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ABSTRACT

Natural interactions feel intuitive, familiar, and a good match to the
task, user’s abilities, and context. Consequently, a wealth of scien-
tific research has been conducted on natural interaction with com-
puter systems. Contrary to conventional mainstream, we advocate
for “non-natural interaction design” as a transformative, creative
process that results in highly usable and effective interactions by
deliberately deviating from users’ expectations and experience of
engaging with the physical world. The non-natural approach to
interaction design provokes a departure from the established notion
of the “natural,” all the while prioritizing usability—albeit amidst
the backdrop of the unconventional, unexpected, and intriguing.
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1 INTRODUCTION

Research on natural interaction modalities for computer systems,
including gesture, voice, eye gaze, and others, has been largely mo-
tivated by the naturalness of humans’ capabilities to interact and
communicate effectively in physical environments, e.g., by combin-
ing and synchronizing gesture and speech [17]. In this context, tech-
nologies such as pointing [2], touch [35], gesture [12], speech [27],
and emotion [3] recognition have enabled the transfer and reuse of
natural human capabilities from physical to digital environments.
Due to the tight interconnection between these modalities, natural
interaction has been largely embraced for scientific investigation
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in the ICMI community from its very beginnings. For example,
the ICMI 2003 call for papers! specified: “These new interfaces
are especially well suited for interpreting natural communication
and activity patterns in real-world environments. Their emergence
represents a radical departure from previous computing, and is
rapidly transforming the nature of human-computer interaction by
creating more natural, expressively powerful, flexible and robust
means of interacting with computers” (emphasis ours). Fifteen years
later, James Crowley’s keynote at ICMI 2018 [5] about the research
advances in the field highlighted that “Multimodal interaction seeks
to fully exploit these parallel channels for perception and action to
provide robust, natural interaction” (p. 4, emphasis ours).
Numerous examples of natural interaction design span the land-
scape of contributions relevant to the ICMI community. This out-
come is well-justified since natural interactions are intuitive, easy
to perform, and easily accessible—in one word, “natural” When
properly designed [23], natural interaction brings many benefits to
users and, consequently, a wealth of design guidelines have been
offered in the community [10,36]. But should natural interaction
design always be the favored option? Is “natural” the sole synonym for
usability, efficiency, or a great user experience in digital environments?
Should we exclusively value, emphasize, and prioritize natural design
for multimodal interactive computer systems? The vision outlined in
this position paper is to inspire the scientific community to move
beyond the prevailing paradigm of natural design and embark on
an active exploration of interaction modalities and techniques that
defy convention. Specifically, interactions that are, by design, un-
conventional, unexpected, surprising and, overall, challenge the
notion of what is “natural” It is important to note that this does not
imply that these interactions are inherently unusable. Rather, their
usability emerges from the very non-naturalness of the experience
itself—a unique, thought-provoking experience offered to users,
rather than relying solely on naturalness. In this paper, we argue
about the benefits of embracing “non-natural interaction design”

1.1 Terminology: Non-Natural, not Unnatural

It is important to clarify the terminology adopted in this paper.
While the proper antonym of “natural” is “unnatural,” the word “un-
natural” carries negative connotations, suggesting something that
goes against or deviates from the normal order or state of things, as
in the artificiality, abnormality, or aberration of a given situation.?
Also, this word may easily suggest bad or poorly designed Uls.?

Uhttps://icmi.cs.ucsb.edu

https://www.merriam-webster.com/dictionary/unnatural

3In Gord Kurtenbach’s words [36, p- 155], “T often give a lecture entitled ‘un-natural
user interfaces’ This particular title is a setup to make people think I'm going to speak
about examples of bad, ‘unnatural’ user interfaces and how we need to design them to
be more natural and intuitive. However, the surprise and hopefully entertaining twist
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Instead, we prefer the term “non-natural,” created through prefixa-
tion, to describe phenomena—specifically, interactions within the
scope of this work—that fall outside the realm of what is commonly
considered natural. The prefix “non” suggests an evolving alternative
to the commonly perceived notion of naturalness, just like natural
interactions were proposed as an alternative and complement to
GUIs and conventional computer interfaces before them [13,36].

