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1. INTRODUCTION
After many decades of research, the ability to interact with technology through touchless
gestures and sensed body movements is becoming an everyday reality. The emergence of
Microsoft Kinect, among a host of other related technologies, has had a profound effect
on the collective imagination, inspiring and creating new interaction paradigms beyond
traditional input mechanisms such as mouse and keyboard. Kinect and other technologies
form part of the broader suite of innovations that have come to be characterised as
Natural User Interfaces (NUI) (e.g. Widgor and Wixon, 2011, Norman, 2011). This
moniker includes not only the vision techniques that form that basis of Kinect, but also
natural language interfaces, pen-based input and multi touch gestural input, amongst
other techniques. The excitement around touchless and body-based interfaces has been
accompanied by an increasingly powerful narrative, one that makes the eponymous claim
that these new technologies offer an intuitive interface modality, one that does not require
users to develop specialist techniques for communicating to computers. What users need
to do, instead, is what comes naturally. Consider, for example, the following quote from
Saffer (2009):
“The best, most natural designs, then, are those that match the behaviour of
the system to the gesture humans might actually do to enable that behaviour”
(Saffer, 2009, p29)
The essential argument is that drawing on existing gestures in everyday life, by
identifying the physical movements used to manipulate and understand the world, new
interaction paradigms can be developed that will allow people to act and communicate in
ways they are naturally predisposed to. They will not have to adapt their action or
communications to the peculiarities and limitations of technology; the interface will no
longer be a barrier to users; the interface will be them and their gestures.
Such a narrative, of course, does serve a number of purposes: it’s good for marketing,
for example, making a technology appeal in ways that it might not otherwise do. Many
people do not like to use a keyboard, as a case in point, and so technologies like Kinect
might be especially appealing to them. Such a narrative can also help express high-level
visions that set out design and engineering challenges: these can inspire research and
development communities not just in HCI, but in hardware and software engineering too;
NUI can appeal across the board.
However, elements of this narrative are becoming so deeply embedded in how new
forms of interaction are thought about and described that important albeit apparently
minor distinctions are being elided. Indeed it is not an uncommon practice for papers
writing about touchless, gestural and body-based interaction to deploy the term natural
(and its cognate intuitive) when characterising these technologies (e.g. Bhuiyan and
Picking, 2009; Varona, Jaume-i-Capó, Gonzàlez, and Perales, 2008; Corradini, 2001;
Pavlovic, Sharma and Huang, 1997; Baudel and Beaudouin-Lafon, 1993; Stern, Wachs
and Edan, 2008; de la Barré, Pastoor, Conomis, Przewozny, Renault, Stachel, Duckstein,
and Schenke, 2005; Wexelblat, 1995; Garg, Aggarwal and Sofat, 2009; Wu and Huang,
1999, Cipolle, and Pentland, 1998; O’Hagan, Zelinsky and Rougeaux, 2002; SánchezNielsen, Antón-Canalís, and Hernández-Tejera, 2003). Indeed in a review of 40 years of
literature on gesture-based interaction, Karem and Schraefel (2011) cite naturalness as
one of the key motivations underlying much of the work in this area. As they say: “much
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of the research on gesture based interactions claim [sic] that gestures can provide a
more natural form of interacting with computers.” (p26).
There are a number of concerns with this treatment to be highlighted here. First of
all, gestural interactions are not a homogenous entity. As various authors have
articulated, gestural interactions may refer to very different kinds of activities (Quek et al,
2002, Karem and Schraefel, 2011). Based on the work of Quek et al, 2002, Karem and
Schraefel (2011) identify different forms of gestural action. These include deictic
gestures for pointing, manipulative gestures that are used to control an object or entity,
semaphoric gestures that symbolise an object or action with communicative intent,
language gestures (e.g. sign language), and gesticulation or co-verbal gestures that
accompany speech. These gestural types of course have different properties but at times
this is glossed in the literature in the form of conceptual homogenisation or where
motivations for particular gestural interactions of one type are justified with reference to
another type. The notion of natural has also been deployed in rather a loose and
unquestioning fashion to mean variously, intuitive, easy to use or easy to learn - these
characteristics arising, it is argued through either mimicking aspects of the real world or
drawing on our existing tendencies in the areas of communicative, gesticulative, deictic
and manipulative behaviours and actions (see Widgor and Wixon 2011 for a
commentary). At times, it is unclear which or all of these characteristics are being
alluded to in any particular deployment of the word natural and the foundations on which
the deployment is made. Aside from this lack of specificity being an important concern
itself, many of these basic claims too are being called into question, a notable example
here being Norman’s (2010) critique of the naturalness of gestural interfaces in terms of
of their claimed intuitiveness, usability, learnability and ergonomics.
Norman’s critique is indicative of the issue that while using the word natural might
have become natural, it is coming at a cost. In other words, precisely because the notion
of naturalness has become so commonplace in the scientific lexicon of HCI, so it is
becoming increasingly important, it seems to us, that there is a critical examination of the
conceptual work being performed when it is used. There is a need, we contend, to
understand the key assumptions implicit within it and how these frame approaches to
design and engineering in particular ways. In our view, a close examination of these
assumptions will show how they can constrain as much as enable; nuance is required
when thinking about naturalness and this can help refine how touchless gesture and
movement-based applications are used to innovate. In doing this, we want to adopt a
somewhat different tack to Norman’s concerns. So while we would agree with Norman’s
counter arguments to the various claims of intuitiveness, usability and learnability that
have been applied to gestural interfaces, there is also a sense that such a critique is still
operating on the same playing field (albeit on opposite sides) as the proponents of these
naturalness claims. That is, attention remains focused on the interface as the potential
source of explanation for (or lack of) naturalness, usability, intuitiveness and learnability.
In taking this focus, though, it is our contention that opportunities for better
understanding of what can be done with these technologies are sometimes being lost.
Broadly speaking, the argument we want to make here is that by situating the locus of
naturalness in the gestural interface alone, it is simply being treated as a representational
concern. But in doing this, attention is perhaps less focused on the in situ and embodied
aspects of interaction with such technologies. What we want to argue, here is that such
interactional concerns need to be a more fundamental feature of our discourse and
understanding of naturalness and that by doing so, we can better understand the
opportunities and constraints for their innovation and adoption.
