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Abstract 
This paper introduces Prospero, a “visual commons” framework for public displays.  We 
describe the basic motivations for building Prospero, the complications of building a 
public display for a multi-purpose space, and then provide a brief overview of the current 
Prospero prototype.  We close by highlighting some of out anecdotal observations and 
providing direction for the future of this project. 
 
 

1 Introduction 
The diminishing cost of display technology has increased the prevalence of digital public 
displays.  Urban centers such as New York’s Time Square are filled with digital ticker 
tapes, large video projection screens, and animated billboards.  Even in Pierpont 
commons previously prohibitively expensive plasma screens are being used to advertise 
ongoing events.  The ‘public’ in the phrase public displays is seen as a mass to be media-
ed, a passive recipient of the messages broadcast by the owners of public displays.  We 
see Prospero as a framework for repurposing public displays to empower the public, a 
tool for exploring the transition from passive recipient to interacting contributor.  Our 
goal is not to dismantle the existing broadcast mantra, but to make it obsolete. 
 
To this end we have developed the Prospero Framework, a prototype display framework 
for building reconfigurable and publicly controlled public displays.  This paper describes 
the first iteration of the Prospero Framework.  We have not yet reached our lofty goals of 
supplanting the broadcast mantra; however, we have moved our vision closer to a reality.  
This remainder of the paper is organized into 7 sections, first we flesh out our 
motivations for the Prospero project, next we describe the setting for our initial 
deployment, we follow up with some of our key design considerations, and continue with 
an overview of the current Prospero system.  We close by detailing our observations from 
a three-week deployment of the Prospero system and a summary of what we have 
learned.  



2 Motivation 
We see Prospero framework as the logical next step in public display research.  In this 
section we explore the 3 primary motivations for this research, and show how Prospero 
provides a framework for answering many open questions for public displays.  First, we 
describe the lack of public display systems designed to adapt to the multiple contexts of 
use that are inherent to any situated system.  We then describe how there are many public 
display applications, but few studies of when these applications work, and when they do 
not work.  Finally, we discuss our concept of end user empowerment, and how Prospero 
is designed to not just allow users to contribute content to a particular module, but to 
reconfigure and repurpose the display by selecting the modules that make up the 
display’s function.  In short, Prospero provides an infrastructure for exploration of many 
outstanding issues in the public display literature. 

2.1 Changing Contexts  
Researchers have attempted to situate public display along two dimensions:  group size 
and public-ness of the space [1].  For example, systems designed for deployment in a 
conference setting, such as AutoSpeakerID (ASID) [2] lie on the large group and public 
side of this design space.  Whereas, systems like Unicast [3] lay near the origin and are 
designed to be personally used in a private space.  Exploring the design space along these 
dimensions is useful and provides insight into the audiences and types of public display 
applications that can be built.  However, as one begins to plot public display applications 
in this space, it becomes clear that most public display systems are designed as if they 
occupy a fixed point on this plane.  For example, even a display designed for large groups 
of people in a public space encounters situations where there is only a single observer.  A 
personal display, in a private space is often observed by coworkers, and might even act as 
an impromptu area for collaboration among small groups.  The dynamic of a space can 
vary greatly with the time of day, and day of the week [4].   
 
With the exception of Notification Collage [5] (desktop and semi- public space) and the 
Interactive Public Ambient Displays Project [6] (single user to multiple user / public and 
personal data) very few researchers have explored how the same public display system 
can exist in multiple points of this space.  The Prospero framework is designed to help 
support the design and development of public display modules along both these axes, but 
also the context aware transition between modules allowing the system to adapt to its 
environment.  We wish for Prospero to serve as an infrastructure to support questions 
such as: What factors influence the modules that should be active in a space?  Are there 
fundamental differences between use of a large display for personal awareness and public 
awareness?  Is there an easy method of detecting when context of use has changed? 

2.2 A Cluttered Application Space 
There are a plethora of public display applications.  These applications serve many 
purposes ranging from aesthetic awareness [1, 7] to collaboration [8, 9], community 
building[10], and facilitating social interaction[11, 12].  The evaluations of many of these 
systems are short [2, 7, 11, 13]  and very context specific [8, 12], lacking broad 
generality.  This is typical of qualitative research, but also leaves system designers with 



little guidance insofar as choosing what application to deploy on a particular public 
display.   
 
The few longitudinal studies of public displays emphasize the benefits of a collaborative 
whiteboards [1, 9, 14], icons representing people logged into the display [9, 14], and that 
if the primary focus of the display was not collaboration it should be a peripheral display 
[5, 10, 15].  These are a few of many design level contributions, but they do not help 
designers determine what particular type of application is needed for their situation, or if 
a particular application works in multiple contexts.   
 
