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Abstract

We have become accustomed to seeing digital public displays, but not yet to inter-
acting with them.

Digital displays have an enormous potential for being used as much more than
just information dissemination tools. They have the potential for also being shared
cultural objects in a place, providing a view on the social environment and allowing
a rich and engaging situated interactive experience to its users. A public situated
display should be able to automatically reflect the preferences and expectations
of its present users and also adapting itself over time to the social environment
that characterises the place where it is installed, providing an historic view on that
environment.

Achieving this view requires that display systems become capable of sensing their
environment and adapting to it. Interaction plays a vital role in this. The interactive
features provided be the display system should not only serve the purpose of provid-
ing users with a more engaging experience with the display, but they can also serve
as digital footprints of the activity and interests of the users — the fundamental
way to characterise the social environment surrounding the display.

Providing interactive features in a public display is a big challenge. The display sys-
tem must provide interesting and meaningful interactive features that allow users to
engage with it but at the same time these features must enable the display system
to collect relevant digital footprints that will allow it to better characterise the place
and, ultimately, adapt itself. However, the system must not relinquish full control
to a single person because it must always maintain its global sense of place that is
built over time and — it should not turn itself into an individually controlled display.
Control must be shared by multiple people, possibly with conflicting motivations, so
the display must balance personalisation and public interest. Also, the display must
not wait for user interaction. It should have an active role in its environment, ad-
dressing and enticing users into interaction in order to maintain a dynamic dialogue
with its audience and capturing enough digital footprints of activity.

The objective of this work is to explore mixed-initiative interaction approaches with
public displays that enable this new concept of public situated display: a display
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that adapts itself to the social environment by leveraging on its interactive features
to engage and entice users into interaction and to collect digital footprints that will,
in turn, enable the display to better adapt to its social environment. To achieve
this goal, we will study interaction mechanisms that can be used to collect digital
footprints and the most effective ways of letting users generate them. We will de-
ploy prototype public display systems in real settings and evaluate the acceptance
of several approaches and determine which are the best at achieving a balance be-
tween giving users control over the display, allowing the display to collect relevant
information and allowing the display to give a coherent image of the place through
a selection of content.

Keywords
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Chapter 1

Introduction

Public, digital displays have become an ubiquitous presence in our everyday lives.
We encounter them in the streets while we drive or walk, in shopping centres, gas
stations, subway stations, universities, shops, banks, etc. Some of these displays are
used to advertise products, others to inform and some just to entertain people.

The recent developments in display technology, particularly LCD1 and plasma dis-
plays, allowed the development of thin and light displays at economically attractive
costs. This, in turn, has originated a wide spread deployment of these displays
with various sizes and with various functions. Progressively, digital displays are
being used to substitute older (mostly static) forms of displaying visual information
because digital displays have several properties that make them attractive when
compared to other mediums:

• Their dynamic nature allows presenting rapidly changing information and less
effort for updating it;

• Their interactive features can allow users to have some degree of control over
what is displayed;

• Their processing capabilities coupled with a variety of sensors allow them to
become “smart displays” and react in various ways to various environment
characteristics, including people.

• They can take advantage of communication networks to access remote infor-
mation and to create an interconnected landscape of digital displays.

This set of properties allowed a new class of digital situated displays to emerge.
These display are meant to be highly integrated into a particular place by supporting
the activities that occur there and becoming a reference artefact of that place.

1Liquid Crystal Display.
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1.1 Motivation

Current public displays have not yet attained their full potential as situated public
displays: an artefact shared by everyone; a cultural and social reference point that
acts also as a mirror of a place, reflecting its social environment; a promoter of
meaningful social interaction.

Public displays have the potential to act as an important reference point in a place,
something that a newcomer can look at to get a sense of the kind of social envi-
ronment that surrounds it. However, public situated displays should not only help
describe a place but also help in defining it. By being more than just a passive
mirror to the social dynamics of a place, displays can also take on an active role
in the definition of what a place is. They can do this by fostering social situated
interactions. By fostering interactions, we mean more than just mediating human–
human interaction. Situated displays should enable new types of social (situated)
human–human and human–machine interaction and be a participative party in those
interactions by suggesting, supporting and accepting them. Even though people may
have personal motivations for interacting with the public display, the result from
these interactions should somehow be publicly meaningful and interesting. Public
situated displays must foster these kind of interactions.

In order to achieve this, public displays need to be able to characterise the social
environment and dynamics of the place they are part of and act as a mirror of that
environment by showing content that reflects an historical view as well as the more
spontaneous and localized events. Displays must also provide interactive features
that support effective public situated interaction between and with people.

Current research around situated displays fails to address this integrated view. Most
developments around this topic, focus on specific display applications rather than
on a concept of generic public display that evolves with its social environment and
that supports meaningful situated interaction.

Achieving this concept of situated display has also practical implications because it
will increase the display efficiency for many applications. A study by Huang et al.
[2008] shows that most public displays fail at captivating people’s attention. Giving
users some control over the contents was one of the recommendations of the study
but presenting more meaningful and interesting content is also an obvious step in
catching the user’s attention. Advertising is an obvious application that can benefit
from this work because this concept of display system naturally provide a means
to characterize and target the current or regular audiences. However, even just
informative or entertainment displays can benefit from a concept of situated display
that takes the specific social environment into account and that allows users to
appropriate the display through its shared control interfacing mechanisms.
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1.2 Challenges

Achieving this view of situated displays is not straightforward and faces many in-
terconnected challenges. The first is related to the characterisation of what we
normally call place and how that can be achieved in an automatic manner. The
second is how to give the display an adaptation mechanism that allows it to choose
appropriate content that reflects its social environment. The third is how to provide
interactive features that can be used by groups of people in a way that allows the
display to maintain its sense of place and, at the same time, provide interesting and
meaningful situated interactions.

1.2.1 Characterising places

When discussing the role of public situated displays it is important to clarify the
concept of place because it is closely coupled with the concept of situated display.

As McCullough put it:

(...) places aren�t just locations with assigned uses or trademark formu-
las. Cities have histories, in which they have been appropriated for this
and that. Accumulated experience of appropriations makes people come
to identify with places. – [McCullough, 2005, p. 60]

Places are not just spaces with names. A place is mostly what people make of it
through its continued use, which creates a history for that place. A place is not
so much about the physical location but more about its “social location”. It’s also
important to notice that, because as a place is not just a location with an assigned
use or trademark formula, it is hard, if not impossible, to try to enumerate a set
of characteristics to define a place that will hold true forever. A place evolves with
time through the accumulated experiences of the people that uses it.

This notion of place has implications on how a situated display should be designed
and how it should behave.

The first implication is that designing displays with a pre-definition of the type
of content they should show is not, generally, a good solution to the problem of
adapting a display to its place. Places have an evolving history and, so, pre-defining
the content for a display will always fall short of the target of having a display
adapted to its environment in the long run. This, however, does not mean that
displays should be designed without a pre-conceived idea of what it should represent.
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It means only that that idea will never result in a display perfectly integrated into
its environment, unless some degree of freedom is left for the display to adapt.

The second implication is that a display cannot be designed independently of its
users. A place is, essentially, a social environment strongly associated with a loca-
tion. This means that, ultimately, adapting to a place is adapting to the preferences
and expectations of its users.

The challenge is, then, how to effectively characterize the social environment in a
dynamic way in order to be able to provide a representation of that environment
through the presented content.

1.2.2 Adapting to places

Another challenge, deeply related to the previous, is how the display should adapt to
a place. Given a possible characterization of the place, what is the best adaptation
strategy?

On the one hand, it should always maintain a long-term view that represents the
history of the place. This historical view is what will allow people to identify what
that place is about. It should emerge as something unique to that place, fulfilling
the role of mirror of the social environment. On the other hand, it should allow
people to appropriate it. One of the implications of this is that it should somehow
react to the more spontaneous events that occur and to the currently or recently
present people in order for them to be able to take advantage of it in the moment.

The challenge is combining these two perspectives in a coherent way so that it
contributes to the sense of place.

1.2.3 Interacting

Interactivity is a fundamental aspect and a challenge for public situated displays.
It is a fundamental aspect, because interaction is essential in order for it to achieve
the full potential as a situated display that is in part driven by the preferences
and expectations of people. Interaction allows users to contribute to the display’s
content responding to the ever increasing expectation that people are no longer just
passive viewers but active contributors. A situated display should not be based on
the classic broadcast model in which content is produced and managed centrally;
people now look for more control and ways to contribute to the information flow.
Contributions from people will also, in part, drive the situatedness of the display
— it will not be statically configured to show specific content, but will evolve with
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the contributions of the individuals who frequent a place and, thus, with the place
itself.

There are, however, practical problems with this approach. The first is getting peo-
ple to interact with a public display — something that is very different from what
people are used to interact with. Taking the initiative to interact with people is
something the display system must be prepared to do in order to receive sufficient
input. The second problem is how to design and provide interaction models that
people can understand and use effectively. And the third problem is how to pro-
vide public, shared mechanisms that truly support public situated interaction. Even
though users will usually have personal motivations when interacting, the display
system should try to play with personal motivations so that the result is interest-
ing and meaningful to the public. The interaction mechanisms must allow a wide
range of people to contribute to the display without adopting a personal interaction
paradigm that could jeopardize the concept of a public, shared object.

1.3 Objectives

In order to achieve the concept of situated display previously outlined, it is im-
portant to study three interconnected aspects: social sampling methods that allow
the display to automatically gather relevant data to characterize the place; a place
model that is able to integrate both the historical data and event data in order to
create a flow of content that is at the same time representative of the general social
environment of the place but also reactive to the more instant happenings; and pub-
licly shared control mechanisms for interaction with the displays that engage users
into generating, producing or selecting content.

One of the three important aspects for socially situated displays is the ability to
sample the social environment in order to characterize and adapt to it. This social
sampling is not simply a matter of collecting raw sensor data but, somehow, inter-
preting its social significance. The environment of a situated display is a place: a
physical location with an evolving social context. There is no “social” sensor capa-
ble of measuring that phenomenon. However, just as web sites like Amazon.com or
Last.fm are able to learn our tastes in books and music by recording and analysing
our interactions with them, so too can displays learn the preferences and tastes of
their audiences. For this to happen two related things must occur: displays need to
become interactive and ways of collecting and using relevant information from these
interactions need to be devised. If displays are able to collect individual preferences,
they will become much more integrated into their social environment and will be-
come much more meaningful to people — they will truly become situated displays.
Whether online or offline, our daily life generates already generates various digital
traces — digital footprints — of our activities: every time we use our credit cards,
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buy something at the supermarket using discount cards, make phone calls, access
the internet, use an ATM2 machine, etc. These digital footprints could be used
to infer our tastes, interests and activities (and sometimes are). In a similar man-
ner, certain digital, footprints resulting from interaction with public digital displays,
could be used by the display system to adjust its content to better suit the interests
and expectations of those who normally use it. The question is, then, what kind
of digital footprints will be relevant for situated displays? How can display systems
use those digital footprints and what interaction/sensing mechanisms are necessary
to allow users to generate them?

Collecting footprints is, however, not sufficient. The display system must have a
model of place that is able to combine several digital footprints to give a high level
representation of place. This model must be able to characterize a place in an
historical way, aggregating long-term digital footprints. However, the place model
must not be simply a data model but also incorporates simple processes that are able
to react to events and more immediate user actions in order to appear responsive
and to give a sense of intelligent behaviour and also to give a sense of appropriation
to users. This model must also integrate more static administrative definitions of
place that allow the display owner to define an overall theme for the display. What
type of models are best for this purpose, what data should they incorporate and
what processes should they implement are questions which we intend to study.

A fundamental way of collecting digital footprints that will serve to characterize
the place where the display system is located is by letting (and enticing) users to
interact with the display. Interaction with public situated displays is fundamentally
different from interaction with a desktop system or even with a collaborative display
system. A situated display must be able to accomplish two things regarding user
interaction: it must let users contribute to the content and also provide some level
of control over that content. These two aspects together contribute both to the
generation of digital footprints that can be incorporated into the place model and
also to the sense of ownership and appropriation necessary to captivate users and
continue to engage them in interacting with the display. Users must be able to
contribute directly to content and to give feedback on the content selected by the
display system. The problem is how to enable a shared control mechanism that
allows multiple users, possibly with different intentions, to simultaneously manifest
themselves. These shared control mechanisms must be able to:

• Establish a balance between the reactive and the proactive behaviour. The
display should not be completely reactive to user actions in order to guaran-
tee that the displayed content is based on the characteristics of that place.
However, the display must still be able to react to more immediate events and
requests in order to appear responsive, intelligent and give users some sense
of control.