2 CONTEXT: NATURAL INTERACTION
DESIGN FOR COMPUTER SYSTEMS

Natural interaction is one part of the natural design approach to in-
teractive computer systems, alongside natural user interfaces (NUIs)
and computation [10]. The main goal of natural design in HCI is
to increase the usability of computer systems with more intuitive
UIs and better system understandability; see Hirsch et al. [10] for
an overview of definitions, intentions, properties, and modalities
of natural design for interaction. Over time, the term “natural” has
been used in the scientific literature to denote interactions that feel
familiar [1], intuitive [7], ergonomic and easy to perform [21], easy
to recall [20], and easy to access [36] by computer users. It has also
been used to denote the alternative situation to conventional com-
puter interfaces that use devices whose operation needs learning,
while NUIs capitalize on humans’ natural abilities to employ touch,
gesture, motion, eye gaze, voice, and speech for interaction and
communication [13]. In this context, NUIs follow GUIs with the
promise to reduce accessibility barriers to computing technology
still further by taking better advantage of the user’s bandwidth [36].
By design, natural interaction can be achieved by observing users’
unconstrained behavior with interactive systems [21,37].

Within the realm of natural design, NUIs emerge as the mediators
enabling natural interaction between humans and computers. It is
important to note that naturalness is not a property of the NUIL but
rather external to it, and emerges from the actual interaction where
users act and feel naturally [36]. From this perspective, Wigdor and
Wixon [36] consider the meaning of “natural” as referring to “a
design philosophy and a source for metrics enabling an iterative
process to create a product” (p. 9). The focus on careful design for
effective natural interaction has also been highlighted by others [14,
23], e.g., “Natural interaction is achieved through clever designs
that constrain the problem in ways that are transparent to the user
but fall within the capabilities of technology” [14, p. 12]. In the
context of ubiquitous computing, natural interactions are mediated
by disappearing UIs [11], which are interfaces that go unnoticed by
users while nevertheless working effectively and enabling digital
information processing to dissolve in user behavior [8].

For multimodal interactive systems, naturalness emerges from
leveraging parallel channels for perception and action [5]. However,
is natural design the ultimate answer for interactive systems? We
contend otherwise. Next, we present our vision meant to disrupt
the established norms of natural interaction design, advocating for
the exploration of interactions that deliberately deviate from the
confines of what is conventionally accepted “natural”

of the lecture is that I claim there is no such thing as natural or intuitive interfaces.
Effective user interface design is very carefully controlled skill transfer—we design
interfaces so users can take their skills from one situation and re-apply them to a new
situation.” Our perspective is different from Gord Kurtenbach’s by explicitly stressing
the value of non-natural interaction and, moreover, actively pursuing it by design.
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3 VISION: EMBRACING NON-NATURAL
INTERACTION DESIGN

It is useful to begin our exploration with a working definition of
non-natural interaction with computer systems and the correspond-
ing approach to design that, through systematic application, would
give rise to such interactions. At first glance, one could assume that
a definition of non-natural interaction would inherently arise from
merely negating the characteristics of natural interaction, as they
were presented in Section 2. However, taking such an approach
would be misguided and of limited value for interaction design.
Instead, the vision that we propose is that non-natural interactions
do possess many of the user performance benefits of natural in-
teraction with computer systems, e.g., usability and accessibility,
yet capitalize on the unexpected, unusual, and unconventional. For
example, an interaction technique for accessing digital content from
a physical environment without receiving any feedback does not
follow natural design guidelines, but is nevertheless effective [28].
Alternating normal and whispered voice is not the natural approach
to speech-based interaction, yet it enables effective discrimination
between commands and text input [26]. Eyelids that open and
close following a specific pattern are not natural movements, but
constitute into an effective input technique for users with motor
impairments [6]. Supernumerary robotic limb systems are far from
natural, yet they facilitate novel, transformative forms of social
interaction [39]. We provide detailed examples of non-natural inter-
action design in Subsection 3.2. Notably, what these examples share
is a departure from the traditional notion and understanding of “nat-
ural” in terms of the interaction with a computer system. Despite
this deviation, these systems are usable, effective, and accessible.

3.1 Vision

We propose the concept of “non-natural interaction design” as a
transformative, creative process that leads to highly usable and ef-
fective interactive computer systems by deliberately deviating from
users’ expectations and experience of engaging with the physical
world. In this context, non-natural interaction design challenges es-
tablished norms of accessing and consuming digital content to pave
the way towards surprising, unexpected, and thought-provoking
user experiences. Non-natural interactions are, by design, not nat-
ural. However, it is important to note that non-natural does not
imply a lack of usability, accessibility, or efficiency. In fact, by con-
sidering the characteristics of Norman’s [22] three levels of design,
non-natural interactions challenge the visceral level, fulfill perfor-
mance expectations at the behavioral level, and engage users at the
reflective level via the novel, unconventional experience they offer.

