a controlling desk and a testing area with 
participant’s PC (optionally using an eye-track-
ing device). This basic setup is already flexible 
enough to enable the testing area to be rearranged 
for testing situations other than PC-based interac-
tion. Conducting tests of interactive TV services, 
remote controls, and mobile devices in a leisure 
room setting is accomplishable with minor effort. 
Likewise, providing a working environment for 
testing Web-based portals or collaborative soft-

ware is easily achieved. The lab is also flexible 
enough to enable switching between setups during 
the tests, which is required for example in multi-
channel or multi-modal applications.

On the next level, it is possible to move outside 
of the lab for conducting the tests. The ICT&S 
Center features two courtyards adjacent to the 
lab. This way the test moderator can be in the lab 
while the test participant can freely move around 
the courtyard. The inner courtyard is completely 
enclosed by the offices and the coffee lounge and 
can be monitored by the cameras. The outer court-
yard is equipped with a night-vision camera and is 
directed to the street. Since the components of the 
lab are mobile, other areas of the ICT&S Center 
can be used for testing as well. The areas include a 
meeting room with a projection screen for testing 
work and collaborative settings, a lounge with a 
plasma screen for testing interactive technologies 
for leisure and spare time, and a multipurpose 
work area which features a wall-sized dual-head 
projection for testing 3D applications and games. 
Thus the entire ICT&S Center acts as a flexible 
user experience test-bed.

Expanding the limits even further, the nearby 
surroundings of the lab and the ICT&S Center 
provide the basis for conducting the tests “in the 
wild”. A public square located just opposite of the 
outer courtyard enables testing under real condi-
tions. It is partly covered by the outdoor camera 
and additional cameras can easily be positioned 
throughout the square. The cameras (and other 
testing equipment) can simply be hooked into the 
public wireless infrastructure which is available at 
the square and co-provided by the ICT&S Center. 
In the future, an extended setup is being prepared 
in collaboration with the municipality, in which 
an interactively arranged public space will allow 
interactive installations to be spread across the 
public square, and thus be used for usability and 
user experience experimentation.

The entire setup allows flexible usability and 
user experience observations beyond the limits of 
common usability study facilities—in particular 
moving out of the lab. In addition, the testing setup 
is also available as a mobile lab—albeit as a less 
flexible variation.
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The technology of the Usability Lab exploits 
the digital potentials based on a sophisticated 
network infrastructure. It incorporates a flexible 
eye-tracking system that can be used for different 
plane surfaces, because it is not integrated into the 
monitor. Network cameras with pan/tilt/zoom can 
be positioned wherever there is a wired or wireless 
IP-based network available, and are thus highly 
mobile. A mobile device camera allows capturing 
users’ interaction with various mobile devices 
during the test in a wired or wireless setting. In 
addition, the setup integrates user experience 
measurement facilities, for example, bio-physi-
ological measurements. Due to the digital nature 
of the lab, it is possible to make the testing ses-
sions available worldwide and in real-time during 

testing. Thus, the clients are able to follow the 
test from anywhere in the world by the means of 
a Web browser. The flexibility of the lab enables 
the development of test-beds in various areas of 
interaction innovation—mobile interfaces, ambi-
ent intelligence, multi-modal interfaces, games, 
and so forth. Different types of sensors, gaze and 
body movement, display technologies, and several 
other technologies will be adapted and integrated 
to enable their adoption in several scenarios.

discussiOn and OutLOOk

Most important for usability evaluation is the 
selection of the appropriate methods in the 

Figure 2. Real World Lab of the ICT&S Center of the University of Salzburg 

Figure 3. Different test settings for usability evaluation
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various phases of the development process—to 
finally ensure usability aspects of the mobile 
devices and applications. Usability evaluation 
methods traditionally used for testing desktop 
applications have been adopted and improved to 
address the challenges in the field of mobile de-
vices and applications. To enable data collection 
within usability evaluation, a set of methods are 
used, carefully selected based on the targets of 
the usability evaluation for the various devices 
and application. The aim is also to adopt and use 
methods from other fields in order to better inform 
the design process. 

Based on the  review of existing, evolved and 
adopted evaluation approaches, and methods 
for mobile devices and applications, it can be 
concluded that traditional UEMs are highly us-
able especially when they are adopted to reduce 
the shortcomings of the method (e.g., heuristic 
evaluation with scenarios). Even if there are dif-
ferent opinions and experiences with laboratory 
and field testing, there is a tendency to combine 
these approaches with regard to mobile application 
testing. Both methods have their advantages and 
disadvantages. A combination of field (in-situ) 
evaluation methods with traditional lab testing 
are recommended in order to cover different 
phases in the user centered design and develop-
ment process.

From the experience in the “Real World” lab 
of the ICT&S center, it can already be asserted 
better that the spatial extension of the lab addresses 
the evaluation of mobile applications and devices. 
Further research will focus on how to test mobile 
applications in a test-bed outside the lab—in the 
real world. Additional techniques and tools (like 
self-reporting methods as probing) can support 
the evaluation in mobile contexts. Thus, forms 
of usability evaluation methods inspired by de-
velopments in the area of ubiquitous computing, 
enabling the monitoring of users in everyday life 
and during everyday usage of products, will be 
studied.
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key terms

Context: Mobile services and devices that can 
be used in various places and situations, by a single 
user or involving others. These circumstances are 
described as context of use or usage context.

Cultural Probes: An inquiry method aimed 
at inspiring, revealing, and capturing individual 
lives in different contexts, like at home, at work, 
or on the move.
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Experience Sampling Method (ESM): An 
in-situ method especially suitable for collecting 
quantitative and qualitative data with mobile and 
ubiquitous systems. ESM studies user experience 
factors in a natural setting, in real time, and over 
a longer period of time.

Inspection-Oriented UEMs: A set of meth-
ods used by experts and most commonly based 
on guidelines to investigate possible usability 
problems.

In-Situ Evaluation Methods: A set of methods 
used to evaluate a system or prototype in its real 
usage context.

Usability Evaluation Methods (UEMs): A set 
of methods used to evaluate a system, mock-up, 
or prototype in terms of usability.

Usability Test: Performance measurements of 
users to determine whether usability goals have 
been achieved.
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Multimodal interfaces are becoming more common, even in the field of 
safety critical interactive software, mainly due to the naturalness of the 
interaction that increases the bandwidth between user and system they are 
interacting with. However, the specificities of multimodal interactive 
systems make it difficult to gather information from the use of modalities 
and to extract from this information recommendations for improving the 
multimodal user interfaces.  

This chapter aims at presenting how abstract information described in 
models can be fruitfully exploited to improve the quality of evaluations of 
multimodal interfaces. The approach presented in this chapter combines 
model-based verification (based on simulation scenario extraction 
generated from models) and empirical methods for usability evaluation. 
Our aim is to try to bring together two separated (and often opposite) 
issues such as usability and reliability into the development of safety 
critical systems. This approach is illustrated via a Space Ground System of 
a satellite control room, whose multimodal interaction technique is fully 
described by the means of formal models.  

Accepted for publication to appear in « Maturing Usability: Quality in Software, Interaction and Quality” Springer Verlag, 
April 2007, Law E., Thora Hvannberg E., Cockton G. & Vanderdonckt J. (Eds.) 

HDR - R. BERNHAUPT 
 

 
 
161



Introduction 

Since the seminal work by Bolt (Bolt, 1980) (Bolt & Herranz, 1992), 
multimodal interaction techniques are considered as a promising way to 
increase communication bandwidth between users and systems and to 
enhance users satisfaction and comfort by providing a more natural way of 
interacting with computer systems. Several studies have shown that using 
two pointing devices in a normal graphical user interface is a more 
efficient and understandable interaction than using basic mouse and 
keyboard (Buxton & Meyers, 1986) (Kabbash, Buxton & Seller, 1994) 
(Zhai, Barton & Selker, 1997). In addition to subjective factors like 
comfort and satisfaction, increasing communication bandwidth between 
users and systems can have a significant impact on efficiency. For instance 
the number of commands triggered by the users within a given amount of 
time and the error rate, typically the number of slips or mistakes made by 
the users (Reason, 1990), are influenced by the user interface and its 
interaction techniques. Besides, the complementarity of modalities can be 
used to reinforce and clarify the communication between the users and the 
system (Oviatt, 1999). 

Nevertheless, multimodal interaction is not a panacea. Studies of Dillon 
and colleagues (Dillon, Edey & Tombaugh, 1990) and by Kjeldskov and 
Stage (Kjeldskov & Stage, 2004) “unsurprisingly” revealed that when 
multimodal interfaces are poorly designed they are neither better 
understood nor more efficient than any other user interface offering more 
standard interaction techniques. In order to determine the contribution of 
modalities to the user interaction, many empirical studies have been 
carried out in terms of: 
• Showing how usability and user acceptance is influenced by new devices 

and novel interaction techniques: (Bowman, Gabbard & Hix, 2002) 
(Hinckley, Pausch, Proffitt & Kassel, 1998) (Nedel, Freitas, Jacob & 
Pimenta, 2003) (Poupyrev, Weghorst, Billinghurst & Ichikawa, 1998); 

• Showing that the perceived usability is impacted according to the kind 
of tasks performed (Dybkjær, Bernsen, Minker, 2004) (Jöst, Haubler, 
Merdes & Malaka, 2005) and according to the context of use (e.g. 
indoor x outdoor conditions, mobile applications) (Baille & Schatz, 
2005); 

• Trying to assess the accuracy of multimodal interaction for given tasks: 
(Balbo, Coutaz & Salber, 2003) (Kaster, Pfeiffer & Bauckhage, 2003) 
(Suhm, Myers & Waibel, 1999) (Holzapfel, Nickler & Stiefelhagen, 
2004).  
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Some of these investigations show that low level captured data (e.g. 
users’ events such as mouse clicks and speech) and high level user’ 
intentions (e.g. goals and tasks) must be combined in order to determine 
the accuracy and the perceived usability. It is noteworthy that many users 
prefer multimodal interaction and non-conventional input devices despite a 
poorer performance (Kaster, Pfeiffer & Bauckhage, 2003). The multimodal 
dimension brings additional interesting issues to usability evaluation 
methods. Indeed, each element involved in the design of the user interface 
can have a huge impact on its usability. For instance, results of existing 
empirical studies of multimodal applications revealed intricate problems 
concerning the assessment of the usability of a multimodal interface as 
several dimensions such as usage and interpretation of modalities, 
individual user preferences for modality, context-of-use, choice of input 
and output devices and interaction technique. 

Despite the fact that all these issues increase the difficulty of evaluating 
multimodal interfaces usability, these interfaces are becoming more 
common even in the field of safety critical interactive software such as 
military (Bastide, Navarre, Palanque, Schyn & Dragicevic, 2004) and 
medical systems (Trevisan, Vanderdonckt, Macq & Raftopoulous, 2003). 
A safety critical system is a system for which the cost of a failure is 
significantly more important than the development costs. Users’ errors or 
usability problems might have dramatic consequences leading to loss of 
lives. This kind of system requires thorough evaluation and testing to 
ensure both usability and reliability. This chapter proposes a new approach 
which combines model-based specification (typically used for the design 
of this kind of systems) and empirical oriented methods for usability 
evaluation. The model-based approach relies on formal description 
techniques and is used to support the assessment and usability evaluation 
of the multimodal user interface. This combined approach addresses two 
main drawbacks of current practice in the field of usability evaluation of 
multimodal systems: 
• Lack of support for a complete understanding of the detailed behaviour 

of the system (both at the level of interaction and at the dialogue level). 
This problem can be overcome by appropriate modelling support, as it is 
illustrated hereafter via a case study for a Space Ground Systems of 
satellite control room; and,  

• Poor integration of usability results into the whole development process. 
This issue is discussed on the subsection modifying models to 
accommodate change. 

 
Next section presents briefly a state-of-the-art in the field of usability 

evaluation of multimodal interfaces. We then informally present a case 
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study for a Space Ground System used in satellite control room which is 
fully described by means of the Interactive Cooperative Objects (ICO) 
formal description technique (Dragicevic, Navarre, Palanque, Schyn & 
Bastide, 2004). This case study is used in the rest of the paper as a concrete 
example of multimodal interaction techniques applied to safety critical 
systems. We briefly describe the results of usability evaluation for this 
application with two traditional methods (i.e. usability test and cognitive 
walkthrough). We then present the shortcomings of these two traditional 
methods, and show how model-based evaluation could support these 
methods and reduce the identified limitations. This support is mainly 
provided through the generation (from the formal models) of usability 
evaluation scenarios that are then used in standard usability evaluation 
methods. The last section details the advantages and lessons learned from 
model-based usability evaluation. We show how model-based usability 
evaluation extends current usability evaluation practice (especially as far 
as multimodal interfaces are concerned) but also the limitations of this 
approach.  

Usability Evaluation of Multimodal Systems 

This section presents a brief state-of-the-art in the field of usability 
evaluation of multimodal interfaces. We first present the peculiarities of 
such interfaces and then compare the approaches that have been designed 
for supporting their usability evaluation.  

Specificities of multimodal interactive systems 

Even though multimodality is usually associated with the possibility for 
the user to use several input devices, multimodality concerns both input 
and output.  

A specific aspect of multimodal user interfaces is that interaction 
techniques, input/output devices and sensory channels are closely related. 
Table 1 shows that an interaction technique can involve one or more input 
devices or device combinations. For example, for the ray casting 
interaction technique, the synergistic use of Data glove and position 
trackers can replace a 3D Mouse as input device. On the other hand, a 
single device can be used in several interaction techniques; for example, a 
touch screen can be used as input device for several interaction techniques 
such as typing (on a soft keyboard), direct manipulation and gesture 
interaction.  
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In order to assess the usability of a multimodal application it is thus 
mandatory to evaluate not only the user interface per se but also to take 
into account the couple “device-interaction technique”. In the same way as 
designing the multimodal user interface requires the selection of the 
appropriate couple (device, interaction-technique), the evaluation has to 
address this issue even though in many multimodal user interfaces 
redundancy (if made available) allows users to interact with the application 
in various ways for triggering the same command or for entering the same 
data. In such cases, the couple (device, interaction-technique) selected by 
the user might differ from one user to another but also with the same user 
between two successive tasks or usages of the application.  

Table 1. Examples of input interaction techniques and devices. 

Sensory channels Interaction techniques Input Devices 

Acoustic Speech Computer microphone, Cell phone, handheld 

Typing Keyboard, touch screen 

Direct manipulation Mouse, 3D Mouse, touch screen, Panthon 

Gesture interaction Mouse, 3D Mouse, Data glove, position trackers 
Haptic 

Ray casting 3D Mouse, Data glove + position trackers 

Gaze interaction Video camera (eye tracking) 
Visual 

Optical tracker Video camera (optical markers) 

Table 2. Examples of output interaction techniques and devices. 

