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Foreword

Human-Computer Interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, and having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical
to the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, aims to respond to the compelling need to advance the
exchange of knowledge and research and development efforts on the human aspects of
design and use of computing systems.

The 23rd International Conference on Human-Computer Interaction, HCI Interna-
tional 2021 (HCII 2021), was planned to be held at the Washington Hilton Hotel,
Washington DC, USA, during July 24–29, 2021. Due to the COVID-19 pandemic and
with everyone’s health and safety in mind, HCII 2021 was organized and run as a
virtual conference. It incorporated the 21 thematic areas and affiliated conferences
listed on the following page.

A total of 5222 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 81 countries submitted contributions, and 1276 papers and
241 posters were included in the proceedings to appear just before the start of the
conference. The contributions thoroughly cover the entire field of HCI, addressing
major advances in knowledge and effective use of computers in a variety of application
areas. These papers provide academics, researchers, engineers, scientists, practitioners,
and students with state-of-the-art information on the most recent advances in HCI. The
volumes constituting the set of proceedings to appear before the start of the conference
are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s)
of the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2021 - Late Breaking Papers’ volumes of the proceedings to be published in the
Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2021 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

The present volume contains papers submitted and presented in the context of the
9th International Conference on Distributed, Ambient and Pervasive Interactions
(DAPI 2021), an affiliated conference to HCII 2021. I would like to thank the
Co-chairs, Norbert Streitz and Shin’ichi Konomi, for their invaluable contribution in its
organization and the preparation of the proceedings, as well as the members of the
Program Board for their contributions and support. This year, the DAPI affiliated
conference has focused on topics related to the design of intelligent environments,
interaction in smart cities, and the Internet of Things, as well as intelligent environ-
ments for learning and cultural heritage.



I would also like to thank the Program Board Chairs and the members of the
Program Boards of all thematic areas and affiliated conferences for their contribution
towards the highest scientific quality and overall success of the HCI International 2021
conference.

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
appreciation to Abbas Moallem, Communications Chair and Editor of HCI Interna-
tional News.

July 2021 Constantine Stephanidis

vi Foreword



HCI International 2021 Thematic Areas
and Affiliated Conferences

Thematic Areas

• HCI: Human-Computer Interaction
• HIMI: Human Interface and the Management of Information

Affiliated Conferences

• EPCE: 18th International Conference on Engineering Psychology and Cognitive
Ergonomics

• UAHCI: 15th International Conference on Universal Access in Human-Computer
Interaction

• VAMR: 13th International Conference on Virtual, Augmented and Mixed Reality
• CCD: 13th International Conference on Cross-Cultural Design
• SCSM: 13th International Conference on Social Computing and Social Media
• AC: 15th International Conference on Augmented Cognition
• DHM: 12th International Conference on Digital Human Modeling and Applications

in Health, Safety, Ergonomics and Risk Management
• DUXU: 10th International Conference on Design, User Experience, and Usability
• DAPI: 9th International Conference on Distributed, Ambient and Pervasive

Interactions
• HCIBGO: 8th International Conference on HCI in Business, Government and

Organizations
• LCT: 8th International Conference on Learning and Collaboration Technologies
• ITAP: 7th International Conference on Human Aspects of IT for the Aged

Population
• HCI-CPT: 3rd International Conference on HCI for Cybersecurity, Privacy and

Trust
• HCI-Games: 3rd International Conference on HCI in Games
• MobiTAS: 3rd International Conference on HCI in Mobility, Transport and

Automotive Systems
• AIS: 3rd International Conference on Adaptive Instructional Systems
• C&C: 9th International Conference on Culture and Computing
• MOBILE: 2nd International Conference on Design, Operation and Evaluation of

Mobile Communications
• AI-HCI: 2nd International Conference on Artificial Intelligence in HCI



List of Conference Proceedings Volumes Appearing
Before the Conference

1. LNCS 12762, Human-Computer Interaction: Theory, Methods and Tools (Part I),
edited by Masaaki Kurosu

2. LNCS 12763, Human-Computer Interaction: Interaction Techniques and Novel
Applications (Part II), edited by Masaaki Kurosu

3. LNCS 12764, Human-Computer Interaction: Design and User Experience Case
Studies (Part III), edited by Masaaki Kurosu

4. LNCS 12765, Human Interface and the Management of Information: Information
Presentation and Visualization (Part I), edited by Sakae Yamamoto and Hirohiko
Mori

5. LNCS 12766, Human Interface and the Management of Information:
Information-rich and Intelligent Environments (Part II), edited by Sakae
Yamamoto and Hirohiko Mori

6. LNAI 12767, Engineering Psychology and Cognitive Ergonomics, edited by Don
Harris and Wen-Chin Li

7. LNCS 12768, Universal Access in Human-Computer Interaction: Design Methods
and User Experience (Part I), edited by Margherita Antona and Constantine
Stephanidis

8. LNCS 12769, Universal Access in Human-Computer Interaction: Access to Media,
Learning and Assistive Environments (Part II), edited by Margherita Antona and
Constantine Stephanidis

9. LNCS 12770, Virtual, Augmented and Mixed Reality, edited by Jessie Y. C. Chen
and Gino Fragomeni

10. LNCS 12771, Cross-Cultural Design: Experience and Product Design Across
Cultures (Part I), edited by P. L. Patrick Rau

11. LNCS 12772, Cross-Cultural Design: Applications in Arts, Learning, Well-being,
and Social Development (Part II), edited by P. L. Patrick Rau

12. LNCS 12773, Cross-Cultural Design: Applications in Cultural Heritage, Tourism,
Autonomous Vehicles, and Intelligent Agents (Part III), edited by P. L. Patrick Rau

