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Abstract—This paper aims to outline the foundations for an ethics
of digital touch. Digital touch refers to hardware and software
technologies, often collectively referred to as ‘haptics’, that
provide somatic sensations including touch and Kinaesthesis,
either as a stand-alone interface to users, or as part of a wider
immersive experience. Digital touch has particular promise in
application areas such as communication, affective computing,
medicine, and education. However, as with all emerging
technologies, potential value needs to be considered against
potential risk. We therefore identify some areas where digital
touch raises ethical concerns, and we identify why these concerns
arise, based on the distinctive physiological and functional
properties of the human somatosensory system. Most scientific
research in digital touch has focused on user interaction with
external objects (active touch). However, the most pressing ethical
concerns with digital touch technologies arise when users are being
passively touched. Our analysis identifies several important
questions about control, transparency, and epistemic procedure in
digital touch scenarios. First, human somatosensation is “always
on”, and many digital touch technologies take advantage of this
(e.g., alerting systems). As a result, digital touch technologies can
undermine individuals’ sensory autonomy (i.e., the right to choose
what sensations one experiences). Second, users may reasonably
want to know who or what is touching them, and for what purpose.
Consent for digital touch will therefore need to be carefully and
transparently transacted. Third, because touch gives us a special,
direct experience of interacting with our physical environment,
digital touch technologies that manipulate this interaction could
potentially provide a major epistemic challenge, by changing a
user’s basic understanding of reality and their relation to it.
Informed by this discussion, we conclude by suggesting a basis for
an ethical design framework for digital touch systems.

Index Terms— haptics, ethics, haptic technology, digital touch,
touch

[. INTRODUCTION

ecent progress in haptic technology (HT) has given rise
to the concept of digital touch. We broadly define
igital touch as a process in which a technological
device produces specific sensations and experiences in the user
by stimulating the body’s surface. We note that ‘digital’ is a
term of convenience in this context since the stimulation itself
is typically delivered by analogue hardware. Haptic devices can
produce vibrotactile, kinaesthetic, or thermal sensations [1] and
can be classified into two types: those that require direct contact
(such as joysticks [2]) and those that do not, utilising methods
such as ultrasound to stimulate tactile sensation in midair [3].
Examples of existing digital touch technology range from
‘wearables’ such as full-body exoskeletons and remote-
operation bracelets/smartwatches, to games console controllers,

helicopter joysticks, and steering wheels (see Fig 1). Early
haptics interfaces often used touch to convey relevant
information to guide behaviour without distracting a user’s
overt attention. For example, digital touch systems are
commonly used in the automotive industry to warn drivers of
lane departure, allowing them to remain visually focused on the
road [4]. In contrast, more recent systems have much wider
ambitions to reproduce, enhance, and extend through
technology the capacities and functions of touch (and other
bodily sensations) in everyday life. For instance, modern
haptics aims to reproduce the distinctive qualitative feeling of
touching specific objects, such as their texture [5], warmth [6],
or stiffness [7]. One particular interest (and challenge) is the
technological simulation and mediation of human-human
tactile interaction and communication. The possibilities of
digital handshakes [8] and programmable long-distance kissing
[9], for example, have attracted both engineering and media
interest but such devices remain technically difficult and
subjectively unconvincing.

Most modern haptic systems aim at ‘realism’. Yet, what this
means is rarely discussed. The working assumption is that
haptic technologies aim to accurately reproduce everyday
experiences of tactile sensation. For example, in many virtual
reality (VR) and haptic display set-ups the user can both see and
feel an object they can haptically interact with [10]. The tactile
experience should then be ‘as if” the user is really touching the
object that they see and indistinguishable from the tactile
experiences that would be provided by the real-world objects
being simulated. The assumed goal, therefore, is that users
should have an experience ‘as if” they were actually handling a
piece of fabric, or squeezing a loved one’s hand, or holding a
ball, and so on. This goal still eludes haptic designers.

The stimulator hardware used to generate these experiences
are generally very physically different from the actual piece of
fabric, the actual hand of a loved one, or the actual squishiness
of ball that is being simulated. Yet, the user’s sensory
experiences should be qualitatively equivalent. The digital
control of the stimulator/actuator therefore needs to be
controlled in a way that reproduces the physical events of
typical interactions [11]. Further, the user will often know that
the digital touch sensations they are experiencing are artificial.
How will their knowledge of what really underlies their
experiences change the experiences themselves? How will the
knowledge that they are actually touching a stimulator that is
simulating a soft fabric change their experience of the softness
of the fabric? If the experience is unaffected by knowing that it
is not what it seems to be, it is said to be ‘“cognitively
impenetrable” [12]. Interestingly, many tactile illusions seem to
be cognitive impenetrable, in the sense that the tactile



experience can be convincing, or at least engaging, even when
the user knows it is an illusion [13].

A.  Realism and immersion: ethical implications of belief
engineering

We distinguish three levels of realism for digital touch
and assume that they are hierarchically connected with each
other. A perfect haptic system will facilitate all three levels
(see Table I).

First, all digital touch involves real physical stimulation
of touch receptors. Haptic technologies produce physical
events — such as vibrations or ultrasound waves — that induce
sensations by activating somatosensory receptors in the skin or
underlying body tissue. Importantly, on this definition,
auditory and visual stimuli that produce illusions of touch
without any physical effect on skin receptors do not qualify as
digital touch — they are faked touch, even if the fake is
convincing.

Second, we can ask whether a tactile stimulation produces
experiences that are sufficiently familiar to their ‘real’
counterparts to provide the user with a functional, convincing
experience of touch. Digital touch systems aim to create
experiences that are qualitatively similar to established tactile
experiences. For instance, a haptic display setup that aims to
replicate the sensation of handling a cotton fabric, should
reproduce the particular softness, temperature and weight of
cotton. The more the user perceives these particular qualities,
the more ‘realistic’ the tactile experience will be, and the more
convincing the interaction will be.

Third, a digital touch system might reproduce some of the
qualitative experiences of touching a particular object, but it
may still fail to convince a user they are really feeling that
particular object. The “as if” element of the tactile illusion can
be only partial. For example, a haptic system might give us a
feeling somewhat like touching a loved one’s hand. However,
the experience might not be convincing, either for tactile
reasons (e.g., the digital touch stimulation of their skin might
be convincingly soft, but the surface temperature might be
implausible) or for other reasons (when we look, we might not
see a hand like our loved one’s). Interestingly, partial tactile
illusions can be interesting and absorbing, even when other
sources of belief tell us the tactile experience is not veridical —
this fact motivates attempts to improve digital touch
technologies. In the context of VR technologies, “immersion”
and “presence” are used in evaluating perceived realism, and
digital touch potentially facilitates immersion [14].