Sensory channels Interaction techniques Output Devices 

Acoustic Voice synthesis Voice synthesizer  

Haptic  Force feedback Panthon, Cybergrasp, Cyberforce 

Visual 
Image display Computer screen, touch screen, head-

mounted display, stereo glasses 

 
Another major issue of multimodal system concerns the fission and 

fusion of modalities. This issue is addressed by the classification proposed 
by (Coutaz et al., 1995) which includes one or more uses and 
interpretations (i.e. exclusive, concurrent, alternating and synergistic) of 
both input and output modalities. As stated in (Coutaz et al., 1995) on a 
multimodal user interface, input and output modalities can be combined in 
four different ways (called the CARE properties): Complementarily, 
Assignment, Redundancy and Equivalence. CARE properties can thus be 
used to structure the usability evaluation of multimodal application but as 
the users will be able to choose any interaction-technique available 
usability evaluation scenarios have to specifically address this issue. 
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Usability Evaluation Methods (UEM) used for Multimodal 
Interfaces 

As introduced before, it is a requirement for usability evaluation 
methods to be able to take into account the specificities of multimodal 
interfaces. This section presents various UEMs that have been applied to 
and customized for multimodal user interfaces evaluation. Fig. 1 structures 
this information in four main categories and provides a summary of the 
most representative methods in each category. 

 

 
Fig 1. An overview of evaluation methods. 

Most of the usability studies for multimodal interfaces exploit some user 
testing where users’ activity is observed and recorded while users are 
performing predefined tasks. User testing is a preferred strategy for 
evaluation as it allows the investigation of how users adopt and interact 
with multimodal technology providing valuable information about both 
usability and user experience.  

Several types of user testing have been conducted both in usability 
laboratories and in field studies revealing user preferences for interaction 
modalities based on factors such as acceptance in different social contexts, 
noisy and mobile environments (Jöst, Haubler, Merdes & Malaka, 2005). 
In the following sections, using a case study, we will show how user 

   Usability Evaluation Methods 

     Inspection 

     User Testing 

     Inquiry 

Cognitive walkthrough 

Heuristic Evaluation 

Guidelines Review 

Thinking aloud protocol 

Wizard of Oz 

Log file analysis 

Field observation 

     Questionnaires (satisfaction, preferences, etc.) 

Questionnaires (cognitive workload, Nasa TLX) 

     Analytical Modelling 

Model-based analysis 
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testing with log-file analysis and think-aloud protocols can be customized 
to address the needs of MMI evaluation. 

Evaluation based on inspection methods assumes that human factors 
experts rely on ergonomic knowledge provided by guideline 
recommendations or on their own experience to identify usability problems 
while inspecting the user interface. Known methods belonging to this 
category include Cognitive Walkthrough (Lewis, Polson & Wharton, 
1990) (Polson, Lewis, Rieman, & Wharton, 1992), formative evaluation 
and heuristic evaluation (Nielsen & Mack, 1994) and benchmarking 
approaches covering issues such as ISO 9241 usability recommendations 
or conformance to guidelines (Bach & Scapin, 2003). Inspection methods 
can be applied in the early phases of the development process through 
analysis of mock-ups and prototypes. The lack of ergonomic knowledge 
available might explain why inspection methods have been less frequently 
employed with an exception in (Bowman, Gabbard & Hix, 2002). 
Knowledge is not only missing in terms of experts experience for the 
design of multimodal systems but also due to the lack of guidelines to 
cover all potential modalities and modalities combinations that might be 
encountered in multimodal interfaces. Cognitive walkthroughs are 
designed to assess the achievement of goals focusing on the goal-structure 
of the interface rather than on interaction techniques. We will show in the 
following sections how a cognitive walkthrough can be used when 
evaluating a multimodal interface, and how this method must be adapted to 
address the peculiarities of multimodal interfaces. 

Questionnaires have been extensively employed to obtain qualitative 
feedback from users (e.g. satisfaction, perceived utility of the system, user 
preferences for modality) (Kaster, Pfeiffer & Bauckhage, 2003) and 
cognitive workload (especially using the NASA-TLX method) (Brewster, 
Wright & Edwards, 1994) (Kjeldskov & Stage, 2004) (Trevisan, Nedel, 
Macq & Vanderdonckt, 2006). Quite often, questionnaires have been used 
in combination with user testing techniques as presented in (Jöst, Haubler, 
Merdes & Malaka, 2005). 

More recently, simulation and model-based checking of system 
specifications have been used to predict usability problems such as 
unreachable states of the systems or conflict detection of events required 
for fusion. Paterno & Santos (Paternò & Santos, 2006) propose to combine 
task models (based on Concur Task Tree (CTT) notation) with multiple 
data sources (e.g. eye-tracking data, video records) in order to better 
understand the user interaction. 
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A case study for a Space Ground Systems of satellite 
control room 

This section presents a case study for a Space Ground System 
application to be used in satellite control rooms (Ould et al., 2004). The 
case study exploits multimodal interaction techniques for the manipulation 
of a 3D representation of DEMETER satellite which stands for Detection 
of Electro-Magnetic Emissions Transmitted from Earthquake Regions. 
More information about this satellite functions and missions can be found 
on http://smsc.cnes.fr/DEMETER/index.htm.  

Informal description of the case study 

This application provides multimodal interaction techniques to a user in 
charge of moving the point of view (we later call this “navigating”) in a 3D 
model of a satellite. This navigation can be done either by rotating the 3D 
model of the satellite directly using the mouse on the 3D image or using 
the two control panels presented in Fig. 2. 

                            a)  
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b)  c)  

Fig. 2. The 3D representation of Demeter satellite (a) and its two control panels (b 
and c).  

The control panel (b) entitled “point de vue” allows the user to 
manipulate the current position of the point of view of the 3D image using 
the set of buttons in the top right hand side of Fig.2b. The set of buttons in 
the “orientation” subsection allows rotating the satellite image in any 
direction. The set of buttons in the “Position” subsection allows moving 
the satellite image in any direction (up, down, left, right, backward and 
forward). The two list-boxes on the left hand side present respectively the 
list of components of the satellite and the list of categories the components 
belong to. We do not present the other parts of the user interfaces as they 
are related to functions beyond the scope of this paper.  

In the initial state the satellite appears as presented in Fig.2a. The main 
task given to the user of this application is to locate one or several 
components in the satellite. This task is not easy to perform as components 
are nested and might not be visible (as they maybe either behind or inside a 
component). In order to support this task, the user interface makes it 
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possible to set a transparency level for components appearance from partly 
to fully transparent by selecting a percentage. This transparency is set by 
means of the “Transparence” slider on the right hand side of Fig.2c. The 
goal of the user is to locate components that are either overheating or over-
consuming energy. The selection of the range of temperature of interest 
can be done using the range slider in the section “données” in the right 
hand side of Fig.2c. This part of the user interface can also be used for 
selecting the energy consumption. Fig.3 presents a snapshot of the satellite 
3D model including the temperature of the visible components.  

 

Fig. 3. 3D satellite model displaying the temperature of the visible components.  

In this application multimodal interaction takes place both while using 
the button pairs, changing the point of view of the 3D model, and while 
interacting with the range slider for selecting the temperature and the 
consumption.  

Due to space constraints we only present here multimodal interaction on 
the button pair. The interested reader can see the formal specification of a 
similar multimodal range slider component in (Dragicevic, Navarre, 
Palanque, Schyn & Bastide, 2004) and the formal specification of a virtual 
chess game in (Navarre et al., 2005).  

The controller’s tasks are represented in Fig. 4 using the Concur Task 
Tree notation. We only present here the tasks related to the management of 
functions that can be triggered through multimodal interaction. The main 
goal of the controller is to monitor the satellite. This goal is separated into 
three main tasks: monitoring temperature, monitoring energy consumption 
and locating physical components of the satellite by moving its 3D 
representation. It is important to see that the task model only describes 
interaction at quite a high level as it is only describing what the user is 
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aiming at and not how to perform these tasks. Connection between these 
high-level tasks and lower level ones is done using the precise and 
complete descriptions embedded in the system model. Next section shows 
precisely the type of information embedded in the system model as well as 
how this connection is made.  

 

 
Fig. 4. CTT model of the tasks featuring multimodal interactions. 

 

Fig. 5. One of the multimodal interactions in the application. 

Fig. 5 shows an example of multimodal interaction for this application. 
On this figure the user is concurrently using 3 input devices: 2 mice and a 
speech recognition system. The speech recognition system only reacts to 2 
different words: “fast” and “slow”. The interaction takes place in the 
following way: at any time the user can use any of the mice to press on the 
buttons that change the point of view. In Fig. 5, the button that moves the 
satellite image backwards (with the additional label right mouse interaction 
on Fig. 5) has been pressed using the right mouse. Simultaneously the left 
mouse has been positioned on the button moving the satellite image to the 
left. At that time the image has already started to move backwards and as 
soon as the other button will be pressed the image will be moving both 
backwards and to the left. The user is also able to increase or decrease the 
movement speed by uttering the words “fast” and “slow”. In Fig. 5 the 
word “fast” has been pronounced and recognized by the speech recognition 
system (as shown on the left-hand side of Fig. 5). This action will reduce 

 

 Left mouse interaction 

Right mouse interaction 

 Disabled button  

Speech 
recognition 

output 
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the time between two movements of the image. Indeed, the image is not 
moved according to the number of clicks on the buttons but according to 
the time the buttons are kept pressed by the user.  

Describing such interaction techniques in a complete and unambiguous 
way is one of the main issues to be solved while specifying and developing 
multimodal interactive systems. The next section presents how the ICO 
formalism is able to deal with these issues. Additionally it will show that 
the description above is incomplete and does not address at an adequate 
level of detail both timed and concurrent behaviour at least when it comes 
to implementation issues. This point is critical when usability evaluation 
will be carried out. Indeed, in order to assess the comparative usability of 
two or more multimodal interaction techniques, a precise definition of test 
scenarios is required. This calls for tools and techniques for describing in a 
complete and unambiguous way interaction techniques at a very low level 
of details. Such a technique is described in the next section.  

Modelling of the case study 

This section is devoted to the formal modelling of the multimodal 
interactive application presented in previous section. In this multimodal 
application there is no fusion engine per se, the two mice are handled 
independently and the speech interaction affects movement speed whatever 
interaction is performed with the mice. 

 

Fig. 6. Software architecture of the multimodal interactive application. 

The modelling is structured as represented in Fig. 6. The right hand side 
of the figure shows the user interacting with the input devices. As stated 
before three input devices are available. In order to configure this set of 
input devices we use a dedicated notation called Icon (Dragicevic & 
Fekete, 2001). A more readable model of this configuration is represented 
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in Fig. 7. This ICon model is then connected to two ICOs models that are 
in turn connected via a communication bus called IVY to the functional 
core gathering all the data about the DEMETER satellite.  

The left hand side of Fig. 7 represents the 3 input devices connected to 
software components. These components are represented as graphical 
bricks and connectors model the data flow between these bricks. For 
instance it defines that interaction with the mice will take place using the 
left button (but1 in the usbMouse brick) and that the alternate button for 
the speech recognition system is the space bar (Space label in the keyboard 
brick connected to the speechCmd brick). The right hand side of this figure 
(Fig. 7) represents contact points with the other models of the application. 
As input configurations are not central to the scientific contribution of this 
paper we do not present in more detail how this modelling works. More 
information about the system supporting the edition and execution of 
models, the behaviour of a model and the connections to other models can 
be found in (Navarre, Palanque, Dragicevic & Bastide, 2006). Similarly, 
functional core and communication protocol between the functional core 
and the interaction models are not presented.  

 

 

Fig. 7. Input configuration using Icon (Dragicevic & Fekete, 2001). 

The ICO model in Fig. 8 represents the complete and unambiguous 
temporal behaviour of the speech-based interaction technique as well as 
how speech commands impact the temporal evolution of the graphical 
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representation of the 3D image of the satellite. Darker transitions are 
available according to the current marking of the models. Taking into 
account the current marking of the model of Fig. 8 (one token in places 
delay, idle and core) only three transitions startMove_1, faster_ and 
slower_ are available. These transitions describe the multimodal 
interaction technique available i.e. how each input device can be used to 
trigger actions on the system. Transitions faster_ and slower_ are triggered 
when the user utters one of the two speech commands fast and slow. In the 
initial state these are available and will remain available until the upper 
limit or the lower limit are reached (respectively delay>1000 for transition 
slower_ and delay<100 for transition faster_).  

 

Fig. 8. Model of the temporal evolution of movements driven by speech 
(ContinuousMove class of Fig. 6). 

Fig. 9 presents the model of the second ICO class of the application. 
This class is responsible for describing the behaviour of each button pair. 
By button pair we mean the buttons that are performing opposite actions 
like (up, down), (left, right) and (backwards, forward). These 3 button 
pairs are represented on the right hand side of Fig. 5. To model these 
incompatible behaviours the ICO description represents the fact that the 
user can press either the positive or negative button e.g. up being the 
positive and down the negative. Connection to the input device (the mice) 
is done using the ICon model of Fig.7.  
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Fig. 9. Mutual exclusion of the pair of buttons for changing the point of view 
(ButtonPair Class in Fig. 6)  

Evaluation of the Case Study 

Hereafter we present the usability evaluations that have been carried out 
on the case study. Our aim with these evaluations is to describe how a 
formal description of multimodal interaction techniques can inform a 
traditional UEM (Usability Evaluation Method) like usability test and 
cognitive walkthrough. This approach integrating both modelling 
techniques and usability evaluation is called hereafter model-based 
evaluation. Before explaining how such an integrated approach work, we 
present limitations of current UEM for addressing the specific issue of 
interaction techniques evaluation.  

Limitations of usability test and cognitive walkthrough 

The goal of a usability test is to identify major usability problems within 
the interface. While a common practice is to mainly use the most 
frequently performed tasks (extracted from task analysis for instance), in 
the field of safety critical systems, it is important to cover all (or most of) 
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the possible interactions that the user might be involved in. The explicit 
description, in the formal models, of the interaction techniques makes it 
possible to identify not only the “minimum” number of scenarios to be 
tested but also to select more rationally the tasks that are to be focused on. 
This selection can be done using analysis techniques on the models that 
will help designer to identify complex or cumbersome behaviours1 that 
have been modelled and might require more specific usability testing.  

When testing multimodal interfaces, selection of scenarios reaches a 
higher level of complexity due to the significant number of possible 
combinations of input modalities and also due to the fact that fusion 
engines usually involve quantitative temporal evolution as shown in the 
ICO modelling of the case study. In order to test all (or most) of these 
combinations it is required to provide usability tests scenarios at a much 
lower level of description than what is usually done with systems featuring 
more classic interaction techniques. Indeed, as for walk-up and use 
systems, the interaction technique must be natural enough for the user to 
be able to discover it while interacting with the system. In the field of 
safety critical systems training and practice are essential points to be taken 
into account in the evaluation of the system.  

Even though we need to address this issue of low level scenarios it is 
also important to notice that usability testing is very different from 
software testing (which is usually dealing with those low level tests). The 
objective here is to test the usability of the interaction technique and not its 
robustness or default-freeness like in classical software testing. Software 
testing of user interface is starting to get attention from software 
engineering but current solutions only deal with basic WIMP interfaces 
(Memon, Pollack & Soffa, 2000). The issue of reliability testing of 
multimodal interactive systems is also very important but is beyond the 
scope of this paper.  

Formal description techniques can help to identify pertinent low-level 
interaction scenarios and thereby inform selection of tasks more 
appropriately. Of course the number of scenarios is likely to be infinite 
(especially due to the number of possible combination of use of input 
devices) but the model can support the identification of equivalence classes 

                                                      
1 Our aim is not to go into detail about the definition of a cumbersome or 

complex model but the modelling constructs used within a model can provide such 
information. For instance in (Palanque, Bastide & Paterno, 1997) we have shown 
(in the field of Air Traffic Control) that multiple unifications on incoming arcs of 
a transition (which is not frequent in models) might result in tasks that are hard to 
perform.  
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of scenarios i.e. the ones that are leading to the same state changes in the 
system model.  