3.2 Examples

We illustrate non-natural interaction design with a selected set of
examples of interactive computer systems [4,28,31,34] spanning
mobile and wearable computing, augmented reality, and ambient
intelligence; see Figure 1 for an overview.

3.2.1 Digital vibrons. Digital vibrons [34] represent manifestation
of digital content in the physical world in the form of vibrations.
When a digital file is picked up from its native container, e.g., a
smartphone, and brought into the physical world, it changes its
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Figure 1: Examples of non-natural interaction by design: (a) after picking up a digital object from the smartphone, the consistency
of the output modality breaks and the object manifests its presence with vibrations on the user’s finger [34]; (b) digital files
can be anchored in mid-air and retrieved effectively at a later time without any sensory feedback [28]; (c) the experience of
watching a virtual hand, aligned with the user’s body, taking part in a bimanual action [31]; (d) compromising the sense of
agency to a hand-augmentation device that controls the user’s finger [4]. From (a) to (d), the interactions challenge, by design,
users’ expectancy for feedback, body ownership, and agency, without compromising system usability; see the text for details.

manifestation. By means of an analogy with particle physics imple-
mented with a finger-augmentation device that delivers vibrations,
the user feels holding the digital file between their fingers (Fig-
ure 1a), although the original visual representation of that file is no
longer available on the smartphone. In the authors’ words: “when
in the physical world, digital objects are invisible to the eye, have
zero weight, but manifest their presence with localized vibrations,
until they reach again their container device” (p. 217). The behavior
of digital vibrons challenges user’s perception of the materiality of
the interaction with digital objects, but also the expectancy for a
consistent output modality when the file transcends the boundary
between the digital and physical worlds. Although this experience
deviates from the commonly accepted concept of natural manipu-
lation of physical or digital objects, digital vibrons were described
by the twenty participants of the user study reported in [34] as
attractive, fun, creative, and the system was perceived easy to use.

3.2.2 Invisible, inaudible, impalpable. By drawing from the con-
cept of imaginary Uls [9], Schipor and Vatavu [28] explored users’
preferences for placing digital objects, e.g., files, emails, music, etc.,
in the physical environment, including at locations in mid-air; see
Figure 1b. The goal of the exploration was interactive system design
that “enable[s] users to access digital content pinned ‘in thin air’ in

the digital layer of the smart environment” (p. 77). The distinctive
nature of the exploration was that absolutely no type of feedback
was provided to users. Uls such as these, where the mapping be-
tween physical locations and digital content exists solely in the
user’s mind and imagination, challenge the perception of a natural
response when interacting with physical or digital objects. Never-
theless, recall performance results [28] revealed an average offset
of just 16 cm from the invisible, inaudible, and impalpable regions
of the physical environment where digital content was anchored.

3.2.3  Possi(A)bilities. Possi(A)bilities [31] is an augmented reality
system that extends the human body with a virtual hand physically
aligned with the user’s arm; see Figure 1c. The virtual hand per-
forms gestures from a database of recorded hand movements, e.g.,
grasps, finger and hand poses, and can move on the table surface.
The combination of physical-virtual and live-recorded action makes
Possi(A)bilities “a medium for exploring, examining, and reflecting
on the motor abilities of the human hand enabled by possibilities
for human action beyond the physical world and the individual’s ca-
pacity to act independently” (p. 827). Bimanual gestures performed
with a real and virtual hand, enabling action at the boundary be-
tween the physical and virtual, deviate from the accepted notion
of natural interaction in several ways. First, the combination of a
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virtual and physical hand is uncommon, unexpected, surprising.
Second, the virtual hand is not under the user’s control although it
seems physically linked to their body. Third, the non-natural de-
sign of bimanual gesture input challenges the commonly accepted
notion of motor skill: who owns the motor skill of the virtual hand?

3.2.4  Fingerhints. By drawing from the area of on-body and propri-
oceptive interaction [15], Fingerhints [4] is a finger-augmentation
device that delivers notifications through hyper-extensions of the
index finger; see Figure 1d. Fingerhints challenge the user’s sense of
agency and, thus, create a state of tension between the user and the
computer, both demanding control over the same body part. In the
authors’ words: “On-body output affects user agency, instrumental
for interacting in the real-world, which becomes shared with a
computer in the new paradigm” (p. 518:1). Nevertheless, despite the
unusual experience that fingerhints create, which deviates from the
accepted norm of natural interaction where the user is in control
of their body and action, empirical evaluation results [4] revealed
an overall good level of usability, low perceived creepiness, and
moderate to high acceptability to use fingerhints in various public
settings, including in front of public audiences.