2Automated Teller Machine.
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• Conciliate several, possible contradicting, requests. Users have different pref-
erences and will undoubtedly make conflicting requests. The shared control
mechanism must be able to incorporate all requests in a graceful manner. It
must not act simply as a remote control where only the last request matters.

The sum of all these requirements results in a mixed-initiative display system that
“(...) supports an efficient, natural interleaving of contributions by users and au-
tomated services (...)” [Horvitz, 1999]. One of the specific challenges of applying
mixed-initiative interaction to public displays is the fact that the display system is
not being addressed by a single individual at a time nor by a group of individual
explicitly collaborating to achieve a common goal. Every individual in the public
display’s audience may have a different motivation and expectation that must be
managed individually but guided to the public interest so that it integrates in the
general, public view the display is meant to transmit.

�� ��

��

User interaction System initiative

Place model

Figure 1.1: Mixed-initiative interaction components for a situated display.

The digital footprints will provide the basis for a place model that will allow the
display system to take initiative — depending on various factors of its environment
such as presence of people, their interests, etc. — and engage users in further
interaction by providing them with suitable shared content control mechanisms (see
Figure 1.1).

The overall goal of this work is to enable a new concept of public display that
dynamically evolves from the digital footprints generated from situated interaction.
This high-level goal may be refined in the following objectives:

1. Specify and validate a mixed-initiative interaction model that builds on the
digital footprints to address the fundamental trade-off between giving more
control to people by rapidly adapting to the continuous flow of diverse social
settings and the ability to contribute to the emergence of a shared concept
of place that matches the broader social expectations and practices of the
community as a whole.
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2. Produce an interaction design space for public displays that informs display
creators on the characteristics of multiple interaction possibilities and their
mapping on the types of digital footprints that they can generate and how
they can be used to characterise and adapt to a place.

3. Specify and validate a place model that is able to address the requirements
imposed by the dynamic nature of digital footprints and the diverse nature
of places. The model should be able to evolve with diverse user actions and
sustain multiple processes of mixed-initiative interaction.

4. Understand how and if this approach to public situated displays is effective
at:

• Generating an evolving display that is capable of adapting to a place and
if users perceive so;

• Generating a display that is perceived as a shared object and reference
point for a place;

• Fostering new kinds of social interaction, and if so, what kinds of inter-
action does it enable;

5. Understand relevant factors that affect the deployment and use of these kinds
of display system in real public settings.

1.3.1 Research Questions

Some of the research questions around the concept of public situated display that
the research community has not yet answered and that we wish to explore are:

Footprints

• What kind of relevant digital footprints can be collected by a situated
display?

• How can interaction with situated displays generate these footprints?

• What are the most effective ways to let users generate those footprints?

• How can those digital footprints be used to characterize a place in a
dynamic, yet also historical, way? In other words, how can they be used
to create a model of place?

• What kind of adaptation mechanisms can the display use to generate
relevant content to present users?

Mixed-initiative approaches — system initiative
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• How can the display system take initiative for the interaction with users?
What is the best way to address users? Should the system address users
individually or the public?

• How can the display system entice and engage users in interacting with
it in order to generate more footprints?

Mixed-initiative approaches — user initiative

• What kind of public shared control mechanisms make sense in a public
situated display?

• How much control is acceptable in order to keep people engaged and, at
the same time, maintain some administrative control over the content?

• What types of control mechanisms are suitable for public interaction?

• Does the type of place affect the way people interact with public displays
and, hence the type of control mechanism that should be offered?

• What kind of feedback (and how) about why a given content is being
presented, should the display give to users?

1.3.2 Delimitations

Designing a public situated display is a task that involves considering many inter-
connected problems and issues. However, addressing them all in depth in a single
study is not feasible, and so, some of those issues will not be considered in this study
(some of them are the object of parallel studies within the Ubicomp research group).

Privacy and security are two such issues. Questions related to keeping users’ data
private is something that must always be considered to some extent in every deploy-
ment. However, it is not the aim of this work to study these questions in depth.
Things such as developing complex procedures for guaranteeing that users cannot
impersonate other users when interacting with the public display or the implemen-
tation of complex privacy management features are not in the focus of this study.

Developing a recommendation system for public displays is also not the objective of
this work. Although the goal is to produce a display system that is, among other
things, able to collect the preferences of its audience, developing a recommendation
system that is able to learn individual preferences and compare users or groups of
users and offer recommendations for unseen content is not the goal of this study.

Developing complex content-adaptation strategies that are able, for example, to
identify and target specific groups of users that are usually seen together or that are
able to adapt the displayed content according to a number of rules is also not the
goal of this work.
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1.4 Methodology

This research will be mainly based on real setting experiments to evaluate differ-
ent adaptation and control mechanisms. These experiments will be measured along
quantitative and qualitative data by analysing interaction logs and performing in-
terviews and questionnaires. The initial phase of this research will, however, be
more focused on the analysis of current work to devise initial interaction footprints
and interaction mechanisms that generate them. These will serve as the basis for
the subsequent experiments. Chapter 3 will present this methodological approach
in more detail.

1.5 Reader notes

In order not to clutter the text too much with the definitions of the several well-
known acronyms used throughout the text, acronyms are defined the first time they
are used using a footnote. For easier reference, a list of all acronyms is also given in
the beginning of this document.

1.6 Structure of this document

This document is structured in the following way: The current Chapter presented the
motivation for the work to be pursued, the main challenges faced when addressing
this problem, the objectives of this work and the general methodological approach.
Chapter 2 presents some work related to this project, more concretely, work related
to some of the challenges posed by the problem that is being addressed. Chapter 3
describes the methodological approach that will be followed in the course of this
research, the main activities to be performed and the expected results. Chapter 4
describes work accomplished so far. Finally, Chapter 5 presents some concluding
remarks.

10



Chapter 2

Related Work

The current work can be best described as research in the area of situated displays.
In order to give a better perspective on this area, this chapter presents an overview
of work related to the current research on public situated displays. It begins by
giving a perspective on content adaptation approaches used in earlier systems. It
continues by describing some research around a particular, and fundamental, issue
around the design of situated displays — interaction — and how past display systems
have addressed the question. This chapter ends with some research that has tried to
provide a view on design considerations that are important in order to successfully
create a situated display.

This review of related literature followed a standard methodology of collecting seed
papers (and books) from a keyword search mainly on Google, Google Scholar [Google,
2009], ACM1 Digital Library [ACM, 2009] and IEEE2 Xplore [IEEE, 2009] publica-
tions databases.

2.1 Content Adaptation

The problem of providing content that is relevant to a display’s surrounding envi-
ronment, namely people, has been tackled before in many different display systems,
using different approaches. Two major approaches can be identified in the solu-
tions encountered to deal with this problem: let the users themselves decide what is
relevant content; or, design the display with centrally-managed and defined content.

1Association for Computing Machinery.
2Institute of Electrical and Electronics Engineers.
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2.1.1 User-submitted content

One approach to deal with the problem is to let users themselves define the content
that the display will present. Some situated display applications are well suited for
this approach because the concept they try to reproduce is based on user submitted
content only. This is the case with digital bulletin boards and similar. These situated
displays are designed specifically to allow people (usually within a work group) to
post news, photos, comments, etc., to a public display.

Notification Collage [Greenberg and Rounding, 2001] is one example of a display
where content is completely defined by its users. The system was designed so that
work colleagues could stream their webcam to the display, put photo slide shows,
show web pages and leave notes to each other using a desktop application that was
mirrored in a semi-public display. Figure 2.1 shows an example of the Notification
Collage’s display elements. The Notification Collage was deployed as a means to
increase awareness of co-workers’ activities and was designed in a bulletin board
style. What is relevant content for the Notification Collage is completely defined
and controlled by its users. The system plays only an almost insignificant part in
the presentation of content by laying out the new content items randomly in the left
side of screen, which results naturally in old content being obfuscated by new; the
arrangement of the right side of the screen is managed by users also.

Figure 2.1: The Notification Collage display: examples of media elements that can
be posted [Greenberg and Rounding, 2001].

Another example of a display designed as a type of digital bulletin board is the
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WebWall [Ferscha et al., 2002]. The WebWall is an infrastructure that can be used
to create large display applications that allow users to post various media elements
and interact with existing ones (these elements are instances of service classes, in
WebWall’s nomenclature). Figure 2.2 shows some types of elements that can be
displayed by the WebWall. Content can be published through various interfaces such
as mobile phone, email and web interface. Contrary to Notification Collage’s random
placement of items, WebWall avoids overlaps by scheduling content according to its
priority, lifetime and type of content.

Figure 2.2: The WebWall display: types of service classes supported [Ferscha et al.,
2002].

The Community Wall developed by Grasso et al. [2003] also uses the bulletin board
style. The purpose of the Community Wall was to support communication within
a community of practice — a kind of spontaneous and informal workgroup that is
driven by the common work-related interests and practices — and to “create an
environment that fosters social encounters (conversations) using documents or news
and peoples’ opinions on them as triggers” [Grasso et al., 2003]. The display was
designed as a bulletin board (see Figure 2.3) were anyone could post to. Posting
can be done using several methods such as email, web bookmarklets (JavaScript
programs that can be stored as bookmarks and that can be used to automatically
send the current webpage to the display system), paper (using Xerox’s Flowport(tm)
software to scan the document) and a PDA3 application. Although users are com-
pletely responsible for the content database, the Community Wall is responsible for
choosing what to display from that database. A number of rules exist to define the
priority of each item based on its type, age, rating, number of comments, time, etc.
After applying the rules, the system will present the (around 10–15) highest priority
items.

Yet another classic example of a situated display that allow users to post news items
(and other types of content) is the Plasma Poster [Churchill et al., 2004]. This sys-
tem was deployed and studied at the FXPAL — a software research company, based
in Palo Alto, California. The displays consist of touch-sensitive plasma displays with
an interface (see Figure 2.4) that allows people to interact with it to read, browse,

3Personal Digital Assistant.
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Figure 2.3: Community Wall’s screen [Grasso et al., 2003]

forward and comment on items. Users can post items to the display by emailing
the content or using a dedicated web interface for posting. The Plasma Poster was
designed to allow more engagement with the content than WebWall or Notification
Collage and so it displays content items in sequence (showing also a list of thumb-
nails of the previously and the next content items) but it allows users to pause the
automatic scheduling for reading an item, scrolling, commenting and even browsing
content.

Figure 2.4: The Plasma Poster display showing a set of images and thumbnails of
other available content [Churchill et al., 2004].
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Other types of public display applications are also driven solely by user-generated
content. The Dynamo display system [Brignull et al., 2004], for example, is a large
multi-user interactive display for sharing, exchanging and showing multimedia con-
tent in a communal room of a high school. Dynamo provides a GUI4 like interface
(see Figure 2.5) accessible from various interaction points (wireless mice and key-
boards) so that multiple users can interact with it at the same time. Dynamo allows
users to connect external USB5 devices and access its content to display it publicly
on the screen or to share it with other users by dragging it to a public area or by
sending it to specific people (users had to register to be able to access some of the
functionalities). During the deployment time, students used Dynamo to display and
exchange photos, video and music; to create a pool of public media that anyone
could use; to stage performances to the audience in the communal room; to post
notices to other users; to leave content as gifts to specific people; and to engage in
group discussions and interactions. Dynamo provided only the infrastructure for the
content sharing. Users were ultimately responsible for creating meaningful content
and appropriate the system in an adequate way for that place.

Figure 2.5: Dynamo surface [Brignull et al., 2004]

Similarly, the BlueBoard [Russell and Gossweiler, 2001] system (see Figure 2.6) was
designed as a personal content access and sharing tool. Users access their personal
information by authenticating themselves using a personal badge that is read by the
display system. Several users can authenticate at the same time and access their
personal data and share content by dragging it (the display is touch-sensitive) to
the other user’s p-con (the image that represents the user). BlueBoard is meant to
be used as a more casual display, something that is at hand and allows a user to
rapidly access his personal information and share it with others. BlueBoard uses
a custom content authoring tool to allow users to create their content (calendars,
access email, files, etc) which they can later access and share using the display.

4Graphical User Interface.
5Universal Serial Bus.
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Figure 2.6: The BlueBoard display showing a calendar item [Russell and Gossweiler,
2001].

A different kind of display that also relies on user-submitted content is the Group-
Cast peripheral display by McCarthy et al. [2001]. GroupCast is aimed at facil-
itating interactions between people in a workplace by displaying their interests.
It relies on information provided by another application — the Unicast [see also
McCarthy et al., 2001] — but uses it differently: information is displayed only when
the user to whom it refers to is detected near the display. This way it guarantees
that what is displayed is relevant at least to one person and potentially creates an
opportunity for person–person interaction about the displayed information. Users
can create profiles for the UniCast application by selecting and configuring from
fifteen pre-existing content modules (headlines from Moreover6, stocks from Yahoo!
Finance, weather, traffic, web pages, webcams, announcements, etc.).