In order to illustrate the advantages and drawbacks of model-based 
evaluation applied to evaluate our Space Ground system, we present 
hereafter respective outcomes that we can obtain from both standard 
usability evaluation (i.e. user testing in usability labs and cognitive 
walkthrough) and model-based evaluation.  

Standard usability evaluation 

 

Fig. 10. Example of usability test in action.  

User testing is typically performed in a laboratory as shown in Fig. 10 
(sometimes in the field), were users are asked to perform selected tasks. 
The users are observed by cameras, and they might be asked to talk aloud 
(also called elicitation activity) while performing the task. A usability test 
typically begins with asking the users a pre-questionnaire related to the 
domain of the software (e.g. use of other related systems, experience with 
multimodal-interfaces, hours of training, etc). Some tasks are then 
performed to ensure that the user is able to use the system. The 
experimenter (or test leader) usually describes the task to the user verbally 
and additionally a printed version of the task is handed over. 

To test the task on identifying overheated components within the 
satellite a description might be as follows: 
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“Please find all components of the satellite with a temperature between 
3°C and 6°C and position the 3D in such a way that the component with 
the highest temperature is visible. Whenever you think that you would stop 
this task because you feel it is too complicated, please tell us”. 

The maximum time to solve this task is defined. The task is finished 
when the users successfully solves the task, when the user takes more than 
the maximum time to solve the task, or when the users states, that he 
would give up, and requires some help. Several rounds of usability testing 
are performed with different users. The number of successful completions 
and the completion time are recorded. Tasks not solved indicate usability 
problems, leading to further detailed investigations of the problems.  

Testing multimodal interactions usually requires an additional activity 
corresponding to the presentation of input and output devices to the user. 
When complex interaction techniques are considered (as in the current 
application) the presentation of the application to be tested with the user 
also requires a description of the actual interaction technique. This 
description goes beyond the typical high-level (task-based) scenarios 
promoted by usability testing methods (as presented in the previous 
paragraphs).  

Cognitive Walkthrough 

Cognitive walkthroughs are rarely used in usability testing of 
multimodal user interfaces. Quite often, this method is employed in early 
phase of the design process using paper prototypes. However, with minor 
adaptations cognitive walkthrough can be successful employed to evaluate 
multimodal interaction. Following the method presented in (Lewis, Polson 
& Wharton, 1990), the evaluators try to answer the questions from the 
cognitive walkthrough evaluation form while conducting the walkthrough: 
• Description of the user’s immediate goal 
• First/next atomic action user should take: 

o Obvious that action is available? Why/Why not? 
o Obvious that action is appropriate to goal? Why/Why not? 

• How will user access description of action? 
• and so forth. 

The adaptation needed to assess multimodal 3D application involves a 
careful preparation of material used to test the learnability of systems. In 
the case of cognitive walkthrough, the learnability can be inferred 
according to the descriptions provided by users for tasks, actions and 
goals. We suggest to use the real prototype installed on a laptop, and to 
give all participants of the cognitive walkthrough the ability to try the 
system before performing the cognitive walkthrough. During the cognitive 
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walkthrough the user interface must be projected on the wall and 
additional a paper version with screen shots of the current task is used.  

Important when using the cognitive walkthrough in the evaluation of 
multimodal interfaces is the adoption of the guidelines (to define the 
questions in the evaluation form). We believe that the models of the 
interaction technique (made available in the formal modelling phase) can 
support this selection of guidelines (as this will be shown in the following 
section dedicated to model-based evaluation).  

Model-based evaluation 

While the Usability Evaluation Methods are quite efficient for tracking 
structural usability problems (based on ergonomic criteria or navigation 
problems in an application) multimodal application often present fine grain 
interaction techniques difficult to asses due to their intrinsic complex 
nature involving concurrent and time constrained behaviours.  

For instance, the description of the temporal evolution presented in 
section “modelling the case study” shows how complex low-level 
multimodal interaction can be. When it comes to testing the usability of 
such behaviour it is required first to provide a detailed description of the 
behaviour to the evaluators but also to make it possible to modify such 
behaviour if the results of the usability testing require doing so. 

Low level scenarios descriptions 

Fig. 11 is called a marking tree of a Petri net. It is made up of all the 
possible sequences of action through a Petri net. When dealing with Petri 
net models of interactive systems, it is quite common that the model is live 
i.e. whatever state the system is in there is always a transition (i.e. a user 
action) available in the system. Such so called “properties” of interactive 
systems have an impact on the marking tree that is thus infinite. While 
infinite trees are quite difficult to handle when verification of such systems 
is considered, this is not a problem for usability evaluation as the task is 
driving the usage (and evaluation) of the system and by definition the task 
is made up of a finite set of actions. Indeed when the tasks is terminated 
the description of other sequences or possible interaction are not relevant 
and thus can be ignored.  
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Lastly, this explicit representation of low level scenarios is useful for 
selecting which scenarios will be evaluated with the users, with the explicit 
purpose of evaluating comfort and cognitive workload induced by this kind 
of reduction of the interaction space.  

Modifying models to accommodate changes 

The aim of usability evaluation is not only to identify usability problems 
in a user interface but its goal is also to provide information to the 
designers to modify the system and the user interface to reduce or remove 
the identified problems. Here again, model-based approaches can be of 
great interest. According to the usability evaluation performed, we 
describe how some modifications can be incorporated in the ICO model of 
Fig. 8:  
• Changing the value (increase or decrease) of time related to speech 

commands: this can be done by changing the line delay=old+50 in the 
transition slower_ for instance to another amount of increase 

• Changing the maximum speed (increase or decrease) of 3D image 
rendering: this can be done by changing the precondition in transition 
slower_ or faster_ to another value than 1000 (maximum) and 100 
(minimum).  
Other complex behaviours relative to qualitative temporal behaviours 

can also be represented and thus exploited during usability tests. For 
instance as modelled in Fig. 8 all the input modalities are available at all 
time but another design choice could have been to allow only the use of a 
maximum of 2 input modalities at a time.  

 
Fig12. Modification of the availability of a speech command 
In Fig 12 we have added a test arc between place moving and transition 

faster_. This means that the voice command “fast” will only have an effect 
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if performed while the 3D representation of the satellite is currently 
modified using the other input devices (the two mice).  

Such modification would have been made explicit to the users by means 
of the scenarios extracted from the marking graph. This is an example of a 
modification of a low-level interaction technique that would require 
usability testing in order to assess its impact on the overall usability of the 
system. Similarly, some scenarios could have been selected with the 
explicit purpose of evaluating comfort and cognitive workload induced by 
this kind of reduction of the interaction space.  

Standard UEMs and model-based evaluation 

During the set up of a usability test the characteristics of multi-modal 
interaction have to be taken into account (see 2.1. for an extensive 
discussion): 
• Which pairs of (device, interaction technique) have to be tested? 
• How can user address the system using the various communication 

channels and which channel can be used in the various contexts (tasks)? 
• What types of fission and fusion can be tested (especially in the case of 

safety critical systems)? 
• How can the various dimension affecting usability evaluation of MMIs 

be addressed (Usage and interpretation of modalities, individual user 
preferences, context-of-use and activities supported by the system, etc.). 
When setting up a usability test for multi-modal interfaces the selection 

of tasks must be informed by the models. Tasks with high complexity in 
the low-level multimodal interaction must be listed exhaustively. Up to 
now, this comprehensive list has to be done by the expert describing the 
tasks to be evaluated. In addition, the frequency of highly-complex low-
level interactions has to be estimated, based on the task-models. In the case 
study, the number of synergistic usages of speech and two mice has been 
counted. Based on this information the tasks for the usability test 
representing the low-level interaction are selected. Additionally high-level 
tasks are selected to conduct the usability test. 

This way of selecting the tasks for the usability test, helps to represent 
all levels of multi-modal interaction. Thus the results of the usability test 
are more informative and connected to the precise design of the system. 

For the set up of a cognitive walkthrough the same information about 
low-level interaction must be used, to define the questions during the 
walkthrough. A result for a specific question might be: “How many 
modalities can the user cope with, when the user is doing a rotation of a 
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satellite? How many speech commands can the user remember, when he is 
using additionally two mice, and when he is in a stressed situation?” 

During the performance of the cognitive walkthrough the fast 
adaptability for the multi-modal interaction can be quite useful. For 
example during the cognitive walkthrough evaluating the rotation of the 
satellite using two mice and speech the idea comes up that an additional 
back command (speech) would have been helpful to interact with the 
system. The model of this task can be quickly changed and the added 
command can be tested with respect to the learnability of the system. 

Model-based evaluation helps to support standard usability evaluation 
methods to overcome their reported weaknesses when testing multimodal 
interfaces. Provided with the adequate tools for editing models and 
generated marking graphs, the above descriptions might sound easy to 
follow. Of course the method will only show its benefits, when the method 
is carefully set up and conducted. 

Advantages of the Approach and Lessons Learned 

The main contribution of these interaction scenarios is to provide an 
explicit and complete description of the set of interactions available for the 
user. This makes it possible to test the usability of an interactive 
application not only at a high level like tasks or goals but also at a lower 
level of details. This makes it possible to test:  
• The interaction technique per se i.e. how difficult it is to manipulate the 

input devices for low level tasks like pointing and selecting objects. In 
the case of multimodal interactions it is also possible to evaluate the 
difficulties for users to combine input devices  

• The link between the interaction technique and the tasks execution by 
making explicit what kind of low level actions have to be executed in 
order to perform higher-level tasks and to reach goals 

• The complexity of the interaction technique in order to be able to predict 
users’ difficulties in interacting with the application. In order to get 
more figures about this complexity we need to apply our approach to 
several interaction technique and to analyse correlations with the results 
from actual usability tests. We already partially addressed these issues in 
the domain of Air Traffic Control (Palanque, Bastide & Paterno, 1997) 
and we are now carrying on with more complex interaction techniques 
and different application domains. 
Other complex behaviours relative to qualitative temporal behaviours 

(number of milliseconds for the delays) can also be represented and thus 
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exploited during usability tests. Indeed, the interaction technique can 
embed temporal behaviours like the one presented in the case study and 
this can have an impact on the users’ performance. The explicit 
representation of these temporal evolutions in the interaction technique 
models makes it possible to incorporate such intrinsic values while 
usability experts analyze the results of the usability tests.  

Lastly, this explicit representation of low level scenarios is useful for 
selecting which scenarios will be evaluated with the users. Indeed, in the 
field of safety critical systems scenarios identification is critical as some 
tasks can be performed very rarely (such as for instance setting a satellite 
to a survival mode or involving very low probability events like failures). 
Being able from the analysis of the interaction models to detect potential 
difficulties for the users can fruitfully influence the way usability tests will 
be performed. 

Conclusion and perspectives 

In this chapter we have detailed the intricate problem of usability 
evaluation of multimodal user interface, using a case study on safety 
critical systems. Several issues such as low-level interaction, fusion and 
fission of events, complex and temporal behaviour, make multimodal user 
interfaces difficult to evaluate. In particular, the notion of low-level 
interaction technique can have a significant impact on the results and thus 
the interpretation of usability test results. To overcome these difficulties 
we have presented a model based approach for supporting the evaluation 
of multimodal user interfaces.  

Our approach is illustrated via a Space Ground System of satellite 
control rooms, for which multimodal interaction techniques are fully 
described by the means of models. More specifically, we have shown how 
formal models of dialogue and low-level interaction can support usability 
evaluation through systematic, rational and low-level scenarios 
identifications. 

We are currently in the phase of performing such model-based 
evaluation on a real ground segment information treatment system to 
assess the impact of multimodal interaction techniques on the ease of use 
and performance. The goal is also to assess the impact of model-based 
evaluation with respect to more classical usability evaluation technique for 
multimodal systems.  

The model-based evaluation can be easily conducted in combination 
with a usability test or a cognitive walkthrough. We want to investigate 
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further combinations of model-based evaluation and other usability 
evaluation methods in the near future. 

It is important to note that we are not claiming that current practices in 
the field of usability evaluation must involve model-based usability 
evaluation. Our claim is that in the field of safety critical interactive 
systems and more specifically when multimodal interaction are considered, 
model-based approaches can support specific activities (like low-level tests 
scenarios and tasks identification) that could be otherwise overlooked or 
not systematically considered. The benefit is higher in that application 
domain as safety and reliability concerns already call for such formal 
description techniques. Exploiting the models additionally for usability 
reduces the higher development costs of these approaches.  
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Abstract. The promises of multimodal interaction to make interaction more 
natural, less error-prone and more enjoyable have been controversially 
discussed in the HCI community. On the one hand multimodal interaction is 
being adopted in fields ranging from entertainment to safety-critical 
applications, on the other hand new forms of interaction techniques (including 
two-handed interaction and speech) are still not in widespread use. In this paper 
we present results from a usability evaluation study including eye-tracking on 
how two mice and speech interaction is adopted by the users. Our results show 
evidence that two mice and speech can be adopted naturally by the users. In 
addition, we discuss how eye-tracking data helps to understand advantages of 
two-handed interaction and speech.  

Keywords: Multimodal interfaces, usability evaluation method, two mice, 
speech. 

Introduction 

Making interaction more natural is one of the promises of multimodal interfaces. 
Research on evaluating multimodal interfaces dates back to the mid 1980s [5] and 
since then it is seen as a promising approach to improve desktop interaction 
techniques. Multimodal interaction techniques are considered as a potential way to 
increase communication bandwidth between users and systems and to enhance users 
satisfaction and comfort by providing a more natural way of interacting with 
computer systems [5], [6].  
 

Several studies have shown that using two pointing devices in a normal graphical 
user interface is a more efficient and understandable interaction than using basic 
mouse and keyboard [8], [19], [28]. On the one hand there exists a strong foundation 
on two-handed input (see [15] for an overview), on the other hand still two-handed 
interaction and speech is not in common use. This might have various reasons. In 
addition to subjective factors like comfort and satisfaction, increasing communication 
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bandwidth between users and systems can have a significant impact on efficiency. For 
instance the number of commands triggered by the users within a given amount of 
time and the error rate (typically both the number of slips and mistakes made by the 
users [26]), are influenced by the user interface and its underlying interaction 
techniques. While complementarity of modalities can be used to reinforce and clarify 
the communication between the users and the system [23], studies of Dillon et al. [9] 
and by Kjeldskov and Stage [21] “unsurprisingly” revealed that when multimodal 
interfaces are poorly designed they are neither better understood nor more efficient 
than any other user interface offering more standard interaction techniques. In order to 
determine the impact of modalities on interaction, many empirical studies have been 
carried out: 

• Showing how usability and user acceptance is influenced by new devices and 
novel interaction techniques: [7], [16]; 

• Showing that the perceived usability is impacted according to the kind of 
tasks performed [10], [18] and according to the context of use (e.g. indoor x 
outdoor conditions, mobile applications) [2]; 

• Trying to assess the accuracy of multimodal interaction for given tasks: [3], 
[20].  

 
Based on these findings, this paper reports research work aimed at exploring if two 

mice and a speech recognition system can be easily adopted by novice users. To 
investigate the usage of two mice and speech, in terms of usability we conducted a 
usability study including eye-tracking. We used eye-tracking to explore eye-gaze and 
hot spots when using various combinations of two mice and speech. We additionally 
explored possible interferences of multimodal interaction with cognitive load. This 
evaluation has been carried out on a multimodal interface of a safety critical 
interactive command and control system for satellite operations. 