We believe that part of this lack of this research is the difficulty of building and 
deploying a public display system over time, but also that researchers have not 
recognized the benefit of exploring the same application in multiple contexts.  With this 
in mind, the Prospero framework is designed to make it easy to deploy and test multiple 
public display modules.  For example, it would be trivial to create two comparable 
awareness modules, and then to deploy them in the same environment for an extended 
period of time.   The setting where Prospero is deployed also lends itself to evaluating 
modules in multiple environments (see section 3).  This provides an ideal environment 
for understanding how the same public display module, i.e. an interactive picture 
slideshow is interacted with in class, as opposed to at a late night study session.  We hope 
that the Prospero framework will help us compare public display applications (modules), 
and help us gain additional insight into when and where certain modules are more 
beneficial than others.   

2.3 Empowering End Users 
There is a tension between traditional broadcast displays and public displays as they are 
discussed in the research literature.  With the exception of informational ambient displays 
most research prototypes allow some form of end user empowerment.  By end user 
empowerment we mean the ability for users of the public display to have some level of 
direct participation in the content or form of a public display.  This empowerment can 
take many forms, ranging from the ability to contribute preferences to a public display as 
part of a collective aggregate, to interacting directly with the content of the display using 
a touch screen interface. 
 
In many public display systems the empowerment comes by providing mechanisms for 
users to contribute content such as an image or web page of interest [3, 4, 8], for others 
the system is shaped when users identify themselves to the display [2, 6, 9, 14], some let 
users specify personal preferences that influence the aggregate display [3, 4], in 
collaborative applications digital whiteboards often provide this power [1, 9, 14], and 
other systems give users direct influence over the display using touch-screens, mobile 
phones, and keyboards [7, 8, 12, 16, 17]. 
 
Thus far we have described empowering end users as simply letting them interact with a 
public display.  We have described many such public displays, and providing methods for 
interaction with these displays is hardly novel.  This is the current state of end user 
empowerment for public displays.   



 
We wish to take the concept of end user empowerment one step further.  In the Jukola 
System [4] users were empowered over their musical environment, users could contribute 
music from their personal music collections, nominate music to be played in a public 
space, and then vote to determine which music of the nominated music was played.  We 
see Prospero as empowering the user in a similar way, but over their visual environment.  
We envision users being able to contribute their own modules, rank which modules they 
would like to see in their environment, and then using some governance or voting 
algorithm to place modules into ones visual – public display environment.  In short, we 
wish to empower users with not only the ability to contribute to the display, but control 
over the form and functionality of the display.  It is our hope to use Prospero to study and 
comment on the emerging pattern of end user empowerment in an increasingly ubiquitous 
computing environment.  

3 The Setting 
The Prospero display was designed, developed, and deployed in Design Lab One (DS1), 
a multipurpose interdisciplinary space located in the University of Michigan’s Duderstadt 
Center.  DS1 is a unique space because it’s character changes drastically throughout the 
day.  The room is designed to be completely reconfigurable: all tables and chairs are 
mounted on wheels and users are free to rearrange the space as they see fit.  Dividers on 
wheels also let students partition off areas of the room.  Student contributed artwork 
covers the walls.   
 
During the day and late afternoon multiple classes are taught in DL1.  There is an 
interesting dynamic between students who are in the classes being taught, and those who 
are working on their own projects in the periphery of the lab.  Students who are in class 
normally congregate near the center of the room near the projector screen, while other 
student situate themselves on the periphery of the room, to limit their distraction to the 
class and vice versa.  The classes that are taught in the space range from creative writing 
to interaction design – in addition most classes taught in this space are organized so that 
lectures do not take up the entire class period, and students are given the opportunity to 
work on their projects after lectures.  Students working on group projects often use the 
lab to hold group meetings, and it is not uncommon to find students studying in the lab in 
the middle of the night.  DS1 also hosts catered design reviews where members of the 
public are invited to critique and explore the work accomplished in the lab. 
 
DS1 is a very interesting space to explore the deployment of a public display system for 
many reasons.  First, DS1 transitions through many different contexts of use throughout 
the day.  During classes there are often at least 20 people attending lectures, and 1 or 2 
other students doing work in the lab – one might consider a display situated in such a 
classroom as towards the public side of semi-public.  Design review sessions encourage 
members outside of the DS1 community to enter DS1, some review sessions had upwards 
of 40 people – displays situated in such crowds fall into the ‘public’ categorization.  It is 
quite common for groups to use the DS1 space for meetings in the early evening – small-
groups semi-public.  Finally, late at night, there are almost always one or two students 
plugging away on projects – small group – essentially private. 