3.3 Framing Non-Natural Interaction Design

The examples discussed in the previous subsection represent good
illustrations of non-natural interactions resulting from a deliberate
design process. The goal of the interaction designer is a clear de-
parture from the commonly accepted notion of what is and feels
natural by having users experience new sensations with mobile,
wearable, and ambient technology. Nevertheless, the resulting sys-
tems are usable, favorably perceived, and positively appreciated.
Next, we try to pinpoint this specific nuance of non-natural interac-
tion design in the context of generic design strategies, and suggest
ways for advancing research in this direction.

By deviating from the established norm of natural and, corre-
spondingly, from the design guidelines for natural interaction [10,
36], non-natural design offers unique and distinctive experiences
to users. Moreover, we contend that in the context of emerging
computing environments and interactive contexts, such as mixed
worlds [18], mediated reality [16], or body augmentation and human-
computer integration systems [19], natural interaction may not
inherently be the optimal design choice. Actually, the emotional
responses generated by non-natural interactions should align with
the non-natural look and feel of such new computer environments
towards a cohesive and highly immersive experience. In fact, when
discussing emotional design, Donald A. Norman emphasizes the
value and importance of emotions in our daily lives: “Sure, utility
and usability are important, but without fun and pleasure, joy and
excitement, and yes, anxiety and anger, fear and range, our lives
would be incomplete” [22, p. 8]. Non-natural interaction design
seamlessly fits into this context as its objective is to create usable
interactive systems, while evoking a distinct emotional experience
that diverges from the familiar expectation of natural interaction.

Norman’s [22] description of the three levels of design—visceral,
behavioral, and reflective—represents a useful framework to posi-
tion and understand the scope, impact, and value of non-natural
interaction design. At the visceral level, the physical features of a
product or experience dominate, i.e., how the product/experience

Radu-Daniel Vatavu

looks and feels. While natural interactions evoke a sense of sim-
plicity, low effort, and intuitiveness, non-natural design challenges
the visceral level by deliberately provoking and inciting users. At
this level, non-natural interaction design embraces the unfamil-
iar, unconventional, and, occasionally, the creepy. However, even
creepiness has its merits for interactive technology as interaction
design may strategically leverage it for the benefit of users [38]. At
the behavioral level, what matters is user and system performance.
In natural design, this objective is achieved when interactions are
easily understandable, accurately interpreted by the computer sys-
tem, and a well match to the tasks. Non-natural design also aspires
to this objective since usability remains at its core, as evidenced by
the examples discussed in the previous subsections. The reflective
level of design is about the message, culture, and the meaning of the
product/experience as well as the reflected self-image of the user.
Non-natural interaction design aims to create unexpected, uncon-
ventional, thought-provoking experiences that reflectively engage
users, of which recent advances in human augmentation [25] or
human-computer integration [19] are relevant examples.

4 WHAT NEXT?

The non-natural interaction approach reframes the design and
research of interactive systems by forcing a shift from the estab-
lished notion of the natural, while still emphasizing usability—yet
in the presence of the unfamiliar, unconventional, and unexpected.
Natural interactions feel natural to use because they fit the skills
and context of the user [36]. In contrast, non-natural interaction
provokes the senses and the body by challenging both percep-
tion and action in new environments and contexts. Therefore, new
methodologies and frameworks are needed to formalize non-natural
interaction design. In the following, we mention a few potential
directions. Sensorimotor Realities (SRs) [32] represent a conceptual
space and technology-agnostic framework for computer-mediated
perception and action. By capitalizing on the heterogeneity of hu-
man sensorimotor abilities, SRs can inform interaction design that
leverages existing abilities in new contexts, including for body
augmentation, imaginary worlds, mixed reality, and assistive tech-
nology [33] by leveraging the commonalities among various com-
puting paradigms [30]. Wabi-Sabi design [29] capitalizes on themes
of impermanence, incompleteness, and imperfection. The conscious
use of impermanent materials and media, explicitly unfinished de-
signs, and engagement with available resources can be effective
ways to escape the confines of natural design thinking towards
exploration of unique and unpredictable outcomes in the design
process. Furthermore, placing interaction design within a relevant
philosophical and cultural framework [24] can help deal with the
bridging state between natural and non-natural in environments
that become into being in the intertwining between what is human
and what is computer. We look forward to such innovative research.