3
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2. REPRESENTATION VS INTERACTION
The arguments we construct draw from a number of areas. These include the so-called
situated interaction literature, going back to the ethnomethodological turn in CSCW
(represented in the works of Bannon & Schmidt (1989), for example, as well as in
Suchman & Wynn (1984) and many others. For an overview see Schmidt, 2011). This
work largely derives from Garfinkel (1967) and the social theoretical implications of the
later Wittgenstein (1952) (See Button, 1991). This perspective draws attention to the
publically available, demonstrative and ‘accountable’ features of human action. It also
draws on phenomenological approaches, represented most famously by Flores et al
(1988) and subsequently in the so-called Post-Phenomenological work of Ihde (2002) and
others. This places an emphasis on the body as the source of experiential awareness and
subjectivity, and how, through action or praxis, engagement with world comes to be
known (Lave & Wenger, 1991; for a commentary see Dourish, 2001). The combination
of these views can be contrasted with those that tend to be deployed in Human Factors
and Ergonomics research which treats the functioning of the brain and the body as
specifiable, particularly as this functioning intersects with machinery (See, for instance,
Moray, 1998). This view is sometimes called a ‘positivistic’ perspective on action. In
similar ways to how these two broad camps have been used to discuss different notions of
context in ubiquitous computing (Dourish, 2004) and notions of affect in Affective
computing (Boehner, DePaula, Dourish, and Sengers. 2005), we apply the same contrast
to thinking about notions of naturalness in relation to touchless and body-based
interaction.
We begin first with a look at the predominant form of NUI narrative which can, in our
view, be considered as grounded in the positivist account of action. In this perspective,
the aim of natural interfaces is to leverage and “draw strength from” pre-existing actions
that are used in everyday life by people to communicate and to manipulate objects in the
world (e.g. Jacob, 2008). The defining idea behind these interfaces is to make computer
interactions through them “more like interacting with the real non-digital world” (Jacob,
2008). Similarly, as Abowd and Mynatt (2000) argue, “it is the goal of natural interfaces
to support common forms of human expression… Humans speak, gesture and use writing
utensils to communicate with humans and alter physical artefacts. These natural actions
can and should be used as explicit or implicit input to ubicomp systems.” (Abowd and
Mynatt, 2000, pp30, 32).
This perspective, then, assumes that existing communicative gestures and actions are
pointers toward, and sometimes exact incarnations of, common or even universal ‘natural
interactions’. These interactions are seen as having an ideal, static and definable state
and, though they are not always completely clear or exactly represented in any particular
instance, they are something that can be, with sufficient understanding and scientific
research, represented and modelled. Such representations and models can, ultimately,
form the basis for defining interfaces to the digital world that will, broadly speaking,
mimic their “real-world” counterparts. The naturalness of these interactions is something
that is taken as purely a problem of representation – ensuring that they are correctly
represented in the interaction mechanism itself. In this sense, natural interactions are
something detached from the social context in which they might be deployed; they are
not constituted by the context, but brought to it.
In characterising this perspective, our intention is not to critique in a dismissive
fashion. Indeed, it is important to acknowledge that such an approach has led to some
important successes in terms of interface innovation. Indeed, the suggestion that there are
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such essential and transituational phenomena has been a cornerstone of much ergonomics
for example, and this manifests itself in the design of all sorts of contemporary
technologies, from kettles to large scale organisational systems, from cars to aeroplanes.
It also formed the basis of the original HCI work behind the Xerox Star system (Smith et
al, 1982). It is also central to much contemporary analytic philosophy, particularly the
philosophy of mind that derives from the causalism avowed by Donald Davidson (1963).
This is showing itself in current manifestations of the theory of embodied cognition,
represented in books like Clark’s Natural-Born Cyborgs (2003). This is also articulated
in HCI, though often without the philosophical auspices being made clear (see
Hornecker, 2005, Hornecker and Buur, 2006; Larssen et al, 2007). Rather, our intention
is to highlight how such a perspective leads interface design in particular directions and
that this comes at the expense of not taking other directions. Our suggestion is that these
other directions (or paths of inquiry) can lead to significant and insightful ways of
understanding what human-machine interaction can entail, and this innovation can come
around touchless gestural and body-based interfaces for computer systems.
As we say this positivist perspective can be contrasted with the situated and
phenomenological approaches. Of significance in this general view is a distinction
between the objective body and the lived body (e.g. Merleau-Ponty, 1962, 1968). The
objective body can be characterised in terms of how bodily actions might be described
from a third person’s point of view – an abstracted description of muscular performance
that can be defined and represented. The lived body view, by contrast, concerns the way
that people experience and perceive the world through bodily actions. In this perspective,
the lived body is in constant rapport with the situated circumstances and it is through
actions on the world that those circumstances and the role or function of the embodied
actor are made meaningful. The conscious experience of the world and the way it is
understood are inseparable from the process of acting in that world. This view
emphasizes the subjective construction of meaning through praxis. This subjectivity is,
however, publically available – not solely through Husserl’s technique of introspection,
but, as Merleau-Ponty wanted to point out, through everyday practices, such as discourse.
A second significant element of this perspective comes from Wittgenstein (1967), and
his claim that, through action, people create shared meanings with others, and these
shared meanings are the essential common ground that enable individual perception to
cohere into socially organized, understood and coordinated experiences. This draws
attention to how actions come to be treated as somehow rational and accountable, as
demonstrably about a known-in-common purpose. Garfinkel developed this point and
highlighted how talk, situated talk, or as he put it, reflexive talk, is central to how
activities come to be understood. Where Merleau-Ponty emphasized the individual
subject and their bodily praxis, Wittgenstein (and hence Garfinkel) emphasized the social
basis of the individual’s experience, and this pointed towards language and its use in
context, to how people act together through talk and other reflexive activities.
Though it would be true to say that there are important distinctions between these
two philosophers as there are indeed in the work within HCI that has derived from them,
there is nevertheless a common perspective, particularly when it comes to understanding
naturalness and natural gestures or acts. From this view, naturalness is not something to
be represented but is rather an ‘occasioned property’ of action, something that is actively
produced and managed together by people in particular places - particular occasions,
hence the phrase. Of significance here is that these occasioned properties are not just
linked to space, to locations of various sorts, but also to the set of persons who occupy
those spaces and render them suited for particular actions. Lave & Wenger (1991), along
5
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with Brown & Duguid (1991), call these groupings ‘communities of practice’, by which
they mean to highlight how communities cultivate and embody particular sets of skills
and know-how, much of which is not articulated through verbal or documented forms but
is shared through bodily proximity. Communities make space in this sense or rather make
space come to represent and enable embodied learning.
In this respect, the naturalness of how a technology might be interacted with lies not
in the physical form of that technology, nor in any predefined interface (natural or
otherwise) but in how that form and the interface in question melds with the practices of
the community that uses it. This is what is constitutive of ‘natural use’. It is not
technology itself that is natural, but the ways that people can make the actions they
perform with technology ‘apposite’, ‘appropriate’, or ‘fitting’ to the particular social
setting and their particular community. It is in this way that it becomes sensible to say
that use is natural.
By adopting this perspective, our intention here is explicitly not to use it as a means
for justifying why certain types of interactions are more natural than others, it should be
clear. Indeed, we would argue that it has been a somewhat unfortunate consequence of
how a certain interpretation of the phrase natural interaction has been mobilised in the
literature. Instead of being used to help understand how to create and explore more
natural-like interfaces, the emphasis on the embodied aspects of action has led some to
justify, as a case in point, why tangible computing and body-based interactions ‘work
better’ for people because they are ‘more natural’ for people when compared with other
forms of interaction. Or, to put this another way, it is sometimes proposed that the
success of these systems is because they make better use of users kinaesthetic and
proprioceptive awareness of their bodies – the systems are thus more natural (e.g. Jacob
et al, 2008).