In all these previous examples, the relevance and adequacy of content is defined solely
by the system’s users (and possibly the system’s administrator). Although it may
be expected that somehow a theme will emerge over time, it is not statically defined
for the display: users’ contributions are expected to generate the situatedness of the
display.

2.1.2 Centrally-managed content

Another way to tackle the problem of displaying appropriate content is to design
the display system with pre-defined content sources or to have a centrally-managed
content database. In these cases the display is designed to provide information that
is thought to be of interest and relevant to that place or situation. This information
may be related to the usual activities of people or even to the people themselves,
but users do not have explicit control over what is displayed. Several strategies can
be employed to deliver information in a way that maximises its usefulness to the
nearby people if the display is embedded with sensing capabilities.

6http://www.moreover.com
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One example of a display system that uses a pre-defined content source is the MIT
Media Lab’s Aware Community Portals [Sawhney et al., 2001]. This display was
intended to be used in a transitional space of a workplace. Since the community’s
interests, in this case, were well-known, the display was designed to use a popular
technology-related news site — Slashdot7 — as the main content source. Users
had no possibility to contribute directly to the display’s content; they could only
consume the information presented. The display showed several types of content
such as the current time, weather, cartoons and even MP3 audio files, but would
default to the Slashdot news when users stood in front of the display for some time.
Although the final objective was to provide a collaborative way to define the content
that the display would show, the implemented prototype was deployed without this
functionality and users had no control over what was displayed.

Displays with an objective of providing awareness or background information are
also usually designed with centrally-managed content. In the Proactive Displays
[McDonald et al., 2008] project the authors evaluated a set of proactive display
applications designed to augment and extend the social actions and interactions
that usually occur in an academic conference and are usually designated by “social
networking” and which are, in fact, one of the main motivations for attending a
conference. This was accomplished by deploying a set of displays capable of sensing
the proximity of the participants and presenting information about them. In order
to be automatically identified, participants were given RFID8 augmented conference
badges and were asked to fill a personal profile on a web form, before attending
the conference. The displays were deployed in different spaces of the conference,
according to their functionality:

• AutoSpeakerID — an application that displays the name, affiliation and photo
(if provided) of the person asking a question during the question and answer
period following a paper or panel presentation (see Figure 2.7).

• Ticket2Talk — shows a theme (an image and a caption) that participants
specified as being willing to talk about during the conference. Content is
shown only if the participant is near the display (which was deployed behind
the coffee tables).

• NeighborhoodWindow — shows keywords taken from the participants web-
pages and shows shared and unique interests of those near the display.

Although the content displayed was provided by its users, they did not have much
control over it. Participants were asked to fill a web form designed to gather specific
data, such as the name, affiliation, photo and interests and they could only either fill
in the form or leave it blank. Afterwards, there was no easy way to control what the

7http://slashdot.org
8Radio-Frequency Identification.
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display would show once the user was found near it. The display system just used it
central content database to choose what to display based on the sensing mechanism.

Figure 2.7: AutoSpeakerID being used in a conference session [McDonald et al.,
2008].

An earlier project — the IntelliBadge [Cox et al., 2003] — is another example of the
use of displays to enhance the awareness of activities in a conference setting. Unlike
the Proactive Displays, the Intellibadge main focus was on global conference ac-
tivity rather than personal information awareness (although it also provided some).
This was a project initiated by the IEEE Supercomputing 2002 (SC2002) conference
organizing committee. The objective was to track the conference participants and
display awareness information about the conference such as most active places and
sessions. Conference attendees were given RFID badges that were tracked through-
out the conference site. Display applications were created to provide visualisations
(see Figure 2.8) that showed the flow of participants through different areas and the
most active conference sessions. The visualisations were completely pre-defined at
design-time by the authors of the project and the main data that the displays used
was simply the location data registered by the RFID readers deployed throughout
the conference spaces. Users had no control over what was displayed. One visual-
isation reacted more directly to users standing near the display by mapping their
place of origin on a map along with the name of their institution, but users had no
real control over the contents that were presented.

Content scheduling

Scheduling of content is important for any display system, be it one that relies on
user-submitted content or one that relies on centrally-managed content. However,
it takes a special importance for the latter because users generally don’t have much
control over what or when is displayed and, so, the display must manage the start
and duration of content items in an, ideally, intelligent manner. Scheduling may
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Figure 2.8: The Intellibadge visualisation using a garden metaphor to represent
the conference site. Flowers represent locations, coloured petals the professional
interests of users and walking ants represent the rate of people walking by the
tracked areas [Cox et al., 2003].

be accomplished using time-based approaches that define the start and duration
for each content item or event- or context-based approaches that take into account
the preferences or historic data about who is near the display. Storz et al. [2006],
for example, when developing a software infrastructure for (essentially time-based)
content scheduling identified the following requirements:

• Support for scheduling content with a wide range of absolute and relative
timing constraints.

• Support for scheduling content across multiple displays in an atomic fashion
(e.g. display this video on all the displays or none of them).

• Support for the rapid introduction of interactive content.

• Support for numerous independently developed domain specific schedulers that
can share the display network.

• Provide an abstraction layer to free the scheduler developer from concerning
themselves with the various video and audio sources/ sinks and switching
operations these necessitate.

Fully time-based approaches, however, are incapable of determining which content
is more relevant given the current audience and relies solely on the display’s man-
ager ability to anticipate which content best suits the audience at a given time.
If, however, the display is capable of some kind of sensing of its environment, it
can dynamically decide what to present based on the readings from its sensors.
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Müller et al. [2007], for example, proposed a framework for maximising the utility
of the a public display based on decision theory. The framework assumes that the
display is capable of identifying users and that there is a utility function that indi-
cates how useful it would be for that user to do the action advertised by the display.
In this case, the display can calculate the expected utility for each content item for
each user and choose the item that maximise the overall utility for all nearby users.
This utility-based approach may be hard to operationalise, but other, similar, and
simpler, approaches may be employed. Bluscreen [Sharifi et al., 2006] is an example
of a system that tries to maximise, not the utility, but the novelty of adverts that an
audience is exposed to. This is accomplished by detecting users’ Bluetooth mobile
phones and recording which adverts were displayed for a given Bluetooth ID. The
display will try to display adverts that have not yet been seen by the majority of
the current users.

2.1.3 Mixed approaches

The user-submitted content and the centrally-managed content approaches are ex-
treme approaches to the content adaptation problem.

User-submitted content has the advantage of not requiring, or requiring only min-
imal, management of the display’s content on the part of the display’s owner. In
some cases, it also guarantees relevancy of the display’s content since users them-
selves are responsible for it. In relatively contained spaces like workgroup spaces,
this approach will surely result in content that is of interest to a large part of the
audience. In public spaces with heterogeneous groups of people, however, this may
not result in a coherent body of content. Another obvious drawback is the fact that
the display relies solely on contributions from its users and, so, effort must be spent
in developing incentives for participation, or in creating a group of contributors that
is responsible for keeping the display alive.

Centrally-managed content is the opposite to user-submitted and so suffers from
opposite disadvantages. The two main problems of this approach is that it relies on
a centrally-defined idea of what the display should be and represent. This means
that it may miss the target and present uninteresting content to its users. Because
of this, designing and maintaining the display is usually a burden. On the other
hand, this guarantees total control over what is displayed and over what the display
should represent. Also, since it does not depend on users’ contributions, there is not
the threat that not enough content will be submitted.

A mixed-approach to this problem could leverage on the best of both worlds but
the literature review shows only an example of a public situated display application
that explicitly tries to use this approach — Instant Places [José et al., 2008] which
allows users to contribute to the content that is displayed by specifying keywords on
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the Bluetooth names of their mobile phones. The system uses a pre-defined source
for content, the Flickr9 photo sharing website, but allows users to contribute by
specifying keywords and Flicker user IDs that the system uses to search and display
photos (see Figure 2.9). Apart from the fact that users cannot choose the source for
the content, they have a higher degree of control over what is displayed than in a
completely centrally-managed display system. Control is not as high as in an pure
user-submitted display system, however, because a user is not able to display at will
a specific photo. Instant Places achieves a balance between the two, leveraging on
the advantages of both.

Figure 2.9: Instant Places display [José et al., 2008].

2.2 Interaction in Public Displays

The ability to interact with a display is a fundamental and challenging aspect of
the design of a situated public display. It is fundamental because it gives users the
possibility to do more with the display than just watch it, but it is, at the same
time, a challenge because there are not yet mature enough models for an effective
interaction with public displays.

The challenges are not just technical but, perhaps even more importantly, also social
ones. The question designers of public displays pose is not only “how to provide
interactive features?” or “what mechanisms should be used?” but also “what kind
of interaction makes sense for the public display?” and “how will people use these
features?”.

Public display systems have been designed to support different interactive features,
using a number of different mechanisms. One of the difference between the various

9http://www.flickr.com
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mechanisms employed is the number of simultaneous users they support. Some sys-
tem support only single-user interaction, other have been designed to support two,
other support small groups and other still support any number of users simulta-
neously addressing the system. There are also differences on the type and level of
control that is offered to the user. Some systems offer full control over the display,
other support browsing and selecting content, other support submitting content,
voting on displayed content, etc.

2.2.1 Individual Interaction

Some public displays can only be interacted with individually. Usually because the
input device supported is the display itself, for example a touch-sensitive display, or
because it has sensors that are not capable of discriminating between several people
— as some computer vision techniques.

In the Aware Community Portals [Sawhney et al., 2001] the display system is able
to detect movement and the presence of people looking at it. Movement detection is
used to stop the cycling of content (weather, cartoons, etc) and display the current
news item; it also allows the person to read the current item in more detail if he
or she stands for some time. The system is also able to detect faces and link them
to the articles read providing an historic perspective over who read the article and
which articles attracted more attention. The Aware Community Portals gives users
a very low degree of control over the display. Users have no explicit control, they can
only stand and read what the display system determines to show at that moment.

The Community Wall [Grasso et al., 2003] is also able to detect the presence of
people near it. Presence detection is used to prevent the display from passing on
to the next set of items without the user having had the time to inspect the cur-
rent screen. The Community Wall also provides touchscreen interaction and allows
users to read an item in more detail, to rate, comment or print it. Commenting
and rating provide important information to the display because they represent an
important part of the situatedness of the content that the display shows. Plasma
Poster [Churchill et al., 2003] also gave users a high level of control over the contents
of the display by using touch-sensitive screens. As in the Community Wall, users
can read the current item in detail by scrolling or expanding it, print, forward it
to an email address or write a comment about it. Additionally, in Plasma Poster,
users could also browse the current list of content items.

The Hermes office door display by Cheverst et al. [2007] also uses touch-sensitive
displays. Hermes consists of several small digital displays deployed near the office
doors (see Figure 2.10) of the Computing Department at Lancaster University. The
primary purpose of the Hermes office door display was to support coordination of
faculty staff and students by using an enhanced digital equivalent to the “gone
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lunch” paper note stuck outside the door and to study how such a system would
be used. The system allowed the office owners to set awareness messages remotely
through a web interface, email, mobile phone, MSN messenger client or directly on
the touch-sensitive screen of the office door display. Visitors could also scribble a
note to the display owner using a stylus attached to the display.

Figure 2.10: The Hermes office door system deployment. Left: location of the
display near the office door. Right: detail of the display [Cheverst et al., 2007].

Touchscreens provide an easy way to give users a high degree to control over the dis-
play and to use interaction techniques and graphical interfaces similar to those found
on desktop computers. However, in most cases, this direct interaction paradigm
limits interaction to one or two users due not only to technical issues but also to
physical ones, since users need to touch the screen directly and may interfere with
one another.

Some display applications are well suited for the direct interaction mechanisms pro-
vided by touchscreens and similar technologies because they are intended to augment
a device which is already used in that way. Whiteboards are a classic example of
this. Flatland [Mynatt et al., 1999], for example, is a digital whiteboard capable
of recording drawings, auto-clustering of strokes, auto-managing white space and
applying different behaviours to different clusters of strokes. Also in the whiteboard
application area, Ju et al. [2008] have developed Range — a digital whiteboard dis-
play for collaborative work. Range (see Figure 2.11) is also capable of automatically
cluster the digital ink strokes from different usage sessions and making space for
new drawings when users approach it. It is also capable of sensing the proximity of
people and display past drawings as a way to increase project awareness when no
one is using the display. Both Flatland and Range provide a standard stylus input,
so using them is not much different than using a regular whiteboard.