ACKNOWLEDGMENTS

This work was supported by a grant of the Ministry of Research, In-
novation and Digitization, CNCS/CCCDI-UEFISCDI, PN-III-P4-ID-
PCE-2020-0434 (PCE29/2021), within PNCDIIII. The photographs
in Figure 1 were taken by Annette Mossel and Christian Schonauer
(1a), Ovidiu-Andrei Schipor (1b), and Adrian-Vasile Catani (1d).



From Natural to Non-Natural Interaction: Embracing Interaction Design Beyond the Accepted Convention of Natural

REFERENCES

(1]

&

(3

=

=

(5]

6

=

~
—

(8]

=

[10

[11]

[12]

[13]

[14

(15

[16]

[17]

[18

[19]

[20]

Lisa Anthony, Kathryn A. Stofer, Annie Luc, and Jacob O. Wobbrock. 2016.
Gestures by Children and Adults on Touch Tables and Touch Walls in a Pub-
lic Science Center. In Proceedings of the 15th International Conference on In-
teraction Design and Children (IDC ’16). ACM, New York, NY, USA, 344-355.
https://doi.org/10.1145/2930674.2930682

Richard A. Bolt. 1980. "Put-That-There": Voice and Gesture at the Graphics
Interface. SSGGRAPH Comput. Graph. 14, 3 (1980), 262-270. https://doi.org/10.
1145/965105.807503

Carlos Busso, Zhigang Deng, Serdar Yildirim, Murtaza Bulut, Chul Min Lee,
Abe Kazemzadeh, Sungbok Lee, Ulrich Neumann, and Shrikanth Narayanan.
2004. Analysis of Emotion Recognition Using Facial Expressions, Speech and
Multimodal Information. In Proceedings of the 6th International Conference on
Multimodal Interfaces (ICMI "04). ACM, New York, NY, USA, 205-211. https:
//doi.org/10.1145/1027933.1027968

Adrian-Vasile Catana and Radu-Daniel Vatavu. 2023. Fingerhints: Understanding
Users’ Perceptions of and Preferences for On-Finger Kinesthetic Notifications. In
Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems
(CHI °23). ACM, New York, NY, USA, Article 518, 17 pages. https://doi.org/10.
1145/3544548.3581022

James Crowley. 2018. Put That There: 20 Years of Research on Multimodal
Interaction. In Proceedings of the 20th ACM International Conference on Multimodal
Interaction (ICMI ’18). ACM, New York, NY, USA, 4. https://doi.org/10.1145/
3242969.3276309

Mingming Fan, Zhen Li, and Franklin Mingzhe Li. 2021. Eyelid Gestures for
People with Motor Impairments. Commun. ACM 65, 1 (2021), 108-115. https:
//doi.org/10.1145/3498367

Sukeshini A. Grandhi, Gina Joue, and Irene Mittelberg. 2011. Understanding
Naturalness and Intuitiveness in Gesture Production: Insights for Touchless
Gestural Interfaces. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI °11). ACM, New York, NY, USA, 821-824. https:
//doi.org/10.1145/1978942.1979061

Adam Greenfield. 2006. Everyware: The Dawning Age of Ubiquitous Computing.
New Riders, Berkley, CA, USA. https://www.oreilly.com/library/view/everyware-
the-dawning/0321384016

Sean Gustafson, Daniel Bierwirth, and Patrick Baudisch. 2010. Imaginary
Interfaces: Spatial Interaction with Empty Hands and without Visual Feed-
back. In Proceedings of the 23nd Annual ACM Symposium on User Interface
Software and Technology (UIST °10). ACM, New York, NY, USA, 3-12. https:
//doi.org/10.1145/1866029.1866033

Linda Hirsch, Jingyi Li, Sven Mayer, and Andreas Butz. 2022. A Survey of Natural
Design for Interaction. In Proceedings of Mensch Und Computer 2022 (MuC ’22).
ACM, New York, NY, USA, 240-254. https://doi.org/10.1145/3543758.3543773
Terence K.L. Hui and R. Simon Sherratt. 2017. Towards Disappearing User
Interfaces for Ubiquitous Computing: Human Enhancement from Sixth Sense
to Super Senses. Journal of Ambient Intelligence and Humanized Computing 8
(2017), 449-465. https://doi.org/10.1007/s12652-016-0409-9

