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Abstract

The field of augmented humans is rapidly evolving, driven by ad-
vances in biosensing technologies, enhanced sensory capabilities,
and innovative approaches to experience design. Real-time physi-
ological feedback, adaptive environments, and augmented modal-
ities—such as vision, hearing, and touch—are expanding human
perception and interaction beyond natural limits. This workshop
explores the intersection of biosensing, sensory augmentation, and
human-centered design, with a focus on prototyping and evaluat-
ing experiences for augmented human interaction. We invite re-
searchers and practitioners to share case studies, design approaches,
applications, and methodological insights that contribute to this
emerging area.

CCS Concepts

+ Human-centered computing — Empirical studies in collabora-
tive and social computing.
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1 Introduction

Human augmentation is an interdisciplinary field that addresses
methods, technologies, and their applications for enhancing the
sensing, action, and/or cognitive abilities of humans [24, 28]. Aug-
mented capabilities can be realized through wearable systems, em-
bedded sensors, and extended reality (XR) platforms that enable
continuous sensing and multimodal interaction. These technolo-
gies allow, e.g., improved situational awareness, novel perceptual
affordances, and new modes of interaction with both virtual and
physical environments. The integration of Al robotics and XR in
augmenting humans creates both opportunities and risks [9, 15, 24].

Recent advances in ubiquitous computing have enabled a new
generation of biosensing technologies that capture physiological
and affective signals in real time, e.g., heart rate, respiration, muscle
tension, brain activity, galvanic skin response, enabling systems
that can interpret, react to, and communicate through bodily states.
This provides opportunities for designing augmented experiences
that are not only context-aware, but body-aware, facilitating more
embodied, expressive, and emotionally tuned interactions.

These emerging capabilities challenge us to rethink the user
experience (UX) beyond functionality and usability. As argued by
Hassenzahl [11], UX includes both utilitarian and hedonic dimen-
sions: it is about achieving goals as well as engaging meaningfully
with technology. When technologies are worn, sensed through the
body, or experienced viscerally, their design must consider affect,
aesthetics, identity, and long-term integration into personal and
social practices.

Motivations for exploring augmented humans range from assis-
tive applications and mental health support to artistic expression,
play, and self-exploration. For example ranging from vibrotactile
compasses and breathing interfaces to speculative devices that
extend perception into new sensory domains. When correctly har-
nessed, such technologies have the potential to reframe how we
sense, feel, and relate to the world around us.
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Figure 1: Examples of prior work related to the workshop
theme: Variwig that changes color based on sensing the
wearer’s movements [2]; Facemask that closes when sensing
covid coughing patterns [17]; VitaBoot’s display changes to
reflect the wearer’s heartrate [13].

Technology acceptance in this space hinges not only on perfor-
mance but also on subjective factors such as bodily comfort, inter-
pretability, and social appropriateness. As biosensing and feedback
systems become embedded in public and shared environments, they
raise critical questions around privacy, consent, and inclusion—core
concerns within the UbiComp community.

This workshop brings together an interdisciplinary community
to explore biosensing, augmented senses, and experience design.
We invite contributions that emphasize embodied, inclusive, and
ethically-aware approaches, with a focus on real-world applications
and culturally situated experiences.

2 The Topic

2.1 Augmentation of physical, sensory, and
cognitive capabilities

Biosensing and neuroengineering, together with artificial intelli-

gence (Al), provide enhancements to physical, sensory, and cog-

nitive capabilities. Exoskeletons and biomechanical implants im-

prove strength and endurance, while sensory augmentation through

biosensing, bionic prosthetics, and brain-computer interfaces (BCls)
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enhances perception and interaction with the environment. Cog-
nitive augmentation, driven by cognitive-aware, adaptive Ul, ex-
pands problem-solving, learning, and decision-making capacities
[21]. These innovations will have profound implications for human
potential.