If we engage with the Wittgenstian /Merleau-Ponty perspective, we need to accept
that all action is embodied, irrespective of any interaction mechanism or artefact that we
may come to use; but we also need to understand that it is through praxis that
understanding comes. What is important is both the claim about the centrality of the
body as the vehicle for understanding and the potential for action (Larssen et al, 2007)
that the deployment of the body enables; it is through this that the construction of
meaning, sense, and so forth is achieved; that is to say through these actions. This is
more than simply a question of material, spatial and technological determinism whereby
our actions are shaped by the material structure of the physical world, then. Rather
understanding and meaning of the world are made through the actions being performed.
Articulating these different perspectives is not simply a question of philosophical
musing or semantic quibbling. Rather, it serves a very practical purpose of drawing our
attention to a different ways of understanding touchless and body-based interaction
technologies. The positivistic view helps specify what might be designed for – those
gestures constitutive of natural behaviour. This view makes investigation of everyday
gestures seem like a tractable problem, one that has limits: engineers simply need to build
for the vocabulary of known movements. But just as this view makes the engineering
seem tractable, so it also tends to close down what might be enabled by natural
interaction. It does so because it elides the possibility that what is natural is much more
diverse and creatively produced than is suggested by the common use of the phrase
natural; different contexts and different communities of practice not only need different
forms of NUI, they also sometimes make new forms of ‘the natural’. In other words, the
Wittgenstein/Merleau-Ponty view draws attention to the potential for action enabled by
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various properties of touchless interaction, and the different communities of practice and
settings in which actions are given meaning.
Because so much attention has been given to the positivistic approach to the natural,
we turn to discuss how to understand the potential for innovation in this area by looking
at the problem from the other view. To do this we shall explore, first of all, the kinds of
touchless interactions that one might want to appropriate. We will do this by making a
contrast with touch-based systems. We then look at how communities develop and
cultivate different needs, and thus come to create contexts for the natural. We then
explore how communities and the properties of touchless come to manifest themselves in
different real world contexts, which we illustrate in a series of fieldwork examples.
Properties of Touchlessness
By starting with properties, it might seem that we are going back on our claim that the
naturalness or otherwise of technology is to be understood by reference to a technology’s
use, rather than being intrinsic to the technology. The properties we want to start with
however, are rather more prosaic features that can be brought to bear in different
contexts; nevertheless one can characterise their properties without recourse to context.
To help articulate them, we set them out as a series of contrast points with the properties
of touch-based interaction (see Table 1). This list is not intended to be exhaustive but
rather is more indicative of the kind of properties we can attend to (cf. de la Barre et al,
2009). There are undoubtedly numerous others but what is important is the subsequent
ways in which these properties are then considered with respect to the different
communities of practice and settings.
Touch
co-proximate with surface
transfer of matter
pressure on surface
momentum of object
attrition and wear of surface
movement constrained by surface
haptic feedback

Touchless
distant from surface
no transfer of matter
no pressure on surface
no momentum
no attrition or wear
freedom of movement
no haptic feedback

Table 1. Contrasting characteristics of touch vs. touchless interaction.

Let us consider some of these further. The first point of contrast concerns the
proxemic consequences of touch-based versus touchless interactions (cf. O’Hara et al
2011, Mentis et al, 2012). When we interact by touching a system we are required to be
co-proximate with the surface we are touching – it has to be accessible and open to touch
and it has to be in reach. With touchless interaction, by contrast, we can interact at a
range of different proximities from the surface of the system. The exact distance from a
surface at which touchless interaction can take place depends on the particular sensing
technology in question ranging from a few centimetres to several metres.
The second property we highlight concerns the transfer of matter. With touch-based
interactions, because of the necessity of contact, there is a transfer of matter from the
person touching to the device and vice versa from the device to the person touching.
Touchless interaction, by contrast, avoids contact and therefore any transfer of matter to
or from the system.
7
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Thirdly, in touching something, there is always a certain amount of momentum and
pressure applied to the surface being touched. This may cause movement, damage,
erosion and attrition. In touchless interaction, by contrast, there is no application of
pressure or momentum to the surface in question and therefore no potential for movement
damage and erosion.
The fourth property concerns constraints on movement.
With touch-based
interactions, movement is bound and constrained by the shape and properties of the
surface being touched. With touchless interaction technologies, by contrast, movement is
free and unconstrained by the technology’s surfaces.
Finally, we consider the property of haptic feedback. With touch-based interactions,
the contact with the surface can provide a rich source of haptic feedback through which
manipulations can be finely tuned and refined on a moment-by-moment basis. With
touchless interactions, there is an absence of haptic feedback and with that a diminished
resource for fine tuning and refining manipulations in the moment.
For the purposes of simplicity in our argument, we have specified these properties at a
particularly high level. For each of these properties it is possible to articulate them at
much finer levels of granularity (cf. Rogers and Muller, 2006). Ultimately, the exact
level of detail at which we articulate these is done with reference to the potential for
action we are orienting to and the significance of this to certain communities of practice
in particular settings.
Communities of practice
We turn now to consider Wenger’s (1998) notion of Communities of Practice. What
is significant in Wenger’s notion of practice is the coming together of meaning and
action. The practices of a particular community are the ways that they experience the
world through action and how it is made meaningful. Different properties of an artefact
and the potential for action they entail, are seen, interpreted and made meaningful in
different ways by different communities through the ways that they are enacted in their
practices. Let us consider for example, the issue of transfer of matter that takes place due
to the contact necessity for touch-based interactions but not for touchless interactions. As
Mary Douglas (1966) has eloquently argued albeit avant la lettre of the term
‘communities of practice’, people’s orientation towards matter as “clean” or “dirty” is not
an inherent, fixed or absolute classification, but only makes sense with reference to a
particular community of practice and the activities in question. Take for example
Scientists and Engineers in “Clean Room” environments and their need to orient to dust
particles and other matter in very different ways to other groups. For these scientists, the
presence of even the tiniest particle of matter can be sufficient to interfere with carefully
planned experiments and manufacturing processes. The meaning of contaminating
matter then is very different to this community than what might be considered a
contaminant in more everyday behaviours and practices. This meaning in turn affects the
ways that this community of practice orients towards notions of touch and touchless in
the organisation of their action. Many of the practices are organised to avoid direct
contact with surfaces in ways that risk the transfer of matter. Indeed, the organisation of
these actions in this way is entirely natural for this group given the particular significance
of contamination for them. In this respect, the non-contact property of touchless
interaction has a very different meaning making potential for this community than it does
for others. Through this property, an evolving set of practices would be enabled for this
ACM Trans. On Computer Human Interaction.
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community that could enable them to experience, interpret, and engage with their world
in new ways.