Evaluating Two Mice and Speech 

We want to explore if two mice and speech (which a rarely used combination of input 
devices) can be naturally adopted by novice users. Our hypothesis is that two mice 
and speech are adopted quickly and new forms of interaction techniques are 
discovered by non-experienced users easily. We assume that speech becomes natural 
to interact with the system, even though combined with two mice as graphical input 
devices.  

 
To prove our hypothesis that two-handed interaction and speech is adopted quite 
easily and quickly by users, we performed a usability study. Usability evaluation 
studies seem to be a preferred strategy for the evaluation of multimodal interfaces 
because it allows the investigation of how users adopt and interact with multimodal 
technology providing valuable information about the general usability and the user 
experience. Several types of user testing have been conducted for multimodal 
interfaces in both usability laboratories and in the field revealing user preferences for 
interaction modalities based on factors such as acceptance in different social contexts, 
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noisy and mobile environments [18]. An overview on new forms of usability 
evaluation methods for multimodal interfaces is presented in [4]. 

We used eye-tracking to gain some insight in usage patterns for two mice, and how 
speech influences the usage of the two mice. Additionally we explored eye-tracking 
as a mean to measure users’ cognitive load. Using eye-tracking in usability studies 
combined with some forms of think-aloud is still discussed controversially in the 
literature. One of the reasons is that think-aloud might increase people self-
consciousness and thus prevents them from behaving naturally [11]. Additionally, we 
will evaluate to which extend eye-tracking data adequately represents cognitive load 
[25]. 

Usability Evaluation Study  

The goal of this usability evaluation study was to show that two handed interaction 
and speech can be naturally adopted by users, and that two-handed interaction or 
speech helps to reduce the cognitive load and necessary attention compared to normal 
mouse input. Next section presents informally the system on which the usability 
evaluation has been carried out. Then, the experiment (participants, setup and 
procedure) will be detailed. The section is concluded with the presentation of the 
results of the experiment and their interpretation according to the hypothesis 
presented above. 

Informal description of the system used 

This system has been built within a research project funded by CNES (French 
National Study Center on Space). The project was meant at defining a formal 
description technique capable of describing multimodal interfaces and multimodal 
interaction techniques in a complete and unambiguous way.  

 

 

Fig 1: Screen shot of the system showing a 3D representation of Demeter satellite 
for the study of ionospheric disturbances. 

HDR - R. BERNHAUPT 
 

 
 
190



This work defining extensions to an existing formal description technique called 
Interactive Cooperative Object (ICO) [1], which is based on object Petri nets and 
Objects. These extensions allowed us to describe unambiguous temporal behaviour of 
the speech-based interaction technique and how speech commands impact the 
temporal evolution of the graphical representation. The formal specification of the 
behavior of such multimodal interaction techniques is given in [22].Beyond these 
software engineering aspects, the usability of the system was one of the main concern 
of the part of the project reported in this contribution. Indeed, such safety critical 
systems require certification by independent authorities prior to deployment and 
human factor certification is a critical aspect of that certification phase.  

The system lies in the domain of Space Ground Systems that can be found in 
satellite control rooms [24]. The main goal of the system is to monitor a satellite 
making it possible for the controller to access any component of the satellite. This 
goal is separated into three main tasks: monitoring temperature, monitoring electricity 
consumption and locating hardware components in the satellite by moving the 3D 
image representation (see Figure1). In this application multimodal interaction takes 
place both while using special buttons (Figure 2) for navigating and changing the 
point of view of the 3D model, and while interacting with a range slider widget for 
selecting the temperature and the consumption (see Figure 4). The speech recognition 
system recognizes two words: “fast” and “slow”, which are used to increase or 
decrease the speed of visual display (movement of the 3D graphical representation of 
the satellite). The user can use speech interaction at any time she wants. Two-handed 
synergistic interaction is available on some interactors (see Figures 2 and 4) allowing 
users to manipulate both left and right input device at the same time.  

 

 

Fig 2. Possible multimodal interactions using 2 mice for tow-handed interaction 
(rotating the satellite) and speech input. 

Participants 

We asked 11 participants to take part in our usability evaluation study. Participants 
were recruited within the university including students and staff members. We 
selected four female and seven male participants, four of them with former experience 

 
Navigation 

buttons 

Speech 
feedback 

Mouse cursors 
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on new forms of interaction techniques (pen input, special controllers and joy-sticks) 
and seven with low or no experience of new forms of interaction techniques. We 
excluded people wearing eye-glasses in the selection process. Thus we could 
unfortunately not reach an equivalent distribution of male and females. 8 participants 
use the right hand for mouse input, 3 participants the left hand for mouse input. Age 
ranged from 21 to 26 years, with a mean of 22.9 years. All participants used the PC 
for more than 4 years (mean 10 years of usage), around 4.5 hours per day for work 
and 2.95 hours per day for work with the Internet at every day of the week (except 
one participant using the PC only 5 days/week). 9 out of 11 participants stated that 
they play games, about one hour per day (mean). 

Set-up 

For the usability evaluation study the participant was seated in front of a table, the 
eye-tracking device in front, and a laptop on a box in front of the participant. Two 
mice (left and right from a normal keyboard) were positioned on the table (see Figure 
3). The participant used a headset around the neck for speech input. Additional to the 
eye-tracking, we used two cameras and a microphone for recording the scene and the 
user interaction. Additionally we captured the screen of the application.  

 

 

Fig 3. Set-up for the usability study (including a third mouse for the leader of the 
experiment to start and stop applications) 

Procedure 

The participants got a short introduction about the usability study. We asked them 
to describe in the beginning of the task, what they intended to do, and if possible to 
think aloud during task completion. If participants naturally stopped the think-aloud 
because of the speech interaction, we did not force them to continue. We decided to 
use think-aloud as additional direct mean of providing useful insights in the usage of 
multimodal interaction, especially to offer insights in possible difficulties encountered 
while using the system. The data from eye-tracking thus has to be interpreted 
carefully, as think-aloud might interfere with cognitive load. However, the interaction 
technique was not influenced by the think-aloud, as speech was only used in two tasks 
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of the study and simply consisted of two words. We will look into possible effects of 
thinking aloud in following studies. 

 
Starting the usability study, participants answered some preliminary questions 

regarding the usage of other interaction techniques and games. Then the eye-tracking 
system was calibrated using 16 points on the screen to make calibration as good as 
possible. We used the Tobii x50 eye-tracker. None of the participants was wearing 
eye-glasses. One participant had lenses. The calibration was acceptable for all users.  

After the calibration an introduction to the system and its basic functions was given 
(see Figure 1 for a screen-shot of the prototype in use). During the following training 
phase the user was introduced to the possible usage of the system using two mice and 
speech. The usability study included 6 tasks. After the completion of the tasks we 
made a short interview and participants filled out a questionnaire. Task 1 was to make 
only one component of the system visible. This task was a slight variation of one of 
the tasks during training. All participants solved this task, showing that they were able 
to perform basic interaction on the system.  

 
 

 
Fig 4. Two-Handed synergistic interaction on a temperature-slider. 

 
In task 2 all components of the satellite with a temperature higher than 4 degrees 

°C should be made visible. This task is only solvable if the participant goes through 
the long list of all the components and requesting display of the temperature of each 
component. Task 2 should involve two-handed interaction. Task 3 was to locate a 
special component and to show all the components surrounding it (using two-handed 
interaction and speech) Task 4 was a variation of task 2. All components between 4 
and 9 degrees should be shown and the number of components should be given. The 
main goal was to show that after short training (in task 2) two-handed input becomes 
more frequent in use. In task 5 participants were requested to show the antenna of the 
satellite on the full screen as quickly as possible, and task 6 to show the anchor of the 
antenna as quickly as possible too. Task 5 and 6 should involve speech input. To 
enforce speech input usage, we made the system considerably slower displaying 
graphical output.  

 
After the performance of the tasks, an interview was carried out. During that 

interview the participants were asked to fill in two questionnaires. One questionnaire 
addressed system’s usability (SUS). The other questionnaire was used to indicate how 
active or passive the system was during usage. This active/passive questionnaire was 
adopted from the AttrakDiff [14]. 
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Results 

Table 1 gives an overview of number of tasks successful completed, the tasks 
completed with help (help was defined for each task, for example during task 3, after 
3 minutes all participants needed a hint to look more closely on the available 
functions in the interface) and tasks not completed at all or not completed because of 
reaching the time limit. In addition, the mean duration for performing the tasks is 
given. During the task we tried to give hints for function and usage of the program, to 
avoid, that functions not found interfere with the usage of the interaction technique. 
This explains the high percentage of tasks completed with help. Participants started to 
perceive tasks as easier during the test. We interpret the better ratings as a natural 
adoption of the interaction technique. The fact of easier usage was also reported by 
nearly all participants during the interview. 

 
Task Completed Completed 

with help 
Not 

Completed 
Rating 

(Mean/SD) 
Task duration 

(mn:sec) 

T1 11 0 0 1.45 (0.52) 0:54 

T2 0 5 6 3.91 (0.70) 5:55 

T3 0 11 0 3.09 (0.83) 4:36 

T4 5 3 3 2.73 (0.90) 3:37 

T5 9 2 0 1.70 (1.06)(*) 1:39 

T6 7 4 0 2.36 (1.03) 0:55 

Table 1. Overview of completed tasks and their ratings. 
(*) unfortunately one rating could not be reconstructed during transcription, the mean 
rating is based on N=10. 

Two-Handed Interaction and Speech 

The participants adopted the interaction with two mice quite naturally. Most of 
them started to use two mice interchangeably. They selected a specific component in 
the list using left mouse, and then performing an action using the right mouse. This 
behavior (influenced by the relative position on the GUI) was even shown by left-
handed participants. Table 2 gives an overview of the interaction techniques used by 
the participants during the execution of the six tasks.  

During task 1 the participants mainly used the mouse of their dominant hand to 
solve the task. Task 2 already shows an increase in two-handed interaction. The 
increased usage of the two-handed interaction-technique was supported by selecting a 
task including many repetitive elements (each component had to be selected on its 
own to solve the task). Depending on the strategy of the participant to solve task 3 
they started to use two-handed interaction or speech to solve the task. Task 4 was 
closely related to task 2. 
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Task One mouse Two mice Speech used 

additionally 

T1 8 3 0 

T2 4 7 0 

T3  6 5 3 

T4 1 10 0 

T5 11 0 7 

T6 10 1 9 

Table 2. Interaction Techniques used during the performance of the six tasks: First 
column presents dominant vs non-dominant mouse usage (adding up to 11 
participants); last column reports the number of time speech has been used 
additionally.  

 
The increase of using the two-handed interaction is quite impressive. This might be 

explained by the fact, that the attention needed for problem solving during the task is 
shifted, increasing the number of people using the two-handed interaction technique. 
The problem description of task 5 included the formulation “as fast as possible”. 7 out 
of 11 participants started to use speech to solve the task faster. The other participants 
used a specific function in the system to solve the task (just taking seconds to reach 
the solution). Task 6 again included the request to solve this task in minimal time. 9 
out of 11 participants started to use voice to speed up the visualization process. 

Noticeable during the whole usability study is that one participant started to move 
the hand away from the non-dominant mouse during several tasks (for example 
during task 4; this was the only user not using other interaction forms). On the other 
hand, two participants started to use the two-handed input not only interchangeably 
but really synergistically in trying to rotate the point-of-view of the satellite not only 
for one axis but two (task 6), or to use the slider for the temperature left and right at 
the same time (task 4). In one case the user started to use two mice in parallel (Figure 
4), but completely forgot to use speech (while ALL other users used speech and only 
one mouse to complete task 6).  

The standard usability scale (SUS) indicated that participants thought that the 
usability of the system could be considerably improved. SUS scored 59,6 on a scale 
from 0 to 100 indicating quite some potential to improve usability. Ratings on the 
adjective scales showed, that people thought that the system is best described using 
attributes like new, original and innovative. The highest ratings for negative attributes 
referred to boring, unpleasing and clumsy.  

HDR - R. BERNHAUPT 
 

 
 
195



Eye-Tracking 

User intent and cognitive load is very difficult to asses during a normal usability 
study using thinking aloud [17]. To quantify cognitive load and user intent eye-
tracking data is used as a possible objective measure. The three measures most 
commonly used are the number of fixations and the mean fixation duration, gazing 
time and saccade rates [25]. The number of fixations in each area of interest (AOI) is 
said to be negatively correlated with search efficiency and task efficiency [25]. 
Psychologists investigated eye-tracking as to provide insights on problem-solving, 
reasoning or search strategies. [17] gives an overview of measures used in eye-
tracking studies and related evidence for corresponding cognitive processes. 
According to [12] the overall number of fixations indicates less efficient search. More 
fixations on a particular area indicate that this area is more noticeable, or more 
important to the viewer. Longer fixation duration can indicate difficulty in extracting 
information. We computed overall numbers of fixations, target fixations (fixations on 
targets divided by total number of fixations [13]), average fixation time and 
transitions between areas.  

We defined several areas of interest, especially the navigation area, temperature 
slider, component list and satellite depiction. The overall number of fixations in the 
respective areas of interest defined, showed no significant trend of less efficient 
search in any of the areas. Same holds true for differences on number of fixations and 
target fixations. The average fixation time showed a tendency that areas related to 
navigation, selection of objects or temperature selection showed longer average 
fixation times compared with menu options or the satellite depiction. For example in 
task two the average fixation time in the area of interest “temperature slider” was 386 
ms compared to 259 ms for the satellite.  

 

 
Fig. 5: Gaze plots when interacting with two mice, the left mouse was positioned 

on the selection of the item, the right mouse positioned on the menu entries and 
temperature slide 

The extensive eye-tracking data analysis showed that average task duration was 
ways too high to allow meaningful and reliable interpretation of the data captured. 
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Long task durations and variations within the interaction technique usage might 
deeply influence the eye-tracking data. We thus decided to look more closely on the 
specific usages of interaction techniques during task execution. 

To interpret the eye-tracking data in more detail, we classified all scenes of two-
handed mouse interaction and usage of mouse and speech. The interaction technique 
was used mainly alternating (selection of a component in a list with the mouse in the 
non-dominant hand, performing the action with the mouse in the dominant hand). We 
additionally looked closer at participants trying to interact synchronously (using two 
mice at the same time, using mouse and speech at the same time). For synchronous 
usage in technical terms we could only classify a small number of cases. To 
investigate the fact of synchronous usage in detail we will implement a logging tool.  

From the tasks described above we want to explain the selection of the temperature 
as one typical example. We classified the selection of the temperature based on the 
interaction technique used. As the selection of temperature could be used in two tasks 
we could classify 17 cases for usage with only one mouse and 3 cases of multimodal 
usage. The mean number of fixations while solving the task with one mouse was 
41.45 fixations, when using two mice only 9.73 fixations occurred. More overall 
fixations normally indicate a less efficient search [25]. We interpret this gap as 
support for multimodal interaction, making solution of the task more efficient when 
using two mice.  

Comparing the multimodal selection of components in a list with the single-
modality selection, the same trend can be shown, that multimodal interaction shows 
less fixations compared to normal interaction with one mouse.  

 

 
Fig. 6: Hot spots during speech interaction 
 
We identified 14 instances of using speech while rotating the satellite. 