13. LNCS 12774, Social Computing and Social Media: Experience Design and Social
Network Analysis (Part I), edited by Gabriele Meiselwitz

14. LNCS 12775, Social Computing and Social Media: Applications in Marketing,
Learning, and Health (Part II), edited by Gabriele Meiselwitz

15. LNAI 12776, Augmented Cognition, edited by Dylan D. Schmorrow and Cali M.
Fidopiastis

16. LNCS 12777, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Human Body, Motion and Behavior (Part I),
edited by Vincent G. Duffy

17. LNCS 12778, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: AI, Product and Service (Part II), edited by
Vincent G. Duffy



18. LNCS 12779, Design, User Experience, and Usability: UX Research and Design
(Part I), edited by Marcelo Soares, Elizabeth Rosenzweig, and Aaron Marcus

19. LNCS 12780, Design, User Experience, and Usability: Design for Diversity,
Well-being, and Social Development (Part II), edited by Marcelo M. Soares,
Elizabeth Rosenzweig, and Aaron Marcus

20. LNCS 12781, Design, User Experience, and Usability: Design for Contemporary
Technological Environments (Part III), edited by Marcelo M. Soares, Elizabeth
Rosenzweig, and Aaron Marcus

21. LNCS 12782, Distributed, Ambient and Pervasive Interactions, edited by Norbert
Streitz and Shin’ichi Konomi

22. LNCS 12783, HCI in Business, Government and Organizations, edited by Fiona
Fui-Hoon Nah and Keng Siau

23. LNCS 12784, Learning and Collaboration Technologies: New Challenges and
Learning Experiences (Part I), edited by Panayiotis Zaphiris and Andri Ioannou

24. LNCS 12785, Learning and Collaboration Technologies: Games and Virtual
Environments for Learning (Part II), edited by Panayiotis Zaphiris and Andri
Ioannou

25. LNCS 12786, Human Aspects of IT for the Aged Population: Technology Design
and Acceptance (Part I), edited by Qin Gao and Jia Zhou

26. LNCS 12787, Human Aspects of IT for the Aged Population: Supporting Everyday
Life Activities (Part II), edited by Qin Gao and Jia Zhou

27. LNCS 12788, HCI for Cybersecurity, Privacy and Trust, edited by Abbas Moallem
28. LNCS 12789, HCI in Games: Experience Design and Game Mechanics (Part I),

edited by Xiaowen Fang
29. LNCS 12790, HCI in Games: Serious and Immersive Games (Part II), edited by

Xiaowen Fang
30. LNCS 12791, HCI in Mobility, Transport and Automotive Systems, edited by

Heidi Krömker
31. LNCS 12792, Adaptive Instructional Systems: Design and Evaluation (Part I),

edited by Robert A. Sottilare and Jessica Schwarz
32. LNCS 12793, Adaptive Instructional Systems: Adaptation Strategies and Methods

(Part II), edited by Robert A. Sottilare and Jessica Schwarz
33. LNCS 12794, Culture and Computing: Interactive Cultural Heritage and Arts

(Part I), edited by Matthias Rauterberg
34. LNCS 12795, Culture and Computing: Design Thinking and Cultural Computing

(Part II), edited by Matthias Rauterberg
35. LNCS 12796, Design, Operation and Evaluation of Mobile Communications,

edited by Gavriel Salvendy and June Wei
36. LNAI 12797, Artificial Intelligence in HCI, edited by Helmut Degen and Stavroula

Ntoa
37. CCIS 1419, HCI International 2021 Posters - Part I, edited by Constantine

Stephanidis, Margherita Antona, and Stavroula Ntoa

x List of Conference Proceedings Volumes Appearing Before the Conference



38. CCIS 1420, HCI International 2021 Posters - Part II, edited by Constantine
Stephanidis, Margherita Antona, and Stavroula Ntoa

39. CCIS 1421, HCI International 2021 Posters - Part III, edited by Constantine
Stephanidis, Margherita Antona, and Stavroula Ntoa

http://2021.hci.international/proceedings 

List of Conference Proceedings Volumes Appearing Before the Conference xi



9th International Conference on Distributed, Ambient
and Pervasive Interactions (DAPI 2021)

Program Board Chairs: Norbert Streitz, Smart Future Initiative,
Germany and Shin’ichi Konomi, Kyushu University, Japan

• Andreas Braun, Luxembourg
• Paul Davidsson, Sweden
• Jun Hu, Netherlands
• Michael Koch, Germany
• Nicos Komninos, Greece
• Artur Lugmayr, Australia
• Irene Mavrommati, Greece
• H. Patricia McKenna, Canada
• Tatsuo Nakajima, Japan
• Guochao Peng, China

• Carsten Röcker, Germany
• Denisa Reshef Kera, Spain
• Boris De Ruyter, Netherlands
• Christoph Stahl, Luxembourg
• Reiner Wichert, Germany
• Chui Yin Wong, Malaysia
• Woontack Woo, Korea
• Takuro Yonezawa, Japan
• Chuang-Wen You, Taiwan

The full list with the Program Board Chairs and the members of the Program Boards of
all thematic areas and affiliated conferences is available online at:

http://www.hci.international/board-members-2021.php 



HCI International 2022

The 24th International Conference on Human-Computer Interaction, HCI International
2022, will be held jointly with the affiliated conferences at the Gothia Towers Hotel and
Swedish Exhibition & Congress Centre, Gothenburg, Sweden, June 26 – July 1, 2022.
It will cover a broad spectrum of themes related to Human-Computer Interaction,
including theoretical issues, methods, tools, processes, and case studies in HCI design,
as well as novel interaction techniques, interfaces, and applications. The proceedings
will be published by Springer. More information will be available on the conference
website: http://2022.hci.international/:

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: general_chair@hcii2022.org

http://2022.hci.international/ 
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