When the public display is intended for personal use, i.e., the display can be used
by anyone but is used to access personal information, touchscreens are also usually
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Figure 2.11: The Range whiteboard [Ju et al., 2008].

a good solution because they provide a familiar interaction technique and can only
be interacted with at arms length so it is easy to see when the display is being used
(this also naturally helps occlude the personal information being accessed). Blue-
Board [Russell and Gossweiler, 2001], for example, also uses a touchscreen display
to allow access to personal information such as calendar, messages and files and to
allow exchanging this information with other BlueBoard users by dragging items on
the screen. To identify users, BlueBoard uses an electronic badge reader so getting
access to personal information is a matter of swiping the badge on the display.

2.2.2 Group Interaction

Some displays provide group interaction mechanisms, i.e., they allow several users to
collaborate, share or exchange information. These applications are usually designed
for workgroup places as in the case of the Interactive Workspaces [Johanson et al.,
2003] but may be used for more informal collaboration as Brignull et al. [2004] show
in the Dynamo system.

The Stanford University’s Interactive Workspaces project is a classic use of situated
displays as a groupware system. This project consists of a meeting room (iRoom)
augmented with large displays and control software (see Figure 2.12) that allow the
collaboration of different people using different software tools to share the control of
the various displays. The Interactive Workspaces is an example of a display system
that is meant to be used in a workgroup — it is not exactly a public display system
— and so requiring users to use special software and hardware is not a problem and
this means that users can be given a high level of control over the system.

However, even more public and lightweight systems can give users a rich interface.
In Dynamo, for example, students in a school share and exchange multimedia files
using a multi-user display. The system provides a GUI like interface and several
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Figure 2.12: The Interactive Workspaces meeting room [Johanson et al., 2002].

Figure 2.13: Dynamo interactive display in use in the communal
room [Brignull et al., 2004].

interaction points composed by wireless keyboards and mice allow several users to
use the same display at the same time (see Figure 2.13).

Both Dynamo and the Interactive Workspaces offer a very high level of control, es-
sentially the same as in a standard desktop interface. However, in many situations
this is not possible nor desirable. Even in the cases were the displays are for public
use, when interaction is for single users or a small group of users, during the interac-
tion duration, the display is perceived as being owned by those that are interacting
with it. As Dix and Sas [2008] note on their design space analysis of public displays
and private devices, interaction with public displays, for public use, is usually done
with individual input devices thus allowing several people to interact with the same
display at the same time. There are many examples of display systems with which
interaction can be performed in this way.

2.2.3 Public Interaction

In some systems, authors have opted to build custom individual devices to interact
with the display. Streitz et al. [2003], for example, followed this approach in the
Hello.Wall ambient display. In order to allow users to be detected by and interact
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with the Hello.Wall, they designed the ViewPort device (Figure 2.14). The ViewPort
is based on a Compaq Ipaq Pocket PC device extended with a WLAN10 adapter and
an RFID reader and transponder and physically modified to have a more appealing
look. This device allows users to be detected when they pass near the Hello.Wall and
also, since it is incorporated with communication capabilities, to receive and send
information to the display. Creating new devices to allow interaction with public
displays, however, has an important drawback: the device needs to be distributed
to users before they can use it and owning another mobile device just to be able to
interact with a display may not be attractive to the user nor economically feasible
in many cases. The obvious advantage is that the interaction experience can be
completely tailored to the display system.

Figure 2.14: Hello.Wall’s ViewPort device [Streitz et al., 2003].

In some controlled situations the approach may work for the user but is always
a burden for the display manager. The Jukola [O’Hara et al., 2004] project, for
example, employs a voting approach to allow people to choose the next playing song
in a bar. In this case, voting is done via a dedicated touchscreen or via the multiple
PDA devices that customers can take to their tables. In this particular case, using
a dedicated device is not much of a burden for the user because the devices are
easily available at the location but the system administrator needs to make sure
that enough devices are available and has to deal with possible misuses and possibly
theft of those devices.

Another alternative is to take advantage of the devices that most users already
own and develop custom applications that are easier to distribute to the final users.
Several systems have used this approach. MobiLenin [Scheible and Ojala, 2005], for
example, is a publicly controlled display that allows users to vote for the next music
video to be displayed. MobiLenin was developed with an artistic perspective and
was deployed in a restaurant. Users could vote for the next video using their mobile
device after installing a custom application (see Figure 2.15, the application only
works for the Symbian Nokia mobile phones). To entice users to install and use the
application, the system used a lottery mechanism that, with a certain probability,
gave a prize (a beer or pizza) to the randomly selected “winner” of the current voting
round.

In both the MobiLenin and Jukola the voting mechanism is really a public content
selection mechanism. The objective is not to collect people’s opinion about some-

10Wireless Local-Area Network.
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Figure 2.15: MobiLenin mobile application screens [Scheible and Ojala, 2005].

thing but to allow them to select what the display should present next in a way
that allows several people to express their preference. This way, no single user has
control over the display, but the majority will.

ContentCascade [Raj et al., 2004] is another example of the use of custom mobile
applications. In this case, to allow users to download and browse content “stored”
in a public display. The application uses Bluetooth to communicate with the dis-
play and download the list of content items to the user’s phone. One intended
scenario for this application is to allow users to download movie trailers from digi-
tal movie posters in theatres (see Figure 2.16). ContentCascade can also download
content items automatically by taking advantage of the Bluetooth discovery mecha-
nism which allows the display to detect nearby users and start transferring content
automatically.

Figure 2.16: ContentCascade scenario [Raj et al., 2004].

Ventura et al. [2008] also took advantage of the possibility of installing custom soft-
ware on users’ mobile phones to create a network of interactive billboards — the
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Publix network. The Publix system has a marketing objective: the main goal was to
drive users to the billboards to capture their attention and increase the billboards’
efficiency. Their solution was to make the billboards interactive and provide some
entertainment around them by allowing people to play games and send images (see
Figure 2.17). The system uses Bluetooth to communicate with the mobile appli-
cation and the application itself is also transferred via Bluetooth (the user has to
send a black picture to the billboard to indicate that he wants to receive the Publix-
Mobile application). The billboards also perform proximity marketing by detecting
nearby Bluetooth devices and pushing digital flyers (the system is able to recognize
if someone already received or rejected the flyer in order not to send it again).

Figure 2.17: User playing with the Publix system [Ventura et al., 2008].

Custom applications allow the designers to tailor the interface to the features of
the display and allow a rich interface to the created. Also, since they allow the
system to take advantage of users’ devices, they pose less usage effort because users
already know the device and allow the system to be more economic by using existing
hardware. However, it still poses a barrier to adoption, even if lower than requiring
a new device to be used. Installing an application in a mobile-phone or PDA may
not be an easy thing to do for the end-user and the great number of different and
incompatible devices that exist pose a challenge to developers. Using the built-in
communication features of the existing devices, such as SMS11, MMS12 or Bluetooth
Naming and file exchange, does not have this problem and may be an alternative to
a custom application. This approach has been used by a number of display systems
to provide interactive features to their users. In WebWall [Ferscha et al., 2002], for
example, users could not only post some types of content using mobile phones (via
SMS and MMS), but also respond to polls posted on the wall by sending especially
formatted messages. JoeBlogg [Martin et al., 2006] is another example of a display
that accepts content sent from mobile phones. JoeBlogg is essentially artistic in
nature — it receives photos and text sent through MMS and SMS and displays and
mixes them with portions of other pictures (see Figure 2.18).

The Bluetooth file transfer and object exchange services can also be used to sub-
mit and receive content. An example of this is the SnapAndGrab [Maunder et al.,

11Short Message Service.
12Multimedia Message Service.
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Figure 2.18: JoeBlogg display [Martin et al., 2006].

2008]. SnapAndGrab uses visual keys as a way to allow users to select an item from
the display: a user can just take a picture of the item and send it via Bluetooth
(OBEX13) to the display system. The system then compares the image to the key
images and, if a match is detected, the corresponding package is sent back to the
user’s mobile device via Bluetooth also. The use of Bluetooth OBEX file exchange
has also been used in the Publix system [Ventura et al., 2008] as a way to distribute
the PublixMobile software to be installed in the user’s mobile phone. In order for
the user to indicate that he wants to receive the application he has to send a black
picture to the billboard. Upon receiving the picture, the system will push the appli-
cation’s JAR14 file back to the user’s phone via Bluetooth. This strategy was used
mainly to avoid costs for the users by requiring them to download the application
from a website.

A different use of the built-in communication features of Bluetooth enabled mobile
devices is the Instant Places [José et al., 2008]. Instant Places uses the Bluetooth
naming mechanism which allows a device to discover other nearby devices and read
their user-defined names. The system detects nearby devices and creates a visual
representation of the currently present users by displaying their names but it also
allows users to explicitly define keywords or a Flickr ID on their Bluetooth name
which the display will use to search for photos on Flickr and display them. Instant
Places uses a simple instruction language that can be used on the Bluetooth name of
the user’s mobile phone. Users can define a Flickr ID by including the string “flk:”
followed by the Flickr ID, for example, “my device flk:JohnDoe”. The Flickr ID is
used by the display system to enrich the user’s representation with a photo taken
from his Flickr profile. Users can also associate keywords with their identity by using
the “tag:” instruction, for example “my device tag:football,fcporto”. Keywords are
used to create a tag cloud associated with that place that is then used to search and
display photos on the Flickr website.

Using the built-in communication features of current mobile devices may not pro-

13OBject EXchange.
14Java Archive.
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vide such a rich interaction experience as using a custom built mobile application
or device, but it has the advantage of lowering the barriers to interaction to the
minimum. Given that most people now own a mobile phone or other mobile device,
only very few will not be able to use the display system this way.

2.3 Human factors

The idea of a public, socially situated display is a very powerful one. It has the
potential to allow the creation of new display applications and new social practices
and to turn displays into a more efficient medium for advertising and message dis-
semination. However, for this to happen, people must look and interact with the
display, and, as Agamanolis [2003, p. 19] has noticed, “Half the battle in designing
an interactive situated or public display is designing how the display will invite that
interaction.” It is not just a matter of offering interactive features to the public.
Those features must offer an obvious value and, in some cases, the display system
must explicitly or implicitly invite people to interact.

Brignull and Rogers [2003] did a study on how people socialize around large dis-
plays and drew some considerations about how to encourage people to participate.
In their observations of the Opinionizer — a system for posting comments about
a topic, in a social gathering, by typing some words in a regular keyboard — they
noticed a “honey-pot effect”. Because interaction with the Opinionizer could only
be done in a single place — the laptop provided for the effect — people would
gather around that single spot creating an interest area where others would try to
get close to to see what the buzz was about. This increased the number of interac-
tions with the system. They also noted that people would approach the Opinionizer
in phases: first becoming peripherally aware of the display; then focusing and so-
cializing about it; and then actively interacting with it. To move between these
phases people need encouragement to cross the thresholds, principally to active par-
ticipation. They also provide some advice on how to design displays that encourage
participation [Brignull and Rogers, 2003, p. 7]:

For example, a lengthy registration process involving form �lling is well
known to put people o� taking part. The form of interaction needs to be
very lightweight and visible from the o�set; it should be easy to do and
importantly, not embarrassing to recover from mistakes that are made.
Participants need to be able to learn how to interact with the system
vicariously, rather than be told or have to follow a set of instructions.
They need to be able to simply walk up and use it, having watched others
do the same. The interface needs to be clear to the person such that
they are reassured that their interaction with it will be a low commitment
activity, that will be quick to do and enjoyable.
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The honey-pot effect observed by Brignull and Rogers [2003] was mainly due to
the fact that people had only one input device and so had to gather around it,
creating a “buzz”. As they noticed, giving users the possibility of sending comments
remotely might decrease the social awkwardness in getting in front of the keyboard
and typing while everyone else was watching, but it would also remove the honey-pot
effect. However, there are other ways to achieve a similar effect such as exposing
others’ interactions and having a dedicated core group of users as Huang et al. [2006]
suggests.

Huang et al. [2006] surveyed a set of large-display groupware systems to find the
main factors that lead to the success or failure in usage of the systems. Seven group-
ware systems were analyzed: Notification Collage [Greenberg and Rounding, 2001],
MessyBoard [Fass et al., 2002], Plasma Poster [Churchill et al., 2003], Semi-Public
Displays [Huang and Mynatt, 2003], BlueBoard [Russell and Gossweiler, 2001], MER-
Board [Trimble et al., 2003] and Awareness Module [Huang et al., 2002]. Although
the focus of the study were groupware systems, almost all factors that affect the suc-
cess of the display system can be transposed to generic, public, interactive display
systems.