Unfortunately we could only identify one instance of synergistic usage of two mice to 
solve the same rotation task. Using speech the mean number of fixations in the areas 
of interest of the satellite (54.09 fixation in the AOI) , the orientation control area 
(4.36 fixations) and the position control area (5.18 fixations) show that number of 
fixations are lower when using speech compared to multimodal interaction. The 
interaction with two mice showed more fixations in these areas (62 fixations for the 
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satellite but 8 for the orientation and 18 for the position). Speech reduces the number 
of fixations. Taking the overall fixation count, the number of fixations while using 
two mice is 643 fixations in the menu area compared to only 100 fixations in the same 
menu are while using speech. People tended to look at the satellite while using speech 
interaction (758 fixations compared to 332 fixations in the two mouse interaction 
condition). 

Gaze-time shows the same trends as the number of fixation. The average fixation 
time was about the same for all interaction techniques (ranging from 300 to 500 ms). 
We currently explore these results in another usability evaluation study to measure 
time to first fixation more accurate. Observing the gaze during two-handed interaction 
shows that people are not looking at the mice while interacting. Participants tend to 
look at the interface elements. Figure 5 shows typical gaze plots when interacting 
with two mice.  

Participants tended to look at the satellite while rotating with speech, ignoring 
additional input possibilities with the mouse. Figure 6 shows the hot spots during 
speech interaction. 

Summary 

The usage of three input devices (two mice and speech) is naturally adopted by 
users quite rapidly. Users reported in the final interview that they quickly adopted the 
interaction technique involving these devices, in terms of usage. They reported that 
continuous use made usage easier. The usability study showed that that eye-tracking 
data can be used to investigate usage of multimodal interaction technique. People tend 
to ignore visual input possibilities while using speech, on the other hand they forget to 
use speech, when performing two handed interactions Eye-tracking data shows 
tendencies that speech reduces the number of fixations compared to two handed 
interaction. Some cases indicated, that eye-gaze is reduced when using two mice, 
compared to one mouse. Multimodal interaction with two mice shows advantages 
compared to one mouse, making task completion more efficient. Usage of two mice 
or usage of mouse and speech shows less cognitive load (in numbers of eye fixations) 
than when only one mouse is used.  

Due to the rather limited number of users, results and interpretations presented 
above have to be handled carefully. Further experimental studies have to show if the 
data presented above can be generalized. Overall eye-tracking should be used to 
further explore multi-modal interaction in experiments to lay the ground for further 
usage of this method in the area of usability evaluation of safety-critical systems. 

Conclusion and Future Work 

This paper has presented the evaluation of a multimodal user interface featuring 
synergistic multimodal interaction techniques exploiting two mice and a speech 
recognition system. We have shown that multi-modal interaction with two mice and 
speech can be quickly adopted by novice users. Eye-tracking data indicated that 
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speech reduces the visual focus. Two-handed interaction does not result in additional 
eye-gaze compared with single mouse usage. 

Some remaining issues are related to the low level interaction technique exploiting 
the input devices. Indeed, as stated in the introduction, the interaction technique has 
been fully modeled using the ICO formal description technique. While building the 
models we had to define aspects like acceleration of the mouse cursors (both for the 
dominant and non dominant hand) temporal interval for fusing the events produced by 
the various input devices, etc. Such temporal elements have been modeled using the 
notation and their actual value might have a significant impact on the usability results 
presented above. For instance, informal evaluation has shown that acceleration of 
mouse cursor should be smaller on the non dominant hand with respect to the 
dominant one.  

To explore the eye-tracking data we want to connect the eye-tracking software with 
our modeling software PetShop (that allows editing, verifying and executing ICO 
models) to study first fixations and dynamic stimuli in more detail.  

This work belongs to a more ambitious work aiming at providing methods, 
techniques and tools for the engineering of safety critical interactive systems. Beyond 
the low level interaction technique issues raised above we also consider higher level 
concerns like meaningful tasks carried out by users. This will be done by exploiting 
the formal models to support usabiliy evaluation. Such support can be achieved by 
generating test cases from the models and thus providing pertinent scenarios to be 
evaluated via usability techniques as the ones presented in this paper. Such scenarios 
will be designed in such a way that they will cover all the low-level interaction aspect 
that have to be evaluated and thus enable designer to assess whether the interaction 
technique requires additional improvement or if the new design has a positive or 
negative impact on users’ performance (with respect to previous designs).  
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Abstract—Several variations of methodological approaches 
are used to study the social acceptance in Human-Robot 
Interaction. Due to the introduction of the robots in the home, 
working practice and usage typically informing the design of 
new forms of technology are missing. Studying social 
acceptance in Human-Robot Interaction thus needs new 
methodological concepts. We propose a so called breaching 
experiment with additional ethnographic observation to close 
this gap. To investigate the methodological concept we have 
been conducing a field trial on a public place and gathered 
feedback using questionnaires, if this method can be 
beneficially to evaluate social acceptance. We could show that 
breaching experiments can be a useful method to investigate 
social acceptance in the field. 

I. INTRODUCTION 

OULDN’T it be weird if you are walking through a 
pedestrian area noticing a robot working as a tourist 

guide?  
An increasing number of studies focuses on the assessment 
of the sociality and interactive functionality of robots and to 
what extend humans accept robots as co-workers, care-
givers or as daily companions in everyday life. Most studies 
have addressed social acceptance of robots or interface 
design (e.g. [2]) in laboratory settings. Using experiments 
various influencing factors were evaluated, adding to the 
steadily growing body of knowledge on how to develop 
social robots. Experiments in laboratory or other controlled 
settings, simulations and modeling techniques are the most 
common methods in Human-Robot Interaction, with a trend 
to more studies in the field in recent years [14]. The 
introduction of robots in our everyday life has already taken 
place, raising at the same time human-robot interaction 
questions on how robots will change our social structures 
and patterns. When investigating the social acceptance of 
robots in everyday life, we have to face several 
methodological limitations. Methods like experiments or 
observation in the lab include (real and fully functional) 
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robots to enable the study of manipulated variables. But how 
will people react when they are facing a robot as a tourist 
guide during their daily walk in the downtown pedestrian 
area? Research questions like these need new forms of 
(possibly adopted) methods, to address issues like peoples 
first time reactions, social influences or other phenomena, 
that might only be studied in a real setting.  
 
Following we will describe such a methodological variation 
to study peoples first time reactions in public settings and a 
first trial to validate this methodological set-up. The 
methodological variation used can be seen as a combination 
of a kind of breaching experiment including a specially 
designed questionnaire to validate the methodological usage 
in the context of social acceptance. 

II.  EVALUATING SOCIAL ACCEPTANCE 

A. Evaluating Social Acceptance  

If humans will accept (humanoid) robots has been 
investigated during several past decades. Already 25 years 
ago Apostolos [1] assessed the user acceptance of a robotic 
arm in a clinic setting with an exploratory methodology.  

User acceptance can be defined as “the demonstrable 
willingness within a user group to employ technology for 
the tasks it is designed to support” [4]. The most interesting 
aspect of a user acceptance evaluation is why people accept 
a robot as partner e.g. as working-partner, guide or assisting-
partner. When addressing acceptance various explanatory 
models do exist. Research in information society studied for 
a long time how and why individuals adopt new 
technologies. Several theoretical models exist, describing 
individual acceptance of technology using intention or usage 
as the key dependent variable [20]. A basic concept 
underlying user acceptance models can be described as 
follows: Step one is the individual’s reaction to using 
information technology, this reaction influences (step two) 
the intentions to use information technology, influencing 
(step three) the actual usage of information technology. Of 
course individual reactions to using information technology 
and actual use influence each other interchangeably. 
Venkatesh et al [20] provides an excellent overview of eight 
of the most commonly used acceptance models, all focusing 
on usage or intention as dependent variable of acceptance. 

A Methodological Variation for Acceptance Evaluation of Human-
Robot Interaction in Public Places  
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Based on this extensive analysis the UTAUT (Unified 
Theory of Acceptance and Use of Technology) model was 
developed. Summarizing all factors available in the eight 
most commonly used acceptance models four determinants 
were identified: performance expectancy, effort expectancy, 
social influence, and facilitating conditions.  

 
UTAUT has already been used in previous studies to 

evaluate the acceptance of robots [10, 15]. Heerink et al.[15] 
used the UTAUT model for examining the influence of the 
social abilities of the robotic agent iCat for elderly 
participants in eldercare institutions. They used two 
experimental conditions: one more socially communicative 
and a less socially communicative interface. Their results 
showed that the more communicative conditioned caused a 
higher feeling of comfort and higher communication rate 
under the participants. For evaluating the user social 
acceptance they extended the UTAUT model by questions 
regarding computer experience, conversational acceptance 
and social abilities. 
 

B. Methods for Social Acceptance Evaluation  

From the methodological viewpoint the evaluation of 
human-robot interaction in terms of social acceptance has to 
deal with several challenges. The differing types of robots 
(robots in the working context, social robots), with their 
different shapes and design, with their various forms of 
interaction and feedback will evoke different reactions (e.g. 
[2], [10]). 

Additional to the typically used more strict experimental 
set-ups new forms of evaluation have been developed for 
example by introducing new forms of measurements. They 
enable the user to report the level of comfort by using a so 
called distance comfort measure [17]. Others have varied the 
methodological setting to enable early evaluation within the 
development using more human-computer interaction 
oriented methods [see 18 for a listing]. Another 
methodological variation is the usage of games to evaluate 
HRI concepts [19]. Most of the methodological variations 
addressing new aspects of HRI have been developed for the 
lab. 

The environment the robot is used in adds another level of 
complexity. But as especially social robots are meant to 
function as part of everyday life we have to find 
methodological set-ups enabling us to study first time 
reactions of users, in real life. “It is therefore necessary to 
evaluate human-robot interactions as socio-culturally 
constituted activities outside the laboratory” [18], p. 576. 

Evaluations “in the wild” have been performed in various 
areas of human-computer interaction, especially for 
investigating the usage of new forms of mobile technologies 
[16]. For evaluation of human-robot interaction field settings 
typically include observational behavioral analysis [18] or 
more strict experimental set-ups [14]. 

Hayashi et al. [14] for example introduced robots into a 
public space. They conducted an experiment in a train 
station. They used robots as a communication medium, 
presenting information about the travel duration to Osaka, 
the institute responsible for the experiment, where the 
passengers may go on this train line, the facilities near the 
station and they also provided information about east Osaka. 
During the evaluation of the video material various people’s 
reactions have been found: ignoring, noticing, stopping to 
watch, staying, touching, changing course to investigate, 
talking about robots, watching with child and taking 
pictures. The results showed, that the limited-realistic 
interactivity of the robot - with the usage of a sensor 
indicating the position of the human and the adoption of the 
scenario - achieves the best feeling of being addressed. The 
disadvantage is that this limited-realistic interactivity makes 
people lose interest in the information presented by the 
robot. 

However, when dealing with acceptance of robots we 
argue that observation and behavioral analysis of social 
interaction in the real environment are necessary to fully 
understand how to inform the design of socially accepted 
robots. 

 

III.  METHODOLOGICAL SET-UP 

A. The Breaching Experiment  

Developments of new forms of robots to support user tasks 
are typically informed by the working practice they are 
embedded in. But as today robots become used in everyday 
life, these practices and routines used to inform design are 
often missing. To evaluate typical reactions of people when 
a robot is appearing in their daily life, we propose a 
variation of a breaching experiment. The main idea is to 
confront people with a robot during their daily routines. The 
breaching experiment as research instrument disrupts 
ordinary action in order to enable a sociological analyst to 
detect some unusual behaviors and reactions. Variations of 
breaching experiments are used to investigate new aspects of 
technology [11]. Treating the new forms of technology as 
“breaching experiment” allows us to study the new forms of 
robot usage beyond the typical laboratory setting. Crabtree 
[3] gives an excellent overview of the benefits of these 
breaching experiments to investigate new forms of usage 
related to a mobile game. He states that “in absence of 
practice with which to inform design, novel technological 
innovations might be deployed in the wild in order to 
confront them with novel situations …”p.2. 
 

B. The Evaluation Set-up  

To investigate if such a beaching experiment is reasonable to 
address social acceptance, and even beyond to investigate 
possible societal impacts for human-robot interaction we 
developed a questionnaire. The questionnaire is based on the 
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UTAUT model, investigating the four factors performance 
expectancy, effort expectancy, social influence, and 
facilitating conditions. 
 
A_1 I would trust the robot, if it gave me an advice1. 

A_2 I would follow the advice of the robot. 

AT_1 I think it is a good idea to use the robot. 

AT_2 I am afraid to make mistakes or break something while 
using the robot. 

C_1 Many people would be impressed, if I had such a robot. 

C_2 Robots are nice working colleagues. 

C_3 I feel afraid, that I could loose my job, because of a robot. 

EE_1 I could control the robot with speech. 

EE_2 I think the robot is easy to use. 

G_1 I like the presence of the robot. 

G_2 I could solve tasks together with this robot. 

G_3 I felt threatened by the robot. 

PE_1 This robot would be useful for me. 

PE_2 This robot could help me solving tasks. 

PE_3 Robots can support me in my work. 

R_1 I consider the robot as social actor. 

R_2 I feel understood by the robot. 

SE_1 I feel comfortable while interacting with the robot. 

SE_2 I could work with the robot, if someone helped me. 

SE_3 I could your with the robot without any help. 

SE_4 I could work with the robot, if I had a good initial 
training. 

Table 1: Set of questions used to represent the factors from the UTAUT 
Model (PE Performance Expectancy; EE Effort expectancy, AT Attitude 
toward using technology, SE Self efficacy) and additional factors 
representing the theory of object-centered sociality (G: Forms of grouping, 
A Attachment, R Reciprocity, C: Cultural Context)  

 
To investigate what kind of social interaction people 
perceive today, we follow the theory of “Sociality with 
objects” of Knorr Cetina [21]. She argues that the extend of 
sociality is not decreasing but people start to alienate and 
colonisate with objects (for example robots). She calles this 
'postsocial relationships' and refers to “new kinds of bonds 
such as those constructed between humans and objects” 
[21]. Examples in the literature include scientific and 
technological things ([22], [23], [24]).Sociality here consists 
in the phenomenon that the subject takes over the object’s 
wants — as a structure of wanting, the subject becomes 
defined by the object. In this movement, the self is endorsed 
and extended by the object. Based on this conception of an 
object the core elements of sociality are a feeling of 
reciprocity (mutuality) and attachment to the object. We thus 
also address reciprocity and attachment within the 

 
1 As the whole experiment As the whole study was conducted in 

German, the statements used in this paper are translated to English. 

questionnaire. The questionnaire with all factors addressed 
is given in Table 1. 
 

IV.  FIELD TRIAL  

The methodological variation of the breaching experiment 
was conducted on a public space (Karlsplatz/Stachus) in 
Munich, Germany on July 30th, 2007. We used the ACE 
Robot simulating an autonomously moving robot in the 
pedestrian area. For security reasons we controlled the robot 
from a distant location (hidden for the normal pedestrians 
passing by). The several hundreds of by-passers perceived 
the ACE robot as autonomously moving. The duration of the 
first validation of the method lasted 2 hours. Researchers 
observed the behavior of the people interacting with the 
robot and conducted a survey with pedestrians selected by 
chance. 