Multimodal XR and BCls are reshaping human perception, em-
bodiment, and social interactions. By altering multimodal sensory
experiences and extending bodily awareness, enabling new forms
of self-representation and immersion in digital and physical en-
vironments [21]. Enhanced embodiment through haptic feedback
[25] and neural integration fosters deeper engagement, while Al-
driven social agents and virtual spaces redefine communication,
interaction, and relationships. The recent PhysioCHI workshop at
CHI2024, aiming towards identifying best practices for integrating
biosensing in HCI, demonstrates the topic’s timeliness [3].

2.2 AHs Design, User Experience and Social
Aspects

The design of augmented human technologies is more than techni-
cal feasibility, including user experience (UX) and societal influence
[1, 5, 22]. Augmented humans—individuals whose cognitive, sen-
sory, or physical capabilities are augmented by technology—engage
with digital systems in manners that transform perception, embodi-
ment, and social interactions [5-8, 10, 20]. For instance, researchers
examined methods to enhance students’ design creativity by im-
mersing them in virtual environments to stimulate their perception
of culture. The findings revealed that stimulating students’ percep-
tion of culture led to the generation of concepts for a product that
are both innovative and feasible [7].

The user experience in augmented human systems includes util-
itarian and hedonic perspectives [11], necessitating a balance of
intuitiveness, comfort, and personalization. Utilitarian features em-
phasize functionality, efficiency, and dependability, ensuring that
augmented technologies adequately fulfill users’ requirements [23].
Concurrently, hedonic elements underscore pleasure, involvement,
and emotional connection, rendering interactions both efficient
and gratifying [30]. Virtual reality environments have become a
useful tool to simulate the experience design of being an augmented
human [18]. By combining different design elements in immersive
virtual reality, different effects and experiences can be studied. For
instance, in manipulating sensory feedback and experience e.g. as
the function of movement, biofeedback, or, different [32]. Set-ups
such as simulating G-forces on the human body [12], adapting
the participant’s vision and field of view [4], manipulating object
weight by introducing temporal offsets [27], visual slow motion
effects [14], and body dimensions manipulation [16] are examples
of interesting techniques that can be harnessed for simulating aug-
mented human experience in first person.

Augmented human technologies affect social relationships and
cultural norms beyond personal experiences [19]. The incorpora-
tion of augmented senses in collaborative contexts, such as shared
virtual worlds or distant communication, redefines human connect-
edness and the distinctions between physical and digital presence
[29]. Nonetheless, concerns regarding digital inequality, privacy,
and ethical implications arise as augmentation technologies gain
attention [26, 31].
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3 Rationale and Objectives

The examples provided in the prior section illustrate how different
research topics can touch the augmented humans workshop theme.
With this workshop, we wish to bring together researchers and
practitioners, who have interest to progress the field further. The
aim of the workshop is to gather together researchers, designers
and practitioners that are working with human-robot interaction,
and are particularly interested in the topic of human augmentation,
biosensing related to adapting human behaviour, enhanced senses
and capabilities, and aspects related to user experience and social
interaction with augmented humans. As the objectives of the work-
shop, the workshop aims to be a forum to present existing cases,
new possibilities, early research, challenges and lessons learned,
and offer a stage where these questions can be discussed with peers
and new colleagues with similar interests, and to strengthen the aug-
mented humans research community among UbiComp researchers.

We encourage multi-disciplinary participation from different
fields touching the augmented humans themes, and aim to provide
an opportunity to network with new peers. The workshop invites
researchers and practitioners with background in, but not limited
to, HCI, computer science, design, psychology, and social science
related to the augmented humans. The workshop invites submis-
sions of case studies, applications, prototypes, sensing techniques,
and methodological notes, related to topics such as

interaction with augmented humans

enhanced senses and capabilities

biosensing for human behaviour adaptation

multi-user and collaborative cases

using XR for augmented humans research

design and social aspects of augmented humans

use cases and service concepts integrating augmented hu-
mans

e ethics in augmented humans HCI

4

Jonna Hiakkila is professor at University of Lapland, Finland,
Faculty of Art and Design. She conducts research at the cross section
of design and technology, and is interested in the user experience
design of futuristic topics in human-computer interaction. She leads
Lapland User Experience Design research group (LUX).

