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Welcome from the ACM IMX 2020 Chairs

It is our great pleasure to welcome you to ACM IMX 2020, the leading international conference 
for presentation and discussion of research into Interactive Media eXperiences. Continuing 
the successful tradition of the TVX series, ACM IMX brings together international researchers 
and practitioners from a wide range of disciplines, ranging from human-computer interaction, 
multimedia engineering and design, to media studies, media psychology and sociology. 

The conference this year has experienced major transitions and changes. The ACM 
International Conference on Interactive Experiences for Television and Online Video (2014–
2019) is, since the 2020 edition, the ACM International Conference on Interactive Media 
Experiences (ACM IMX). This change better reflects the topics of interest of the community, 
including all types of media-based experiences. In addition, due to the COVID-19 pandemic, 
this year the conference is fully virtual. We are disappointed that you do not get to enjoy 
the beauty, culture, and culinary delights of Barcelona (hosted by i2CAT). Nevertheless, the 
conference organisation has worked around the clock enabling a digital ecosystem allowing 
for the fruitful and robust exchange of ideas, critiques, and the roll out of exciting possibilities 
for our field moving forwards. As a community, we will make the best of this terribly difficult 
time by virtually celebrating the achievements of our colleagues in pushing the field of 
immersive media experiences forward in impactful and meaningful ways.

As part of the commitment of IMX to reinforce the importance of diversity within the 
community, this year we have introduced diversity chairs as part of the organising committee 
who monitor and participate fully in all aspects of the organisation and decision making 
activities of the conference – from the start to the end. Previously, in 2016 and 2017, TVX / 
IMX held well attended forums focusing on Asia. This was followed up in 2018 by the hugely 
successful instantiation of TVX / IMX in Seoul, Korea. In TVX / IMX 2020 (Barcelona), we are 
delighted to announce a special focused workshop looking at ‘Latin America’ as a region of 
interest. This is made possible due to the generous support from the SIGCHI Development 
Fund. In addition, we have introduced a number of initiatives to encourage and support 
diverse and inclusive participation – including travel and accommodation grants for students, 
and diversity and inclusion support for those on parental, disability, and related forms of 
leave. IMX 2020 is fully committed to accessibility, closely following the ACM SIGACCESS 
Accessible Conference Guide and inviting a workshop specifically focused on this key aspect: 
“XRAccess: Virtual Reality Meets Real Accessibility.” Unfortunately, due to COVID-19 and the 
cancelation of the physical meeting, most of these initiatives will in the end not happen; but 
will lead to continuing and further initiatives in the next editions of the conference.

For the technical program, the solicitation for contributions this year proposed eight 
possible topics for exploration including a new area encapsulating AI systems. The eight 
topics of interest included audience understanding; immersive and interactive content and 
experiences; technologies, systems, and interfaces; production tools and workflows; AI and 
machine learning; business models and marketing; cultural and social studies; and disruptive 
concepts and video-centric art. In response to the call for papers we received 53 papers from 
authors based in Africa, Asia, Europe, North America, and South America. Working with 
the diversity and inclusion chairs, the paper chairs endeavored to create an experienced, 
balanced, and diverse team of area chairs to support the review process. The peer-reviewed 
selection process for the ACM IMX 2020 program was, as always, rigorous and thorough. 
After a first round comprising three paper reviews, all authors were given the opportunity 
to address reviewer comments with a rebuttal. A second review round followed where the 
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reviewers anonymously discussed the submitted paper and rebuttal response with the other 
reviewers, and had the opportunity to adjust their reviews and review scores based on this 
discussion. Ultimately the assigned ACs came to a clear consensus on the decision in the vast 
majority of cases, while the ACs of a few borderline papers consulted with the TPCs for a final 
decision. This process resulted in 13 papers being accepted for virtual presentation at ACM 
IMX 2020, giving an overall acceptance rate of 26%. The Best of IMX 2020 paper contributions 
were selected by a committee chaired by Santosh Basapur in conjunction with the Diversity 
and Inclusion chairs. The committee selected one paper for the Best Paper designation, and 
two papers for Honorable Mention. All of the accepted papers and work-in-progress articles 
have been included in the ACM Digital Library using TAPS (The ACM Publishing System), 
which is a brand new pipeline which simplifies the camera ready process. 

The ACM IMX 2020 papers program was the result of a dedicated and sincere volunteer effort. 
We would like to thank our 19 hardworking associate chairs for generously giving their time 
to manage the review process, provide feedback to authors, and review some of the papers as 
well. Moreover, their work would not have been possible without the 73 external reviewers 
who offered their expertise for the peer-review process and our paper-writing mentors who 
offered feedback and guidance to authors seeking editorial tips, paper proofreads, and advice 
on how to structure papers.

