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Abstract

The widespread use of computers has had negative impacts on physical, psycholog-
ical, and social well-being, including sedentary behavior, addiction, anxiety, attention
deficit disorders, body dysmorphia, and even suicide. In order to address these issues,
we propose the development of a new type of human-computer interface that is charac-
terized by three fundamental traits: they should be silent, screen-free, and social. The
interface should operate at the periphery of the perception-action cycle and not con-
strain the user’s freedom. Examples of technologies that embody these traits include
non-visual user interfaces, haptic interfaces, and brain-computer interfaces. Grounded
in the broader framework of extended cognition, this approach encourages the offload-
ing of cognitive tasks onto the environment in a manner that supports natural human
functioning and minimizes cognitive overload.

1 Introduction

The widespread dissemination of computers in their current embodiment has led to funda-
mental changes in human behavior and social interactions, which now seem to constitute
serious threats to physical, psychological, and social well-being. Evidence suggests that pro-
longed computer use causes severe physical health issues related to sedentary behavior, such
as obesity and postural issues [Vendelanotte and Others, 2009, Osama et al., 2018]. Beyond
mere physical symptoms, the mental health burden of prolonged computer use includes ad-
diction, anxiety, and depression [Boumosleh and Jaalouk, 2018], attention deficit disorders
[Small et al., 2020], personality disorders [Perugini and Solano, 2021], emotional dysregu-
lation [Kirsh and Mounts, 2007], eating disorders, body dysmorphia [Griffith et al., 2018],
and even suicide [Rostad et al., 2021]. In the social realm, internet and computer use is
associated with social problems such as polarization [Van Bavel et al., 2021] and radicaliza-
tion [Hollewell and Longpré, 2022], sometimes responsible for major social unrest [Tufekci
and Freelon, 2013]. It is not unfair to say that the current human-computer interface is
pathogenic — it causes physical and mental illnesses.
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When we examine the design of both hardware and software technology, we find that these
issues seem to stem directly from state-of-the-art computer interfaces. These interfaces are
inherently asocial and restrictive for the user, depriving them of the freedom to use their eyes
and hands as needed, and remaining invasive even when they do not perform any function
(think of putting your smartphone on a table during dinner). This burden of computing
technologies can be significantly lowered with the introduction of novel forms of human-
computer interactions enabled by a radically new type of interface. Here, we sketch what
this interface could be and the type of healthy human-computer interaction it would allow,
which would increase the user’s autonomy and lower the interaction’s physical, psychological,
and social burden. We suggest that human-computer interaction should minimally constrain
the user’s freedom, and hence should operate at the periphery of the perception-action cycle
— that is, interfacing with computers should not cut the user off from their brain, body, or
environment.

Figure 1: The mental, social, and physical burden associated with current computer interface
design.

Since the 1990s, it was thought that natural interaction with the real world should ulti-
mately provide an alternative to the previous command-line interface (CLI) and graphical
user interface (GUI). Early visions, exemplified byWellner’s desk, were eventually supplanted
by the very successful touchscreen, and there has not been any fundamental shift in human-
computer interaction since the mother of all demos at Xerox Park in the 1970s introduced
the keyboard-mouse-screen model. These types of interactions are often referred to as ”Nat-
ural User Interfaces”, ”Direct User Interfaces”, and ”Metaphor-Free Computing” [Mann].
This mirrors the notion of Calm Technologies advocated by Mark Weiser as “the most im-
portant design problem of the twenty-first century” [Weiser and Brown, 1995]. In recent
years, some solutions have emerged around naturalistic interaction, including no-UI design,
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organic interfaces (such as Kinect), invisible interfaces, or ubiquitous computing. More than
25 years later, we have made virtually no progress in realizing natural user interfaces at the
consumer level, and large software companies are increasingly held responsible for the men-
tal and social unrest that has been observed. Extending work from past decades on natural
user interfaces and metaphor-free computing, we identify three fundamental characteristics
lacking in current computer technologies. For each characteristic, we provide human factor
design principles and concrete examples of technologies that embody these traits.

2 Screen-Free Interaction

One of the major problems with current computer interfaces is that they often require visual
input, which can pose serious risks for users and dissociate them from their context. For
example, screen-induced distraction in vehicles is responsible for an estimated 25% of car
accidents in the United States, leading to more than 1.5 million deaths annually. In addition
to the risks posed by screen use while driving, visual impairment or blindness can make it
difficult or impossible for some individuals to use many common interfaces, limiting their
ability to participate fully in society and access essential resources like education and em-
ployment. A promising solution to these problems is the use of non-visual user interfaces,
which allow users to interact with computers without relying on sight. Such interfaces may
include voice-based systems, tactile interfaces that use touch or physical movement, and sys-
tems that incorporate auditory or other sensory inputs. By providing alternative methods
of input and output, non-visual interfaces can make computers more accessible and user-
friendly for all individuals, regardless of their abilities. This approach, sometimes referred
to as Non-visual User Interaction (No UI) design, uses non-visual interactions that mimic
real-world actions and behaviors, making experiences more familiar and comfortable. For
instance, a music player controlled by gestures or a smart home device responding to voice
commands can feel far more intuitive than traditional visual interfaces. The potential of
human perception extends far beyond mere exteroception, and computer interfaces can be
designed to leverage this wider range of inputs and outputs. An effective test of a non-visual
interface is to try using it without looking at it, thereby evaluating how well the interface
communicates information and enables task performance without relying on visual input.