Jani Mantyjarvi is a Principal Scientist at VTT. His research in-
terests are related to Machine Learning for wearable human sensing
solutions for various application domains.

Zhengya Gong is a Postdoctoral researcher at the Faculty of Art
and Design, the University of Lapland, Finland. Her work is focused
on Extended Reality (XR) and Human-Computer Interaction, Design
Creativity, Creative Methods, Design Cognition, Design Thinking,
and Cultural Influence on Design.

Heiko Miiller is a Senior Researcher at the University of Old-
enburg, Germany. His work focuses on context-aware systems,
HCI in applied settings, and multimodal interfaces, with experi-
ence from national and EU-funded projects in health and assistive
technologies.

Kati Pettersson is a Senior Scientist in the Human Sensing
Solution Team at VTT. Her research delves into computational

Organizers

674

UbiComp Companion ’25, October 12-16, 2025, Espoo, Finland

applied psychophysiology, with a focus on head area sensing, visual
perception, and oculomotor behavior.

Roope Raisamo is Professor of Computer Science at Tampere
University, Finland, where he leads the TAUCHI research center.
His work focuses on multimodal interaction, haptics, and human
augmentation through multisensory technologies.

Ashley Colley is a University Researcher at the University
of Lapland, Finland, with a background in UX design, wearable
technologies, and mobile systems. He is a co-founder of Oura Health
and has co-authored over 80 peer-reviewed publications.

Kai Kunze is Professor at Keio University, Japan. His research
combines wearable computing, biosensing, and cognitive augmen-
tation, exploring how technology can extend memory, attention,
and perception in everyday contexts.

Albrecht Schmidt is Professor of Computer Science at LMU
Munich, where he leads research on human augmentation, embed-
ded interaction, and future user interfaces. He is a recognized leader
in ubiquitous computing and human-centered sensing systems.

Acknowledgments

This work was partially supported by JST, PRESTO Grant Number
JPMJPR2132, Japan, and Research Council of Finland - AWARE
project (grants 355575, 355693, 355694).

References

[1] Salih Mahmoud Attya, Abdulsatar Shaker Salman, Doaa Mohammed Hussein
Al Fawadi, Mahmood Jawad Abu-AlShaeer, Mohammed Jasim Ridah, Ivan
Chornomordenko, and Wafaa Mustafa Hameed. 2024. Exploring User Inter-
faces and User Satisfaction in Augmented Reality. In 2024 36th Conference of Open
Innovations Association (FRUCT). IEEE, 400-408.

Damien Brun and Jonna Hakkil4. 2021. Variwig: interactive coloring wig module.
In Proceedings of the 2021 ACM International Symposium on Wearable Computers.
166-169.

Francesco Chiossi, Ekaterina R Stepanova, Benjamin Tag, Monica Perusquia-
Hernandez, Alexandra Kitson, Arindam Dey, Sven Mayer, and Abdallah El Ali.
2024. PhysioCHI: Towards Best Practices for Integrating Physiological Signals in
HCL In Extended Abstracts of the CHI Conference on Human Factors in Computing
Systems. 1-7.

Ashley Colley, Henri Mella, Roope Raisamo, and Jonna Hékkild. 2024. Exploring
the Effects of Physiologically Triggered Visual Adaptations on XR Experience. In
Proceedings of the International Conference on Mobile and Ubiquitous Multimedia.
1-6.

Amir Dirin and Teemu H Laine. 2018. User experience in mobile augmented
reality: emotions, challenges, opportunities and best practices. Computers 7, 2
(2018), 33.