Similar arguments can be applied to the other properties mentioned. Let us consider
the issues of pressure and momentum that arise through touch based interaction but are
not present in touchless interaction. Again, if we consider scientists and engineers
working in clean room environments, we can see some very particular ways that this
community would orient to such concerns. Scientists and engineers in these clean room
environments, who are working at the nano scale, need to orient to movement and
vibration in very particular ways. Even tiny vibrations might disrupt experiments and
manufacturing process for these operators that other groups simply would not be
concerned with. As before, the particular meaning of pressure, momentum and vibration
for these groups affects the way that activities are organised in relation to touch and not
touching for these groups. This kind of range in forms of concern – almost a kind of
relativity - can be seen in more everyday group concerns with respect to movement and
pressure sensitivity of touch. A good example here can be seen in the use of multi touch
phones. When held in the hand, the pressure property of touch is not really a worry. But
when the same phone is placed on a speaker dock system, the same pressure of touch
necessary to control the device puts pressure on the docking socket that with sustained
use can result in damage both to the phone and docking device. Accordingly, actions are
adjusted in such circumstances to avoid potential damage.
Settings
Thirdly, the interactional perspective on the naturalness of touchless interaction draws
our attention to the settings in which particular communities and groups perform their
activities. These settings consist, in part, of the physical environment, the architectural
arrangement and the whole ecology of artefacts within which a piece of interactive
technology might be situated. They consist also of a set of other social actors. This
physical and spatial structure of these environments then, both enables and constrains
how action and practices are organised with respect to information artefacts and other
people in the system (e.g. Kendon, 2010, Hornecker, 2005; O’Hara et al, 2011, Hall,
1966, Marshall et al, 2011, Bardram and Bossen, 2005). The features of these settings
then can be related to particular properties of touchless interaction.
For example, let us consider the notion of interaction proxemics (O’Hara et al, 2011).
This concept labels the spatial consequences of particular interaction mechanisms. For
touch-based technologies, the spatial need to be co-proximate with the system has
consequences for how action can be organised and the particular ways this information
can be incorporated into the broader practices within these settings. With touchless
interaction, the requirement for proximity to information displays is not there. This
different spatial relationship with the information has consequences for when, where and
how this information can be incorporated into the practices in these settings. It changes,
the relationship between actors and the information and creates different potentials for
action and meaning making through these interactions. Similarly, if we consider the
property of freedom of movement of touchless interaction, it is clear that particular
settings may facilitate or enable certain types of gesture and body movement. That is,
freedom of movement can be physically hindered by the dimensions of a space, the
presence of other artefacts, the presence of other people, or the need to concurrently
interact with other tools. Again, this affects the potential for how we meaningfully
configure action in relationship with these settings.
9
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Also of significance in these settings are particular collaboration and coordination
concerns and how the configuration of these activities is achieved in the context of
particular interaction possibilities. One might ask how actions are made visible,
accountable and meaningful to the other actors in these settings and how the properties of
touchless interaction can be brought to bear in meaningful ways. It will be important to
recognise that this will not be a one-way relationship. It is not simply a question of how
certain types of interactive gesture or body movements are visible or not to other actors in
these settings but also how other features of the coordination and collaborative activities
relate to the potential for touchless interaction.
For example, if we consider the need to work in close physical proximity to others in
these settings, this may impact on the technical capabilities of the system to track the
movements of an individual actor. Different settings too will have particular norms and
expectations of appropriate behaviour that can be enacted there. The need to attend to
these norms and expectations with the social context of these settings imposes important
boundaries and constraints on how particular communities orient to specific properties of
touchlessness in terms of the movements and actions they perform. It may be entirely
appropriate to jump around and wave your arms in the comfort of your own home but
such behaviour may be less appropriate for other settings such as the workplace.
Naturalness in Situ
Taking these things together then, what emerges is a different perspective on how we
conceive the notion of naturalness in relation to touchless interaction. Naturalness in this
perspective is not something that is bound up in a representation of our gesture and body
movement; it is not about the ability to infer intent through these representations. It is not
simply the exchange of information between man and machine in order to elicit some
form of system response. It is not something that can be bound up and packaged solely
within the interaction mechanism itself. What is significant about the embodied
interaction perspective is how touchless technologies are able to reconfigure our
relationship with the material and social world. Naturalness of interactions, in this sense,
arises from the potential for action enabled by various properties of touchless interaction
and how these properties come to be made meaningful in the practices of specific
communities in particular social settings. In designing natural touchless interactions
then, our concerns cannot simply be with evermore-enhanced representation and
modelling of gesture, movement and domain physics. These systems should not be
judged in terms or how well they approximate or fall short of the characteristics of
human-human communication. Rather, we need to approach the design of these systems
in terms of how they might allow a beneficial reconfiguration of practices and how we
experience the world in new ways accordingly.
In order to illustrate these points in a more concrete fashion, we present some
fieldwork examples for which we are designing or have deployed touchless interaction
technology. The chosen settings are very different in nature, affording us the opportunity
to highlight and contrast the occasioned ‘naturalness’ of touchless interaction. It takes
different forms in other words, depending upon context.
The first example concerns practices around medical images in surgical settings and
opportunities for touchless interaction (e.g. Johnson et al, 2011; Mentis et al, 2012;
Wachs et al, 2006, 2007; Stern et al, 2008; Graetzel et al, 2004). In the second example,
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we consider practices around an interactive game on a large public screen display (e.g.
O’Hara et al, 2008; O’Shea, 2009, 2010).
TOUCHLESS INTERACTION IN SURGICAL SETTINGS
Our discussion here draws on fieldwork conducted in operating theatres in 2 large
hospitals in the UK. The observations we undertook covered a variety of different
procedures in Interventional Radiology, Neurosurgery and Vascular Surgery. Within the
theatres there is a wide range of medical imaging equipment and displays used. These
allow access to pre-operatively captured images such as CT scans and MRI scans, as well
as images captured during the course of the procedures such as real-time fluoroscopy and
angiographic image sequences. These images are used variously for reference, diagnosis,
planning interventions and for real time navigation and guidance of equipment that is
otherwise hidden inside of the body. The ways that the images need to be viewed
interacted with and even manipulated are contingent on the particulars of the procedures
in question. Currently within these hospitals, the interactions with these images are
achieved through traditional touch-based interaction techniques, primarily with keyboard
and mouse, but also some use of touchscreens. The purpose of the fieldwork is to
understand how work practices in these settings are currently organised with respect to
touch-based technologies with a view to considering opportunities and implications for
touchless interaction technology.
One of the key factors to which people orient in the organisation of work in these
settings is the boundary between sterile and non-sterile features of the environment.
Within these settings, there are areas demarked as sterile and those which are non-sterile.