A perfect haptic display would produce like-real tactile
experiences that successfully induce beliefs about the objects,
surfaces, and people that one touches. This seems to be the
aim of many current haptic technologies. In one sense, these
beliefs will be false: we won’t really be feeling that particular
object. In fact, in some cases, the beliefs we derive from HT
might not pick out anything in the real world at all. For
example, robotic manipulation systems are often used to give
the feeling of one’s hand banging into a wall, or following
along the side of a wall, yet in reality there is no wall. The
challenge for haptic designers and digital touch interface
engineers is to provide experiences that induce these (false)
beliefs as effectively as possible. But in another sense, such

experiences can provide true beliefs about what it is like to
feel something. For example, a haptic system could provide an
accurate experience of what it is like to touch my loved one’s
hand, even though any associated belief that the hand is really
there would be false. From this experience, we would derive a
true qualitative belief about what it is like to touch my loved
one’s hand. Sometimes the experience will induce false beliefs
in both senses. For instance, a HT could simulate an
experience of (a) touching an object that isn’t actually present
and (b) the object has atypical phenomenal qualities that the
real object wouldn’t have. To give an example, a HT could
potentially simulate the size, texture, and compliance of an ice
cube, but couple these with the sensation of heat rather than
cold.

Recasting digital touch engineering as the inculcation of
false beliefs shows why an ethics of digital touch is important:
false belief scenarios are sometimes justifiable or valuable, but
sometimes raise ethical concerns.

In summary, HT’s potentially raise two distinct sets of
ethical concerns, corresponding to two distinct cognitive
levels of somatosensory processing. First, HT’s can potentially
cause sensory experiences that are aversive or unpleasant,
notably pain. This potentially raises ethical concerns related to
affect alone, whether or not these experiences align with
expectation or challenge our beliefs about reality. What we
have called ‘perfect’ haptic systems, those that can update our
beliefs, raise additional ethical concerns related to belief,
deceit, and manipulation.

B. Ethical particularities of touch

To our knowledge, no previous work has focussed
specifically on developing an applied ethics for digital touch.
This may be surprising given the burgeoning research and
commercialization efforts in this area. Therefore, we outline
here an intellectual and scientific foundation for the ethics of
both natural and digital touch. Our remarks are directed at
those working in research, development, implementation, and
use of digital touch technologies, but also in technology ethics
generally. Importantly, an ethics of digital touch must be
informed by scientific knowledge regarding how the sense of
touch works, and by clear theories of touch processing. For
example, ethically relevant attributes and content should be
considered separately for the stimulus level, experiential level,
and belief level described above. Similarly, we argue that the
ethical concerns for digital touch differ strongly between cases
where the system focusses on the user’s active, exploratory
tactile interactions with the external environment, and
situations where the user is passively touched.

We proceed as follows. First, we outline some specific and
relevant facts about the biological functions of touch and
somatosensory systems in humans, focussing on their specific
role in affect. Second, we show how these specific
considerations raise a unique set of ethical problems. Third,
we consider how digital touch systems change our everyday
understanding of touch and consider the ethical issues these
changes will bring. Finally, we illustrate how these insights
can be applied within a practical ethical design framework.



II. KEY FEATURES OF TOUCH

The sense of touch is thought to play both a
functional/perceptual and affective role. Touch gives us
structural information about the objects we are touching, such
as their size, shape, and compliance. Touch also conveys
affect, though experiences of warmth, pain, and social contact.
Four distinctive properties of functional touch, which differ
importantly from other sensory modalities (vision, audition,
and smell), are particularly relevant for the ethics of digital
touch. To be specific, touch is physically direct; touch is
epistemically private; touch is self-related; and touch can be
emotionally salient. All these features raise special ethical
issues for touch in general, and digital touch in particular.

A. Directness

Touch provides us with special information about the
external world. Classically, it complements other
exteroceptive senses such as vision. For example, we may use
touch to confirm that what we are seeing is actually there: that
there is an external world, rather than a chimera, a hologram,
or a hallucination. Touch also confirms the location of our
body relative to other objects within that external world: our
tactile experience is restricted to those objects in the world
that abut our own location.

In fact, touch has two unique features as a spatial sense.
First, it only signals objects that directly contact the body,
offering no direct information about objects at a distance. We
can only have tactile perceptions of objects that mechanically
interact with our skin in certain ways, either directly or
indirectly. Most objects at a distance induce no touch
experience at all, even though I may be able to see, smell, or
hear them. Information about remote objects can be extracted
through tool use, but only when mediated by direct contact
between the body and the tool. This type of tactile perception
has been referred to as distal [15]. In such cases, touch signals
provide information directly about the object that contacts the
body, such as a walking stick, but also provide mediated
information about the remote object touched by the walking
stick. But, even in these cases, tactual perception is clearly
reliant on some object coming into direct contact with the
body.

Second, the sense of touch has a low ‘bandwidth’: people
have a limited ability to experience multiple touches
simultaneously. Canonical tactile experience typically
involves touching a single object [16]-[18]. Taken together,
these features mean that our tactile experience in everyday
interactions is typically focal. By combining tactile and
kinaesthetic inputs, haptic experiences can be considered
spatial (one can tell apart the different keys in one’s pocket by
touch alone). Some argue that touch alone (i.e., skin sensation
without proprioceptive body configuration information) lacks
a spatial perceptual “field” of the kind that features in visual
experience'®. Others, however, have suggested it does [19],
[20].