A. The ACE robot 

The ACE robot is depicted in Figure 1 measures 67 cm in 
length, 56 cm in width, and 35 cm in height. It has a 
maximum payload of 150 kg. The platform is moved by two 
wheelchair drive wheels (30 cm diameter) with differential 
drive and treads. It has two castor wheels (12 cm diameter) 
in the rear and two castor wheels on springs in the front 
(10.5 cm diameter). 
The upper body, as shown in Figure 1, is constructed of strut 
profiles and measures 68 cm in length, 52.4 cm in width and 
110 cm in height. The framework supports the camera head 
and the arms of the robot, as well as the speakers and 
microphones. Four PCs with ATX main boards with dual 
core processor’s, are mounted on racks between the profiles.  
Two PCs are needed for vision data processing and one for 
navigation and interaction, respectively. Power is supplied 
by four gel batteries, in the base of the framework, with 
12 V and 30 Ah each. 

 
Figure 1: ACE Robot 
To communicate with humans the robot possesses an audio 
communication system. This system consists of a speech 
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synthesizer (female voice, German language), active stereo 
speakers, a speech recognition system that is trained with 
noisy templates to be able to face real outdoor conditions. 
To localize and focus on a speaker, a microphone array 
attached to the body of the robot will be used together with 
beamforming techniques. In addition to the audio 
communication system the robot comprises a monitor with a 
touch screen. The monitor can be used to display an 
animated face to make human-robot communication more 
natural to humans; also it enables the robot to display further 
information. The touch screen can be used as a 
complementary input device that supports the audio 
communication system. For further technical details we refer 
to [27]. 
 
The monitor displayed an animated face, which could look 
at the spot that was touched on the screen. Additionally 
there were buttons exhibited on the screen, which offered 
information about the robot, the Karlsplatz and 
surroundings, latest news, and a weather forecast. 
Information was synthesized beforehand with Boss – Bonn 
Open Synthesis System and replayed on the stereo speakers 
when the according button on the monitor was touched. 
Also some statements such as “Hello, my name is ACE,” 
and “Do not touch me!” could be replayed by remote 
control.  
The stereo camera head was looking around focusing on 
humans in its vicinity by visual attention control based on 
color, orientation, and motion features. The movement of the 
camera head combined with the remote controlled speech 
gave the robot a lively and conscious appearance. 
 

B. Participants 

All people passing by in the area (the Stachus is a crowded 
shopping area with access to several sub-way lines) were 
considered as possible participants. 48 participants were 
selected by chance (on a voluntarily basis) to answer a set of 
questions related to their current interaction with the robot 
(simply observation or direct interaction). 18 (from the 48 
participants) had a direct interaction with the robot and thus 
answered the extended questionnaire. The age of the 48 
participants ranged from 18 to 75 years. 33 were male, 15 
were female. Interestingly one third of the participants 
indicated having a university degree. 

C. Observations 

During the breaching experiment one researcher conducted 
an unstructured observation. Notes were taken on interesting 
and unexpected behavior as well as the setting in general. 
The experiment was also documented by two “SenseCams” 
[25] carried by the two interviewers. The “SenseCam” is a 
wearable digital camera that is designed to take photographs 
passively, without user intervention, while it is being worn. 
The advantage for the experiment was that the experimental 
set-up and the interviewing situation could be documented 

unobservable for the participant.  
 

C. Interviews 

The 48 participants that were interviewed either with a 
simple questionnaire (in the case of only observing the 
robot) related to general acceptance of robots, or an 
extended questionnaire (for people having direct contact 
interaction with the robot). The simple questionnaire 
consisted of 12 questions: an introduction – warming-up 
question, three questions on embodiment of the robot, three 
demographic questions, and five statements which had to be 
assessed on a Likert scale. In case of direct contact 
interaction with the robot people we additionally asked 16 
statements, which had to be assessed on a Likert Scale. The 
5 point Likert scale ranged from “ I totally agree” to “I do 
not agree at all”. The questions are all given in Table 1. 
Additionally we integrated three questions regarding the 
perception of embodiment of robots. Embodiment describes 
the relationship between the robot and its environment. A 
robot must match its intended function and the social 
context. It has to preserve some “human-ness” and some 
“robot-ness” to avoid wrong user expectations (“uncanny 
valley”). We used the following two pictures as examples 
for an anthropomorphic look and a functional designed 
robot. 
 

                           
Fig.2. Anthropomorphic vs. functional design 

 
As a follow-up question we asked the participants how close 
they would allow the selected robot to approach them and 
therefore presented the following graphic, based on the 
theoretical framework of Hall to choose the distance: 
 
The circles describe individual interaction levels of 
behavioral distances in public spaces. The first cycle 
describes the intimate space, which is the area that 
immediately surrounds the individual’s body. This area is 
the most private and involves both physical and emotional 
interactions. The second cycle covers the personal space, 
which is the area a person allows only select friends to enter, 
or fellow workers with whom personal conversation is 
mandatory. The third cycle is the social space in which the 
individual expects to make purely social contacts on a 
temporary basis. The external cycle contains the public 
space where the individual does not expect to have direct 
contact with others. 
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Fig. 3. Distance Diagram 

 

V. RESULTS  
 
Main goal of this field trial was to validate if a breaching 
experiment can help to understand people’s social 
acceptance of robots in daily life. We conducted the field 
trial, and used questionnaires to assess if typical factors of 
social acceptance were addressed. The following section 
shows the statistical analysis of these factors, and if they 
were addressed within the experiment.  

A_1 0,937(**)2 

A_2 0,950(**) 

AT_1 0,390 

AT_2 0,748(**) 

C_1 0,435 

C_2 0,774(**) 

C_3 0,544(*) 

EE_1 0,636(**) 

EE_2 0,559(**) 

G_1 0,436 

G_2 0,864 (**) 

G_3 ,000 

PE_1 0,981(**) 

PE_2 0,936(**) 

PE_3 0,729(**) 

R_1 0,646(**) 

R_2 0,599(*) 

SE_1 0,535(**) 

SE_2 0,739(**) 

SE_3 0,832(**) 

SE_4 0,676(**) 

Table 2: Correlations between item and respective factor.  
**  Correlation is significant at the 0.01 level (2-tailed);  
*  Correlation is significant at the 0.05 level (2-tailed). 

 

Validation of the Social Acceptance Factors 

To test which items can retain for the final scale for each 
defined factor the correlations between all pairs of items, 
based on the ratings of the participants was conducted. As 

 
 

correlation measure Spearman’s ρ was chosen assuming the 
data is on an ordinal level, but the subsequent ranks indicate 
equidistant positions. Table 2 shows the correlations 
between an item and the factor variable, created by summing 
up the individual items for each respondent. Items with a 
score lower than 0.5 were not taken into account for the 
final scale for a factor. The scale for each factor was 
computed by summing up the means for the selected items. 
 
In general people were quite positive about the robot in 
terms of social acceptance, as the mean of the overall scale 
on social acceptance is 3,6 (S.D. 0,706). The results for the 
mean values show that except for the reciprocity scale all 
factors equaled a higher mean than 3. This indicates, that the 
breaching experiment is really evoking typical reactions in 
by-passers that contribute to a social acceptance. If 
reciprocity in a field setting like this can be reasonably 
addressed is questionable. Only 54 % (26 participants) 
perceived the robot as interactive, thus the limited 
interaction possibilities in the not controllable environment 
might heavily influence the perception of reciprocity.  
 
To descriptively analyze the gathered data material collected 
during the experiment minimum, maximum and mean were 
computed for each scale. Table 3 gives an overview, 
showing that the chosen factors can be reasonably addressed 
in a breaching experiment. 
 
 Minimum Maximum Mean S.D. 

Scale PE 1,00 5,00 3,8472 1,40071 

Scale EE 2,50 5,00 3,9722 ,69604 

Scale SE 3,00 5,00 4,4167 ,68061 

Scale AT 1,00 5,00 3,8889 1,36722 

Scale G 1,00 5,00 3,5417 1,54312 

Scale A 2,00 5,00 3,6389 ,88792 

Scale R 1,00 3,50 2,2500 ,80896 

Scale C 1,00 5,00 3,5000 ,96205 

Overall 
Scale  

2,00 5,00 3,5987 ,70609 

Table 3: Minimum, Maximum, Mean and SD for each scale from the 
questionnaire, indicating that the breaching experiment can be reasonable 
address social acceptance. 

 
The combination of a questionnaire with additional 
observation might support findings on social acceptance. It 
is worth noting that the observational data showed an 
interesting interaction pattern. Although the questionnaire 
data shows, that forms of grouping was not highly assessed, 
a group building moment was observed. Participants formed 
a group with others when interacted with the robot. So each 
time one person was keen enough to use the touch screen a 
group of people gathered around this person (at least 10 
people). One by one pure observers also tried to interact 
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with the robot. So although people did not build a group 
with the robot they did build a group with other people 
(although they were complete strangers) to gain a more 
secure feeling in interacting with the robot. This aspect 
might be one of the research questions that this kind of 
methodological variation might help to answer. 
 

VI.  CONCLUSION AND FUTURE WORK  

 
Breaching experiments can close a methodological gap in 
evaluating acceptance. We could show that the method is 
reasonable to address social acceptance in the field, and can 
help to investigate the first time reaction of people 
confronted with a robot in their everyday life. We could 
show that the factors of social acceptance can be addressed 
in a breaching experiment and that the investigation of 
reciprocity might not be reasonable evaluated in such a 
setting, but should be addressed with other methods.  
The approach presented shall lay the basis for further 
evaluations of social acceptance and can be seen as a first 
step to take a closer look on societal impacts of new forms 
of human-robot interaction and the introduction of robots 
into everyday life. 
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Evaluating User Experiences in Games  
 

TOPIC 
Summary 
Game players enjoy computer games for their leisure 
and enjoyment factor, social reasons, the challenge 
they provide, and to use them as a platform for 
performance and self expression. However, designing 
for this kind of user experience is often done intuitively, 
in a rather ad-hoc fashion and without an appropriate 
understanding of the criteria, methods, and tools that 
can guide game designers towards creating a fun or 
engaging experience.  

This workshop addresses current needs in the games 
developers’ community and industry to evaluate the 
overall user experience of games. New forms of 
interaction techniques, like gestures, eye-tracking and 
bio-physiological input and feedback have recently been 
utilized as evaluation methods for an enhanced user 
experience, but with mixed results. Mostly standard 
usability evaluation methods, derived from work 
applications, are used during game development 
instead. This workshop intends to bring together 
practitioners and researchers sharing their experiences 
using conventional and experimental methods to 
investigate user experience in games 

Keywords 
Games, gaming concepts, user experience, fun, 
funology  
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ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous.  

Introduction 
Evaluation of user experience was addressed during the 
last five years in several publications and workshops [6, 
4]. Various methods and new methodological 
developments have been proposed to evaluate user 
experience in various application fields. Most of them 
did not take into consideration recent developments in 
the area of gaming, such as gameplay between 
thousands of players, multi-player audio channels and 
the use of input devices to encourage physical activity.  

Digital games constitute a tremendously varied set of 
applications in themselves, with a wide range of 
associated player experiences, defying a one-size-fits-
all approach to their conceptualization and 
measurement. Terms like fun, flow and playability are 
most often used to explain user experience in game 
design. However, one of the main challenges facing the 
gaming research community is a lack of a coherent and 
fine-grained set of methods and tools that enable the 
measurement of entertainment experiences in a 
sensitive, reliable and valid manner. Taking a factor-
structure approach to characterizing user experiences 
in games, several new concepts have 

Terms like fun, flow and playability are most often used 
to explain user experience in game design. However, 
there is an open discussion to include other factors 
which might have relevance for games. The number of 
methods used to evaluate user experience and related 
concepts is manifold, but no general framework exists 
showing what kind of methods shall be used to 

evaluate the various interaction concepts used in game 
design. This workshop is intended to generate this 
framework. 

Related Work 
During the past decade, the number of scientific 
contributions on game evaluation has grown steadily. 
As an example, evaluations took place showing the 
building and influences for social communities within 
games [1] and how to evaluate them. Other 
evaluations were taking into account flow, fun or 
playability of games. Järvinen et al. [5] proposed 
possible methods to evaluate playability during game 
play, but no framework building a basis for user 
experience evaluation does exist. Sweetser et al. [8] 
presented GameFlow as a possible concept of 
evaluating user experience in games. Other authors 
started to adapt ‘traditional’ usability evaluation 
methods to address the specifics in games evaluation; 
for example, Desuvire et al [3] presented an adoption 
of traditional heuristic guidelines. Zaphiris [9], p. 137 
states in the foreword of the special issue on HCI issues 
in computer games that “Another important topic in 
this area (and perhaps more interesting in game 
industry) is that of methodologies in design and 
evaluation which are most closely related with HCI.” 

Research Questions 

We believe there is no common agreement what kind of 
usability evaluation methods can and should be used to 
enhance the design of games. Various aspects can 
contribute to the evaluation of games. We will focus on 
the following questions:  

 What kind of evaluation concepts and methods are 
used in the industry, and what are their limitations? 
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 Do today’s game evaluation concepts and methods 
address industry needs? 

 What factors of game experience are measured and 
have to be measured ? 

 How can we evaluate new forms and developments 
of interaction techniques in gaming – for example 
emotion or eye-movement as input for games, ambient 
displays or virtual environments as output? 

 Is there a common framework of methods that are 
appropriate to evaluate the user experience in games? 

 How does the concept of user experience apply to 
“exergames”, which aim to include improving fitness 
[7]? 

 Are current approaches just focused on several 
aspects of user experience - not on a general concept 
of user experience? 

 What can the HCI community do to promote the 
use of a rigorous methodology approach used in that 
area?  

 What  variations of existing methods or totally new 
approaches are needed? In what form a well definied 
multi-method approach is able to serve the needs. 

Today there is no common agreement what kind of 
(usability evaluation) methods can and should be used 
to enhance the design of games [2]. Various aspects 
can contribute to the evaluation of games. But several 
questions arise, for example what factors of game 
experience are measured and have to be measured? Do 
today’s evaluation concepts and methods address 
industry needs?  
 

Much like the six wise (but blind) men touching the 
elephant, no single methodological perspective can be 
said to provide a comprehensive understanding of 

digital gaming. The goal of the workshop, therefore, is 
to bring together a diverse range of practitioners and 
researchers to discuss possible concepts and methods 
for the evaluation of games. Based on several use-
cases and scenarios submitted by the participants, the 
goal is to work on a framework on what kind of 
‘traditional’ methods in the area of HCI are applicable in 
the domain of gaming. Second, possible extensions of 
these methods shall be discussed, and how they 
overcome current limitations of existing methods. 
Third, based on the use cases, new ways of evaluation 
shall be explored, and how these new concepts might 
better address the needs of the games industry.  

Within the workshop the following issues will be 
addressed: 

 To identify the concepts and frameworks applied 
within the research field and industry area of 
entertainment and games, and examining how they are 
used in other application fields to ensure optimal user 
experience, 

 To address the evaluation of gaming concepts from 
a methodological perspective, 

 To look at “good practices” of how to evaluate user 
experience in games 

 To clarify the relation of user experience to other 
factors like fun, immersiveness, … and the 
consequences for the methodological set-up. 

 To perform a reality check whether methods 
dreamed up in academia have added value for the 
gaming industry and are thought of as relevant and 
easy to apply by game designers.   