Huang et al. [2006] propose five recommendations:

1. Task specificity and integration. This suggests that designers should try to
integrate new groupware systems into existing practices rather than trying
to create new practices around the display system. Users should perceive
some obvious value to system and for this to happen they should immediately
see that something they already do can be made faster, or better, using the
groupware system. Although not directly applicable to systems that are not
meant to be used as a tool, other display systems can also benefit from having
a clear focus, even if they are meant to support a wide range of uses.

2. Tool flexibility and generality. Although designed with a specific goal in mind,
display systems should be flexible and allow for multiple practices. Each user
should be able to appropriate the system in a personal manner reinforcing the
perceived value that the system offers.

3. Visibility and exposure to others’ interactions. This and the next recom-
mendation are roughly equivalent to trying to generate the honey-pot ef-
fect described by Brignull and Rogers [2003]. “Users often discovered po-
tential uses for the system after observing other users interacting with the
display.” [Huang et al., 2006]. Adapting this recommendation for public in-
teractive displays requires some care. When interacting with public display,
users may be among strangers. People are much more inhibited to interact in
public places, so interaction with public displays should be designed in a way
that allows users to interact without being exposed. So, while not necessarily
exposing others while interacting, public display systems can still try to expose
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the fact that someone has just interacted and maybe in what way. In both
cases, groupware systems or public systems, the objective to let others know
that the system is in use. In groupware systems it is possible to let other know
how it can be used. In public system, its more sensible just to let others know
that the system has been used (and maybe what was done).

4. Dedicated core group of users. There needs to be a group of people that uses
the system regularly to keep it alive and show others that the system is in use
and that they too can use it. This is related to the “visibility and exposure
to others’ interactions”. In order for this visibility and exposure to occur
in the beginning, there must be a core group of users that uses the system
regularly. This may be less of a problem with public interactive displays due
to the number of users that will potentially use the system, but might still be
something to consider in some cases.

5. Low barriers to use. Interaction should be lightweight and the steps needed to
use the system should not detract users. For public interactive displays this
might mean providing an opportunistic form of interaction — users should be
able to just step up to the display and use it. Other more complex interaction
forms may also exist, for more experienced users, for example, but a first time
user should still be able to accomplish something with the display in an easy
manner.

Some of these recommendations have also been noticed by Brignull et al. [2004] in
their observations of the Dynamo system. As they suggest when discussing the
implications for design learned from the Dynamo experience [Brignull et al., 2004,
p. 9]:

The interactive display should �t in and be able to be integrated with
the other artefacts used in the space. (...)

Provide �exibility both in terms of physical and digital arrangements.
(...)

Design interactive applications that the community can adapt to their
own activities. (...)

Provide an initial set of display-based interactions that are intuitive
and can be easily and comfortably followed. (...)

Another study by Huang et al. [2008] focused on public large public display usage
and their aim was to uncover practices associated with how people look at public
displays in various settings. They reported a field study that took place in 24 Central
European cities, where 46 public displays where observed.

They summarized their findings according to the various factors that affect the way
people look at displays [Huang et al., 2008]:
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Brevity of glances

• Assume that viewers are not willing to spend more than a few
seconds to determine whether a display is of interest.

• If the intent of the content is to be informative, present it in
such a way that the most important information be determined
in 2-3 seconds.

• Avoid using more than minimal text; even two or three brief
sentences are not likely to be read.

Positioning of displays

• When possible, position displays close to eye-height to encour-
age glances.

• If theft or vandalism are concerns, consider other ways to pro-
tect a display or make it inaccessible than putting it above arm�s
reach.

Content format and dynamics

• Make content continually dynamic to keep user attention longer.
• Avoid abrupt changes in content to encourage continued view-

ing.
• Design to give users some degree of control over what informa-

tion to view.
Catching the eye

• Consider the direction of people�s movement within a space
when deciding where to situate displays.

• When choosing where to situate displays, take advantage of
other objects in the environment to draw attention to displays,
rather than relying on the large display to be the eye-catcher.

• When possible, consider ways in which the area surrounding
the large display can be enhanced to maximize attention and
increase the chances of glancing.

Small displays vs. large displays

• Design to balance feelings of exposure and privacy within a pub-
lic space by considering multiple display sizes and how they af-
fect the viewer experience, perception, and comfort.

Some of these factors are external to the display itself and may not be controllable
by the designer of display applications. Factors such as positioning, direction and
size may not be easily controlled when designing applications for existing locations.
Other factors, however, are internal and should be considered when designing display
applications. Providing dynamic content, some control over that content and not
assuming people will read lots of text may affect the acceptance of the display
system.
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2.4 Summary

Even though there is a lot of research around the theme of situated displays and
interaction with situated displays, the literature review reveals an under-investigated
area. Specifically, the concept of socially situated displays, which builds on public,
interactive, adaptive displays, and its challenges, seem to be an under-explored area.

There is much research on specific applications for situated displays. There has
been much work, for example, around bulletin board displays, groupware displays,
ambient displays, etc. These display systems, however, usually employ one of the
two extreme cases of content adaptation: they are either statically configured to
show content from a set of sources, giving users no control over the content that
is displayed; or leave the content problem completely to the user, relying solely on
user-contributed content. There has been very few research on displays that try to
balance the two aspects.

Many interactive features have also been implemented into display systems and
tested. These features range from individual to public interactive features. However,
even the display systems that provide truly public interaction do not take advantage
of the collateral information that interaction generates about users’ preferences and
so were not designed with that purpose in mind.
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Chapter 3

Methodology

Public situated displays are so much about people as they are about technology.
Some variables such as the number of interactions with a display or how well users
feel a display fits the social environment where it is placed can be measured quan-
titatively. Other aspects, however, such as understanding attitudes, concerns and
behaviour toward a display system can only be assessed in a more qualitative way.
Also, an evaluation of a situated display system can only be really effective if the
display system is deployed in a real setting scenario and evaluated against real
users’ behaviour and interactions. This is the approach taken in many situated dis-
play studies of which some good examples are the studies by Churchill et al. [2004];
José et al. [2008]; Karam et al. [2007]; McDonald et al. [2008].

Consequently, this research will follow a mixed-methods approach [see Creswell,
2002] and both quantitative and qualitative data will be collected and analyzed. We
plan to collect data using a number of different methods: presence and interactions
logs, questionnaires, interviews and observation.

The display system’s software will be able to automatically log user presence and all
interactions users make with the display. This data can be used to give an indication
of how accepted or popular a given display application or control mechanism is.
Also, in order to find out whether users understand the behaviour of the display
and how to interact with it, questionnaires and interviews will be administered.
These will also serve to find out if users feel that the content selected and presented
by the display is appropriate (an indirect measure of how good the place model is).
Observation can also be an option especially for finding how the system is being
used and if users are giving it unanticipated uses.

By testing the display system in different locations and using different methods
(qualitative and quantitative) for collecting data (and triangulating it) we expect to
increase the reliability and validity of the data.
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3.1 Activities

The activities necessary to carry out this research project can be broadly divided
into five categories that address different research questions: digital footprints frame-
work, user interface framework, experiments related to digital footprints generation,
experiments related to the system initiative approaches and experiments related to
the user initiative approaches. Some of these categories of activities can be further
divided into more concrete tasks:

1. Digital footprints framework — one of the objectives is to build a framework
that helps designers choose the interactive features a display should have in
order to be able to collect a given type of data about it’s audience. This will
involve:

(a) Studying the literature related to interaction with public displays and
identify a set of digital footprints that the display system can collect
from the interaction mechanisms supported.

(b) Characterising the nature of the data associated with those digital foot-
prints and produce a mapping of interaction mechanisms, footprints and
possible adaptation strategies based on the data resulting from the foot-
prints.

2. User interface framework — study the literature related to interaction frame-
works to search for standard or proven methods of providing the interactive
features identified in the previous activities. In this activity, standard GUI
interaction conventions, proposed frameworks for ubiquitous systems’ interac-
tion and various design patterns should be analysed and possible adaptations
to the public display system case proposed. The aim of this activity is to then
to use these more familiar interactive features when developing the various
interactive aspects of the public display system.

3. Experiments related to the generation of digital footprints. Some possible
experiments to understand the best way to generate digital footprints are:

(a) Keywords — An experiment to compare alternative ways of collecting
interest keywords from users. What is the best way to collect keywords
from users? Should users be given a list to select from or be given free
choice to submit any keyword?

(b) Preferences — An experiment to compare alternative ways of obtaining
preferences from users. Is it better to provide a rating mechanism for
displayed content or allow users to select the content they want to see
from a list? Which approach will generate more interactions from users?

(c) Place — An experiment to determine the changes in the generation of
some footprints due to the type of place. What is the influence of the
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type of place (waiting room, bar, passage way) on the way that footprints
are generated?

4. Experiments related to system-initiative features. Compare strategies such as
rewards, curiosity and competition to entice users to interact with the display
system:

(a) Competition: compare approaches such as simply displaying a user rank-
ing (of interactions, ratings, or other measure of activity) to more aggres-
sive approaches such as directly addressing a user with an incentive to
interact in order to progress in the ranking.

(b) Rewards: explore rewarding systems such as giving users more direct
control (maybe temporarily) over the display’s content to giving more
personalisation options for the user’s visual representation.

(c) Curiosity: compare strategies such as progressive disclosure of informa-
tion (entice users to interact to reveal the next scheduled items or to
show a top 20 instead of a top 10 of items, for example) to more personal
strategies such as showing personal recommendations for a given user.

Also, study the acceptance of different ways to address users, for example,
allowing users to receive alerts on their personal device or on the public display.

5. Experiments related to user-initiative features. Experiments that assess or
compare the acceptance of different interactions mechanisms, with different
levels of control:

(a) Deterministic content selection mechanisms that allow users to select ex-
actly the item to display next.

(b) Random content selection mechanisms that allow a user to shuffle the
next scheduled items or to select an item with a given probability.

(c) Experiments that assess or compare interaction mechanisms that allow
users to cooperate in groups to reach a higher level of control over the
display.

Experiments to try to answer these specific questions will be developed using the
software platform being developed at the Mobile and Ubiquitous Systems Group
(Ubicomp@Uminho) research group and the Ubisign spino� company. Specific sup-
port for the experiments will be developed by extending the existing software plat-
form.

3.2 Work schedule

Although it is not possible to provide a fine-grained and detailed schedule of the
planned activities to be carried out during the next years of this research project,
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some high-level tasks can be devised:

1. Digital footprints framework: Define a set of digital footprints that the display
system can collect from presence sensing and direct user interaction. Charac-
terise the nature of the data associated with those digital footprints.

(a) Publication: technical report and paper.

2. Study and adapt existing interface principles, guidelines and frameworks to
public display interfaces.

(a) Publication: technical report and paper.

3. Keywords experiment (see detailed description in section 4.3.1).

(a) Develop software support for keywords experiment.

(b) Deploy experiment.

(c) Publication: results from the experiment.

4. Study other experiments.

(a) Develop the experiment.

(b) Develop software support, for the Instant Places platform, for the various
kinds of interactions necessary for the experiment.

(c) Deploy the experiment.

(d) Collect and analyse the resulting data.

(e) Publication: results from each experiment.

5. Write thesis. This will be an ongoing task.

(a) Publication: integration of the various results into a set of guidelines and
principles for mixed-initiative interaction with public displays.

Figure 3.1 shows an approximate task start and duration.

3.3 Expected results

This work is expected to yield results specifically related to the proposed objectives
but other outcomes are also expected to arise.

The mains result is the determination of whether this concept of public situated
display really accomplishes the goal of creating a shared display object that people
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Figure 3.1: Gantt chart for the planned tasks within the doctoral program.

39



recognize as a reference in a place. Also, we expect to determine if the path to achieve
the concept is capable of generating a display that adapts itself and is capable of
displaying content that people recognize as relevant and content that people can
relate to in a meaningful way.

Directly related to the objectives is also the characterisation of a set of digital
footprints and the way they can be generated and used to a enable a dynamic
characterisation of a place. This work will also provide some insight on the type of
place model that these footprints are able to support.

We also expect to contribute some design principles and guidelines for the interactive
features that a public display should support and how they should be implemented
in order to provide an easy user experience. This will help display designers to take
more informed decisions instead of having to think and develop everything from
the start. We do not expect to create the next user interface paradigm for public
displays but give a contribution in that direction by developing knowledge about
what interactive features work best for public displays and how people perceive and
use them.

Another natural result for this work is knowledge about the main factors that affect
the deployment of public interactive displays in real settings and how those factors
should be anticipated and dealt with to obtain a successful public display that is
used and perceived as valuable by people.