The directness of touch gives rise to two distinctive
properties of everyday manual touch experience. First, tactile
experience gives us access to properties of objects unavailable
to us from other senses such as their mass, compliance, and
temperature. Second, and perhaps for these preceding reasons,

touch often seems to be our ultimate arbiter of reality,
providing highly authoritative and compelling evidence about
physical existence. Indeed, despite the existence of many
tactual illusions, appeals to the epistemic authority of touch
are notorious in philosophy. Descartes — famous for his
sensory scepticism — declared that “of all our senses, touch is
the one considered least deceptive and the most secure” [21,
p-5]. Johnson, too, in refutation of Berkely’s immaterialism,
demonstrated the reality of physical objects by kicking a
stone. Such thinking is intuitive: if we are unsure whether our
visual percept of a tree is genuine or hallucinatory, we might
reach out to try and touch it, utilising tactile perception as a
test. Indeed, recent evidence shows that people report high
confidence with respect to tactile sensations when visual
stimuli are ambiguous [23]. The status of touch as our ultimate
arbiter of physical reality applies as much to our own bodies
as to external bodies. Indeed, the capacity for self-touch plays
an important role in generating and maintaining a sense of self
that is linked to the body [24]. Further, from what we can and
cannot touch, we are able to derive a sense of our bodily
boundaries and limitations in relation to the wider world [25].
B. Epistemic privacy

Touch provides us with special information about the
external world and many digital touch systems create or
enhance this capacity by focussing on exteroception.
However, the same technologies can also induce experiences
which are linked to the body and the self, rather than to the
specific external objects that the body touches. For example, a
haptic display could cause a diffuse, caressing feeling of being
warm, instead of, or as an alternative to, the impression of
touching a warm object.

In general, touch is also widely recognised to be both an
exteroceptive and an interoceptive, or at least proprioceptive,
sense [26]. Other examples of such ‘internal’, somatic
sensations include itches, pains, and feelings of warmth and
cold. This internal, or somatic aspect of tactile sensation is
particularly important for the affective qualities of touch and
has a particular epistemic and ethical significance. Some
somatic sensations seem to possess only the internal aspect (in
the sense that they are not linked to any obvious external
object of perception). There seems to be nothing more to these
sensations than the subjective experience of them. To have an
itch is simply to experience that itch. Sometimes there is an
external itchy object, like the label in your shirt, but
sometimes there is no such object — for example, the itch on
my arm caused by a mosquito bite is typically felt long after
the mosquito has gone. Examples like this contrast with the
deep intuition that exteroceptive perceptions are related to
external objects.

Philosophers often debate whether and how we can know
the subjective experiences of others [27]- [30]. For somatic
sensations dominated by the internal aspect of experience,
epistemic privacy becomes a particularly acute problem: how
can / know what your itch feels like? Suppose that we see
someone removing their hand from a hot stove and crying out
in pain. Although we can see and hear that they are
experiencing pain — and might even empathise with this pain
[31] — we do not experience the pain itself. We do not, and
cannot, perceive someone else’s pain (or itch, ache, patch of



warmth) in the same way we can our own. Often, we may
understand the external aspect of a person’s touch experience
— for example, we can tell that the stove is hot because we can
see the flame of the gas burner and hear the hot oil sizzling in
a pan. We then use our existing knowledge to infer that what
they are experiencing is similar to our own previous
experience of cooking burns. This allows us to represent and
perhaps understand their current experience, but we can have
no direct phenomenal access to it. No matter how many years
of experience a doctor may have, for example, they will
remain reliant on you reporting where you feel pain, how
intense it is, and how long you have felt it. The exteroceptive,
object-referencing aspects of touch can therefore provide some
guidance as to what the user of a haptic device may feel, but
the internal aspect of somatosensory phenomenology is
available only for the perceiver. The person who experiences a
somatic sensation has epistemic authority with respect to their
experience of that sensation.

C. Self-relatedness

Somatic sensations have a specific feeling of ‘mineness’.
Each sensation of touch is imbued with the feeling that I am
actively touching something, or that something is passively
touching me. Because the skin is the body boundary, tactile
sensations seem to have a specific role in creating the
experience of a bodily self, continuous through time, present
in each sensory interaction, and identifiable across different
multisensory channels. The implicit presence of a bodily self
in each individual sensory experience is often thought to be
stronger for somatic senses than for exteroceptive senses [32].
Touching a surface with my hand seems to have a stronger
involvement of an “I” or a “me” than, for example, hearing a
sound [33].

The term “body ownership” is sometimes used to refer to
this aspect of self-consciousness and to discuss its special link
to somatic sensation. The nature and origin of bodily self-
consciousness is a major topic of current research, with at least
three discernible research traditions. First, the distinctive
awareness of one’s own body may be a by-product of
voluntary agency — one can directly control and move one’s
own body at will, but one cannot control other objects in the
same direct way [34]. A second theory links the bodily self to
an immediately-surrounding defensive peripersonal space, and
thus ultimately to responses to threat [25]. A third view links
bodily awareness to visual self-recognition [35]. It remains
controversial whether any of these theories sufficiently explain
the ‘mineness’ that accompanies somatic sensations.

D. Affective touch

The affective and emotional significance of touch is
evident from everyday life, and forms an essential part of our
biological existence through activities such as parental care
[36], communicating emotion [37], and social interaction [38].
Current understanding of the emotional element of touch was
significantly advanced by the discovery that a specific class of
peripheral afferents — C-tactile fibres — preferentially respond
to the slow stroking movements typical of affectionate touch
[39], [40]. Experientially, the sensations caused by C-tactile
afferents are consistently described as pleasant, agreeable, and
relaxing [41] but there is also some evidence they may be

responsible for evoking painful sensations [40], [42]. Further,
these afferents are found primarily in hairy skin rather than
glabrous skin [43] and project preferentially to the insular
cortex rather than the primary somatosensory cortex [44].
Whereas functional, informative touch provides a channel
optimized for perceptual pickup during manual interactions
with the external environment, the affective touch system
appears optimized as a channel for emotion regulation,
interpersonal relations, and social bonding.

A distinctive feature of affective touch in humans (and
other social animals) is its strong involvement in behaviour,
experience, and, consequently, our cultural and social
structures [45]. Interpersonal touch is considered appropriate
and positive in some contexts, but highly inappropriate in
others [46]. This fact may be related to the importance of
monitoring and controlling possible threats, since
interpersonal affective touch necessarily involves admitting
another agent into one’s defensive peripersonal space [25].
Interestingly, even affective touch directed to one’s own body,
in the absence of another person, shows strong cultural
influences and modifications, with many cultural norms
regulating behaviours such as thumb-sucking.

II1. THE ETHICS OF TOUCH

Specific discussion of the ethics of touch seems almost
absent from the academic literature, although some applied
ethics literature exists regarding touch in therapeutic contexts.
The preceding review of the psychological and cognitive
mechanisms of touch points to a number of ways in which
touch sensations and experiences may be ethically significant.
In this section, we expand on this to outline the broad
principles for an ethics of touch. The ethical concerns
surrounding touch are more strongly related to being touched,
than to touching. Indeed, haptically exploring my environment
and actively touching the objects within it seems to raise no
particular ethical problems over and above looking around me.
However, if the objects I touch include another person’s body,
the ethical concerns around being touched clearly apply.