Huiyu Duan, Xilei Zhu, Yuxin Zhu, Xiongkuo Min, and Guangtao Zhai. 2024. A
quick review of human perception in immersive media. IEEE Open Journal on
Immersive Displays 1 (2024), 41-50.

Zhengya Gong, Milene Gongalves, Vijayakumar Nanjappan, and Georgi V
Georgiev. 2024. Priming uncertainty avoidance values: Influence of virtual reality
stimuli on design creativity in ideation. Computers in Human Behavior 158 (2024),
108257.

Emma C Gordon. 2024. Human enhancement and augmented reality. Philosophy
& Technology 37, 1 (2024), 17.

Agnes Griinerbl, Kai Kunze, Thomas Lachmann, Jamie A Ward, and Paul Lukow-
icz. 2023. Ubicomp Tutorial-UbiCHAI-Experimental Methodologies for Cognitive
Human Augmentation. In Adjunct Proceedings of the 2023 ACM International Joint
Conference on Pervasive and Ubiquitous Computing & the 2023 ACM International
Symposium on Wearable Computing. 762-764.

Luz E Gutiérrez, Mark M Betts, Pedro Wightman, Augusto Salazar, Daladier Jabba,
and Wilson Nieto. 2022. Characterization of quality attributes to evaluate the
user experience in augmented reality. IEEE Access 10 (2022), 112639-112656.
Marc Hassenzahl and Noam Tractinsky. 2006. User experience-a research agenda.
Behaviour & information technology 25, 2 (2006), 91-97.

Matthias Hoppe, Daria Oskina, Albrecht Schmidt, and Thomas Kosch. 2021.
Odin’s helmet: A head-worn haptic feedback device to simulate G-forces on
the human body in virtual reality. Proceedings of the ACM on Human-Computer
Interaction 5, EICS (2021), 1-15.

(10]

(1]

[12



UbiComp Companion ’25, October 12-16, 2025, Espoo, Finland

[13] Walther Jensen, Ashley Colley, and Markus Lochtefeld. 2019. VitaBoot: footwear
with dynamic graphical patterning. In Proceedings of the 2019 ACM International
Symposium on Wearable Computers. 279-283.

[14] Pascal Knierim, Thomas Kosch, Gabrielle LaBorwit, and Albrecht Schmidt. 2020.

Altering the speed of reality? exploring visual slow-motion to amplify human

perception using augmented reality. In Proceedings of the augmented humans

international conference. 1-5.

Jie Li, Anusha Withana, Alexandra Diening, Kai Kunze, and Masahiko Inami. 2025.

Beyond Human: Cognitive and Physical Augmentation through Al Robotics, and

XR-Opportunities and Risks. arXiv preprint arXiv:2503.09987 (2025).

[16] Lorraine Lin, Aline Normoyle, Alexandra Adkins, Yu Sun, Andrew Robb, Yuting

Ye, Massimiliano Di Luca, and Sophie Jorg. 2019. The effect of hand size and

interaction modality on the virtual hand illusion. In 2019 IEEE Conference on

Virtual Reality and 3D User Interfaces (VR). IEEE, 510-518.

Timo Luukkonen, Ashley Colley, Tapio Seppéinen, and Jonna Hakkild. 2021.

Cough activated dynamic face visor. In Proceedings of the Augmented Humans

International Conference 2021. 295-297.

Xiaru Meng, Yulan Ju, Christopher Changmok Kim, Yan He, Giulia Barbareschi,

Kouta Minamizawa, Kai Kunze, and Matthias Hoppe. 2025. A Placebo Concert:

The Placebo Effect for Visualization of Physiological Audience Data during

Experience Recreation in Virtual Reality. In Proceedings of the 2025 CHI Conference

on Human Factors in Computing Systems. 1-16.

Joseph O’Hagan, Jan Gugenheimer, Florian Mathis, Jolie Bonner, Richard Jones,

and Mark McGill. 2024. A Viewpoint on the Societal Impact of Everyday Aug-

mented Reality and the Need for Perceptual Human Rights. IEEE Security &

Privacy 22, 1 (2024), 64-68.