We are also really delighted that despite current global challenges, we will have the opportunity 
at the conference to hear keynote speeches from two world leaders in virtual reality: Mel Slater 
from the University of Barcelona, and Nonny de la Peña, CEO and Founder of Emblematic 
Group. IMX 2020 as well includes three workshops during the pre-conference day, and an 
inspiring great Creative Challenge on the “The future of storytelling with augmented reality”, 
sponsored by Snap and with the participation of many academic teams around the world. 
During the conference days, seven demos, fourteen work-in-progress posters, three IMX in 
industry papers, and three doctoral consortium presentations are scheduled. We are thrilled 
by the wide ranging and insightful work that constitutes the ACM IMX 2020 program, and we 
hope that the conference will provide you with many opportunities to present and exchange 
ideas with IMX researchers and practitioners from institutions around the world. 

We are grateful to the Organizing Committee, reviewers and everyone involved in the process 
of making this conference a success. We thank as well our sponsors and supporters ACM 
SIGCHI and ACM SIGMM, and our industry sponsors Verizon Media and Snap, as well as 
Glasgow Interactive Systems Section (GIST), for providing the means to make this conference 
not just possible, but also creative, exciting, and meaningful. Finally, we would like to thank 
you all for showing up, registering, and giving your attention to your colleagues during a 
tremendously difficult time. We appreciate each and every one of you and look forward to the 
day when we can maybe thank you in person!

Pablo Cesar	 Sergi Fernández	 Mario Montagud
CWI, The Netherlands	 i2Cat Foundation, Spain	 i2Cat Foundation & 
IMX 2020 General Chair	 IMX 2020 General Chair	 Universitat de València, Spain
		  IMX 2020 General Chair

Lucia D’Acunto	 Aisling Kelliher	 David A. Shamma
TNO, The Netherlands	 Virginia Tech, USA	 FXPAL, USA
IMX 2020 Program Chair	 IMX 2020 Program Chair	 IMX 2020 Program Chair

Vinoba Vinayagamoorhy	 Asreen Rostami
BBC, UK	 Stockholm University, Sweden
IMX 2020 Diversity Chair	 IMX 2020 Diversity Chair

iii



ORGANISING COMMITTEE

	 General Chairs	 Pablo Cesar (CWI, The Netherlands)
		  Sergi Fernández (i2CAT Foundation, Spain)
		  Mario Montagud ((i2CAT Foundation & Universitat de València, Spain)

	 Program Chairs	 Lucia D’Acunto (TNO, The Netherlands)
		  Aisling Kelliher (Virginia Tech, USA)
		  David A. Shamma (FXPAL, USA)

	 Diversity Chairs	 Vinoba Vinayagamoorhy (BBC, UK)
		  Asreen Rostami (Stockholm University, Sweden)

	 Demo Chairs	 Gianluca Cernigliaro (i2CAT Foundation, Spain)
		  Francesca de Simone (CWI, The Netherlands)
		  Jesús Gutiérrez (Universidad Politécnica de Madrid, Spain)

	 Work-in-Progress Chairs	 David Geerts (MintLab & KU Leuven, Belgium)
		  Benoit Huet (Eurecom & Median Technologies, France)

	 Workshop Chairs	 Natàlia Herèdia (Media Experience Design, Spain)
		  Jonathan Hook (University of York, UK)

	Doctoral Consortium Chairs	 Christian Timmer (Alpen-Adria-Universität Klagenfurt and Bitmovin, Austria)
		  Vinoba Vinayagamoorthy (BBC, UK)

	 Industry Chairs	 Ji Eun Kim (Hanyang University, Korea)
		  Halid Hrasnica (Eurescom, Germany)
		  Steve Schirra (Youtube, USA)
		  Ignacio Lacosta (The Modern Cultural Productions, Spain)
		  Mikel Zorrilla (Vicomtech, Spain)
		  Ana Revilla (The Modern Cultural Productions, Spain)

	 Proceedings Chairs	 Miguel Garcia-Pineda (Universitat de València, Spain)
		  David Green (UWE)

	 Accessibility Chairs	 Pilar Orero (Universitat Autònoma de Barcelona, Spain)
		  Anna Matamala (Universitat Autònoma de Barcelona, Spain)
		  Larry Goldberg (Verizon Media)

	 Publicity Chairs	 Wei Tsang Ooi (National University of Singapore)
		  Rodrigo Laiola (Federal University of Espírito Santo, Brazil)
		  José Manuel Menéndez (UPM, Spain)

	 Communication Chairs	 Anna Civit (i2CAT Foundation)
		  Isaac Fraile (i2CAT Foundation)
		  Susana Otero (i2CAT Foundation)
		  Iván Rodríguez (i2CAT Foundation)

iv



Sponsors & Supporters

Physical Conference Host

Platinum Sponsor Bronze Sponsor

v



Table of Contents

Welcome............................................................................................................................... ii

