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Abstract. Gesture-based approaches are becoming an increasingly popular
technique in Human Computer Interaction. Recent developments in the hard-
ware field have made it more affordable and more reliable to use gesture-based
interfaces and they are becoming more of a standard way for human users to in-
teract with computers. Most of the research has been investigating the usage of
gestures in personal and limited access situations. But gesture interfaces are
promising great benefits to usage scenarios in public spaces or general access
environments. This paper will summarize and evaluate the particular aspects of
using gesture-based interfaces in application contexts in public and semi-public
spaces.
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1 Introduction

The field of Human Computer Interaction has seen a paradigm shift towards so called
“natural interfaces” in the recent years moving away from the standard of keyboard
and mouse-based interfaces towards alternative interaction approaches. The term
“natural” in this context refers to interfaces that replace the input of commands into a
command line interface or the usage of interface devices such as pointing devices and
keyboards by communication means that are more close to the ways human beings
communicate in general and thus feel more natural [1], [2]. A common area to look
for naturalness is interpersonal communication and the means people use to commu-
nicate with each other. The ideal for natural communication is direct, device-free
communication, which means speech and gestures, while device-mediated forms of
communication are regarded as less natural [3], [4]. Reliable speech recognition is a
complicated problem stemming from the difficulty of mapping the sound phenome-
non to linguistic elements and the extraction of meaning from those elements. This
problem field has been researched for more than 50 years and it still remains difficult
to resolve ambiguities in spoken language [5]. Compared to the advances made in
speech recognition-based interface technologies, gesture processing has seen a num-
ber of recent breakthroughs that made gesture-based interfaces significantly more
powerful and popular. The successful launch of the Kinect controller was just one of
the inventions that started a widespread attention towards gesture interfaces. The
Kinect game controller is a computer-vision-based controller that allows to capture
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and interpret body movements and gestures from users with a depth camera enabling
gesture recognition with a degree of reliability and precision that has been so far not
been achieved with solely computer-vision-based approaches. Integrated into a game
console, this controller became a successful mass-product making gesture recognition
a widespread and affordable technology. Since its launch the Kinect was sold 8 mil-
lion times [6] and it was compared to the legendary gestural interface that made its
appearance in the 2002 movie “Minority Report” [7]. Before the Kinect another ges-
ture-oriented game controller had a very successful release: The Wii Remote was
released in 2005 and sold 6.29 million only in the year 2007 [8]. Other popular de-
vices were the iPhone and iPad with their gesture-oriented touch screen controls
allowing to “flick” tough pages, “pinch to zoom” etc. Compared to the Kinect the
other interface systems do not operate device free — the user has to hold or touch the
controller — but they are part of a strong movement towards so called natural human
interfaces, which Steve Ballmer, the CEO of Microsoft characterized as a key part of
the fifth revolution in computing technology in his 2008 keynote of the consumer
electronics show CeBIT 2008 [9].

With this strong emphasis on gesture interfaces as a successful approach to natural
user interfaces, this paper will look at the implications and possibilities of implement-
ing gesture interfaces in public spaces and in particular in museum or gallery spaces,
which we consider semi-public spaces. If we understand public space as a space that
is accessible to everybody without any restriction such as access control, fees etc. we
would normally think of public streets, squares and the like. In the scope of this text
we will include places that are accessible to a large public without requirements such
as the membership in a specific group, race or similar criteria. We will consider this
valid for public museums, shopping areas etc. While this definition will not be able to
qualify public space from a sociological point of view, it allows us to analyze certain
usage patterns that are addressed by human computer interaction. What we will ex-
clude from this study are non-geographic public spaces that solely exist in a form
mediated through interfaces such as shared online spaces.

Human computer interaction that takes place in public spaces can benefit signifi-
cantly from gestural interfaces, specifically because they allow unencumbered, de-
vice-free interaction. In this regard gesture oriented interface technologies seem more
suitable than other techniques [10]. It is it promising to investigate them for several
reasons:

1. As akey technology of natural user interfaces they are suitable to implement
intuitive interface solutions that are easy to understand and do not require
complex skills to be used successfully.