 
DS1 is an uncommon space, but it is hardly the only multi purpose space in the world.   
The most notable aspects of the DS1 space are it’s physical configurability, and the 
diversity of use found within its walls.  

4 Design Concerns 
Our design was motivated by both the setting in which we were deploying Prospero, and 
our review of the public display literature.  In this section we provide a brief overview of 
how other public displays have addressed these concerns and then discuss Prospero’s 
solution. 

4.1 Privacy 
Managing privacy concerns is an ongoing concern for public display designers.  There 
are three primary methods in which system designers have attempted to alleviate these 
concerns.  The first, is to limit the physical access to the display – this is often the only 
privacy policy necessary for semi-public displays [1, 5, 10, 15].  The second is to only 
display information provided directly by users of the system, i.e. if you tell the system 
you are Bill Gates, the system will not attempt to verify otherwise [3].  The third method 
is to only display information about people who identify themselves to the display using a 
RDID tag, or ID badge [3, 9, 14].  Some displays forgo any identification at all letting 
anyone interact without displaying or requiring personal information [1, 7]. 
 
Prospero was designed to only display publicly available and user contributed 
information.  We let users tier their level of disclosure with the Prospero system.  For 
example, the most basic level of disclosure only displays a user’s publicly available 
LDAP information.  However, users are able to contribute information and preferences to 
the system using the web-based interface, and can tie their Facebook account to their 
Prospero profile by actively friend-ing a Prospero Facebook user account.  Similar to 
McCarthy we found that by requiring users to put a lot of effort into giving the system 
information, we encountered no concerns about privacy from users of the system [2]. 

4.2 Tiered Contribution Levels 
Situated displays are interacted with in multiple ways.  In the Opinionizer system 
researchers described three levels of attentiveness to their public display: peripheral 
awareness interactions, focal awareness, and direct interaction activities [11].  They 
described how users usually began at with peripheral awareness and moved toward direct 
interaction activities as they became more familiar with the system.  We believe that this 
process of becoming indoctrinated into the public display system might be considered 
legitimate peripheral participation [18], and although the process in which these users 
becomes active participants is much faster than traditional apprenticeship, focal 
awareness is a definite prerequisite to direct interaction.  It is also important to 
understand and design for supporting users with varying goals of engagement. 
 
In the Prospero system we are interested in slightly more than building a onetime 
engagement with a user.  Thus, our tiered levels of interaction are more oriented towards 
engaging users as collaborators and contributors to the system, rather than merely 



interacting with it once.  We have identified three basic tiers of contribution for the 
system.  The lowest tier of interaction with the Prospero system are users who are either 
peripherally aware of the Prospero driven displays, or actively paying attention to it’s 
content but not contributed more than their attention.  People who contribute their 
preferences to the display make up our second tier of users.  Our third tier is made up of 
users who actively watch the display and contribute their preferences, but also contribute 
modules to help expand the capabilities of the Prospero system.  It is our goal to make it 
easy to transition through the different levels of contribution so that peripheral users can 
become module contributors with minimal effort.  To this end we attempted to make it 
easy for new users to join the system, easy to contribute preferences, and as easy as 
possible to develop custom modules. U of M affiliates were able to use the Prospero 
system using their existing U of M usernames without creating new Prospero accounts. 

4.3 Continuum of Public and Private Space 
As we have discussed public displays are situated in various spaces.  For example a 
“public” display in a personal office, would be consider in ‘private’ space.  Whereas a 
‘public’ display situated in a football stadium would be considered ‘public’ space.  Most 
public displays lay somewhere along this continuum.  A public display’s position on this 
continuum will relate to the importance to the amount of information disclosed.  For 
example, the MerBoard contained confidential government information, but this 
information could be displayed on a semi-public display because the environment itself 
was secure [14]. 
 
In Prospero’s case the DL1 environment transitions from public to semi-public 
throughout the day.  The external door to the room is often open when classes are being 
held.  Late at night access is restricted to authorized U of M students.  For our first 
prototype we chose to be conservative, and limit the amount of potentially private 
information displayed on the display.  Thus, treating the display as if was situated in a 
public environment all the time – even though for the majority of the time it is more of a 
semi-public display. 

4.4 Continuum of Group Size 
Public displays exist in spaces where their environment can change rapidly in a matter of 
minutes.  Imagine what happens to the environment of a semi-public display where 5 of 
the 6 lab members go off to lunch [15], leaving one member to finish writing a paper.  
The members of the group near the display changes rapidly, but the basic use remains the 
same.  In multipurpose environments with many small communities of users, not only the 
users in an environment change, but the communities of users as well.    
 