Alejandro Jaimes and Nicu Sebe. 2007. Multimodal Human-Computer Interaction:
A Survey. Computer Vision and Image Understanding 108, 1 (2007), 116-134.
https://doi.org/10.1016/j.cviu.2006.10.019

Kem-Laurin Kramer. 2012. Approaches to a Sustainable User Experience. In
User Experience in the Age of Sustainability, Kem-Laurin Kramer (Ed.). Morgan
Kaufmann, Boston, MA, 31-68. http://dx.doi.org/B978-0-12-387795-6.00002-0
Johnny Chung Lee. 2010. In Search of a Natural Gesture. XRDS 16, 4 (2010), 9-12.
https://doi.org/10.1145/1764848.1764853

Pedro Lopes, Alexandra Ion, Willi Mueller, Daniel Hoffmann, Patrik Jonell, and
Patrick Baudisch. 2015. Proprioceptive Interaction. In Proceedings of the 33rd
Annual ACM Conference on Human Factors in Computing Systems (CHI ’'15). ACM,
New York, NY, USA, 939-948. https://doi.org/10.1145/2702123.2702461

Steve Mann and Woodrow Barfield. 2003. Introduction to Mediated Reality.
International Journal of Human-Computer Interaction 15, 2 (2003), 205-208. https:
//doi.org/10.1207/S15327590IJHC1502_1

David McNeill. 1992. Hand and Mind: What Gestures Reveal About Thought. Univ.
of Chicago Press, Chicago, IL. https://psycnet.apa.org/record/1992-98214-000
Paul Milgram and Fumio Kishino. 1994. A Taxonomy of Mixed Reality Visual
Displays. IEICE Transactions on Information and Systems E77-D, 12 (December
1994), 1321-1329. https://search.ieice.org/bin/summary.php?id=e77-d_12_1321
Florian Floyd Mueller, Pedro Lopes, Paul Strohmeier, Wendy Ju, Caitlyn Seim,
Martin Weigel, Suranga Nanayakkara, Marianna Obrist, Zhuying Li, Joseph Delfa,
Jun Nishida, Elizabeth M. Gerber, Dag Svanaes, Jonathan Grudin, Stefan Greuter,
Kai Kunze, Thomas Erickson, Steven Greenspan, Masahiko Inami, Joe Marshall,
Harald Reiterer, Katrin Wolf, Jochen Meyer, Thecla Schiphorst, Dakuo Wang, and
Pattie Maes. 2020. Next Steps for Human-Computer Integration. In Proceedings
of the 2020 CHI Conference on Human Factors in Computing Systems (CHI °20).
ACM, New York, NY, USA, 1-15. https://doi.org/10.1145/3313831.3376242
Miguel A. Nacenta, Yemliha Kamber, Yizhou Qiang, and Per Ola Kristensson. 2013.
Memorability of Pre-Designed and User-Defined Gesture Sets. In Proceedings of

[25]

[26]

[28

[29

[30]

[32

[33

&
=)

[35

[36

[37

'w
&

[39

ICMI °23, October 9-13, 2023, Paris, France

the SIGCHI Conference on Human Factors in Computing Systems (CHI ’13). ACM,
New York, NY, USA, 1099-1108. https://doi.org/10.1145/2470654.2466142
Michael Nielsen, Moritz Stérring, Thomas B. Moeslund, and Erik Granum. 2004.
A Procedure for Developing Intuitive and Ergonomic Gesture Interfaces for
HCL In Gesture-Based Communication in Human-Computer Interaction, Antonio
Camurri and Gualtiero Volpe (Eds.). Springer, Berlin, Heidelberg, 409-420. https:
//doi.org/10.1007/978-3-540-24598-8_38

Donald A. Norman. 2004. Emotional Design: Why We Love (or Hate) Everyday
Things. Basic Books, New York, NY, USA. https://www.nngroup.com/books/
emotional-design

Donald A. Norman. 2010. Natural User Interfaces Are Not Natural. Interactions
17,3 (2010), 6-10. https://doi.org/10.1145/1744161.1744163

Bogdan Popoveniuc and Radu-Daniel Vatavu. 2022. Transhumanism as a
Philosophical and Cultural Framework for Extended Reality Applied to Hu-
man Augmentation. In Proceedings of the 13th Augmented Human International
Conference (AH °22). ACM, New York, NY, USA, Article 6, 8 pages. https:
//doi.org/10.1145/3532525.3532528