2. An increased familiarity of the audience thanks to those recent successes
mentioned above will support the ease of use.

3. There is a potential to reduce maintenance cost due to less or no mechanical
parts exposed to the public.

4. With the mass-market introduction of gesture interface technologies the price
of deployment is significantly reduced, which formerly was prohibitively
high [11].

5. Gesture interfaces — in particular computer-vision-based implementations —

allow for seamless engagement: The user can walk into the active range of
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the interface and start interacting before he even realizes and from there start
to explore gradually deeper levels of engagement.

The paper will review existing implementations of gesture-based interfaces in public
and semi-public spaces and examine their benefits and problems compared to other
implementations. It will close with a set of research agenda and evaluation criteria to
improve the performance and accessibility of future implementations.

2 Evaluation Criteria

The design of interface technologies for the public space has a number of specific
requirements that differ from other task-oriented applications in private usage scenar-
ios. Most interface design criteria are formulated for single-user, non-public settings
supported by interface devices such as keyboard, mouse, or even Wii Remote. It is in
the nature of the control-device that it can only be handled by one user at a time. And
even though gesture interfaces lend themselves inherently to more open interaction
scenarios, a lot of research still focuses on single-user applications and non-public
environments [12], [13]. Some research also targets multi-user systems, in particular
with the depth camera technology that is part of the Kinect controller, which was
explicitly developed to have multi-user capabilities and thus allow for collaborative
gaming experiences [14]. This research has generated several guidelines for success-
ful interface design in the domain of gesture-based interfaces as exemplary outlined
by Nielsen et al. [15]:

Easy to perform and remember

Intuitive

Metaphorically and iconically logical towards functionality
Ergonomic; not physically stressing when used often

These criteria hold true also for situations in public space, but need to be extended in
order to address some of the specific requirements. In public space it is essential for
interfaces to have a steep learning curve. The development of engagement with an
application or experience (we will refer to the task that is experienced by the user
through the gesture interface as application, even though this term implies a task
orientation, which might be questionable terminology in an educational or entertain-
ment oriented experience) is different than in most task-oriented applications experi-
enced in non-public environments. While in the latter users generally approach the
application with the intention to engage and use it to solve the task at hand (such as
write a text with a word processing application or play a game on a game console), in
public environments that engagement is often spontaneous as the user encounters the
application. Between engagement and non-engagement may be only a very short time
of examining the application. In this sense it is vital that the first approach already
enables the user to successfully engage into controlling the application and require an
easy interface approach that can be grasped very quickly to not deter the user from
engaging. Over the time of engagement — once the user made the decision to stay with
the application for some time — a certain amount of practice and newly learned skills
will establish. In general, though, the learning curve should be steep and then plateau
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with only little new information learned in terms of operating the application [16].
This kind of phase-staggered engagement can be supported by an appropriate design
of the interface complexity allowing the user to ease-into the experience, through the
aesthetic appearance that is attractive and accessible to the user, by making the appli-
cation responsive so that it can sense and respond to the presence of a user, as well as
through an appropriate spatial set-up. The spatial characteristics should make the user
feel comfortable to spend time in this space, it should be easy to find or enter, and it
should make it easy for the user to identify potential tools and positions etc [17]. This
can mean different things depending on the application and where it is set up. It is
important to mark the space that belongs to the application, i.e. the area that is tracked
and thus registering input versus the areas that are not. We often see installations that
use projected images set up in “black boxes” in order to keep ambient light controlled
and improve the quality of a projection. The light traps that are used with those instal-
lations force the user to walk through a dark corridor and constitute a high threshold
potentially inhibiting engagement with the application. The user has to go through this
corridor and decide to engage before even knowing much about the application at the
interior.