Organization Listing..........................................................................................................iv

Sponsors & Supporters...................................................................................................... v

Augmenting TV
•	 Conceptualizing Augmented Reality Television for the Living Room................................................1

Radu-Daniel Vatavu (University Stefan cel Mare of Suceava, Romania), Pejman Saeghe (University of 
Manchester, United Kingdom), Teresa Chambel (Universidade de Lisboa, Portugal), Vinoba Vinayagamoorthy 
(BBC, United Kingdom), Marian F Ursu (University of York, United Kingdom)

•	 Augmented Reality and Television: Dimensions and Themes.............................................................13
Pejman Saeghe, Gavin Abercrombie (The University of Manchester, United Kingdom), Bruce Weir (The British 
Broadcasting Corporation, United Kingdom), Sarah Clinch, Stephen Pettifer, Robert Stevens (The University of 
Manchester, United Kingdom)

•	 The SpaceStation App: Design and Evaluation of an AR Application for Educational 
Television........................................................................................................................................................24
Simon von der Au, Leon Giering (Institut für Rundfunktechnik (IRT), Germany), Christina Schneegass  
(LMU Munich, Germany), Markus Ludwig (Institut für Rundfunktechnik (IRT), Germany)

•	 Augmenting TV Viewing using Acoustically Transparent Auditory Headsets.................................34
Mark McGill, Florian Mathis, Mohamed Khamis, Julie Williamson (University of Glasgow, United Kingdom)

Interactions and Installations
•	 Compensating for Perspective-based Distortion on Large Interactive Floor Displays: 

the SpaceHopper Field Experiment..........................................................................................................45
Juliano Franz, Joseph Malloch, Derek Reilly (Dalhousie University, Canada)

•	 Joint Attention for Automated Video Editing.........................................................................................55
Hui-Yin Wu (Université Côte d'Azur Inria, France), Trevor Santarra, Michael Leece, Rolando Vargas  
(UC Santa Cruz, United States), Arnav Jhala (North Carolina State University, United States)

•	 Sifter: A Hybrid Workflow for Theme-based Video Curation at Scale..............................................65
Yan Chen (University of Michigan, United States), Andrés Monroy-Hernández, Ian Wehrman  
(Snap Inc., United States), Steve Oney, Walter S. Lasecki (University of Michigan, United States),  
Rajan Vaish (Snap Inc., United States)

•	 Modality and Depth in Touchless Smartphone Augmented Reality Interactions..........................74
Jing Qian (Brown University, USA), David A. Shamma, Daniel Avrahami (FXPAL, USA), Jacob Biehl (University 
of Pittsburgh, USA)

•	 Staying on Track: a Comparative Study on the Use of Optical Flow in 360° Video to 
Mitigate VIMS................................................................................................................................................82
Paulo Bala (FCT, Universidade Nova de Lisboa & ITI-LARSys Lisbon, Portugal), Ian Oakley (UNIST Ulsan, Korea 
Republic of , Valentina Nisi, Nuno Nunes (IST, Universidade de Lisboa & ITI-LARSys Lisbon, Portugal)

Live Production and Audience
•	 DAX: Data-Driven Audience Experiences in Esports............................................................................94

Athanasios V. Kokkinakis, Simon Demediuk, Isabelle Nölle, Oluseyi Olarewaju, Sagarika Patra,  
Justus Robertson, Peter York, Alan Pedrassoli Chitayat, Alistair Coates, Daniel Slawson (University of York, 
UK), Peter Hughes, Nicolas Hardie (REWIND FX LTD, St. Albans, UK), Ben Kirman, Jonathan Hook,  
Anders Drachen, Marian F. Ursu, Florian Block (University of York, UK)

•	 Audience Management Practices of Live Streamers on Twitch........................................................106
Donghee Yvette Wohn (New Jersey Institute of Technology, USA), Guo Freeman (Clemson University,  
United States)

vi



•	 Unpacking Editorial Agreements in Collaborative Video Production............................................117
Pavel Okopnyi (University of Bergen, Norway), Oskar Juhlin (Stockholm University, Sweden), Frode Guribye 
(University of Bergen, Norway)

•	 Authoring Interactive Fictional Stories in Object-Based Media (OBM).........................................127
Marian Ursu (University of York, United Kingdom), Davy Smith (Get Creative AI LTD, United Kingdom), 
Jonathan Hook (University of York, United Kingdom), Shauna Concannon (University of Cambridge,  
United Kingdom), John Gray (University of York, United Kingdom)

Works in Progress
•	 Sharing Same Elements in User Viewing History Data Securely Through Private Set 