For the members of the surgical team who are scrubbed up (consultant surgeons,
radiologists and scrub nurses), action is organised to avoid contact between sterile and
non-sterile surfaces. The interaction technologies used to control the imaging systems in
these settings are considered to be non-sterile and therefore not to be touched by the
surgeon and others who are scrubbed. Here we see a particular orientation to the transfer
of matter that is particular to this group and setting. The transfer of contaminants through
touch in this setting means something significantly different to these actors than the ways
we might orient to these issues in more everyday circumstances - the notion of what is
“dirty” and “clean” is specific to this group. To touch here is a matter of risk to the
current and future patients as well as staff – it is literally a matter of life and death. This
then places restrictions on the surgeon’s interaction with the images. Let us consider an
example of how this orientation to the transfer of matter is manifest in practice.
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(a)

(b)

(c)
Figure 1. A need to reference pre-operative images arising in the context of the procedure. The surgeon,
being scrubbed up, asks a nurse to manipulate the images on his behalf

In the scene depicted in figure 1, we are at the beginning of an open-cut spinal fixation
procedure. The consultant surgeon, initially at the patient table is pressing and massaging
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the skin around the patient’s spine in order to understand the shape and position of the
spinal pedicles. As he is doing this, he is discussing aspects of the spinal curvature with
the registrar on the opposite side of the patient table. There remains some uncertainty
between them with regards to what they are seeing and feeling on the patient and as such
decide to consult the pre-operative CT scans of the patient on the PACS display
positioned on the wall away from the patient. There is an image already displayed on the
screen but this is insufficient to resolve the uncertainty. As such he needs to select a
different view from the CT scans. However, he is unable to touch the non-sterile mouse
with the sterile surface of his gloves. He turns and beckons over a non-scrubbed nurse.
He says to her: “Get the mouse and touch the screen there [his finger points at a
thumbnail – hovering just centimetres away from the surface of the screen (Figure 1c)]…
that one there, left.” She asks “There?” to which he replies “Other one.” While
inspecting the images he addresses the registrar and says “Concave to the right, agreed.”
Within this sequence, there are a number of important things going on in terms of
how the organization is oriented to the issues of touching and not touching. First of all,
not touching the mouse is more than simply that: an avoidance of the transfer of matter in
this particular instance. Not touching is also about demonstrating the ongoing
commitment to the unchallengeable delineation between sterile and non-sterile; to
making that delineation ‘real’ through ‘doing’. The second point of significance is how
this boundary is managed by an organized distribution of labour between scrubbed
(surgeon) and non-scrubbed personnel (nurse) through a process of instruction and
pointing. In this particular instance, this kind of activity organization worked effectively.
But there are many other times when this way of doing things does not work. For
example, on another occasion, the surgeon again had a need to view an image on the
PACS display. The system, having being inactive for a period of time had entered a
power saving mode with the display going to sleep. To reactivate the display and view
the image required a simple movement of the mouse. The nurses and operating assistants
were all engaged in other activities and so were unable to come and help out. In his
frustration, the surgeon lifted his foot up to the shelf in an attempt to jolt the mouse,
though was unsuccessful. A nurse eventually arrived to help out.
The difficulties with the distribution of labour approach though are not simply about
uncertain availability of unscrubbed personnel. A further example of image consultation
during a procedure reveals more issues. In this example, the procedure involved a
particularly difficult spinal fixation surgery on a cancer patient. During the procedure,
the surgeon had inserted a rod into the spine but the rod subsequently slipped out of the
hole they had drilled into the pedicle. They had to make a decision as to whether they put
the rod back in or continue without it. It was apparent to the surgeons that something was
just not quite right and as such they returned to the pre-operative images.
“I was basically looking to see if the anatomy there corresponds to what we found
before the X-ray came so I know we are not too high, not too low, and the bone stock,
what quality bone we have and that we can do what we set out to do still.”
The responsible surgeon then returned to the table and began to try to insert the wire
again. After a little while, he returned to the PACS to view the MRI scans with a surgeon
colleague to ascertain if there was a problem with the bone itself. The surgeon points to
the PACS and says to the nurse, "Can you just come and reactivate all of this." The nurse
reaches for the mouse and the surgeon begins to point, hovering over icons indicating
what to click on. "Over there. Click Ok. Now that." At this point while there is some
uncertainty over the intepretation of the images and whether the bone is diseased or not.
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One of the surgeons thinks that the images suggest the bone is altght, while the
resposnible surgeon is “not so sure”. Given the discrepencey in opinion the surgeon
wants to view some alternative images to help resolve the disagreement. He continues to
work with the nurse to navigate the images. "Um, no. Go back." The surgeon realizes the
bone density images he needs to see are not available in the PACS system. He turns
around to address the rest of the room. "Uh, Who else is here?" He sees the
radiographer. "Can you phone your lot downstairs and see if they can recon the bone
density scans." As he turns back to the PACS, the nurse says "Now which one?". He turns
his attention back to her. "Um, it is that one?" At this point, the other scrubbed surgeon
recognises the difficulties in communicating the appropriate instructions to the nurse and
moves in front of the lead surgeon and says "I'll do it." He takes off his glove and and
thereby sacrificed his sterility1 in order to be able to navigate through an alternate set of
X-ray images as necessary for the medical demands of the situation. The nurse steps
back and comments "You are much better to know which one to choose." The lead
surgeon moves beside the second one and looks on as the correct set of images are
brought up flipped through. The two surgeons lean closer to the display and point at a
vertebrae as they discuss what they see.
In part, the problem here stems from difficulties in communicating a more complex
set of interaction instructions to the nurse at hand. However, the issue is more than
simply one of communication complexity and lies more with the ways that the surgeons’
professional ways of seeing (Goodwin, 1994) are inextricably bound up in the active
navigation and visualization of the images. With their specific medical knowledge, the
“hands-on” progressive stepping through image slices as they view the display is their
embodied way of seeing, analyzing, interpreting and decision making. What is revealed
in this episode is the tension between the need for hands-on control and the need to avoid
contamination between sterile and non-sterile surfaces.
Both examples are also significant in revealing another concern arising from the
property of touch-based interaction that requires co-proximity to the device. The need for
image reference arises while the surgeon is at the patient bedside in the context of what
the surgeon sees and feels in the patient and instruments. In order to interact with the
images, the surgeons are drawn away from the patient table in order to access the PACS
system. They move back and forth between the patient and the images in order to
combine what they are seeing on the displays and what they are seeing in the patient.
Interpretation of one is done in the context of the other. The touch-based nature of the
interaction, in part, enforces a separation between these two sources of information and
structures the ways they can be combined in the context of collaborative discussion.
Altering Practice
What we can postulate here is how touchless interaction, through its potential to work
at a distance, could enable the restructuring of these actions. That is, it offers the potential
1

It should be noted here that the decision to remove the gloves and give up sterility is not

lightly taken. The act of re-scrubbing is time consuming, taking up to 10 minutes. So
giving up this sterility in this way is indicative of the importance of being “hands-on”
with the image interactions here.
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to interact with the images while at the patient table, allowing them to be combined in
new ways with what the surgeon views and feels at the bedside. This is more than
simply doing the same thing but more efficiently, it offers the potential to change the very
ways that they are able to perceive and act and the very ways they can perform surgery.