The motivation for this work is, in the long run, to develop a new concept of situ-
ated display that not only increases the efficiency of the display as an information
dissemination tool but also that allows new uses for public displays. A potential
result of this work is the creation of new display applications and the development
of new paradigms for existing applications. Advertising, for example, is something
that displays have always been applied to. However, the new contextual advertising
model that prevails in the Web has not been translated successfully to the public
display arena. Even though it might not be possible to take full advantage of the
Web advertising model in public displays, it is certainly possible to go further down
that line than the current state. This work has the potential to shed some light in
that path by studying the characterisation techniques that may allow a display to
automatically assign keywords to a place over time, much like the Web advertisement
systems do for visited web pages.

Another area in which developments may be expected is in entertainment. This
display concept has the potential to promote the development of new kinds of public
games or more ludic applications such as new forms of narrative experiences that
take advantage of the adaptive and interactive features offered by the display system
and the possibility to automatically characterise its audience.
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3.3.1 Publication plan

An implicit task is the publication of results from the studies and experiments.
Although it is hard to list the specific potential publications that will result from
this work, we plan on publishing technical reports and papers on the following,
general, topics:

• The characterisation of the digital footprints that can result from various in-
teractions and how they can be used by situated displays.

• The interaction framework for public displays resulting from the study and
adaptation of existing interface design principles, guidelines and patterns.

• Results from the acceptance of the various types of shared control mechanisms
and system initiative approaches.

• Results from the acceptance of the place model as generator for situated con-
tent.

• Design guidelines that result from the various experiments.

Possible conferences and journals where results from this research work could be
published include:

Conferences

• MobiQuitous — Annual International Conference on Mobile and Ubiqui-
tous Systems

• Ubicomp — International Conference on Ubiquitous Computing

• ICUT — International Conference on Ubiquitous Information Technolo-
gies & Applications

• MUM — International Conference on Mobile and Ubiquitous Multimedia

• PICom — IEEE International Conference on Pervasive Intelligence and
Computing

• IMIS — International Workshop on Intelligent, Mobile and Internet Ser-
vices in Ubiquitous Computing

• CHI — Computer Human Interaction Conference

• PerCom — IEEE International Conference on Pervasive Computing and
Communications

• Pervasive — International Conference on Pervasive Computing
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• ANT — International Conference on Ambient Systems, Networks and
Technologies

• MUE — International Conference on Multimedia and Ubiquitous Engi-
neering

Journals

• Personal and Ubiquitous Computing — Springer Verlag

• Human-Computer Interaction — Francis and Taylor

• Pervasive computing — IEEE

• ACM Transactions on Computer-Human Interaction — ACM

• ACM Transactions on Information Systems — ACM

3.4 Resources and access

We plan on deploying and evaluating several display application experiments (de-
scribed in more detail in the next section) in settings such as the School of Engi-
neering bar at the University of Minho and the Portuguese Catholic University’s1

bar and hallways allowing the regular attendees of these places (mostly University
students) to use the display system. Whenever possible, we intend to deploy the
same experiment in parallel in both main sites to have a greater number of results
from a greater range of people with different backgrounds. Each of these experi-
ments should be run for a relatively large time period to allow the novelty effect
to ware off [Agamanolis, 2003, p. 22], so we plan to deploy these experiments for
periods of at least one month.

The two main sites have very different user bases. In the University of Minho, the
bar we plan to use is located in the School of Engineering’s building. Its user base
is constituted mainly by professors, staff and students with a high technological
background. The Portuguese Catholic University in Porto (Foz campus) has several
plasma displays deployed around it’s buildings: one in the School of Arts’ bar, two
other at the entrance hall of the main building and another one in the cafeteria (a
different building). This campus houses several schools (economy and management,
arts, law and theology) so it’s user base is diverse.

The main hardware resources needed to pursue this work are large screen displays,
computers to drive each screen’s content and Bluetooth dongles for sensing and
receiving input from users. The displays to be used in the real settings experiments
already exist and are in place in both the UMinho and UCP sites (access to the
displays in the UCP site is currently being negotiated). The rest of the hardware

1Availability of this site is not yet confirmed.
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resources (computers and Bluetooth dongles) is partially available (computers for
the UCP site are not yet available but should be easy to acquire either through the
research project’s fundings or through the UCP’s budget).
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Chapter 4

Current Work

Some of the activities defined for this research project have already begun. This
chapter presents the work accomplished so far. It begins by a first version of the
digital footprints framework that we have developed. Then, an initial work on in-
teraction guidelines and frameworks is presented. Finally, a first experiment related
to the generation of digital footprints is presented.

4.1 Framework for digital footprints

An initial work on the elicitation of interaction mechanisms, their mapping to rele-
vant digital footprints and possible uses for those footprints has already been done.
This initial work resulted in a paper that has been submitted and accepted in the
Context Aware Mobile Systems 2009 (CAMS09) Workshop that is part of the On-
TheMove Federated Conferences & Workshops. The paper is reproduced next.

4.1.1 Introduction

The overall idea of a context-aware public display that is able to deliver “the right
information at the right time” has been pursued for some time, but remains to
be realised. Most public displays are not even sensitive to their context. Content
is entirely defined and fully controlled by the display owner, who, at best, uses
some knowledge about the local place and the intended audience to define what
might be interesting content. This, however, is a limited approach because public
places are inherently very dynamic and diverse, supporting a broad range of situated
practices. If all the decisions must be made a priori, they will not take into account
the fluidity and heterogeneity of the social context around the display. The absence
of interactive or sensing features also means that there will be no meaningful traces
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of user activity: their intended use is simply to be seen by people, so it will normally
be used without generating any information about how it was used.

Enriching public displays with interaction capabilities provide the obvious path for
addressing these two issues. Displays that offer people the possibility to interact
can lead to stronger user engagement and possibly user-generated content. They
will also be able to produce traces of user activity upon which multiple adaptation
processes can be implemented. Multiple variants of this approach have been tried
to explore the obvious potential of interactive features in generating activity traces
that may support context-aware adaptation. However, success has also been very
limited, especially in obtaining results that could be generalized to multiple adap-
tation processes. Part of the problem may originate from the clear gap between
the information generated from interaction events in public displays and adaptation
processes. The key problem is that given the broad diversity of interaction modal-
ities and adaptation rules, there is nothing as obvious as a user click that we can
immediately take as a concept for linking these two sides.

In this work, we propose a framework for designing context-aware public displays.
Our goal is to create a design space that can serve as tool for informing designers of
situated displays about the relation between the supported interaction modes, the
type of digital footprints they can generate and the type of adaptation processes they
may support. We started by analyzing multiple interaction alternatives from the
perspective of the information they generate. Rather than considering the specific
affordances or semantics of the interactive features offered by the display, we focused
on the type of digital trace they generate. We use the concept of digital footprint
to refer to the digital traces generated as a side-effect of implicit or explicit interac-
tions with the display, which can be of many different types e.g. keywords, content,
presence, indication of external content, feedback on presented content, external
personal profiles, or others. Based on their key properties, we aggregated those
digital footprints according to 4 main categories: presence, presence self-exposure,
content suggestion and actionables, providing a mapping between multiple interac-
tion alternatives and their contribution to the generation of local digital footprints.
We then analyse the types of adaptation processes that can be associated with each
of those digital footprints, thus providing a mapping from footprints into context-
aware adaptation processes. Overall, these mappings provide the framework for
reflecting on context-aware behaviours without being caught by the specificities of
any particular interaction or sensing mechanisms, thus providing a path for generic
context-aware mechanisms.

4.1.2 A framework for digital footprints in public displays

The potential existence of a very broad range of sensing and interaction mechanisms,
with very diverse properties in terms of the digital footprints they can generate rep-
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resents a major challenge towards a generic model of context-aware displays. To
address this issue, we will now analyze the various types of footprint from the per-
spective of their key properties. This classification is clearly display-centred, in that
the categories were defined according to the type of footprint that gets generated at
the display, without any consideration for the particular interaction model provided
to the user. We have divided the digital footprints into four categories: presence,
presence self-exposure, content suggestion and actionables.

Presence

Presence corresponds to the ability of the display to collect information about nearby
people. There are several levels of presence information that may generate very dif-
ferent digital footprints, more specifically, we consider the following levels: presence
detection, presence characterisation and presence identification.

Presence detection Presence detection is the most basic level of presence infor-
mation in which the system is simply able to detect whether or not there is someone
nearby. Knowing that someone is near a display, even without knowing who or how
many, may be used as a simple way to characterise a place, but is most likely to
serve as a trigger for specific content on the display to get people’s attention and
attract them to interact.

Commercial motion or distance sensors can be used for this purpose. In Virtual
Kitchen [Jancke et al., 2001], for example, a passive infrared sensor to detect pres-
ence in the Kitchen. Presence was used to disable the outside ”Off” button that
stopped the video streaming if someone wanted more privacy (the button was only
available if the no one was in the kitchen already). Distance can also be used by the
display. There is usually a strong correlation between distance and awareness level
towards the display. In [Ju et al., 2008], for example, an infrared distance sensor
was used to determine the distance of people using a whiteboard application and
trigger different interaction modes. Computer vision techniques such as frame dif-
ferencing to determine movement can also be used for this purpose. In the Aware
Community Portals [Sawhney et al., 2001] frame differencing was used to detect
passers-by and triggered the display to cycle through images of recent stories. Pres-
sure mats [Electronics, 2009], usually designed for security applications, can also be
used as a presence detection mechanism, for very well-defined and small areas.

The digital footprint generated by these presence detection mechanisms is a pres-
ence/absence pattern that may help to characterise the nature of the place in terms
of people flow.

47



Presence characterisation The second level of presence information is the abil-
ity to characterise presence. This may involve determining how many people are
near the display or inferring some type of characteristic about viewers, such as age
or gender. Periods of high activity or low activity in a place, or the presence of
people with specific characteristics, can all be used to trigger specific content in the
display.

Commercial people counters [Wikipedia, 2009] that count the number of people en-
tering/exiting a room can be used by a display system to estimate the number of
people nearby. Computer vision techniques such as face detection, gender classifi-
cation [Verschae et al., 2008] and age classification [Kwon and Vitoria Lobo, 1999],
used by some audience metering products [Quividi, 2009], can also be used to char-
acterise and estimate the number of people in front of a display. These audience
metering products can deliver reports about the number, attention span, gender and
age of the viewers of a particular display.

Presence characterisation generates a richer description of people flow. The display
system is able not only to determine periods of presence/absence, it also becomes
able to characterise the changes in the number and type of viewers.

Presence Identification Presence identification corresponds to the ability to de-
tect unique identities in the presences. Determining who is present, in the sense that
the display system is able to determine that the same person is present in different
occasions, gives the display system, not only the possibility to determine how many
people are present, but also to establish a correlation between different people or
groups of people. This may be achieved through face recognition techniques, but the
most common approach is by far the use of some personal device (with Bluetooth
or RFID capabilities, for example) as a proxy for the person.

Bluetooth has been used extensively as presence detection mechanism since many
people already own a Bluetooth enabled mobile phone. The BluScreen system [Sharifi et al.,
2006] uses Bluetooth detection to avoid showing advertisements to users more than
once. The Cityware project [Kostakos and O’Neill, 2008b] explored several ways
in which to analyse Bluetooth mobility traces, including a set of in situ visualiza-
tions about Bluetooth presences [Kostakos and O’Neill, 2008a]. These visualisations
provide people with information about current or recent Bluetooth presences.

Radio Frequency Identification (RFID) tags can also be used for presence identifica-
tion. In the IntelliBadge project [Cox et al., 2003], users participating in a confer-
ence were given RFID augmented badges that were used to track them through the
conference rooms. A display at the conference cycled through several visualizations
of the resulting data. RFID tags have the advantage that they are small and can
be incorporated into many existing artifacts. In situations such as a conference, as
in the IntelliBadge system, where people are already obliged to wear a badge, this
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may be a good choice. Bluetooth, on the other hand, is a very widely deployed
technology and many mobile-phones are already Bluetooth enabled. This means
that it is possible to use the Bluetooth discovery features to detect presence without
requiring the user to carry any additional object (as with the RFID tags), as most
people already carry a mobile phone regularly. Also, Bluetooth allows the user to
manage his presence by turning it on or off at will.

Presence self-exposure

Self-exposure corresponds to the ability of the display to obtain information about
the interests, preferences or activities of nearby people. This type of knowledge
about the people that use a place may enable the display to adapt itself to their
expectations and preferences. For this to happen, users must be willing to let the
display system know something about them. This personal information can take
many forms: it may be a reference to a user’s personal webpage, a set of user associ-
ated tags, the username for some social sharing website, a set of interest categories
or even personal information, such as age and gender.