A. Sensory Autonomy

A first and central concern for an ethics of touch is care for
and autonomy over one’s own body. Autonomy refers to the
capacity for self-determination: to be in control over particular
facets of our lives and to live according to our own reasons
and motives, free from external manipulation [47]. Concerning
the body in particular, this control is most acutely reflected by
the general thought that we should have control over what
(and particularly who) can touch us, how they touch us, where
they touch us, and when they touch us. Because the skin is a
sensory organ enclosing the entire body, it matters what comes
into contact with our skin. Losing the ability to control skin
inputs is a threat to our bodily autonomy and thus to the self.
This is further reflected by the fact we often accord a special
ethical status to the body. Consider, for instance, how
punishments that restrict our social and environmental
autonomy — such as imprisonment — are generally accepted,
while those that infringe upon the body — branding, torture,
and so on — are considered unacceptable [48].



What is the special link between somatic sensation and
bodily autonomy? Indirectly, somatic sensation clearly
informs the relation between the body and the sense of agency
and also informs the relation between the body and personal
survival. Concerning the former, somatic sensation facilitates
the feeling of controlling and influencing the external world.
Concerning the latter, somatic sensation functions as an
indicator for the preservation of the body and, therefore, the
self [25].

We suggest, however, that there is an additional direct and
ethically relevant relation between somatic sensation and
bodily autonomy. This relation exists because of the specific
conjunction of two factors: an important but under-appreciated
concept of sensory autonomy, and the distinctive
neurophysiology of somatic sensation.

Sensory autonomy refers to the ability and right of
individuals to control their sensory inputs. Moral agents are
assumed, ceteris paribus, to seek out, control, and enjoy
experiences as they wish. If I want to listen to Beethoven, look
at the clouds, or enjoy the taste of an apple, I am free to
choose those sensory inputs. Equally, if I do not want to hear
rock music, see public nudity on the beach, or smell fried
food, then I am free to wear earplugs, close my eyes, or move
to a new flat that is not next to a fish and chip shop. Indeed,
many traditional rights, such as the right to free movement,
can be recast in terms of rights to sensory autonomy — if
people have a right to move to the environments that they
wish, this is in part related to the sensory experiences
produced by such environments. The right to control one’s
sensory inputs is clearly qualified rather than absolute: my
right to listen to Beethoven must be balanced against your
right to silence, or to rock music; everyone is expected to
listen to the safety briefing on an aeroplane, and so on.

Sensory autonomy is something we value. But sensory
autonomy implies some functional method of controlling
one’s sensory inputs. Human physiology allows us to close
our eyes, plug our ears, and hold our noses. Yet this is not the
case for the sense of touch, which cannot be turned off. An
object in contact with the skin will generate a tactile
experience whether the agent wishes to have the experience or
not. There is no tactile physiological equivalent to closing the
eyes, covering one’s ears, or holding one’s nose. Instead, the
agent’s ability to control their tactile experience is
physiologically limited and is completely dependent on being
able to physically move away from the object of stimulation.

Further, sensory autonomy applies rather differently to
different subtypes of somatic sensations. We argue that these
differences can be understood with reference to the sensory
receptors that give rise to each sensation. With cutaneous
mechanosensation (i.e., the sense of touch as conventionally
understood) we should be able to choose what we touch and
what touches us. Concerning painful mechanical stimuli, for
example, such as a bite or a bump, we very strongly expect to
have our autonomy respected: other things being equal,
nothing and nobody should cause us pain. However, in this
case, autonomy is not linked with voluntary choice and
preference. Rather, the nociceptive flexion reflex mechanism
withdraws the body part that encounters a painful stimulus,
operating outside of voluntary control [49]. Sensory autonomy
is therefore not only a behavioural matter of preferences,

values, and voluntary choices over what sensations an agent
actively seeks out or avoids, but a sentient physiological
mechanism that activates irrespective of which sensations an
agent wishes to have or not have. We accept that we have little
or no sensory autonomy over internal skin sensations such as
itches and deeper visceral sensations such as aches and cramps
— they happen to us, and we cannot choose to have them or not
have them. In the specific case of active and passive touch,
however, our sensory experiences reflect the interaction of our
body with the external environment, so there is a clear
convergence of sensory autonomy and body autonomy.

B. Sensory Consent

An important counterpart to sensory autonomy is sensory
consent. Consent can have several meanings and is
conventionally required or sought in a variety of
circumstances from accepting web browser cookies to
engaging in physical intimacy. The general principle
underlying these situations involves A consenting for another
party, B, to act in a particular way @, where A has authority to
do so. Typically, if B does @, it will impact A. It therefore
matters to A whether B ®@s. Consent to interpersonal touch is
often carefully transacted and managed, particularly in
sensitive contexts such as medical care, personal care, and
intimate partner relations. The attention and importance given
to consensual interpersonal touch is evidence of its ethical
importance — particularly in the context of individual sensory
autonomy.

When we consent to B ®ing, we are expressing our
capacity to either allow or disallow B to ®. We are allowing
something to happen that we also have the authority and right
to refuse. This sort of consent is referred to as permissive
consent as it permits actions that otherwise would be wrong to
be right: it relieves others of particular duties [50]. To give an
example, [ have a right to bodily autonomy — to control what
comes into contact with my body. From my right, you derive a
duty not to violate this autonomy by touching my body. It
would be wrong for you to do this. But I can consent for you
to — by exercising my autonomy — thereby relieving you of
this particular duty. This sort of transaction happens with
sensory autonomy too. It follows from sensory autonomy that
we ought to be able to control our sensory environment.
However, there are often circumstances where we waive the
right to sensory autonomy: when we enter a cinema, we
consent to watch the film, and perhaps also the accompanying
trailer and advertisements. In this case, we implicitly consent
for the cinema operator to control our visual sensory
environment.

A further important concept in this area is informed
consent. This plays a foundational role in medical ethics by
ensuring the autonomy of patients (and their families) are
respected [51]. Informed consent requires not only that we
approve of a particular act (or medical procedure) but that we
sufficiently understand what it will entail. It is, therefore,
particularly relevant for an ethics of touch given the epistemic
opacity of somatic sensation. Epistemic opacity refers to how
the experience of touch is privately and uniquely accessible to
the one who is experiencing it. Therefore, it is difficult (and
perhaps impossible), that another party could fully inform you
about what a particular tactile experience will be like for you.



Finally, and importantly, the status of consent is ongoing and
subject to updating. Consent can be withdrawn or affirmed at
different stages of a series of events, and this updating can be
either explicit, or implicit through contextual inferences [52].