Several studies (i.e. Nielsen et al. as mentioned above) have investigated aspects of
appropriateness of gestures, such as the relationship of the gesture and the meaning
that it stands for (arbitrary versus iconic relationship etc.). A particular criterion aris-
ing in public spaces is appropriateness whether a user feels comfortable enacting a
certain gesture. As the users are potentially seen by other users, they should not feel
embarrassed or uncomfortable carrying out the gestures. Also, gestures can be disrup-
tive in a space shared with other users [18].

3 Example Interfaces

In a short review of some interface systems we will examine exemplary implementa-
tions in respect to how they address the above-mentioned criteria. The list of imple-
mentations will at the same time revisit several historic steps, but given the scope of
the text, it does not claim to be exhaustive. Only applications that use device-free inter-
action are included.

3.1 Responsive Environments

One of the early implementation of an application that responds to the presence of a
user in order to engage him into an interaction is the so-called “responsive environ-
ment” Glowflow, created by the American artist Myron Kriiger. Glowflow originated
in 1969 as the first application of a series of works that respond to the presence of a
user and change their states accordingly. The interaction is carried out by entering the
environment deeper and exploring it. In the installation the user steps on sensitive
mats that communicate his location to the controlling computer, which then triggers
changes in the illumination of the room and the sound created in real-time by a syn-
thesizer. A successor to this work was the installation Metaplay, which used instead
of the phosphorescent tube lighting of Glowflow a video projection of the user in
conjunction with a superimposed computer-generated image [19]. Kriiger describes as
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his main focus in these environments as “the only aesthetic concern is the quality of
interaction” [19]. Both installations are examples of responsive environments that
sense the user and respond to his presence to invite him and draw him into further
interaction. The level of complexity of triggering these first state changes of the ap-
plication system is extremely easy and is done without the user even noticing it. Only
based on the response from the system he realizes that he already interacts and is
motivated to find out more. We can call such an interface approach “explorative” as
the user is invited to explore the system and through this kind of engagement the
system reveals its content as well as its interaction methodology.

The notion of a responsive environment has been taken up in later applications. We
find a similar approach in a much more recent application by the French artist Marie
Sester called Access [20]. In the Access installation users walk into the range of an
overhead computer-vision camera and get tracked by the system. As they get tracked,
a spotlight follows them around in the space along with a focused sound projection.
The system is construed again in such a way that the interaction starts without the user
noticing it, simply by walking into the range of the tracking system the user starts to
interact and then realizes the response of the system. The tracking system receives
input also from remote users through a web interface where they have access to the
imagery captured by the tracking system and are able to select the target to track.

The responsive environments from Kriiger were all installed in a gallery space — a
semi-public space. Due to the intensive technological preparation of the space it is
almost impossible to show these applications in an openly accessible space. Pressure
sensors have to be mounted on the floor, the video capturing requires a neutral back-
ground, and the interaction system can only present meaningful feedback to a limited
amount of users in the system because in case there are too many users the readability
of the feedback becomes difficult and state changes are hard to attribute to specific
interactions. The Access system is more suitable to be presented in an open access
public space and is referred to as an installation traveling from “one public space to
another” [20], as it provides a seamless entry and exit from the experience and the
bounds of the sensitive area are marked by the spotlight.

The type of application described with the help of the above mentioned examples
provides a good solution towards the question of seamless development of user en-
gagement with the application and provides a certain possibility to explore the appli-
cation through continued interaction. While the learning requirements for the user to
be able to successfully control this type of application are small, the range of possible
interactions is limited to triggering changes in illumination of installed light sources
or attracting the spotlight.

3.2 User Representation

A different approach has been followed in a type of application that provides a more
complex representation of the user and his interactions with the system. A later appli-
cation developed by Myron Kriiger in 1970 is the Videoplace system. Here the image
of the user is captured by a camera and shown as a silhouette in a projection [21]. The
silhouette image is combined with superimposed computer graphics images of small
objects as well as a representation of remote users. The silhouette image and the su-
perimposed images of small objects etc. interact, the objects for example can bounce
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off of the contour line of the user’s silhouette. The system reflects a representation of
the user like a mirror and there is an easily understandable mapping of interactions to
state changes of the system. With this very direct representation of the user and his
influence on the application it is possible to realize a potentially more nuanced set of
interactions while preserving the ease of engagement and the possibility to explore the
application’s functionality through continued engagement.