The most common approach for supporting presence self-exposure combines presence
identification with the a priori definition of a user profile that becomes associated
with the identity. This approach was used in the Proactive Displays [McDonald et al.,
2008], were users attending a conference registered their affiliation, interests and per-
sonal webpage before the conference day and were given RFID augmented conference
badges at the conference site. In this system, the user does not have easy access to
their information in order to update it which means that they have less control over
what information the display system uses in a given moment.

Another way to achieve this self-exposure is to use an information device (e.g. mo-
bile phone) with a custom application that allows users to register a profile. This
application can connect automatically, or on demand, to the display system and
communicate users’ preferences. One example of this is Camera-Phone [Toye et al.,
2004], where a custom mobile application is used to interact with public displays.
This application may be configured with personal information that is made auto-
matically available to the display system when a user interacts with the display. One
advantage of this approach is that the information is always available to be updated
by its owner.

Bluetooth naming, as described in [José et al., 2008], is yet another alternative for
managing self-exposure. Naming is explored to allow users to enter predefined com-
mands in their mobile phone Bluetooth name. Since these names can be read by
any other Bluetooth device, this can be used to provide an opportunistic interac-
tion mechanism to any user since there is no need to install an application. This
approach, however, is less suited for private information since anybody can read the
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Bluetooth name. Personal information can also be sent explicitly by the user, using
OBEX over Bluetooth, for example, to push a vCard or other structured text file to
the display.

Suggest Content

The display may offer user the possibility to upload content or references to content
for presentations. By suggesting content, users are implicitly saying that such con-
tent belongs to that place. This is thus a way for the display system to sense the
kind of adequate content for a place. Content may be specified directly or indirectly
by the user: by sending the content itself, e.g., a picture, video, text or audio; or
by providing a reference to the content (e.g. an URL); whatever the means used
to suggest content, the display system will receive or access the content itself and
possible meta-data associated with it.

Many display system provide various alternatives for users to send content in or-
der to facilitate content submission. WebWall [Ferscha et al., 2002], for example,
allowed users to suggest content using SMS, email or a web interface. Plasma
Poster [Churchill et al., 2004] is another example of a display system that allows
content (photos, text, web pages) submission through two interfaces: email and web
form. Web Glance [Paek et al., 2004], a group web browsing system, also allows
several input interfaces to be used: email and instant messaging.

Bluetooth can be used in two ways to send content to a display system: using the
standard OBEX protocol or a custom mobile application. Both Hermes [Cheverst et al.,
2005] and Snap and Grab [Maunder et al., 2007] use the OBEX feature to enable
users to send pictures (in the case of Hermes) or any other media type to a display.
In both cases, the user just selects the content on his mobile phone, selects the ”send
via Bluetooth” command and selects a particularly named device.

Bluetooth can also be used by mobile applications to communicate with a display
system. The advantage over using just OBEX to transfer files is that a custom
application can be built to interact specifically with a given display thus allowing a
more rich interaction. OBEX has an obvious advantage over a custom application:
it does not need the user to install any additional software on his mobile device and
so allow a slightly more opportunistic interaction.

Content suggestion can be used by display systems in many ways, depending on the
type of content. However, in most cases the display system will be able to associate,
at least, keywords with the content the user submitted (either by gathering them
from the content itself or from meta-data).
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Actionables

Actionables detection corresponds to the ability of the display to detect the user
reactions to any suggested action. A considerable part of the information shown
on public displays is intended to cause people to act [Müller et al., 2007]. In many
cases, the action is completely unrelated with the interaction supported by the
display, and there is no way to perceive the efficiency of actionables. However, it is
also possible to conceive actionables that are intrinsically linked to the interaction
modes supported by the public display, and thus obtain feedback on how they are
used. This enables the system to infer interest on the content or services that are
being offered.

The concept of actionable is very broad and can take many and very diverse forms.
We will explore in more detail the following approaches: content download, content
control, rating, voting and classification.

Content Download Content download is a way to get a personal record of some-
thing that is currently displayed. A user may wish to download an item for various
reasons: to keep a permanent record of an item or as a way to inspect an item in
more detail if the display only shows a summary, for example.

Content can be downloaded to the user’s mobile device if a custom mobile application
is provided by the display system that allows browsing and selecting content to
download as in Content Cascade [Raj et al., 2004] or a user can browse for his
Bluetooth device to send the selected content item in a touch-screen as in the Hermes
Photo Display [Cheverst et al., 2005]. A different approach is taken by the Snap and
Grab technique [Maunder et al., 2007] where a user can select an item on the public
display by taking a picture of it with a camera phone and then send it via Bluetooth
(OBEX) to the display. The display system then searches the picture for embedded
visual tags that identify the item; if a tag if found, the associated content is sent
back (also via Bluetooth) to the users’ mobile phone.

By downloading an item the user is implicitly saying that he finds that particular
item of some interest, or at least of potential interest.

Content Control Content control gives users some type of control over the in-
formation being displayed. In a touch-sensitive screen this may result in something
very similar to a browsing experience, where the user can navigate through content
and fully control the display. Other interaction techniques may offer lighter forms of
control such as selecting which video should be presented next from a set of possible
alternatives. Other alternatives may include asking for more details or extending
the presentation time of an item being displayed, or asking for an item currently
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not being displayed. If the user asks to skip the current item, the display system
can infer that the user does not find that item particularly interesting and instead
wants to see what is next. If the display shows a list of scheduled items to appear
next and the user is able to skip to a particular item the display system can infer
interest on that particular item. Content control can be achieved by any selection
mechanism. A touch screen is an obvious choice for this. Both Hermes Photo Dis-
play and Plasma Poster [Churchill et al., 2004] use a touch screen interface to let
users navigate their content. Jukola [O’Hara et al., 2004] also uses a touch screen,
but in this case content is indirectly controlled through voting: users of a bar have
the possiblity to vote on the next music to be played by selecting a music, among a
list. Other selection mechanisms such as the one used by Snap and Grab or Content
Cascade could be used for this purpose. Text commands sent by SMS, email or IM,
as in the In WebGlance [Paek et al., 2004] system where users send an email IM
message to the display system with a number corresponding to an option on the
could also be used.

Content control is also a way to collect users’ implicit interest on an item, similarly
to what happens with content download.

Rating By rating an item, the user is explicitly saying the he likes or dislikes that
item, depending on the value of the rating. This is a way for the display system
to allow a user to explicitly indicate his preferences. Rating is found on many
websites such as Youtube, Lastfm, Amazon, etc. On public displays, rating can be
implemented using any selection mechanism or through text commands.

Voting Displays can also collect users’ preferences by crafting polls which allow it
to extract information directly or indirectly from an individual. For example, sports
preferences of a user can be estimated by asking him to vote on his preferred athlete
from a list of athletes from different sports.

As with rating, voting can be accomplished through many different interaction mech-
anisms. As an example, Bluevote [Bortenschlager and Rehrl, 2007] uses images push
via Bluetooth. In this case the selection command is a picture sent previously by the
display system (by pushing the images to all discoverable Bluetooth devices). Users
send back to the system the picture that corresponds to their vote. Bluevote was
used in a conference setting to allow participants to vote on the best paper award.

Classification Classification is of a different nature than the previous categories
because the result is not a preference but the association of a description or keywords,
for example, with a given content item. This can be a less natural action for a user,
especially for public items, but it can be provided by displays in a more ludic per-
spective following the approach of Games With a Purpose [von Ahn and Dabbish,
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Footprint Interaction Mechanism
Presence Detection .Movement detection (proximity sensor; computer-vision)
Presence Characterisation .Face detection with age or gender classification, people counters
Presence Identification .Bluetooth

.RFID

Presence Self-exposure
.Bluetooth (profile on device name; a priori profile
definition)
.RFID (a priori profile definition)

Suggest Content
.Email/IM
.SMS/MMS
.Bluetooth (OBEX; BT Name)

Actionables

.Touch screen (Standard GUI controls)

.Email/IM (Text commands)

.SMS/MMS (Text commands)

.Bluetooth (Text commands, e.g. BT naming;
Standard GUI mobile application)
.RFID (Proximity activation, e.g. Touch & Interact)

Table 4.1: Mapping between interaction mechanisms and digital footprints.

2008]. Classification requires that the user is able to send free text to the display sys-
tem and so requires a text submission mechanism such as SMS, email, IM, Bluetooth
names, etc.

Footprints for Socially-Aware Interactive Displays

The previous sections have highlighted the types of interaction mechanisms that
we may need if we want to gather a particular type of footprint. This section will
now analyse how those multiple footprints can be used to support various types of
context-aware adaptation processes.

Table 1 presents a mapping between the digital footprints and the most widely used
interaction or presence mechanisms that generate those footprints. This mapping
can be used by situated display designers to help choose the interaction mechanisms
provided by the display in order to be able to collect a given set of footprints.

Overall, the entire set of digital footprints constitutes a collection of data which can
be used to characterise the place profile, enabling the display system to adapt its
behaviour to that particular social setting. Regardless of their generic contribution
to this broad adaptation, specific types of footprint can support specific types of
adaptive behaviour. Figure 1 summarizes the relationships that can be established
between the different footprints and possible adaptation processes.
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Footprint Data Adaptation

Presence 
Characterisation

Popularity 
of Items

Keywords

Individual 
Presence 
Pattern

Aggregated 
Presence 
Pattern

Actionables

Content 
Suggestion

Presence Self-
exposure

Presence 
Identification

Deliver more similar items to the audience. This approach has 
the advantage of being able to find potentially interesting 
content for users without needing them to explicitly declare 
their interests. This also allows the display system to 
automatically deliver interesting content for a given place.

Target audience (size, gender, age,…). If, for example, the 
audience can be characterised by gender, content targeted at 
women can be displayed if the majority of the audience are 
women. 

Individual presence patterns allow the display system to 
minimize the repetition of content seen by individuals by 
maintaining a list of items already displayed when each user 
was present. 

Individual presence patterns combined with keywords allows 
the display system to select content better suited to the 
preferences of the individuals. If many users in the audience 
manifested interest on sports the display can choose sports 
contents to show at that particular time.

Figure 4.1: Possible adaptive processes associated with different digital footprints.

4.1.3 Conclusions

Situated displays cannot rely solely on a static pre-characterisation of the place
they were designed to. They must adapt themselves to their changing environment
by collecting digital footprints that will help in characterising the social context in
which the display is embedded.

In order to be efficient, digital displays need to target their audience’s needs, expec-
tations and tastes. By collecting digital footprints of people’s interactions, displays
can take a step in this direction.

We have presented an interaction design space that defines a mapping between
interaction mechanisms and their contribution to the generation of digital footprints
with relevance for the characterisation of a place. Each footprint may be used in
isolation or in conjunction with other footprints by digital displays to target specific
aspects of their audience.

4.2 Interaction guidelines and frameworks

Interaction frameworks and mechanisms alone are not enough to create a successful
display system. As with many other types of systems, public display systems require
specific considerations for development. Although there are no strict guidelines or
design rules to follow, many authors have identified what they believe are important
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aspects to consider when designing (in a global sense) a public display system.

The following is an elicitation of some of those aspects and, although it may not be
possible to include all of them in a single design, they are, at least, important to
consider in order to take informed design decisions.

4.2.1 Sensing systems challenges

Interacting with any systems requires more of both user and system than just being
able to give or receive input.

Norman [2002] defines a set of seven stages of action when interacting with any
system:

• Forming the goal.

• Forming the intention.

• Specifying an action.

• Executing the action.

• Perceiving the state of the world.

• Interpreting the state of the world.

• Evaluating the outcome.

Norman defines two main problems users face when interacting with a system: the
Gulf of Execution and the Gulf of Evaluation.

The Gulf of Execution is the difference between the intentions and the allowable
actions. If the system does not provide clear affordances of the available actions
a user may not be able to translate intent into action. In this case the Gulf of
Execution would be large and hard to cross. Similarly, the Gulf of Evaluation
corresponds to how well the system provides a physical representation of its state
and how well the user can tell if the intentions have been met.

Norman rephrases the seven stages of action into questions the designer should try
to answer when designing an interactive system:

How easily can one:
Determine the function of the device?
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Tell what actions are possible?
Determine mapping from intention to physical movement?
Perform the action?
Tell if the system is in desired state?
Determine mapping from system state to interpretation?
Tell what state the system is in? — [Norman, 2002, p. 53]

Bellotti et al. [2002] argue that emerging sensing systems — systems “where input
is sensed be means other than keys, mouse or stylus (e.g., gesture, voice, or loca-
tion)” [Bellotti et al., 2002, p. 1] — face challenges different from traditional GUI
systems which have, to some degree, solved many of Norman’s questions. Although
not necessarily the same, interactive digital displays can share many of the proper-
ties of sensing systems and, clearly, to be effective need to be designed using a very
different paradigm than that of the GUI desktops.