IV. THE ETHICS OF DIGITAL TOUCH

Based on this analysis of tactile sensation and sensory
ethics, we can now turn to the specific ethical issues raised by
digital touch (see Table II). Many digital touch scenarios
envisaged by haptics designers and engineers do not raise any
specific ethical concerns. The fact that a device provides
mechanical stimulation to the body surface is not in itself
ethically problematic. For example, manual interaction with
haptically-active objects [2], the use of haptic devices for
teleoperation [53], and simple tactile alerting devices [54],
represent enhancements of normal sensorimotor activity that
are in common use. These scenarios do not raise concern if
they are used safely to avoid noxious levels of stimulation. In
some cases, however, digital touch does raise specific ethical
concerns that need to be explored, considered, and mitigated.
This is often because of specific features of touch as a sensory
channel. In particular, the directness and privacy of touch, its
links to bodily self-awareness, and its unique standing with
respect to sensory autonomy.

This section sketches an approach to these issues. We base
our approach on the forward-looking principle of the
European Commission’s Responsible Research and Innovation
framework [55]. To our knowledge, none of these issues have
yet arisen in practice. But we believe they could arise in the
future and, if they did, would cause significant ethical
implications. Current systems for digital touch remain
relatively unsophisticated, but the range and realism of digital
touch sensations are growing rapidly, particularly with novel
hardware devices for improved stimulation. For this reason,
researchers and designers will benefit from upstream thinking
about the ethical hazards of future digital touch systems (see
Table II).

A. The ‘always-on’ nature of tactile sensation and sensory
autonomy

The first ethical hazard for digital touch lies in the potential
for users’ sensory autonomy to be compromised. This concern
primarily arises in situations where a user is being passively
touched by a digital touch system, rather than where the user
is actively using a digital touch interface (for example, during
haptic exploration [56]). However, where a user’s active
engagement with a haptic interface passively stimulates
another user — as is the case in virtual environments [57] —
autonomy becomes a central concern.

Many wearable digital touch systems are based on tactile
stimulation focally or on wide body regions. Mid-air haptics
allows similar stimulation to be applied even without
contacting a stimulation device — even through clothing [58].
These systems are often designed to provide alerts, or to
deliver specific touch sensations for mood induction, and may
be useful in that context. But, because of the ‘always on’
nature of tactile sensation, haptic devices — especially those
that do not require direct contact — may limit and compromise
a user’s ability to control their own tactile sensations and

experiences. It follows from the principle of sensory autonomy
that a user should be able to make an active and deliberate
choice regarding whether they wish to experience a particular
sensation — they should consent to have that experience.

With current systems, this remains relatively
straightforward. Consent can be established explicitly or more
implicitly as appropriate. For example, one might argue that
the user consents to a particular tactile sensation at the point
where they put on a wearable appliance or approach a
stimulating device. In either case, it must be informed,
continuous, maintained, and re-established as required. This
will be easier with some devices than others.

Establishing consent means ensuring that a user
understands as far as possible what a particular sensation will
be like. Of course, some digital touch experiences will be
entirely new to the user. As a result, fully informed consent
may be impossible. It follows from the first-person nature of
experience that a person cannot be fully informed until they
have had that experience. Facilitators of digital touch should
ensure that prior to a user using a device they disclose relevant
information about what the experience will be like by, for
example, appealing to similar familiar experiences.

However, some devices may be capable of delivering
many sensory experiences differing in intensity, quality, and
impact. Since on any given occasion, a user may wish to be
touched in one way, but not in another way, these devices
cannot assume global consent. The design of such systems
should therefore include a continual ‘checking in’ process to
ensure the user can and does give informed consent for each
particular type of sensation.

Current digital touch systems are designed to require
implicit consent — for example, a user must (themselves)
switch the device on. However, the same technologies could
allow one person to administer unwanted touch to another,
having initially coerced them into turning the device on.
Digital touch systems, therefore, could be used in ways that
enable or accentuate asymmetric power relations between
individuals. This power aspect of digital touch could be
particularly problematic in scenarios involving intimidation
and/or gender violence. For example, a malevolent individual
could use digital touch to exert remote coercive control over a
person’s body from a distance. A victim might then be unable
to physically get away from their abuser. Digital touch
systems will need to make sure they do not become a channel
for abusive, unwanted, and unavoidable interpersonal touch
that violates the principle of sensory autonomy. Power
asymmetries in digital touch operate between individuals
engaged in interpersonal interaction, but specific groups of
people may be affected in specific ways. For example, digital
touch may be experienced differently, and the negative effects
of power asymmetry may represent a greater risk for children,
the disabled, and LBGT+ communities. Rich traditions in
women’s studies, queer studies, and other areas, have
highlighted the specific issues surrounding body concepts and
bodily sensations in such groups and the risks of harm due to
power asymmetries in interpersonal interactions [59]. Future
digital touch technologies will need to attend to the diversity
of body experiences, and the needs and interests of specific
groups of people, in order to be as inclusive as possible.



One way to ensure a user’s sensory autonomy is respected
is by implementing a readily available off-switch which
terminates the sensory experience, or the relevant part of it,
when activated. The ethical principle of sensory autonomy
requires that this off-switch should always remain under the
control of the person being touched — the experiencer — not the
person doing the touching. Further, even if a digital touch
stimulus seems to be innocuous, the epistemic authority of
touch means that a user could potentially experience that
stimulus as unwanted and unpleasant. Providing the user with
the means to control the tactile stimulations they receive is key
to respecting their autonomy, even when the stimulation may
seem to be non-noxious or has been designed to be pleasant.

This point may seem trivial from a systems and interaction
viewpoint, but it has high ethical significance. Many digital
touch systems are designed precisely around the always-on
nature of touch, aiming to provide alerting functions or
continuous background input. Stick-shakers in modern aircraft
cockpits, for example, give a tactile alert if an emergency
situation arises. Here, there are good safety reasons to exploit
the always-on nature of touch and for pilots to waive their
normal sensory autonomy.

However, other scenarios that exploit the ‘always on’
nature of touch might be unwanted and potentially
problematic. Vibrotactile alert systems in mobile phones, for
example, are important from a user experience and design
perspective because they provide useful, silent, and covert
notifications. However, they have also been shown to
negatively affect attention [60], [61] and have phantom
physiological effects [62]. Whilst these notifications can be
turned off, their intensity cannot be altered — limiting the
user’s control over them. Recent studies have considered the
use of tactile stimulation to ‘nudge’ users on shopping apps to
influence purchases [63]: such use of HT severely undermines
user autonomy and control [64].