Intersection Under User-centric Data Control.....................................................................................138
Shuhei Taguchi, Chigusa Yamamura (NHK, Japan), Hisayuki Ohmata, Daisuke Sekine (NHK (Japan 
Broadcasting Corporation), Japan), Kaisei Kajita (NHK, Japan), Arisa Fujii (NHK (Japan Broadcasting 
Corporation), Japan)

•	 Towards an Immersive and Accessible Virtual Reconstruction of Theaters from the 
Early Modern: Bringing Back Cultural Heritage from the Past.......................................................143
Mario Montagud (ETSE-Universitat de València, Spain and I2Cat Foundation, Spain), Jaume Segura-Garcia,  
J. Antonio De Rus, Rafael Fayos Jordán (ETSE-Universitat de València, Spain)

•	 A Web Service for Video Summarization...............................................................................................148
Chrysa Collyda, Konstantinos Apostolidis, Evlampios Apostolidis, Eleni Adamantidou, Alexandros I. Metsai 
(CERTH-ITI, Greece), Vasileios Mezaris (Centre for Research and Technology Hellas (CERTH), Greece)

•	 Talk Like Somebody is Watching: Understanding and Supporting Novice Live Streamers......154
Terrance Mok, Colin Matthew Au Yueng (University of Calgary, Canada), Anthony Tang (University of 
Toronto, Canada), Lora Oehlberg (University of Calgary, Canada)

•	 Prosuming Live Multimedia Content at the Edge...............................................................................160
Jan Willem Kleinrouweler, Emmanouil Potetsianakis, Lucia D'Acunto (TNO, Netherlands)

•	 Palma360: A 360-degree Web-based Multi-device Hypervideo........................................................165
Antoni Oliver, Javier del Molino, Antoni Bibiloni Coll (University of the Balearic Islands, Spain)

•	 INTERAQUATICA - Designing Interactive Aquatic Experiences with Geodesic Domes 
In-the-Wild...................................................................................................................................................170
Marko Radeta (ITI/LARSyS University of Madeira Tigerwhale, Portugal), Miguel Andrade, Rúben Freitas, 
Michael Sousa, Antonio Ramos, Victor Azevedo, Jorge Lopes, Ricardo Jardim, João Gouveia (ITI/LARSyS 
University of Madeira, Portugal), Maria João Gouveia, Telmo Gonçalves, Pedro Pinto, Roberto Rodrigues, 
Cristiano França, João Freitas, Ana Andrade, Alexis Faria, Leonardo Abreu (University of Madeira, Portugal), 
Mónica Mendes (Interactive Technologies Institute ITI / LARSYS, Portugal), Nuno Jardim Nunes (Instituto 
Superior Técnico - U. Lisbon, Portugal), Valentina Nisi (Interactive Technologies Institute/LARSyS, Portugal)

•	 Let's Get in Touch! Adding Haptics to Social VR..................................................................................174
Leonor Fermoselle, Simon N.B. Gunkel, Frank ter Haar, Sylvie Dijkstra-Soudarissanane, Alexander Toet, 
Omar Niamut, Nanda van der Stap (TNO, Netherlands)

•	 A Room With a “Fake” View: Installing Digital Windows in Windowless Offices.........................180
Donghee Yvette Wohn, Hyejin Hannah Kum-Biocca, Astha Sharma, Anisah Khandakar (New Jersey Institute 
of Technology, USA)

•	 Predicting Your Future Audience: Experiments in Picking the Best Topic for  
Future Content............................................................................................................................................185
Lyndon J.B. Nixon (MODUL Technology GmbH, Austria)

•	 Improving Media Streaming Services for Train Passengers with 5G..............................................189
Christoph Ziegler, Ralf Neudel (IRT, Germany), Stefan Pham, Eric Troudt (Fraunhofer FOKUS, Germany)

•	 A Synopsis of Input Modalities for In-Vehicle Infotainment and Consumption of 
Interactive Media........................................................................................................................................195
Laura-Bianca Bilius, Radu-Daniel Vatavu (University Stefan cel Mare of Suceava, Romania)

•	 Collaboration of Broadcast and Calendar Services: Methods and Effects for a Smooth 
Collaboration...............................................................................................................................................200
Hisayuki Ohmata, Soichi Sato, Satoshi Fujitsu, Arisa Fujii, Hiroshi Fujisawa (NHK (Japan Broadcasting 
Corporation), Japan), Koichi Shimohana (Jorte Inc., Japan)

vii



•	 Assessing Social Text Placement in Mixed Reality TV........................................................................205
Florian Mathis (University of Glasgow, United Kingdom), Xuesong Zhang (KU Leuven, Belgium), Mark McGill 
(University of Glasgow, United Kingdom), Adalberto L. Simeone (KU Leuven, Belgium), Mohamed Khamis 
(University of Glasgow, United Kingdom)

Author Index...........................................................................................................................................212

viii