Building on Norman’s stages of action but adopting a more communicative perspec-
tive to interaction, as opposed to Norman’s more cognitive one, Bellotti et al. [2002]
define a set of issues that sensing systems face:

Address Directing communication to a system.

Attention Establishing that the system is attending.

Action Defining what is to be done with the system (roughly equivalent to Nor-
man’s ’Gulf of Execution’).

Alignment Monitoring system response (roughly equivalent to Norman’s ’Gulf of
Evaluation’).

Accident Avoiding or recovering from errors of misunderstandings.

Analogously to Norman’s stages, these issues can be rewritten as questions that a
user (and system’s designer) must answer to be able to interact with a system:

“How do I address one (or more) of many possible devices?”

“How do I know the system is ready and attending to my actions?”

“How do I effect a meaningful action, control its extent and possibly specify a target
or targets for my action?”

“How do I know the system is doing (has done) the right thing?”

“How do I avoid mistakes?”
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They argue that, although traditional GUI systems have already answers for these
questions, emerging sensing systems face several challenges regarding these issues.

Regarding address, the challenges are how to disambiguate the signal-to-noise, how
to disambiguate the intended target system and to prevent users from unintention-
ally addressing the system. Interaction with public displays does not usually use
the traditional keyboard and mouse so the problem of how the user addresses the
system is an important one. Specifically when using techniques such as computer
vision, proximity sensors, gestures, or voice to interact its important to consider
how the user can make sure he is addressing the intended display and how to cope
with noise in the environment and prevent users from unintentionally addressing the
display.

The attention question is related to the address question but represents a slightly
different problem. In this case, the problem is how to give the user feedback about
the system readiness to accept input from a user. GUI interfaces have standard
visual cues such as flashing cursors, but there are not standard ways to embody
feedback for interactive displays.

Action corresponds roughly to Norman’s Gulf of Execution. Traditional GUI sys-
tems have standard elements such as menus, buttons, lists, etc. that help users
perceive what the system is capable of and how to action it. In the case of display
systems, and other non-traditional interfaces, designers have to face the challenges
of giving users cues about the objects and actions available to them.

Alignment is similar to Norman’s Gulf of Evaluation. The alignment issue, as the
attention one, is question of feedback but, in this case, the problem is how to give
the user feedback about his explicit or implicit interactions. Depending on the type
of system, feedback can be accomplished through audio or graphics (or even haptic)
signals. Feedback can also be directed to a personal device or presented on the
public display.

Accident corresponds to a standard guideline for interface design which is to prevent
and help correct possible mistakes. Again, there are some standard answers in GUI
interfaces such as cancel, stop, back or undo buttons. Interactive displays, however,
still lack an uniform way of achieving these features.

4.2.2 Interaction Frameworks

Interaction with digital displays is fundamentally different from interaction with
desktop computers and there is not yet a mature knowledge of how to provide
usable and efficient interactive features to users. While in desktop GUI interfaces
users interact with the system in a fairly standard way, using well-known devices and
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interaction metaphors, in public displays users can interact using different devices, at
different distances, interact in group or alone and have varying degrees of attention
to the display.

Interaction frameworks help designers think about and structure the interaction be-
tween user and display system. Authors have proposed different interaction frame-
works with different purposes and uses.

Brignull and Rogers [2003], after observing how people interacted with the Opin-
ionizer — a system that allows people to add opinions and comments in a social
gathering — defined three activity spaces:

• Peripheral awareness activities in which people are “peripherally aware of
the display’s presence and do not know much about it” [Brignull and Rogers,
2003].

• Focal awareness activities in which people are engaged in activities related to
the display such as talking about it, gesturing or watching the display.

• Direct interaction activities where people are directly interacting with the
display.

They noted that the bottlenecks in public interaction occur when people have to
transition from one activity place to another and proposed a list of information that
people need to decide whether to cross the threshold to participation. Their three
spaces framework served as a basis to explain how people moved around in a social
gathering and to suggest ways to encourage people to cross the threshold to focal
awareness and to participation. This framework is essentially based on the attention
the user is paying to the display at different stages and can thus be used only at
“design time” to look for ways of designing encouragements to cross the different
thresholds.

Attention is hard to be automatically sensed by a display system, but proximity
can be used as a way to infer it. Streitz et al. [2003], for example, defined a simple
proximity based framework for the Hello.Wall display. Three zones were defined
according to the distance to the Hello.Wall display (see Figure 4.2):

• Ambient zone is the space outside the sensors’ range. In this zone, people
passing by experience the “ambient mode” display — information independent
of presence is displayed.

• Notification zone is an intermediate space. In this zone the display is capable
of sensing people and reacts to their presence.
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• Cell interaction zone is the closest zone to the display. In this zone users are
in touch distance and can interact with the individual cells of the display.

Figure 4.2: Interaction zones for the Hello.Wall [Streitz et al., 2003].

This framework was used as a way to infer attention or engagement of the user
towards the display system and, consequently, to define different kinds and levels of
information to display to a user in different zones.

A proximity-based framework has also been used by Vogel and Balakrishnan [2004]
which, building upon the two previous frameworks, divided interaction into four
phases (Figure 4.3):

• Ambient display phase: the ambient display phase is a neutral state where the
display shows only overall public information.

• Implicit interaction phase: this phase is triggered when a user passes by the
display and appears “to be open to communication” [Vogel and Balakrishnan,
2004, p. 3]. In this phase the display shows an abstract representation of the
user and notifies the user if there is an urgent information item that needs
attention.

• Subtle interaction phase: in this phase the user gives a clear indication that
he is interested in the display, by pausing and looking at it, for example. In
this phase the display can show more detailed information.

• Personal interaction: the user interacts directly, touching the display to see
more details about personal information.

This framework is very similar to the interaction zones framework, but the authors
assume a more precise proximity/attention sensing mechanism that is able to dis-
tinguish one more level. This was accomplished by using proximity and gesture
recognition systems.
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Figure 4.3: Framework for interaction phases [Vogel and Balakrishnan, 2004].

These three frameworks are very similar between themselves in the sense that they
all use a discrete division of attention or proximity to the display. The most salient
difference is that Vogel and Balakrishnan [2004] divided the intermediate phase in
two levels. Table 4.2 shows a comparison of the three frameworks.

Streitz et al. [2003] Brignull and Rogers [2003] Vogel and Balakrishnan [2004]
Ambient Zone Peripheral Awareness Ambient Display Phase

Notification Zone Focal Awareness Implicit Interaction Phase
Subtle Interaction Phase

Cell Interaction Zone Direct Interaction Personal Interaction

Table 4.2: Comparison of interaction frameworks.

A different interaction framework has been proposed by Ju et al. [2008] — an im-
plicit interaction framework — based on two axes: the level of attentional demand
and the balance of initiative taken by the system. Attentional demand is the cog-
nitive load that the system imposes on the user. Foreground processes require a
lot of attention from the user, as is usually the case with standard GUI interfaces;
background processes, like monitoring or ambient displays, impose a low demand
on attention. Initiative can vary between two extremes: reactive and proactive. Re-
active interfaces only respond to explicit user inputs; proactive interfaces act before
the user expresses any need.

This framework defines four main types of interactions that result from the quad-
rants defined by the two axes — reactive/foreground, reactive/background, proac-
tive/foreground and proactive/background (see Figure 4.4):

• Reactive/foreground interactions are the ones that take place as result of an
explicit request by the user and that require the user’s full attention. Conven-
tional GUI interfaces fall on this category.

• Reactive/background interactions are the result of an explicit request by the
user but take place in the background. An example of this is the “auto-save
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every x minutes” in the user explicitly tells the system that he wants to save
the document periodically but the actual action occurs in the background of
the user’s attention.

• Proactive/foreground interactions are the ones initiated by the system and
that require the attention of the user. System alerts fall into this category —
the user does not solicit them, but the system needs the user attention.

• Proactive/background interactions are also initiated by the system but do not
require the user’s full attention. Auto-complete functions, for example, or
pre-fetching data, would fall into this category.

The key component of this framework are not the static quadrants but the transitions
between quadrants. The framework is to be used as a way to describe how a system
enables a fluid transition from explicit to implicit and from foreground to background
of its interactions.

Figure 4.4: Implicit interaction framework [Ju et al., 2008].

4.3 Planned Experiments

To achieve the proposed objectives and answer our research questions, we plan on
conducting a set of experiments based on real setting deployments.

What follows is the description of a first planned experiment regarding the genera-
tion of keywords.
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4.3.1 A comparison of two approaches for the generation of
keywords

Keywords are simple way for a user to specify interests to a situated display applica-
tion. However, there are many possible ways to collect keywords from users. Users
can be asked to explicitly send free keywords to the display application or they can
be asked to choose from a list of keywords. Users can also choose or rate items and
the keywords associated with those items can be used.

In this experiment, the following two approaches will be studied in order to determine
whether there are differences in usage:

Approach #1 Explicit, user created: The user is given the possibility of sending a
free-text keyword to the display system which will incorporate it in the current
tag cloud.

Approach #2 Explicit, user selected: The user is given the option of selecting a
keyword from a list of keywords presented by the display system. The list of
keywords is selected from the current or previously shown items.

For this, two display systems will be setup, each one implementing a different ap-
proach for keyword generation, in two different locations with similar audiences.

There are two hypothesis for this study:

• HA 1 : There will be a significant change in the number of interactions between
the two approaches. (H01 : There will be no significant change in the number
of interactions between the two approaches.)

• HA 2 : There will be a significant change in the number of different keywords
between the two approaches.(H02 : There will be no significant change in the
number of different keywords between the two approaches.)

Sample

For this experiment, two places will be used: the bars of the university residencies
in Guimarães (Place #1) and Braga (Place #2). These places are expected to have
similar audiences and will, thus, provide a way to compare the outcome of the two
approaches.

Place #1 will be subject to Approach #1, Place #2 will be subject to Approach #2.
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Measures

To compare the two approaches, the following measures will be used:

• The number of detected BT devices during the experiment - indication of
audience size.

• The number of times a BT device was detected - indication of frequency/duration
of visits.

• The number of BT name changes (interactions) per device during the experi-
ment.

• The number of different keywords per device.

• The individual weight of each keywords generated.

Procedures

In order to perform this experiment, a display application will be developed for
showing Youtube videos.

The display system will maintain a “Global Tag Cloud” with all tags send by users
since the beginning with popularity increasing every time the tag is detected. From
this global tag cloud a subset with the N most popular tags will be displayed.

In order to select content, the display will use a “Search Tags” set of T tags to
search for content items in Youtube videos. The display will choose a tag from this
set using a weighted random function that gives a higher probability of selecting
some tags. This “Search Tags” set is built by including up to T tags from the
“Present Tags” first and then from the “Global Tag Cloud”. In both cases, the
most popular tags are selected first. In order to guarantee that present users have
high influence over the selected items, the weights attributed to the “Search Tags”
set will be calculated in order to give the subset of user tags a total of 80% of the
total weight, with individual weights relative to the global popularity of the tag.
The rest of the tags will have equal probability of being selected.

Videos will be selected according to the “Search Tags”. : the display system will use
a weighted random tag in the tag cloud to search for videos and schedule N videos
for viewing. After the N videos are shown the process will be repeated. When
selecting videos for scheduling, the display system will try to select videos that were
not previously shown already.
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Users will be able to send keywords to the display system, thus affecting the current
tag cloud, by changing their mobile device’s Bluetooth name according to some
simple rules defined by the display system, e.g., “usual bt name k:soccer,ronaldo”.

In Approach #1, the display system will accept any keyword sent by users. In
Approach #2, users will only be able to define keywords from a list of keywords
presented by the display system. These keywords will be selected from the list of
keywords associated with the scheduled videos.

Evaluation

Evaluation will consist of performing standard statistical tests to detect significant
differences in the distributions of number of interactions and different keywords for
the two approaches.
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Chapter 5

Final Considerations

Public, digital displays have the potential for being objects with a greater impor-
tance they are given today. Their characteristics allow them to become important
reference, shared, cultural objects that reflect the social ambience of a place.

We have presented a research proposal for public situated displays tries to come
closer to this goal by proposing a display concept that adapt automatically to its
place by leveraging on the interactive features as a means for characterising the
display’s social environment and as an important factor for user engagement.

We believe this approach will increase the displays effectiveness and provide the
ground for new display applications.

This work will consist mainly on real settings experiments with real users to assess
the acceptance and efficiency of several mixed-initiative interaction approaches as a
driver for this concept of situated display.
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