The potential proxemic properties of touchless interaction are made further apparent
in the observations of vascular surgery procedures. The settings for these procedures are
depicted in figure 2. As can be seen in the images, the patient table is populated by
surgeons, radiologists and nurses all of whom are scrubbed. Above the patient table is a
bank of displays showing real time fluoroscopy images and spot images from
angiographic runs. The images on these displays are not simply for viewing and
navigation but also provide a resource for collaborative analysis and discussion by the
team at patient table. In the context of these discussions, gesturing over the images is an
essential feature of the communication that takes place around them. This is significant in
itself in relation to touchless interaction. That is, the space in front of the images is
already used as a rich site for gesture albeit gesture for the purposes of communication
and collaborative discussion between the surgical team. This is one of the ways they
make the images meaningful. The ability for gestural interfaces to become natural in the
context of practice in these settings is in part dependent upon how they co-habit the space
in front of displays already used for gestures, gestures which gain their meaning from the
context.
But there are additional features of gesturing and pointing behaviours in the context
of talk around these images that warrant discussion here. In the sequence in figure 2, the
surgeon is discussing the fluoroscopy images with the radiologist. The images are not
perfect presentations of the anatomy and sometimes not all the vessels are clearly visible
and it becomes a matter of interpretation as to precisely what bit of the anatomy is being
seen. In looking at the images, the surgeon wanted to make sure that he had come out of
the origin of the celiac artery but was uncertain from the image whether this was the
vessel in view. The consultation with the radiologist was to resolve this uncertainty. The
significant feature of this episode is the ways that the surgeon and the radiologist attempt
to get closer to the image with their pointing. The nature of the query involves a precise
delineation of particular features of the image while they talk. Getting closer to the
image with their pointing is what enables them to more precisely resolve the reference
points in the context of their talk. Gesturing from a distance does not enable the
precision of pointing. Getting closer to the image in this way is not always easy and may
involve awkwardly leaning over the patient. For the surgeon, it is not possible to lean
across sufficiently. In order to overcome this, he grabs a catheter wire from the surgical
table which is rigid enough and long enough to act as a pointer to the image. In figure 2c,
the surgeon gestures with the catheter (circled in red) and says “You can see it coming off
there can’t you.”
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(a)

(b)
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(c)
Figure 2. Ways of getting closer to the image for deictic reference

Getting closer to these images in various different ways enables them to be made
meaningful in the context of collaborative discussion. Again we can reflect on potential
opportunities for action here that relate to the proxemic qualities of touchless interaction.
Using touchless image tracking to control some form of pointer on the image displays
would be an interesting way of exploiting the proxemic qualities of touchless interaction
to enable the surgeons to get “closer” to image features. It is this potential that would
allow them to create new meanings through touchless engagement here and it is in this
meaning making that the interactions might come to be realised as natural.
In sum then, what we aim to have highlighted in these examples, are some of the
ways that surgical teams within these settings organise their behaviour with respect to the
touch based interaction mechanisms currently used to interact with images in the
Operating Theatre. These episodes aim to show how social action is organised and
orients to some key properties of touch and touchlessness - in particular, the issues of
transferring matter through touch and the proxemic consequences of touch.
Understanding the ways that behaviour is organised around these issues, allows us to
postulate and consider how touchless interaction might enable beneficial restructuring of
action in these settings. For example, by allowing surgeons to have ‘hands-on’ control
without the need for contact or by enabling new spatial relationships with the medical
images and patient and hence, ‘hands-on’ control. It is through these potential
transformations of practice and production of meaning that the naturalness of touchless
interaction will be found for the surgical team in these settings.
COLLABORATIVE PLAY IN AN URBAN SCREEN GAMES
We now turn to a second example that highlights some of the different ways in which
touchlessness is oriented to in the production of social order and meaning. In this
example, we consider embodied interaction with large public display applications in a
city environment. We base our discussion around three interactive games deployed on
the BBC’s network of large public screens (approx 5m x 5m) installed in cities across the
UK.
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(a)
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(c)
Figure 3. Three interactive games played on BBC public displays. The games are (a)
Red Nose Game, (b) Hand from Above, and (c) Question of Sport Relief.
The games in question are depicted in figure 3. The first game is called the Red Nose
Game (see O’Hara et al, 2008 for further details). In this game, a group of red clown
noses appear on screen. When one nose touches another nose, they merge together to
form a larger nose. The aim is for players to move all the noses together until they have
all merged into one large single nose. A camera pointing away from the screen towards
the players in front of the screen captures a moving image of the players. The image
processing algorithm for the game performs simple edge detection on objects in the
camera view. When the edge of a person or object contacts the outline of a red nose,
simple physics are adopted such that the nose moves in the direction that the contacting
edge “pushes”. In this respect, player movements in front of the screen move the noses
touchlessly. Importantly, there are no predefined movements or gestures that the system
recognises and interprets.
Rather, the players can determine exactly how to
collaboratively organise their movements to achieve particular social effect and within
the particular social constraints of the setting.
The second game in question is Hand from Above (O’Shea, 2009). The installation
again uses the camera above the screen pointing out towards the area in front of it. In the
game, a large hand appears on the screen that moves towards the detected edges of people
in the camera image. The hand then performs one of a variety of actions such as tickling,
squashing or flicking the image of the detected person across the screen.
The third game is Question of Sport Relief, a multiple choice quiz game based around
the television quiz show Question of Sport (O’Shea, 2010). In this game, a question is
presented to the Big Screen audience in front of the display. Four answers are then
presented, one in each of the four quadrants of the display. To choose an answer, the
players move so that their image appears in the quadrant corresponding to that answer.
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Once in position, they then need to move around in that space. The more movement that
is registered by the software, the more that “power bar” associated with that answer
increases. The answer with the highest power at the end of a countdown is the one that is
selected.
In thinking about touchless interactions with these large displays there is the obvious
pragmatic concern around the constraints of physical reach. That is, with the scale of
these displays, it is simply not possible to physically reach all parts of the screen in order
to enable interaction with the on screen objects. Therefore the proxemic qualities of
touchless interaction provide a means by which such constraints can be overcome. But of
greater significance with all these games is the public context in which such interactions
are taking place. People may come to these places as individuals or with family or
friends. But they are also there with the larger community of people in the vicinity with
whom they are unacquainted. It is in enacting out these various relationships that the
interactions with the system are made meaningful. This has particular implications for
the ways that interactions with the system come to be organised and made natural. Let us
consider some examples.
In the Red Nose Game the public nature of the interactions, at times created a certain
evaluation apprehension that inhibited participation by certain people. There was a
particular reluctance, for example to be the first or only person playing the game while
being watched by others around. People would join in if other people were already
playing or would play if other members of their immediate group accompanied them or
egged them on from the sidelines. Of particular interest here was that adults would join
in with their children but would be less likely to play on their own. Here enacting the
parent-child relationship became a means by which their movement-based interactions
were made accountable and justifiable. It helped make what might be considered slightly
curious behaviour in these settings understandable to the watching public. These kinds of
social concerns can also be seen in people’s interactions with the Hand from Above
game. For example, people would sometimes run away from the hand in order to avoid
being the public spectacle. In another instance where two young friends were in front of
the game, one of the friends pushed the other in an attempt to get her tickled by the hand.