 To define a roadmap for varied or new approaches. 
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Outcomes 
The goal of the workshop is to bring together 
practitioners and researchers to discuss possible 
concepts and methods for the evaluation of games. 
Based on several use-cases and scenarios submitted by 
the participants, the goal is to develop a framework of 
‘traditional’ methods in the area of HCI that are 
applicable in the domain of gaming. Furthermore, 
possible extensions of these methods will be discussed, 
focusing on how they overcome current limitations of 
existing methods. Based on the use cases, new ways of 
evaluation will be explored, and how these new 
concepts might better address the needs of the games 
industry.  
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ABSTRACT 
It can be argued that one of the main reasons for playing games is 
to achieve an emotional reaction of the player. To be surprised, 
happy, angry or anxious – to perceive different emotional states – 
is one of the main reasons to play games. The “Emotional 
Flowers” game harnesses the player’s emotions as the primary 
means for the game interaction. Within the game the player’s 
facial expression of emotion is used to control the growth of a 
flower. Multiple players can play “Emotional Flowers” 
simultaneously. The main idea is to grow the flower as fast as 
possible based on positive emotions like happiness and surprise. 
Flowers of all participants within the game are additionally 
displayed on an ambient display in a public area. This influences 
not only emotions by the user, but also has an effect on social 
interactions within the group of players. In this paper, we present 
design, implementation and evaluation of the “Emotional 
Flowers” game. 

Categories and Subject Descriptors 
K.4. [Computers and Society]: Organizational Impacts, 
Computer-supported collaborative work 

General Terms: Human Factors. 

Keywords: Emotion, Game, collaborative, ambient display, 
social. 

1.  INTRODUCTION 
Emotions are one of the major factors in the user experience of 
gaming. People play games to elicit emotions – but rarely use 
their emotions directly to control a game. To investigate emotions 
as input for game-play we developed “Emotional Flowers”. This 
game enables the player to simply grow a plant based on their 
emotions. The emotion, based on the facial expression of the user, 
is computed and used as input for the game. The game can be 
played by a group of people, using any kind of computer 
equipped with a video camera and Internet access. The goal of 
“Emotional Flowers” is to investigate possible emotional and 
social aspects while playing. The game combines several novel 
aspects: it uses facial expressions as the only input during game 

play and combines it with an ambient display to show emotional 
states of users and user groups in an open space.  
Following we describe the development of the “Emotional 
Flowers” game, giving the current state of the art on emotional 
interfaces and ambient displays. Then we introduce the game 
concept, design, and implementation and explain in detail the 
evaluation of the game to clarify how an emotional interface can 
affect emotional states of a user playing “Emotional Flowers”. 

2. STATE OF THE ART 
2.1 Emotional Interfaces 
Maglio et al. [14] describe technical systems, which comprise 
non-informational (implicit) messages into human machine 
communication ‘attentive user interfaces’ as: “systems that pay 
attention to what users do, so that they can attend to what users 
need”. Such systems track user behavior, model user interests, 
and anticipate user desires and actions [3]. 
The need for more attentive user interfaces and even emotional 
interfaces has led to new forms of social, attentive, emotional or 
affective interfaces – with the goal to help users achieve a more 
natural interaction with devices. “Facing these circumstances, 
users should be able to fall back on familiar mechanisms and 
modalities when interacting with computational systems. To 
accomplish this task, human computer interaction should be 
modeled in a way that makes it comparable to interpersonal 
interactions, thus allowing users to rely on skills obtained from 
human to human and, ideally, face-to-face interactions.”[16]. 
It has been demonstrated that emotions influence people’s attitude 
towards their current and next action and there is evidence that 
they play an essential role in rational decision making, perception, 
learning, and other cognitive functions [18]. By creating 
emotional interfaces, developers try to find a way for human-
computer interaction that is similar to the human-human 
interaction. The more the interaction between human and machine 
becomes similar to the communication between humans the easier 
it gets to use. But before such a system works properly the 
machine has to learn how to interpret the interaction properly. 
Emotional interfaces are dealing with human emotions, measured 
through humans’ mimics, gestures, voice-intonation or tactile 
behaviors of humans [16]. Furthermore, emotions have the 
potential to transcend the technical, rationality based context of 
human-computer interaction in favor of a more interpersonal level 
[4]. 
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2.2 Games in Computer-Supported 
Environments 
Games have been used not only during leisure time, but also in 
working environments – either during breaks, or even parallel to 
other working activities. Kuramoto [12] presented the reflex 
flower, which was intended to show users their work rhythm in an 
ambient way. Reflex flower represents the employees’ amount of 
work in three different ways, taking into account the total amount 
of work, the amount of during the period of 10 minutes 
(represented by the number of leaves and size of leaves) and the 
total working time (represented in the height of the flower). The 
work was simply computed based on keystrokes and mouse-
clicks. Two ways of representation were tested – one 
representation was the flower, the other one an abstract clock 
cycle. Kuramoto found that the flower representation was 
advantageous. Weekend Battle [13] is another example of a game 
addressing working environments. It uses the workload during the 
week to assign power to avatars. These avatars are then fighting 
during the weekend. 
Using games during work hours seems to be reasonable to 
increase workers motivation or factors of motivation like 
emotional states or workers mood. 

2.3 Ambient Displays 
Following the notion of ubiquitous computing by Marc Weiser 
[25] ambient displays are used to display information in an 
unobtrusive way. Ambient displays are situated on the periphery 
of human attention [15]. They have been used amongst others to 
visualize personal communication habits [19], personal 
communication on mobile phones [22], display the level of 
network traffic [26] or weather information [11]. We will 
represent emotional states of the user during the day using a 
flower. 

3. EMOTIONAL FLOWERS 
3.1 The Game Concept 
“Emotional Flowers” is a game that is supposed to influence 
emotions and moods of people, it can be played by everyone 
connected to the Internet. The game is intended to be played by a 
group of people to enforce competition, but could also be played 
alone.  

The gaming concept of “Emotional Flowers” is very simple: The 
player is simply using his computer and sits in front of a webcam. 
The users cannot play “Emotional Flowers” in a conventional 
way, because the game is not controlled by a classical input 
device like a game pad or a keyboard but interprets facial 
expressions of the user. We used Ekman and Friesen’s six basic 
emotions classification (happy, angry, sad, surprised, disgusted, 
scared) [8] and additionally neutral as a state of no emotion or not 
interpretable input. The game itself consists of a flower as avatar, 
which grows or shrinks depending on measured emotions in the 
facial expressions. 

The player starts the game and gets an empty flowerpot. The 
facial expressions are measured once in timeslots of ten minutes 
to half an hour. The user receives a short feedback that he will be 
measured and then recording starts. With every positive 
measuring (happy, surprised) the flower starts to grow and 
eventually to get a blossom, which changes its color with further 
positive emotions measured. It starts with violet, turns into blue, 

green, yellow, orange and finally red. When the blossom is red 
the next blossom starts to grow and then again changes the color. 
When the third blossom is fully developed the player has reached 
the games’ goal. If the measuring of the facial expression has a 
negative outcome (sad, angry, disgust, scared) the flower will 
decrease step by step which means a changing of the color back to 
earlier stages and shrinking blossoms. If the facial expression is 
neutral, the flower does not change. 

We used FaceReader, recently developed by VicarVision and 
Noldus Information Technology. The software recognizes facial 
expressions by distinguishing six basic emotions (plus neutral) 
with an accuracy of 89% [10]. More particularly, FaceReader 
classifies happy, angry, sad, surprised, scared, disgusted and 
neutral. The system is based on Ekman and Friesen’ s theory of 
the Facial Action Coding System (FACS) that states that basic 
emotions correspond with facial models [8]. FaceReader makes it 
possible to play the game without any explicit movements or 
conscious activities. Although the game could be played during 
the whole day, by simply sitting in front of the computer, our 
results will show that users behave way more active than expected 
when playing the game. 

The game is supposed to have an ambient and social character as 
well. All plants are projected on a big screen together on a 
meadow. This adds an ambient aspect and makes it possible for 
the player to observe how the other plants are developed. The 
players can talk about their plants, their personal success or their 
failure. The ambient screen can be seen as a social interface and 
increases the social aspects of the game, because it creates a real 
life situation for a physical community building besides the 
virtual mood raising aspect of the game itself. 

3.2 Technical Design 
The technical design of the “Emotional Flowers” game has been 
influenced by the need for operating system independent, scalable 
and flexible operation. 

For the sake of flexibility and manageability, the system has been 
split into an operating system independent client part and a server 
part, which is executed jointly on Linux and Windows platforms. 

3.2.1 Client Side (Game) 
The client application has been developed with operating system 
independence in mind. This and the potential graphical nature of 
the game, led to selecting Flash and ActionScript as the 
prototyping environment and language. We decided to program 
the game in Adobe Flash [1] due to its platform independence and 
its possibility to integrate video easily while still keeping a small 
file size. We exported executable files for Microsoft Windows 
(*.exe) and Macintosh OS (*.app) with flash player integrated and 
a standard Shockwave Flash File (*.swf) for all other platforms 
like Linux or handhelds. The players using these other platforms 
had to download the flash player manually, a disadvantage we 
had to accept. The application has been kept as simple as possible, 
minimizing the lines of code and error cases wherever possible 
and pushing the background logic to the server side. 

The game application has to fulfill 2 different tasks: 

1) get input and transmit this to the server 

2) get the score from the server and display the result as a 
growing or shrinking flower 
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The input is produced primarily by capturing images from the 
user via a webcam. This image is then converted into JPEG 
format, base64 encoded and transmitted to the server via a HTTP 
POST request. 

A second input possibility, for the case where webcams are not 
available, has been implemented by emotional representation to 
select from. The user could choose its emotion by directly 
clicking on the correspondent emotional depiction. The selected 
emotion is then simply transmitted to the server. 

Getting the score is as simple as issuing an HTTP GET request to 
the server side, sending the users name and password, and 
receiving the calculated score in return. This score is then used to 
play a video file (of the growing flower) forward or backward to a 
specific frame depending on the score and the previously 
displayed score.  

We reduced the image to be displayed to (200x300 pixels) to 
reduce the possibility to disturb the user during work, but still 
being able to see the image of the “Emotional Flowers” on the 
desktop.  

3.2.2 Client Side (Ambient Display) 
The ambient display is an application without any direct user 
input, but showing the flowers of all players in a big overview 
window (see Figure 1). 

 
Figure 1: Ambient display with flowers. 

3.2.3 Server (Database/Scoring) 
The server is implemented as several scripts, programmed in Perl, 
which are executed via the Apache HTTP Server/CGI. These 
scripts are the link between the network and the MySQL database 
storing user information. It has been designed to be client 
application independent, only to get input, evaluating and scoring 
the input and returning the score. This allows having different 
applications with potentially different user interfaces using the 
server in parallel, without the need to change a single line in the 
server’s code. 

Essentially the server uses three different tables in the database: 

1) the photo table which stores the photos sent by the 
client, tagged with a timestamp and the userID 

2) the data table representing the calculated emotions 

3) the rating table associating emotions with a specific 
score  

3.2.4 Server (FaceReader) 
To evaluate photos the FaceReader program [6], running on 
WindowsXP, was used. It is controlled via an Active Perl script, 
which retrieves the unevaluated photos from the database server, 
starts the evaluation by the FaceReader (using Win32::GuiTest), and 
sends the resulting logs back to the database server’s data table. 
 

3.3 Graphical Design 
The first prototype of “Emotional Flowers” is using 3D-animated 
Orchids as avatar. The orchid consists of several different mesh-
objects for every single element of the flower (leafs, blossom, 
etc.). So it was possible to animate every mesh separately when 
needed. This method made it possible to let the flower grow step 
by step. 

The animation was rendered and imported into Flash where 
timestamps were set to give the possibility to forward and reverse 
the animation. Figure 2 shows different development stages of the 
animated orchid.  

 
Figure 2. Animated orchid at different development stages.  

 

3.4 The course of the Game 
To solve the problem of distributing the game to the players, we 
uploaded it to a server and installed a website with an interface to 
download the game. Potential players could visit this website and 
create their own account for the game, which was necessary to 
identify every unique user. Players, who visited the website, had 
to create an account before they were able to log in and download 
an archive which contained the game itself and an XML file to 
store the profile locally on the hard drive of the players. This 
XML file was created dynamically and packed into a compressed 
archive to ensure that the players downloaded both necessary 
files. The accounts were written into a database. Therefore it was 
possible for players who had deleted the game by accident to visit 
the website again, log in and download the files without losing 
any current game information and game state. To provide 
information about the game and to inform potential participants 
we sent an e-mail, which contained information about the game 
and the link where the players could download it. 
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When the player starts the game for the first time, some settings 
for the webcam have to be chosen and then 10 images of the user 
in front of the computer are taken. One photo is shot in one 
second, so it takes 10 seconds to complete the process. 
Thumbnails of the photos are displayed next to the flower because 
we wanted to give the player some kind of impression how the 
photos look like. 

The thumbnails give the player the opportunity to adjust the 
position of the webcam or to reposition herself if the images are 
not taken correctly. In addition to that, a sound similar to the 
shutter sound of a traditional photo camera gives feedback and 
reminds the user that the game is active when it is invisible to the 
player because programs on the screen are placed in front of the 
game. The thumbnails disappear when all ten photos are shot. The 
ten photos are now sent to a server, which interprets them and 
writes the result to a database. 

The measuring sequence is repeated randomly in time slots of ten to 
thirty minutes after the last measurement. After this sequence the 
game performs an update of the flower status, which is accompanied 
by a sound. If the outcome of the emotion interpretation results in a 
change in the state of the flower the video of the flower plays or 
rewinds until the frame which matches the new state of the flower is 
reached. If the outcome of the photo interpretation is for example a 
negative emotion, the flower video will rewind a few frames. 
Depending on the direction the video is playing the flower gives the 
impression of growing or shrinking. The update shortly after the 
recording appeared to be reasonable because it quickly gives the 
players information if the measurement was positive or negative. 
The measurement and the update are repeated until the player ends 
the game. 

In the event a user does not have a webcam or is used otherwise, the 
game displays emotional states the user can choose from. The 
representation of the emotional states was adopted from faces used 
in EmoCards [20]. The player is now able to enter the current 
emotion manually by selecting one of these emotional 
representations. This input is interpreted and has the same effects on 
growing or shrinking of the flower as the interpretation of the photos 
has. 

4. EVALUATION 
“Evaluation is the systematic collection of information about a 
program in order to enable stakeholders to better understand the 
program, to improve program effectiveness, and/or to make 
decisions about future programming.” [17] 
Evaluation of “Emotion Flowers” consisted of four parts. During 
the user-centered development process we conducted a heuristic 
evaluation based on [7]. Second, we evaluated the game and the 
user experience of the game using questionnaires and based on 
logging data of the system. Third, we evaluated possible social 
and emotional influences on the participants using the logging 
data, questions to the current emotional state while playing the 
game, post-questionnaires and an interview. Finally, we evaluated 
the usage of the ambient display.  

4.1 Evaluation Set-up 
4.1.1 Heuristic Evaluation of Emotional Flowers 
We evaluated the game, to find out if it is functional and if it 
works properly. The development of “Emotional Flowers” had to 
meet the criteria of a classical game. Therefore it was essential to 

test the system for clear rules, if it has variable and quantifiable 
outcomes, if different outcomes are assigned to different values, if 
the player exerts effort in order to influence the outcomes, if the 
player feels emotionally attached to the outcomes and if the 
consequences of the activity are optional and negotiable. These 
criteria define a good game [21]. We tested these criteria using a 
variation of heuristic evaluation by [7]. Three experts conducted 
the heuristic evaluation. Based on the results we changed the 
timing of the growth of the flower, we added the feedback for the 
photos and started to write a short introduction – sent to every 
participant by email to explain the goal of the game.  