3 Silent Computing

While the number of computers is increasing and their sizes are diminishing, these devices
have become ubiquitous in our everyday lives. In some regions, people spend up to three
hours daily online [Insights, Time]. The disturbance induced by constant computer use
not only distracts us from our immediate context, but also leads to social isolation, cog-
nitive overload [Tanil and Yong, 2020], and generalized stress and anxiety [Cheever et al.,
2014]. These problems of social disconnection and cognitive overload would be mitigated
if computer interfaces were designed to be silent — meaning that they do not require con-
stant user attention. Silent computing takes this a step further than screen-free interfaces
by enabling systems to operate below the threshold of conscious awareness. For example,
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consider a thermostat: one does not need to continually check it to enjoy a comfortable
temperature because it operates quietly in the background, adjusting automatically based
on user preferences and ambient conditions. Similarly, modern tracking systems, such as pe-
dometers or hands-free payment systems, work silently to provide useful information without
requiring constant supervision. A current example is the MacID app, which allows users to
unlock their computers with their smartphones without needing to enter a password, and
glanceability features on smartphones allow quick checks of notifications without unlocking
the device. Time tracking apps often silently process calendar data to generate timesheets,
thereby reducing cognitive strain. Silent computing has the potential to enable new forms
of interaction, even in altered states of consciousness such as sleep, dreaming, meditation,
or hypnosis. Technologies like brain-computer interfaces could detect and interpret users’
dream states, offering real-time feedback that might influence dream content or provide ther-
apeutic benefits. By allowing computers to operate at the periphery of the user’s attention,
we may reduce cognitive overload and stress associated with traditional interfaces.

4 Social Interaction

Most current computers are designed for single-user use only, inherently preventing group
activity. When observing another user interact with technology without the ability to join
in — for instance, when someone does not know a keyboard shortcut that could save time
— the observer experiences a sense of exclusion. This inherent isolation contradicts the well-
established evidence from neuroscience and primatology that humans are fundamentally
social beings. Our survival and well-being depend on social interactions and the formation
of deep, lasting bonds. To counteract this, multi-user interfaces and hardware have been
developed to facilitate group interaction and collaboration. Examples include multi-touch
displays that support simultaneous interactions, gesture-based interfaces that allow group
control, shared screens, and collaborative software applications. These technologies enable
multiple users to work together, access shared resources, and communicate in real time,
thereby reinforcing social bonds and enhancing group creativity.

5 Implementation at Brain Games Lab

At Brain Games Lab, we are committed to developing prototypes that embody the 3S Ap-
proach. Our focus is on creating interfaces that are silent, screen-free, and social, and that
seamlessly integrate with our cognitive environment. We utilize sensor arrays to gather con-
textual data such as posture, environmental cues, and physiological signals. Machine learning
algorithms then interpret this data to create adaptive feedback loops that anticipate user
needs without explicit commands. In our implementations, wearable devices provide gentle,
real-time guidance via vibrotactile signals or soft auditory notifications. Our experimental
platform, code-named BeSound, explores how subtle audio cues can be woven into the en-
vironment to enhance immersion during activities such as reading or meditation. BeSound
is designed to serve as an invisible scaffold, offering ambient auditory support that reduces
stress and mitigates cognitive overload. Additionally, our research has revealed that carefully
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designed social interfaces can induce pleasurable chills or frisson — brief, tingling sensations
associated with intense aesthetic or emotional experiences — which in turn enhance group
cohesion and shared immersion.

The 3S Approach is deeply rooted in the concept of extended cognition, which posits that
human cognitive processes extend beyond the brain to include external tools and environ-
mental structures [Clark, 1998, 2008]. According to Arnold Gehlen, humans are inherently
”deficient” and rely on cultural and technological scaffolds to augment their cognitive capa-
bilities [Gehlen, 1988]. In the context of computing, offloading tasks such as memory recall,
navigation, and scheduling to external devices can free the mind for higher-order thinking.
However, poorly designed interfaces can exacerbate cognitive overload rather than alleviate
it. By aligning interface design with the principles of extended cognition, we can create sys-
tems that serve as cognitive scaffolds, supporting rather than hindering our natural mental
processes. Looking forward, the principles of the 3S Approach suggest a range of novel tech-
nologies that transcend traditional screens. At Brain Games Lab, we are exploring adaptive
lighting systems that adjust to the emotional state of a group, wearable EEG headbands
capable of detecting real-time user states, and advanced haptic arrays that provide rich,
tactile narratives. These emerging technologies hold the promise of integrating seamlessly
into our daily lives, supporting tasks through subtle environmental cues rather than overt
visual displays. In such a future, the frictionless integration of body, mind, and environment
would become the baseline expectation, and our interactions with technology would be more
about enhancing natural human capabilities than dominating them.

6 Conclusion

The 3S Approach — silent, screen-free, and social — offers a novel framework for rethink-
ing human-computer interaction. By situating our work within the context of extended
cognition, we argue that well-crafted technologies can serve as essential cognitive partners,
offloading routine tasks and freeing mental resources for more creative and socially enriching
activities. Despite the promise of this approach, several challenges remain, such as ensuring
privacy with pervasive sensing, refining the ergonomics of non-visual feedback, and develop-
ing predictive algorithms that minimize false positives. Interdisciplinary research drawing
from cognitive science, philosophy, engineering, and design is crucial to overcoming these
hurdles and ensuring that new technologies are both effective and ethically sound. The
legacy keyboard-mouse-screen paradigm often undermines well-being by monopolizing at-
tention and constraining human potential. Our 3S Approach provides a blueprint for more
natural, unobtrusive, and collective forms of interface design. Early implementations at
Brain Games Lab, including our BeSound platform, demonstrate both the feasibility and
promise of this approach. As we move further into a post-screen future, embracing these de-
sign principles may help restore a more balanced and enriching relationship between people,
technology, and the environments we inhabit.
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