It is also easy to imagine future ethical edge cases.
Employees in a future packing or assembly line might be
required to wear a tactile vest whose stimulators aim to
increase their arousal levels, and thus their productivity. Or
advertising boards might be able to reach out and ‘touch’ you
as you walk by. In the future, digital touch designers will need
to balance the attractions of touch as an always-on channel for
human-machine communication with the ethical requirements
of individual sensory autonomy.

B. Transparency of interpersonal digital touch

A central underlying concern is the question of who or
what is controlling a particular digital touch system: ‘who (or
what) is touching me?’ Digital touch systems offer the
possibility for one person to stimulate another. These
stimulations might be intimate, such as kisses or caresses [9],
or less intimate, such as handshakes [8] and similar gestures.
In general, it is important that we know who is touching us,
particularly in the former cases. Where haptic interaction is
devoid of a wider sensory context — for example, through
haptic bracelets [65] — users may not be able to see, hear, or
know whom they are interacting with and who is touching
them. Users are unlikely to use such a device if they fear being
touched by an unknown agent, potentially without their

consent. Therefore, the security of such devices will be
essential for their acceptability and ethical use.

Within the emerging technology literature, especially the
ethics of artificial intelligence, ‘transparency’ is often invoked
in discussions emphasising the need for interpretable
autonomous decision procedures — to avoid the so-called
‘black box’ problem [66]. We argue that transparency for
digital touch will be rather different and will depend on
understanding the agents and reasons behind tactile
stimulation, rather than understanding how the system itself
works. Users who are receiving tactile stimulation will
reasonably want to know who or what is controlling these
sensations and for what purpose. Consent is often considered
particular and personal: whilst we may consent for A to act in
a particular way, this does not mean we consent for B, C, D
etc. to too [51]. System designers, therefore, ought to ensure it
is clear to users who (or what) is touching them. This
information should be clearly and continually available to the
user so that their consent is ongoing. Moreover, the system
should ensure that only those agents that a user has consented
to send them touch experiences are able to do so.

Interpersonal touch involves potential threats and risks and
is therefore carefully regulated by explicit regulations (i.e.,
laws) and cultural norms. These norms incorporate a large
range of contextual factors that surround any instance of
interpersonal touch, including the identity and capacity of the
individuals involved, their consent to being touched, the
location of the touch on the body, and social/environmental
contextual factors (such as public versus private spaces).
Further, the norms regarding permissible and appropriate
touch vary between one society and another. Designers and
engineers should consider embedding in digital touch systems
the same kind of user identification and consent mechanisms
that govern how individuals touch each other in everyday
human-to-human interaction. This will require a degree of
attention to cultural norms surrounding touch that is lacking in
current tactile engineering practices.

Finally, digital tactile communication systems will need
careful privacy planning to prevent third parties from
disingenuously obtaining the right to touch individuals or
information about how they have been touched. Privacy and
data security will be essential to provide assurance to users
about who is involved in any tactile communication and how
they are involved [67].

C. Directness and realism

Digital touch breaks and manipulates the traditional link
between our sense of touch and our direct access to the
physical world. Because we ordinarily consider touch as our
ultimate arbiter of reality, digital touch systems open the
possibility for powerful forms of deception. For example, an
immersive VR system involving digital touch can disassociate
appearance from reality by making objects that we ordinarily
associate with being cold — such as ice — feel hot. Digital touch
systems already manipulate haptic feedback so that users can
manually interact with objects that are not physically present
but whose physical characteristics are simulated by a haptic
robot. The same systems could, in principle, give haptic
feedback consistent with an object not being present when, in



reality, it is — for example, a full-body haptic suit could
reproduce an illusion of floating even as one touches physical
objects and remains in contact with the environment.

Although current haptic devices can produce compelling
illusions in manual object perception [68], they are far from
producing convincing global misrepresentations of (virtual)
reality. However, this may come with improved hardware,
particularly given the strength of multisensory illusions in
which touch inputs are combined with other sensory
modalities such as vision and audition. Mid-air haptics, for
example, could ‘confirm’ hallucinatory visual perceptions of
an object that does not exist, or provide tactile sensations in
the absence of any visible object.

Any device which has the potential to undermine this
fundamental epistemic function of fitting the mind to the
world carries ethical risk. The relation between sensory
experience and physical environment may be so deeply rooted
that major transformation of these experiences might bring
unacceptable hazards. Several philosophical thought
experiments are based on decoupling the mind/brain from its
environment such as the brain-in-a-vat scenario [69], [70].
This thought experiment is normally used to analyse the
necessary and sufficient conditions for consciousness. For
instance, enactivist and embodied views of mind typically
stress the richness of the interface between the mind and the
body and conclude that a brain in a vat would not have
human-like consciousness [71], [72]. We raise the question
about whether an ethical element is implicit in the thought
experiment: if a physical body is required for consciousness, is
it wrong to remove brains from bodies and put them in vats for
the specific reason that interference in the interface between
mind and world is wrong?

The extent to which these considerations actually become
ethically problematic will depend strongly on context and use
case. Novels, films, and video games frequently represent
alternate realities, yet they (often) do not raise particular
ethical concern. Further, digital touch offers numerous
potential benefits by manipulating reality. Tactile stimulation
in conjunction with VR for exposure therapy in treating PTSD
and trauma survivors [73] offers one example. Indeed, an
improved capacity to alter reality is considered to be a
beneficial innovation for therapy because of its immersion.

Some general worries, however, have been raised
concerning immersive technologies. Slater and colleagues
suggest the following concerns which, when combined with
the immersive potential of haptic technologies, might be
accentuated [74]:

e  Uncertainty regarding whether past and current
events are real.

e Carrying out a physical act in VR that does not
correspond to reality — for example, attempting to sit
on a virtual chair which is not there (in reality) might
lead to physical harm.

e Difficult real-world transitions after a particularly
intense and emotional virtual experience.

These concerns will presumably apply more strongly to
VR systems that involve digital touch than to those that do
not. We suggest that the primary reason for this is the special
link between our tactile experiences and sense of self, leading

to stronger effects of immersion. We expand on this point in
the next section.