This approach has also been picked up in a range of applications installed in gal-
lery settings as well as shopping malls and other semi-public spaces. An example for
a later implementation is the installation Bubbles by Wolfgang Miinch and Kiyoshi
Furukawa made in 2005, where users see their silhouette interacting with virtual soap
bubbles that bounce off of the silhouette outline [22]. Similar installations can be
found in science centers (e.g. TELUS World of Science, Vancouver, Canada) or
shopping malls (e.g. Glendale Galleria, Glendale, CA, USA). The ability of this type
of applications involving a representation of the user in form of a reflection or a
shadow to convey more complex and layered content has been observed in several
test cases described by Snibbe and Raffle [17].

Most of these applications have been installed in semi public-spaces, as they re-
quire a clean projection surface that provides enough contrast and visibility of the
projected image, mounting, power, and protection for the tracking equipment and
some way to channel users in and out and control the amount of users at a time.

3.3 Ubiquitous Gesture Interfaces

From the previous examples it becomes clear that it is a challenge to deploy gesture-
based interfaces in public space for technical reasons as outlined above. Also it seems
that interaction sequences in public spaces are significantly different, shorter, and less
complex than we know it from other task oriented interfaces in non-public spaces. A
lot of the research that spurred the development of technologies like Kinect or Wii
Remote comes from computer gaming. The focus here is on individualized long-term
interaction of a comparatively high degree of complexity [23], [24], [25]. There are
few examples of gesture interfaces deployed in public space that provide a complex
sequence of interactions. Besides the large scale tracking interface of Access which is
suitable for the public space we can observe the opposite movement towards small
mobile mechanisms that provide gesture interface capabilities for the public space.
One example is the Traces application that consists of a rugged integrated display and
tracking device that is “left” in public space so that random passers-by can pick it up
and use it. The device captures gestures and colors created by a user and responds by
outputting color and motion on a flexible display. The device is intended for “tran-
sient public spaces” and presents an instance of a movement towards portable, ubiqui-
tous gestural interfaces [26].

Another application along similar lines is the PyGml interface consisting of an en-
tirely wearable system that integrates a gesture tracker and a micro projector to gener-
ate the output of the system [27]. The tracker allows the user to communicate with the
system through gestures carried out in proximity to his body. It is thus a system for
individuals and not encouraging any multi-user scenarios as the tracker is targeting
only the proximity around the user carrying the system.
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4 Conclusion and Future Work

The examples discussed in this paper indicate that even though device-free gesture-
based interfaces for the public space have great promises there are few implementa-
tions of them. The current mainstay of this interface technology is in semi-public and
private spaces. We can observe two tendencies in the deployment of gestural inter-
faces in shared public environments: One tends to make the entire environment
responsive with sensing systems covering a larger space, which can be entered, ex-
plored and exited by users in a seamless way. Examples for this are mentioned above
and further comprise implementations of intelligent spaces [28] and inhabitable inter-
faces [29].

Several technical implications are responsible for the current distribution of gesture
interfaces and the recent development in more reliable tracking methods such as the
depth camera technology suggest that future development will break up the current
separation between public and semi-public environments for gestural interfaces.

The discussed examples further suggest that users do not tend to engage into inter-
action of high complexity and spend less time with applications in public space
compared to private spaces, while the semi-public spaces are probably in the middle-
ground between public and private. These issues of the complexity of applications can
potentially be addressed by a meaningful staggering of different levels of engage-
ment. User who do not want to engage simply pass by, others just have a fast glimpse
at the application, while those who are ready to engage in a more extended fashion
can spend time and proceed to more complex layers of the application. The notion of
proxemic interactions [30], where this staggering of engagement is based on the dis-
tance between the user and the system is a promising approach for future applications.
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