4.1.2 Users Game Evaluation 
To evaluate “Emotional Flowers” we decided to test the game 
using a group of people working together. We invited all 
members, associate members and PhD students of our research 
center to participate. The main selection criteria for participation 
in the evaluation were that all users of the game would visit the 
ICT&S center on a regular basis to be able to use the ambient 
display. As we wanted to avoid exclusion of anyone willing to 
play the game, we additionally provided a web-based version of 
the ambient display. The web-based version was not evaluated. 
As completion to the questionnaires we assessed usability and 
user experience with two additional questionnaires. The first one 
was the SUS-questionnaire (system usability scale) [5], which 
gives a global view of subjective assessments of usability. The 
second questionnaire was the AttrakDiff [2], which gives detailed 
information on user experience and user acceptance. For 
evaluating the game as well as social and emotional influences we 
selected a sub-group of nine members, all belonging to the same 
working group (see following). 

4.1.3 Evaluating Social and Emotional Factors 
To test the game and its social and emotional aspects, we decided 
to evaluate “Emotional Flowers” in a controlled test-bed. We set 
up the infrastructure for the game and included some online 
feedback-questions on an additional website. Additionally we 
decided to evaluate the game and the emotional and social aspects 
of the game using pre- and post questionnaires and a final 
interview. 
During the evaluation we addressed several areas: 1) Does 
“Emotional Flowers” have any impact on user’s emotions? 2) 
Does the user feel emotional attached to the flower representing 
his emotional states? Will growth of the flower influence the 
general mood of the user? Will there be any social changes, 
especially changes in working behavior? Will “Emotional 
Flowers” be perceived as a positive factor in the working 
environment?  
To address these questions we used the logging information of the 
game (number of measured emotions, number of hours played, 
kinds of emotions detected, hours to reach the game goal). We 
asked participants to rate their emotional states in the morning 
and in the evening on a website. Additionally we developed a 
paper questionnaire. The questionnaire consisted of general 
questions related to the game (based on some of the heuristics 
used by [7]), a second part addressing emotional factors and a 
third part addressing social influences. We conducted a final 
interview to get some insight about possible improvements for the 
next development steps. 
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As “Emotional Flowers” is a kind of long-term game with about 
three to five days of playtime, we assumed that a work place 
environment would be the ideal test-bed for the game. Workers 
actual emotions can be influenced by the game, and it might help 
contribute to the workers mood or motivation 
To investigate social changes and behavioral changes in detail, we 
decided to choose nine members of a working group to take part 
in the evaluation on social and emotional aspects.  
We used a pre-questionnaire for demographic data, games usage 
and usage of other media of the eight participants of the working 
group.  

 
Figure 3: Evaluation set-up / situation for the ambient display. 
 
4.1.4 Evaluating the Ambient Display 
We set up the ambient display in the ICT&S Center of the 
University of Salzburg (see Figure 3). Ambient displays are still 
relatively new in terms of evaluation concepts. Many of the 
ambient displays have had little or no evaluation, but were 
explored in nature. The artistic bus schedule ambient display 
system described by Skog et al [23] has been evaluated using a 
combination of field studies and user interviews. Others have 
been evaluated using usability studies. Skog et al [24] argue that 
only longitudinal evaluations of ambient displays show the real 
usage of the systems. Based on these arguments we decided to set 
up an observation system in the room where the ambient display 
was used. We categorized number of interactions and social 
communications in front of the ambient display. Additionally we 
asked participants about their usage of the ambient display.  
 

4.2 Results 
4.2.1 Game Usage, Usability and User Experience 
The “Emotional Flowers” game was evaluated during a four-week 
period. 18 participants from the ICT&S Center took part in the 
study, using the ambient display installed in the center lounge. 
Additionally 21 participants from other enterprises and 
educational institutions tested the game using a web-based 
representation of the ambient display. 
Overall the game was played around 2.38 days on average per 
user (who played at least once). The average number of hours the 

game was played (per player) was 9.95 hours. This is rather low. 
The data reflects the fact, that most participants only tried the 
game for 3.14 hours on the first day. Some participants reported 
that they gave up, as the flower did not start to grow within the 
first couple of hours. 9 from 21 participants stopped after the first 
day. 
For all participants 5346 photos where evaluated, resulting in 
254.57 photos mean per participant. The flowers were growing in 
556 cases (positive emotions) and reducing or not growing in 260 
cases.  
Unfortunately only 816 out of the 5346 photos were successfully 
detected by the face-reader, either because no user was sitting in 
front of the camera, or the user was to far away and the face was 
too small on the picture. Additionally problems occurred when 
users were wearing eyeglasses or when images were blurred. This 
results in an average of 36.68 photos used as input for the game 
per user.  

4.2.1.1 Evaluation of Game Usage 
Nine participants (out of 39 players) took part in the evaluation of 
usage, user experience and usability (as well as the social and 
emotional factors reported below). To evaluate the game and the 
user experience of the game, we developed a questionnaire based 
on the evaluation heuristics from [7]. Table 1 shows an overview 
of the ratings and median of some of the most important 
questions.  

4.2.1.2 Usability 
To evaluate the usability of the game we used the SUS and the 
post-questionnaire. The SUS was 72,5, on a scale from 0 to 100 
indicating reasonable usability with some room for improvements.  
Based on the results of the questionnaire the game was easy to use 
and easy to learn. Questions related to usability like “How easy 
was it, to learn the game”, “how easy were the first steps in the 
game”, “How easy was the game to use” all had a median of 1,00 
(very easy). Participants reported in the interviews that 
improvements should focus on making the input of the game 
(facial expression interpretation) more reliable, and to enhance the 
game by giving more feedback on the input.  
 
Table 1: Overview on some of the questions within the 
questionnaire adopted from the heuristics from [7]. (1) 
excellent, (2) good, (3) medium, (4) bad, (5) very bad. 

Question 1 2 3 4 5 MD 
Game variation 0 0 1 1 7 5,00 
Game story 4 2 2 0 1 2,00 
Game goals clear 6 1 0 1 1 2,00 
Fun 1 4 2 1 1 2,00 
Relation of actions/non-
action 

0 2 4 2  3,00 

Game pace 3 1 2  3 0 3,00 
Game challenge 1 2 1 3 2 4,00 
Game reaction on actions 3  2 3 1 3,00 
Progress visibility 1 1 2 4 1 4,00 
Input as expected 0 0 0 3  6 4,00 
Game diversity 2 1 2 3 1 3,00 

45

HDR - R. BERNHAUPT 
 

 
 
216



4.2.1.3 User Experience 
The AttrakDiff reported high values for hedonic and pragmatic 
attractiveness of the game, with some potential of improvement in 
both dimensions (see Figure 4). 

 
Figure 4: AttrakDiff Dimensions of the Game. 

During the interviews participants described their user experience 
was also related to several aspects of cheating. When they noticed 
that a picture was taken, they tried to get an optimal position and 
to smile as much as possible. Figure 5 demonstrates how users 
adapted when the noticed an photo is taken, how they tried to 
position themselves as favorably as possible or even how they 
tried to use a Sponge Bob character to cheat. 
 

 
Figure 5: Photos of users taken during the game. 

 

4.2.1.4 Game Play 
There exists some potential to make the game more attractive. 
First, some variations within the game should be added. After two 
to three days the game became boring. A participant, female, 24  
reported: “due to the smiling you smile the whole day, but after 
some days it gets annoying”. Users wanted to interact more with 
the game and suggested additional possibilities like pests 
(vermin?), watering the plant; or adding fertilizers. Some reported 
slow game pace, others low game challenge. All users claimed 
that the input somehow did not work the way they expected it to 
work.  
Overall during playing the game, people started to try to find 
ways to cheat and to take more photos or to take photos again. 
Other ones used images or other representations of smiling faces.  

4.2.2 Measured Emotional States 
For the nine participants taking part in the detailed evaluation we 
recorded 2935 photos (the Face Reader was able to detect 
emotions within 646 of these photos). On average 74% positive 

emotions and 26% negative emotions were recorded. All kinds of 
emotions were detected, but happy was the majority.  
The nine participants taking part in the detailed evaluation study 
also reported in the final questionnaire about possible emotional 
influences of the game. We used a questionnaire with a 5 point 
Likert scale.  
Eight participants said that the game influenced their emotions in 
one-way or the other. On a scale from one to five, two 
participants reported major influence (rated 5), five reported some 
influence (rated 4), one some partial influence (rated 3). One 
participant said he discovered no influence at all.  
“Emotional Flowers” had less influence on the general mood of 
participants. Only three reported some or a partial influence of the 
game on their daily mood, 6 reported minor or no influence at all. 
Users indicated that the Flowers do not represent their personality 
or their real current emotional status. Participant, female, 24 said 
in the interview ”… in the beginning I was ambitious, but then, 
during days with some bad mood, it was not pleasing to answer 
the questions on emotions and then you tend to answer the 
questions on emotions not honestly”.  

4.2.3 Social Factors 
To measure possible influences of the game on social factors, we 
decided to focus on changes of the daily communication and 
possible collaborative strategies used within the game. 
On the question “Do you have the impression the game changed 
your daily communication with your colleagues”, seven reported 
a major influence on their daily communication (rated 5 on the 
Likert Scale) and two reported some influence (rated 4). In the 
final interview we asked participants what kind of influence the 
game had on the mood or general atmosphere within the team. 
Participants reported that “it had a good impact, all the people 
tried to smile and laugh during the photo-taking phase of the 
game”, “it was positive, we could talk and discuss about the 
game”.  
Asked if the team started to develop collaborative strategies only 
three participants reported to do so somehow, six reported no 
collaborative strategies. The interviews showed that people 
informed each other when the photo-taking phase was starting and 
someone was not in front of the computer. Also, the participants 
also best practices (for example removing eyeglasses or moving 
closer to the camera would help to get positive emotional 
classifications).  

4.2.4 Ambient Display 
To see how users act and react in front of the ambient screen we 
installed a camera, showing the area around the display. At the 
end, about 8 hours of material was collected and has been 
analyzed.  
We tried to categorize the behaviors and groups of people acting 
in front of the display. First, we categorized users involved in the 
game and people not involved in the game. Next, we counted the 
number of people reacting on the screen content and the number 
of people ignoring the screen. Third, we analyzed the gestures and 
additionally used this information in the interviews conducted.  
During the four days that were analyzed, 58 times people passed 
by not involved in the game and 12 times people passed by 
involved in the game. At 35 times people (involved and not 
involved) were standing in front of the display, talking about it, 
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just having a look on it, discussing about it and laughing together 
about it. Most people were in front of the screen during lunch or 
during breaks. People were only passing by, when they were in a 
hurry, or alone. Groups of more than two people always started to 
talk about the game, no matter if they were involved or not. 
It was very interesting to receive feedback from participants 
during the evaluation that they did not like the game, and 
observing how participants were standing very often in front of 
the screen, talking about it with others gesticulating strongly, 
laughing and even having sometimes a look on the screen when 
they were just passing by. Other players stood in front of the 
display having a coffee and watching their flowers and those of 
the others.  
Overall the ambient display was seen as a necessary and integral 
part of the game. 
Some participants reported informally that they were especially 
interested in “Emotional Flowers” of senior members and 
supervisors. “If I can see if (s)he is in a good mood, than it might 
be a good occasion to have a meeting” (participant, male, 30). 

4.3 Evaluation Results - Summary 
The evaluation during the development of “Emotional Flowers” 
consisted of the following parts: A heuristic evaluation, a user 
experience study including social and emotional aspects and the 
evaluation of the ambient display. We found out that “Emotional 
Flowers” is an easy to use game without major usability 
problems. The game can be improved by adding more 
functionality and better feedback for the emotional input 
(recognition of facial expressions and resulting emotional rating 
of the system). The user experience of the system in terms of 
hedonic and pragmatic quality was perceived as quite good, with 
some room for improvements. “Emotional Flowers” enables the 
user to actively influence emotional states, but does not relate to 
long-term mood. In fact the game influences emotional states by 
provoking the user to smile and provoking a smile can influence 
already neural transmitters, making the user happy, even if there 
was not an explicit stimulus [9]. Playing the game had an 
influence on social factors like communication patterns. 
Participants started to inform each other and to talk about their 
success in the game. They reported that the most fun was to look 
at the people smiling and grinning in front of the webcam. The 
ambient display showed that it was quite interesting to see if the 
flowers of other participants were growing (especially as 
supervisors and seniors were also playing the game). 

5. LESSONS LEARNED 
Using emotions based on facial expressions as the only input for a 
game is an interesting concept. We thought users would not be 
actively involved and the game would be a passive companion 
during work. We underestimated the social influence and the 
competitive nature of the game. Thus the game will be extended 
to include other input possibilities and further functionality (like 
watering the plant or putting fertilizer if no images can be taken 
during some time). 
To some extent “Emotional Flowers” influences the emotional 
states of users, making them laugh (even if they are not in the 
mood for laughing and there is nothing happening that might 
make a user smile). Additionally the game has some social 
influences. For example participants started to use the ambient 
display as an indication to ask for meeting with a special person.  

Based on the findings, especially from the gaming experience and 
game set-up, we decided to continue the development and 
improve the game, adding more gaming possibilities, so users not 
able to be in front of a camera can participate.  
We learned that the evaluation set-up must be carefully selected 
to be able to document the various influences of participants and 
environment. To extend the evaluation, we will try to set up the 
new version of the game in an even larger test bed involving 
around 100 users, to study social influences and emotional 
changes over longer time-periods in more detail. Within the 
ICT&S Center participants did not choose any pseudonyms for 
their flowers, most used their real name. So everybody within the 
center could see the emotional states represented on the ambient 
display. We suppose that this kind of behavior might change in a 
larger setting. 

6. CONCLUSION AND FUTURE WORK 
“Emotional Flowers” is a game using emotions computed from 
the facial expressions as input for the game. The flowers grow 
based on the number of positive emotions measures (happy, 
surprise), they stay at the same stage if the interpreted facial 
expression is neutral, and they decrease when negative emotions 
occur (disgust, anger, sadness, scared). The game influences the 
emotional state of users during the game play, but does not have 
an impact on the general mood of people. It additionally 
influences the social communication patterns of the users. The 
ambient display helps participants not only to compare how well 
others players performed, but also to represent the emotional 
states of the participants for other purposes.  
To conclude, “Emotional Flowers” directly influences emotional 
states of participants. It can be used to improve social 
communication and it directly influences a major factor within 
user experience: emotions.  
Further developments for the game will include extensions like 
different plants, bugs (flying around and having negative 
influence on the flowers) or the possibility to water the flower. 
Other possibilities are to give the plant into care to another user, 
to have “surprise seeds” (not knowing how the plant will look 
like), to trim the plant to get branches of it, to pick the plant or to 
change the flowerpot. 

To prove the concept in more detail, we will extend the game with 
additional features, so game duration will be prolonged. 
Additionally, we will investigate the social and emotional 
influence of the game in larger settings to see if social structures 
will be influenced also for people not knowing each other. We 
will further investigate other possibilities to show emotions on 
ambient displays and to use the results to improve interfaces to 
become emotional interfaces.  
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