Roope Raisamo, Ismo Rakkolainen, P4ivi Majaranta, Katri Salminen, Jussi Rantala,
and Ahmed Farooq. 2019. Human Augmentation: Past, Present and Future.
International Journal of Human-Computer Studies 131 (2019), 131-143. https:
//doi.org/10.1016/j.ijhcs.2019.05.008

Jun Rekimoto. 2022. DualVoice: Speech Interaction That Discriminates between
Normal and Whispered Voice Input. In Proceedings of the 35th Annual ACM
Symposium on User Interface Software and Technology (UIST "22). ACM, New York,
NY, USA, Article 91, 10 pages. https://doi.org/10.1145/3526113.3545685

Ronald Rosenfeld, Dan Olsen, and Alex Rudnicky. 2001. Universal Speech Inter-
faces. Interactions 8, 6 (2001), 34-44. https://doi.org/10.1145/384076.384085
Ovidiu-Andrei Schipor and Radu-Daniel Vatavu. 2018. Invisible, Inaudible, and
Impalpable: Users’ Preferences and Memory Performance for Digital Content in
Thin Air. IEEE Pervasive Computing 17, 4 (2018), 76-85. https://doi.org/10.1109/
MPRV.2018.2873856

Vasiliki Tsaknaki and Ylva Fernaeus. 2016. Expanding on Wabi-Sabi as a Design
Resource in HCL In Proceedings of the 2016 CHI Conference on Human Factors
in Computing Systems (CHI ’16). ACM, New York, NY, USA, 5970-5983. https:
//doi.org/10.1145/2858036.2858459

Radu-Daniel Vatavu. 2022. Are Ambient Intelligence and Augmented Reality
Two Sides of the Same Coin? Implications for Human-Computer Interaction. In
Extended Abstracts of the 2022 CHI Conference on Human Factors in Computing
Systems (CHI EA "22). ACM, New York, NY, USA, Article 362, 8 pages. https:
//doi.org/10.1145/3491101.3519710

Radu-Daniel Vatavu. 2022. Possi(A)bilities: Augmented Reality Experiences of
Possible Motor Abilities Enabled by a Video-Projected Virtual Hand. In Proceed-
ings of the 27th International Symposium on Electronic Art (ISEA °22). ISEA Inter-
national, Rotterdam, 825-828. https://doi.org/10.7238/ISEA2022.Proceedings
Radu-Daniel Vatavu. 2022. Sensorimotor Realities: Formalizing Ability-Mediating
Design for Computer-Mediated Reality Environments. In Proceedings of the IEEE
International Symposium on Mixed and Augmented Reality (ISMAR °22). IEEE,
USA, 685-694. https://doi.org/10.1109/ISMAR55827.2022.00086

Radu-Daniel Vatavu. 2023. Leveraging Sensorimotor Realities for Assistive
Technology Design Bridging Smart Environments and Virtual Worlds. In Pro-
ceedings of the 16th International Conference on PErvasive Technologies Related
to Assistive Environments (PETRA ’23). ACM, New York, NY, USA, 247-253.
https://doi.org/10.1145/3594806.3594834

Radu-Daniel Vatavu, Annette Mossel, and Christian Schénauer. 2016. Digital
Vibrons: Understanding Users’ Perceptions of Interacting with Invisible, Zero-
Weight Matter. In Proceedings of the 18th International Conference on Human-
Computer Interaction with Mobile Devices and Services (MobileHCI ’16). ACM, New
York, NY, USA, 217-226. https://doi.org/10.1145/2935334.2935364

Pierre Wellner. 1993. Interacting with Paper on the DigitalDesk. Commun. ACM
36, 7 (1993), 87-96. https://doi.org/10.1145/159544.159630

Daniel Wigdor and Dennis Wixon. 2011. Brave NUI World: Designing Natural
User Interfaces for Touch and Gesture. Morgan Kaufmann, Burlington, MA, USA.
https://doi.org/10.1016/C2009-0-64091-5

Jacob O. Wobbrock, Meredith Ringel Morris, and Andrew D. Wilson. 2009. User-
Defined Gestures for Surface Computing. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (CHI "09). ACM, New York, NY, USA,
1083-1092. https://doi.org/10.1145/1518701.1518866