The girl resisted and quickly withdrew back to the safety of being in close proximity to
her friend. What is significant here is how these actions are organised around specific
features of the system and setting to enact a particular relationship. In the first instance,
the actions are designed to playfully isolate and embarrass the one girl and in the second
instance for her to withdraw back to the safety of being in a couple.
This apprehension in public was also apparent in the Question of Sport Relief game.
In particular here was the tendency to follow the crowd and assemble on a single answer.
Even when the answer was wrong, people would join with the crowd rather than stand
isolated on a different answer. Here, then, we see social concerns shaping the nature of
these interactions. The close clustering in a crowd in this game is of significance too with
regards to the movements performed. Individuals in this context feel more anonymised.
Acting as a unit in this way can remove some of the inhibitions of individual public
performance in ways that socially facilitate movement.
The effect of these public settings on the organisation of these interactions, though, is
not simply one of social inhibition. By contrast, the public nature of these interactions
was also employed as an opportunity to perform and show off. Of significance here was
how the different ways of implementing touchless interaction in these games enabled a
certain expressive latitude in the organisation of movement (Bowers and Hellstrom,
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2000; Larssen et al, 2004). We see a good example of this behaviour in the Red Nose
Game involving a young teenage male player. The boy was there with a group of friends
who were watching him while he played the game. In playing the game, the boy used
very exaggerated and acrobatic movements in order to move the noses and would
frequently turn round towards his friends in order to get their acknowledgement. They
would cheer him on as he performed more elaborate moves. What we see here then is
how the movements are designed not simply to interact with the system. Rather they are
also designed to be a performance to his watching friends. The friends, in cheering also
further encourage these kinds of movements. It is in this relationship that they are made
natural and meaningful. Importantly in the Red Nose Game, the implementation is not
about inferring communicative intent on the part of the player. There is no predefined set
of gestures to be “interpreted” by the system. Rather, the simple physics in the system
provides a freedom within which the movements and interaction can be shaped in the
enactment of particular social relationships.
We can see examples of this too in the Hand from Above game. Here the relationship
with the system is more curious in that the movements are performed not so much as a
means of controlling the system but rather are designed in response to the way the system
behaves. A nice illustration here is how people would position themselves, bend over
and wiggle their bottom for it to be “tickled” by the giant hand on the screen. These
kinds of behaviours were performed with humorous intent to make their friends and other
spectators laugh. Similarly, some people would run around in an attempt to be chased by
the hand, again as a performance for others nearby. The naturalness of these interactions,
then, was not so much bound up in the system, but in the ways that they were mobilised
for particular social effect in these settings
The Question of Sport Relief game also offered some different possibilities for the
performative aspects of relationship work. A key feature of the way touchless interaction
was implemented in this game concerned its response to movement. Essentially the
system was designed to respond simply to any changes in the image. Any form of
movement could effect such a change in the image. The more the image changes over
time the better the response. As such, there is again no predefined or interpreted set of
gestures or movement encoded in the system. People would jump up and down as a
crowd, frantically waving their arms. At times, people would also put their arms around
each other and chant as they jumped up and down in unison. Putting arms around others
in this context was not a question of interaction with the system. Rather, it was a
particular form of relationship work played out through the interactions with the system.
The crowd behaviours were given meaning through these interactions with the system;
putting arms around strangers in this context was meaningful in turn because of the
meaning provided by the presence of the system through the interactions; being in such
close proximity to strangers was given meaning through these interactions. In another
interesting example here, a father would repeatedly throw his baby into the air and catch
him in order to register movement with the system. The father here was doing more than
just interacting with the system. He was using the properties of the touchless
implementation to create fun movement for the child. It is in this that the movements are
given meaning.
DISCUSSION
Through these different fieldwork settings and applications, we can start to build up a
picture of the varied ways that touchless technologies might acquire significance in
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everyday contexts and settings by diverse communities of people. It is with these in mind
that we can now revisit some of the initial arguments set out in the earlier part of the
paper regarding the naturalness of these kinds of technologies and what that means for
how we might approach their design. In setting out this discussion, our aim is not to
provide a prescriptive set of rules and design guidelines for gesture based interaction and
indeed in light of the above examples, it is not clear that this would be an entirely
tractable undertaking. Rather, it is to reorient the designers of such systems to an
important set of additional concerns than are not readily apparent in the current
conceptualisations of natural interaction. These current conceptions, we have argued,
have adopted a broadly positivist viewpoint of natural interaction. Within this positivist
viewpoint, natural interaction has come to mean various things such as intuitive, easy to
use and easy to learn. While of course these can be regarded as important characteristics
of any good design, there is an additional layer of narrative that is often present regarding
the source of these characteristics. This is manifest in references to things such as the
human tendency to communicate with various forms of semaphoric, gesticulative and
deictic gestures or may include reference to the ways that we use gesture and actions to
physical manipulate objects in the world. In this respect, there are considered to be
natural ways of being; states and actions that can be defined and represented. By
leveraging these pre-existing forms of action and communication in our approach to
interaction design, the argument is that we can make them more intuitive, easy to use,
more learnable - that is more natural forms of interaction. Naturalness in this respect is
treated as a purely representational concern that is bound up within the interface itself.
These particular aspects of “naturalness” have already been directly called into
question by the likes of Norman (2010). Similarly while there are often some reasonable
arguments made for reality-based interfaces (Jacob, 2008) there are equally good
arguments to the contrary that express some of the potential the limitations of these
approaches –for example where the possibilities of digital interaction extend beyond any
meaningful counterpart in the real world (e.g. Hollan and Stornetta, 1992).
Our intention in this paper, though has been to offer a different form of critique of the
representational account of naturalness by drawing on the theory of embodied interaction
and the phenomenological, Wittgensteinian and situated action ideas from which it is
derived. From this perspective, the representational accounts of naturalness, can be seen
to focus primarily on the objective body, whereby our movements and gestures can be
characterised simply in terms of their muscular descriptions – selecting and then
representing the right set of muscular descriptions will lead to naturalness. What is
missing, though, in this focus on the objective body, is any reference to the lived body
which concerns how we experience the world through the our gestures and actions and
how the bodily actions of the embodied actor are made subjectively and socially
meaningful. The objective body then is only a partial account of human action which has
led to an overly narrow set of concerns in the way we understand and characterise gesture
and action. This is turn leads to a narrow research agenda in which ever richer
representations of action and naturalness in terms of intuitiveness, ease of use and
learnability become ends in themselves. These are not unimportant but this focus
underplays a whole host of concerns that become revealed with stronger reference to the
social lived body of the embodied actor.