D. Body-ownership and the self

Ordinarily, the body is itself an object of touch. Touching
our bodies, therefore, serves to signal bodily self-awareness.
Digital touch systems could potentially interfere with this. For
example, a system could be designed so that I reach out with
my right hand to touch my left, but do not feel my left hand
being touched, or I feel it being touched in a way other than
expected. Experimental studies confirm that this produces a
potentially challenging experience of body disownership as if
my left hand is no longer mine [75], [76]. Moreover, because
our tactile perception of the world is necessitated by the
capabilities of our bodies, the body’s interaction with the
external environment becomes constitutive to individual
experience and identity, grounding a sense of self [77]. Digital
touch can intervene in the processes of building and
maintaining a basic bodily self in interaction with the external
environment.

These interventions to the minimal bodily self could of
course be valuable, in prosthetics applications perhaps, but
they could also carry potential ethical risks. For example,
future digital touch systems could manipulate touch sensations
to produce dramatic distortions of bodily self-awareness. I
might reach up to run my hands through my hair or put a piece
of food in my mouth, but the tactile feedback from the system
could mean that I do not feel my head or my mouth at all. My
tactile experience engineered by the digital touch system could
be consistent with having no hair, no head, and no
mouth. These experiences could be challenging, upsetting, and
difficult to process [78]. Future digital haptic devices might
potentially reproduce the pathological experiences of
depersonalisation (being disconnected from one’s body [79])
or Cotard’s syndrome (the delusion that a particular part of the
body, or the whole body, is failing, dead, or lost [80]).

These concerns will be particularly acute when combined
with VR and experienced in virtual worlds. Within these
worlds, users are often represented by avatars. Avatars are our
virtual representations. They capture our expressions and
movements performed in the real world and translate them
into virtual environments [81]. The role of avatars in
immersion, realism, and social interaction has received
substantial scholarly attention. Studies have, for example,
investigated its effect in video games such as “World of
Warcraft” [82] and 3D virtual worlds such as “Second Life”
[83]. As representations of ourselves in virtual worlds, avatars
may be, to an important degree, extensions of ourselves and
our bodies.

As Chalmers argues, the parallelism between the avatar as
one’s body in the virtual environment and one’s own body in
real life need not involve any illusion [84]. To some extent,
your avatar really is your body, just a virtual one. And we
might come to identify with our avatars as being a part of who
we really are. This might raise ethical concerns. Could a user
begin to prefer their virtual self and body over their real self
and body? This could lead to real world body dysmorphia and
disassociation. Could prolonged use of an avatar-based system
desensitise a user to real negative experiences? This could
lead to a user losing their ability to accurately assess and



respond to real potential threats. Prolonged experience
through a virtual self — that is not harmed by negative
experience — could alter learned responses to threats important
to real selves.

In general, digital touch designers and engineers should be
cautious about interventions in touch that fundamentally and
continuously alter the user’s relation to their body and the
surrounding environment. In a previous paper on the ethics of
VR [74], the authors pointed out that the ethical aspects of
long-term immersive use of VR had barely been studied.
Similarly, current digital touch systems provide brief, episodic
experiences. New ethical implications of digital touch might
become apparent if such systems become immersive,
pervasive, and persistent.

V. TOWARD AN ETHICAL DESIGN FRAMEWORK FOR DIGITAL
TOUCH SYSTEMS

Based on the above considerations, Fig. 2 illustrates an
ethical design process for haptic designers and engineers to
consider when building digital touch systems. Its purpose is to
guide the initial design process to ensure the ethical use of
digital touch technology and to flag where mitigation might be
required. Fig. 2(a) presents four hierarchically ordered ethical
design questions. They ask: whether the system facilitates
active or passive touch; where on the body it applies
stimulation; sow the system evokes tactile sensations; and
whether the user can control these sensory inputs. Fig. 2(b)
presents these questions as a decision tree. It demonstrates
how they can be used by considering a hypothetical haptic
alert system in a smartwatch.

A. Does it facilitate active (touching) or passive (being
touched) touch?

We have argued that the distinction between active and
passive touch is crucial for the ethics of digital touch. Active
touch implies a degree of implicit consent and expectation,
whereas passive touch refers to tactile sensations that may
occur without any decision to directly engage with one’s
environment. A haptic device providing passive touch may
cause tactile sensations without the user first explicitly
engaging. Indeed, this is the core function of tactile alerting
systems. Passive tactile sensations of this kind could
potentially bypass consent and expectation. Passive tactile
sensations, therefore, threaten to infringe upon our autonomy
as they are often out of our control and, because of this, can be
unwanted. Thus, for a tactile alerting device, the user
ordinarily consents and expects, at the time of putting on or
setting the device, that they may stimulated by it later without
any further decision process or consent. Thus, the initial
expectations of the user are essential to guarantee their sensory
autonomy at the later moment of tactile stimulation.

B. Where is the tactile stimulation administered?

Where on the body a digital touch device stimulates the
body is clearly ethically important. Some parts of the body are
more sensitive — both physiologically and socially — than
others. Smartwatches are generally worn on the wrist. This

body location may produce different ethical concerns, and
often fewer ethical concerns than other body areas such as the
face, or torso. Body location is clearly relevant in relation to
risks, possible harms and safety. However, body location is
also relevant in relation to user perceptions, user well-being,
and the ethical meaning of the interaction between user and
device. Further, there are strong cultural norms and
expectations regarding different parts of the body, which vary
across different societies, and across individuals in any
particular society. The ethical issues surrounding wearable
tactile devices, in particular, need to take careful account of
body location for both physiological and socio-cultural
reasons.

C. How is it administered?

We distinguish two ethically relevant considerations
regarding sow a haptic device facilitates tactile stimulation,
focussing on the case of interpersonal tactile communication
between two individuals. The first consideration is: “who (or
what) is in control of the tactile sensations I am experiencing?’
There are different possible answers to this question: the
system alone may control the tactile stimulation; a human user
may send tactile stimulations to another user without being
able to receive a returning sensation back themselves; or there
may be bidirectional tactile stimulation communicated
between two human users (see Fig. 3). The primary ethical
concern related to these different dynamics is the potentiality
for malevolent control and coercion. For example, where a
user can only receive and not send tactile sensations, this has
the potential to reinforce undesirable power relations between
people. Interpersonal tactile communication systems that are
symmetric and reciprocal raise fewer ethical concerns than
systems that are asymmetric and hierarchical.

Second, we consider the method of haptic feedback. There
are various haptic feedback methods, including kinaesthetic,
stretch, MidAir, vibrotactile, and thermal. It is important to
disclose which method is being used for informed consent. It
is especially important for touchless MidAir technology as this
method creates a ‘field” of stimulation, which may make users
feel trapped and unable to escape.