Pawel W. Wozniak, Jakob Karolus, Florian Lang, Caroline Eckerth, Johannes
Schéning, Yvonne Rogers, and Jasmin Niess. 2021. Creepy Technology: What
Is It and How Do You Measure It?. In Proceedings of the 2021 CHI Conference
on Human Factors in Computing Systems (CHI "21). ACM, New York, NY, USA,
Article 719, 13 pages. https://doi.org/10.1145/3411764.3445299

Nahoko Yamamura, Daisuke Uriu, Mitsuru Muramatsu, Yusuke Kamiyama,
Zendai Kashino, Shin Sakamoto, Naoki Tanaka, Toma Tanigawa, Akiyoshi On-
ishi, Shigeo Yoshida, Shunji Yamanaka, and Masahiko Inami. 2023. Social Digital
Cyborgs: The Collaborative Design Process of JIZAI ARMS. In Proceedings of the
2023 CHI Conference on Human Factors in Computing Systems (CHI "23). ACM, New
York, NY, USA, Article 369, 19 pages. https://doi.org/10.1145/3544548.3581169


https://doi.org/10.1145/2930674.2930682
https://doi.org/10.1145/965105.807503
https://doi.org/10.1145/965105.807503
https://doi.org/10.1145/1027933.1027968
https://doi.org/10.1145/1027933.1027968
https://doi.org/10.1145/3544548.3581022
https://doi.org/10.1145/3544548.3581022
https://doi.org/10.1145/3242969.3276309
https://doi.org/10.1145/3242969.3276309
https://doi.org/10.1145/3498367
https://doi.org/10.1145/3498367
https://doi.org/10.1145/1978942.1979061
https://doi.org/10.1145/1978942.1979061
https://www.oreilly.com/library/view/everyware-the-dawning/0321384016
https://www.oreilly.com/library/view/everyware-the-dawning/0321384016
https://doi.org/10.1145/1866029.1866033
https://doi.org/10.1145/1866029.1866033
https://doi.org/10.1145/3543758.3543773
https://doi.org/10.1007/s12652-016-0409-9
https://doi.org/10.1016/j.cviu.2006.10.019
http://dx.doi.org/B978-0-12-387795-6.00002-0
https://doi.org/10.1145/1764848.1764853
https://doi.org/10.1145/2702123.2702461
https://doi.org/10.1207/S15327590IJHC1502_1
https://doi.org/10.1207/S15327590IJHC1502_1
https://psycnet.apa.org/record/1992-98214-000
https://search.ieice.org/bin/summary.php?id=e77-d_12_1321
https://doi.org/10.1145/3313831.3376242
https://doi.org/10.1145/2470654.2466142
https://doi.org/10.1007/978-3-540-24598-8_38
https://doi.org/10.1007/978-3-540-24598-8_38
https://www.nngroup.com/books/emotional-design
https://www.nngroup.com/books/emotional-design
https://doi.org/10.1145/1744161.1744163
https://doi.org/10.1145/3532525.3532528
https://doi.org/10.1145/3532525.3532528
https://doi.org/10.1016/j.ijhcs.2019.05.008
https://doi.org/10.1016/j.ijhcs.2019.05.008
https://doi.org/10.1145/3526113.3545685
https://doi.org/10.1145/384076.384085
https://doi.org/10.1109/MPRV.2018.2873856
https://doi.org/10.1109/MPRV.2018.2873856
https://doi.org/10.1145/2858036.2858459
https://doi.org/10.1145/2858036.2858459
https://doi.org/10.1145/3491101.3519710
https://doi.org/10.1145/3491101.3519710
https://doi.org/10.7238/ISEA2022.Proceedings
https://doi.org/10.1109/ISMAR55827.2022.00086
https://doi.org/10.1145/3594806.3594834
https://doi.org/10.1145/2935334.2935364
https://doi.org/10.1145/159544.159630
https://doi.org/10.1016/C2009-0-64091-5
https://doi.org/10.1145/1518701.1518866
https://doi.org/10.1145/3411764.3445299
https://doi.org/10.1145/3544548.3581169

	Abstract
	1 Introduction
	1.1 Terminology: Non-Natural, not Unnatural

	2 Context: Natural Interaction Design for Computer Systems
	3 Vision: Embracing Non-Natural Interaction Design
	3.1 Vision
	3.2 Examples
	3.3 Framing Non-Natural Interaction Design

	4 What Next?
	Acknowledgments
	References