[20] Rakesh Patibanda, Nathalie Overdevest, Aryan Saini, Zhuying Li, Josh Andres,

Jarrod Knibbe, Elise Van Den Hoven, and Florian’Floyd” Mueller. 2024. Exploring

Shared Bodily Control: Designing Augmented Human Systems for Intra-and Inter-

Corporeality. In Proceedings of the Augmented Humans International Conference

2024. 318-323.

K. Pettersson, J. Tervonen, J. Heininen, and J. Méntyjarvi. 2024. Head-area

sensing in virtual reality: future visions for visual perception and cognitive state

estimation. 5 (2024), 1423756. https://doi.org/10.3389/frvir.2024.1423756

[15

(17

[18

[19

[21

Jonna Hakkila et al.

Leon Pietschmann. 2024. Human-Computer Interaction in Extended Reality: Ex-
ploring the Impact of Visual Guidance on User Performance and Human Factors.
Ph.D. Dissertation.

Hong Qin, Alsius David, Ahasan Harun, Md Rasel Al Mamun, Daniel Peak, and
Victor Prybutok. 2024. Assessing user benefits and privacy concerns in utilitarian
and hedonic mobile augmented reality apps. Industrial Management & Data
Systems 124, 1 (2024), 442-482.

Roope Raisamo, Ismo Rakkolainen, P4ivi Majaranta, Katri Salminen, Jussi Rantala,
and Ahmed Farooq. 2019. Human augmentation: Past, present and future. 131
(2019), 131-143. https://doi.org/10.1016/j.ijhcs.2019.05.008

Jussi Rantala, Jari Kangas, and Roope Raisamo. 2017. Directional cueing of
gaze with a vibrotactile headband. In Proceedings of the 8th Augmented Human
International Conference (AH ’17). Association for Computing Machinery, New
York, NY, USA, Article 7, 7 pages. https://doi.org/10.1145/3041164.3041176
Holger Regenbrecht, Sander Zwanenburg, and Tobias Langlotz. 2022. Pervasive
augmented reality—Technology and ethics. IEEE Pervasive Computing 21,3 (2022),
84-91.

Michael Rietzler, Florian Geiselhart, Jan Gugenheimer, and Enrico Rukzio. 2018.
Breaking the tracking: Enabling weight perception using perceivable tracking
offsets. In Proceedings of the 2018 CHI Conference on Human Factors in Computing
Systems. 1-12.

Albrecht Schmidt. 2017. Technologies to amplify the mind. Computer 50, 10
(2017), 102-106.

[29] Jwawon Seo. 2024. Motives and role of psychological ownership in ar workspaces

for remote collaboration. In Extended Abstracts of the CHI Conference on Human
Factors in Computing Systems. 1-5.

Valter Afonso Vieira, Diego Nogueira Rafael, and Raj Agnihotri. 2022. Augmented
reality generalizations: A meta-analytical review on consumer-related outcomes
and the mediating role of hedonic and utilitarian values. Journal of Business
Research 151 (2022), 170-184.

Brian Wassom. 2014. Augmented reality law, privacy, and ethics: Law, society, and
emerging AR technologies. Syngress.

Yurui Xie, Giulia Barbareschi, Kai Kunze, and Masa Inakage. 2023. Exploring
Digital Embodiment in Wheelchair Dance with Generative AL In Proceedings of
the 13th International Conference on the Internet of Things. 224-227.


https://doi.org/10.3389/frvir.2024.1423756
https://doi.org/10.1016/j.ijhcs.2019.05.008
https://doi.org/10.1145/3041164.3041176

	Abstract
	1 Introduction
	2 The Topic
	2.1 Augmentation of physical, sensory, and cognitive capabilities
	2.2 AHs Design, User Experience and Social Aspects

	3 Rationale and Objectives
	4 Organizers
	Acknowledgments
	References