D. How easily can it be stopped?

The user's ability to stop haptic stimulation is crucial: the
off switch is always fundamentally important. For many
grounded haptic devices, the user can simply let go of the
device, or move away from it, providing a very natural
equivalent to the off switch. However, for devices attached to
the body, such as tactile vests, exoskeletons, and bracelets, this
option is less readily available. The ethical importance of an
off switch ensuring sensory autonomy increases for
stimulation devices in temporally continuous and spatially
broad contact with the body.

E. Ethical Reflection

The paths through the decision tree demonstrate a passive
touch stimulation on the wrist. The interaction dynamic is
classified as system—user because the primary function is to



communicate notifications to the user (but see [67, p.4]) for
nuance). By identifying these properties, we can identify the
key ethical considerations that arise. In this case, they include
potential intrusiveness, potential lack of sensory autonomy,
and potential lack of control over the tactile input. In fact,
many existing smartwatches use vibrotactile feedback and
users seem to benefit from them without widespread ethical
concerns being reported. Nevertheless, because they are
wearable and designed to be always on, the wearer is always
tactually reachable. This might cause sensory intrusions from
a lack of sensory autonomy. However, designers can protect
users’ sensory autonomy in several ways: by making the
tactile-enabled watch easy to take off, by providing controls to
cancel or pause tactile stimulation, and by ensuring prior
consent to subsequent stimulation. Building such simple
design principles into digital touch devices and interactions
will play a major role in managing the ethical risks associated
with digital touch.

VI. CONCLUSION

This paper has outlined some principles and problems for
the ethics of digital touch. Digital touch technologies will
allow enhanced experience and improved functionality in
many human interaction applications. However, as with any
emerging technology, it is important to consider ethical
implications before harms come about, not least because those
harms can thus be al 1voided or mitigated. The Responisble
Research and Innovation framework [55] offers one set of
tools for including scientists and engineers, as well as users
and ethicists, in such upstream ethical reflection.

The challenge for researchers and designers is to
incorporate these ethical considerations into system design.
We have argued for an important ethical distinction between
touching and being touched, and we have highlighted some of
the ethical risks associated with being touched by digital touch
systems. We then developed a principle of sensory autonomy
which will have particular importance for those digital touch
systems that are directly body-mounted and always-on. We
also noted that many digital touch systems involve
interpersonal digital touch, highlighting that transparency over
who is touching whom, and power asymmetries between the
sender and receiver of digital touch, both raise important
ethical questions in digital touch. Finally, we have indicated
that touch has a special epistemic status in defining the bodily
self and its relation with the world. Digital interventions into
this relation are in their infancy, but could potentially become
powerful in the future. The ethics of far-reaching epistemic
challenges that future digital touch systems will provide have
not yet been considered.

Several future directions for ethical research remain. First,
our concept of sensory autonomy could be developed,
compared across different sensory modalities, and related to
existing concepts in ethics and wider social sciences, such as
privacy and individual liberty. Second, the overlaps and
interactions between sensory technologies, such as HT, and
neurotechnologies, such as brain-machine interfaces, should
be further explored. Third, our study has provided analyses of
potential ethical concerns, but has not developed actionable
guidelines or red lines for haptic designers and engineers. The
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high personal relevance of touch means that further reflection
and consensus-building will be required in development of
actionable guidelines. For example, are there any tactile
experiences that HTs should should not deliver under any
circumstances? Pain might seem like one obvious example.
On the other hand, pain might be valuable as a trigger for
defensive reactions and self-preservation. Future guidelines
will have to consider whether haptic systems should provide
such capabilities, or should be limited to certain types of
tactile experience, and how misuse of such systems can be
avoided.
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Table I
Content Ethical Concern
Level of Level of
Perceptual .
Hierarchy Realisation Touching Being touched Touching Being touched
(active) (passive) (active) (passive)
Stimulus parameters e Tissue Dama
. A ge
Stimulus Physical Event (e.g., intensity, vibration frequency) S:\s/;‘:; Ezggge e Device Safety
Spatial Location relative to the body * Effects of surprise
e Consent
Noxious e Power asymmetry
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shirt)” P gap the ‘sender’ of
touch sensations
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(toucr? + reality)  Deception (whois
Belief Representation “I am touching my  “l am being tapped Epistemic touching me?)
P cotton shirt” on the back” cgnfusion (what e Interpersonal
confusion

am | touching?)




Table I1

Active or Ethical
Application Passive Example Device Body Part Flow of Interaction . .
Touch Considerations
System—User i i
Alerting Passive va?ln Wa;lches Wrist Y ' e Sensory intrusion
(Wearable) (see Fig.3) « Always reachable
Teleoperator e Consent ought to be
(Static) explicitly established
Object System—User for digital touch i.e.,
Exoloration Active Aut " Hand, Fingers ) teleoperation for
P Dl;:r?tl?)al\:: (see Fig.3) surgical procedures.
Interaction e Distraction potential
(MidAir) (Safety)
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System Mediated User—User i
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accessible ‘Off
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) ) Virtual World — VR environment —
Haptic Joysticks Hand see Fig.3) see Fig.3) o Blurred distinction
(Held) between real and
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Haptic Alerts

Defayyt

Fig. 1. Illustrative examples of haptic devices. From left to right: A
bHaptics.inc vibrotactile vest; vibrotactile feedback from a video
game controller; paired Hey Bracelets for long-distance vibrotactile
communication, switching haptic alerts on/off in the settings of an
Apple Watch. Images used in this figure are licensed under a
Creative Commons Attribution 4.0 International License.



4 Key Ethical Questions for Digital Touch Technologies

Q1. Does it facilitate active (touching) touch or passive (being touched) touch?
a) Q2. Where is the tactile stimulation administered?
Q3. How is it administered?
Q4. How easily can it be stopped?
at. Q2. Q3. Q3. Q4. Q4. .
Application Active or Bc‘)lvd';g:rt What is the What Type Is There an What is its Ethlc.al

Passive is Interaction of Haptic Off Switch? degree of Reflections
Touch? Stimulated? Dynamic? Feedback? : Wearability?

b)

Fig.2. (a) Four key questions to establish ethical concerns with digital touch systems. (b) The four ethical questions in Fig.2(a) used to

construct a decision tree that identifies relevant ethical considerations for a hypothetical tactile alerting device. Black outline and black lines
indicate the path taken.
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Fig.3 A schema illustrating flows of haptic interaction and different interaction dynamics for example applications.