These concerns become apparent when we consider these issues in the context of the
fieldwork examples. For instance, in the surgical examples, the chief motivations driving
the development of touchless gestural interactions with imaging equipment in these areas
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are not about the development of more intuitive and easy-to-use interfaces. Indeed, the
surgeons have developed considerable expertise with these systems and are very adept at
using the more traditional mouse and keyboard to interact with the medical images in
particular ways. As such it is difficult to argue for the shift to gestural interaction purely
on the grounds of any claimed benefits of naturalness and intuitiveness associated with
them. It also doesn’t make any clear sense to base any new forms of interaction around
the current gestures and actions they perform. What is driving the development of
systems such as those deployed at Sunnybrook Hospital in Toronto
(http://sunnybrook.ca/uploads/N110314.pdf) and our own system development
(http://research.microsoft.com/en-us/projects/touchlessinteractionmedical/) is a rather
different set of concerns associated with the issue of sterility. The difficulties with
current touch based interaction techniques lie in the particular constraints they impose on
interaction by a scrubbed surgeon in these settings. Within these settings, certain objects
come to be designated as sterile or non-sterile which in turn affects the organisation of
action by scrubbed and non-scrubbed personnel within the Theatre. Scrubbed surgeons
are unable to touch the imaging systems in the non-sterile areas which affects they ways
that they are able to mobilise such resources in the context of their surgery. For example,
they may have to move away from the patient and subsequently undertake a timeconsuming rescrubbing process after any interaction. Or they have to instruct an
unscrubbed assistant to conduct the manipulations on their behalf. Not only is this
cumbersome but it removes any direct control by the surgeon and thereby interfere with
both their professional vision and the ways the imaging resources are mobilised in the
context of collaborative discussion.
What is of significance about touchless gestural based systems for these people in
these contexts lies in the new possibilities for the lived body here. By adopting touchless
gestures, the surgeon is able to regain control over the manipulation of images that is so
vital to their ability to interpret and analyse these images – it is fundamental to their
professional vision. The touchless gestures also provide them with the ability to
manipulate and gesticulate over the images from a distance. This then entails new
possibilities for how the surgeons are able to spatially organise themselves with respect to
the imaging systems, with respect to the other team members and with respect to the
patient. They are no longer forced to move away from the patient’s bedside when dealing
with images, allowing them to be mobilised in the context of what they are seeing and
doing at the patient’s body. They no longer need to stretch over a patient in order to
operationalise deictic actions around the images. The significance of these systems, then,
lies in how new potentials for action allow the work practices to be reconfigured in ways
that are meaningful to these particular communities and settings. Through these new
practices, and interactions, such systems come to be rendered natural. It is in adopting
the perspective of embodied interaction and its focus on the lived body that these
concerns can be made visible. And it is these types of concern that arguably should be
more central to our design and innovation agenda in this area than a simplistic adherence
to reality-based naturalness and intuitiveness of interfaces.
Similar arguments can be made with respect to the urban screen examples, albeit with
a different set of meanings and issues being highlighted. Again, if we adopt the positivist
representational approach to the naturalness of these interactions, all we end up with is a
rather crude ability to understand what is going on with these applications in the settings
and consequently a rather sparse resource for thinking about their design or why
particular approaches to representation work well. So, for example, with the Red Nose
game, the adoption of a simple edge detection tracking mechanism has particular
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consequences that extend beyond notions of intuitiveness.
So while such a
representational approach renders the control of the red balls reasonably intuitive, easy to
learn and use this in itself is not all that interesting. Arguably there is an argument that
this immediacy of the system has particular significance in these public settings where
opportunities for interaction are fleeting and where investment in developing expertise is
less of an option than, say, in the living room. However, where the real significance of
these representational choices is situated is in the enactment of particular social
relationships in these settings, whether that be with known others or strangers. It is the
flexibility with which this particular representational choice enables the nuanced
enactment of relationships in these settings that is key here. A single person is treated as
amorphous blob in much the same way as a closely huddled group of people is treated as
an amorphous blob with an edge around it. For a collection of strangers playing the game,
we can see how people can spatially configure themselves at a socially safe distance from
each other as appropriate for the relationship at hand. At the same time we can see how
this enabled familiar people to huddle close together and play for a variety of situated
purposes such as to achieve social closeness, to overcome social inhibitions of
performing alone in public or to render one’s actions accountable to those around such as
when an adult played the game with a child. The simplicity of this representional
approach was also of significance in highlighting the performative meaning of actions
and gestures in these settings – enabling a certain expressive lattitude in the gestures and
actions that was again occasioned. Action and gestures were designed both to show off
to watching friends or to be less visible for those with greater social inhibitions. Similar
issues are at play in the other game examples. In the Question of Sport relief game, the
system simply responds to the frequency of change of pixels from one video frame to the
next. But it is again of significance here not as an objective characterisation of action but
because of the lived bodily experiences that are enacted through these actions. So they
were able to enact different actions such as configure themselves closely as a crowd,
moving energetically together in unison or do things such as throw a child into the air in
an enactment of the parent child relationship. The occasioned nature of these actions is
of course more rich and nuanced than the high level characterisations we are presenting
here but the point is that this occasioning is key to understanding the significance of these
particular forms of interaction
In sum, then, our aims in this paper have been to open up the discussion around the
naturalness of touchless and gesture based interaction by drawing on the theories of
embodied interaction and situated action. In this perspective, naturalness is not
something that lies purely within the interface itself and is not something that can be
treated simply as a representational concern through which intuitiveness, ease of use and
learnability can be achieved. From a design perspective, such a representational account
of naturalness with respect to these systems is in fact rather pernicious and only serves to
focus our attentions on a narrow set of concerns with the objective body. By adopting the
perspective of embodied interaction, what we hope to have shown is that there are a
broader set of concerns beyond the objective characterisation of the body, that relate to
the lived bodily experiences of the embodied actor interacting with these systems.
Naturalness, here, is an occasioned property of action that social actors actively manage
and produce together in situ through their interaction with each other and the material
world. Of importance are the ways gestures and actions are performed and made
meaningful in particular social settings through which naturalness is achieved. Our
attention, in understanding the naturalness of these interactions is drawn to their
ACM Trans. On Computer Human Interaction.
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particular properties and what these might mean for particular communities of practice in
certain settings.
From a design perspective, then, the concerns of our approach are not framed so much
as a problem of human-machine communication. That is, one of how can the system
better understand what we are trying to do or how to make it easier for us to
communicate with the system. Rather, it is how the properties of the technology and the
social system are combined together in the production of meaningful and natural
interaction. Importantly this coming together is more than the simple material
determinism that is apparent in some of the ways that ideas from embodied interaction
have been adopted. That is, we are not arguing that the technology and the material world
somehow constrain and shape our actions in socially meaningful ways. Rather, it is in our
coming together with the technology and material world that our interactions become
configured in new and meaningful ways. Touchless interactions then are not just ways of
carrying out the same things but in a new way. Rather, they change the ways that we
perceive and understand the world through the embodied actions that we are able to
perform.
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