Prospero exists in an environment where even the physical layout of the room changes 
throughout the day.  The sizes of groups found in the room range from dyads late at 
night, to upwards of 40 people during receptions and classes.  Thus, it must not only be 
designed for a continuum of public and private spaces, but also a continuum of group 
sizes.  Our present approach is to use multiple displays and focus on providing awareness 
that is relevant to both small and large groups.  We wish to increase the ability for the 
system to reconfigure itself based on its environment in the future. 



4.5 Collecting User Information 
Public displays that are designed to react to their environment and promote community 
generally need to maintain profiles of their users.  Researchers have used two primary 
approaches for collecting this information, web-based surveys from interested parties[2, 
3, 10], and building databases of personal information by hand [14].  The process of 
collecting user profiles is tedious, and it is often hard to build comprehensive user 
profiles from limited surveys.  It is important that the users understand the benefit of 
providing profile information to the system. To motivate users to provide profiles for 
selfish reasons, McCarthy designed Unicast as a single user peripheral display, partially 
to collect profile information to use on his GroupCast and OutCast display systems[3]. 
 
Prospero was designed to minimize buy in costs, thus no Prospero users were required to 
complete user profiles.  However, because all of our users were affiliated with the 
University of Michigan we were able to build automatically collect some profile 
information by querying the U of M LDAP servers.  We also provided mechanisms for 
users to contribute to the Prospero system by answering module specified questions.  For 
example, one module designed to plot a person’s birth location on a map asked users for 
their birthplace, and a delicious integration module asked users for their delicious 
username.  The system was also designed around the idea of modular collectors, for 
example module authors could write a custom collector to collect profile information for 
a user from a 3rd party server.   We build Facebook and LDAP collectors to demonstrate 
this concept.  We envision collectors as a low effort method of collecting profile 
information from users who already have profile information available online – reducing 
the amount of work required by users to build comprehensive Prospero profiles. 

4.6 Modularity 
The concept of modular extensibility is paramount to the Prospero vision, though we are 
not the only public display system that has emphasized its modularity.  Notification 
Collage [5] emphasizes its API (Application Programming Interface) that is design to 
support additional client and server applications; however, there have been no follow up 
studies describing the use or effectiveness of this API.  The semi-public notification 
system[1] describes 4 notification modules, it is unclear if they have an integrated 
backend; but at the very least they explore the need for multiple applications on public 
displays. 
 
The Prospero system was designed from the ground up to be completely modular, we will 
provide more information about the system architecture in section 5.  Modularity is 
essential to letting users reconfigure the display, because if it is not easy to create a 
module, and if there are not enough modules to warrant reconfiguration there is no point 
in supporting it at all.  Our modularity is designed to make it easy to develop display 
modules, presence notification modules, and create varied views of Prospero across 
displays. 

4.7 Peripheral 
There are a wide variety of public display applications, some like Opinionizer[11] are 
designed to be the center of the public’s attention, some such as AutoSpeakerID[2] 



become the public’s center of attention even when designed to be peripheral, others such 
as Notification Collage [5] and Plasma Posters[10] were designed to be primarily 
peripheral.  Most of the public display systems we have discussed are designed to provide 
awareness, for example, AutoSpeakerID provided information about people asking 
questions at a conferences, augmenting the context of their questions, but was not 
designed to detract from the question asking experience.  Plasma Posters were deployed 
throughout FX-PAL and were designed to not distract people as they made their way 
around the research center. 
 
We designed Prospero to be placed in a multipurpose space that serves as a classroom, a 
lounge, and a group meeting space.  None of these uses lend themselves to focused 
interaction with the Prospero system; in particular it was essential that the Prospero 
system was not distracting to teachers or students during class time.  Thus, we chose to 
place Prospero’s primary display, a 30” LCD screen on the periphery of the classroom 
where is was visible by students as they entered the room, but not distracting when they 
were near the primary lecture space.  Our second display was intended to influence the 
environment of the space while remaining peripheral.  To accomplish this, we projected 
the flickr module onto the ceiling of DL1, the projected image was visible to students 
staring at the ceiling, but hardly noticeable to students paying attention to lectures.  We 
will discuss the flickr module in more detail in the next section. 

5 The System 

5.1 Basic overview 
The Prospero framework is divided into three core components: Presence – notifying the 
display that there are users nearby, Preferences – a component that maintains user 
profiles & and preferences, and Presentation – the layer that drives the content of the 
display based on the present users and their preferences.  The framework is designed so 
that each component can be easily extended.  For example, the preference component is 
extended through collectors that allow module authors to collect data from a remote data 
source like Facebook, and store it locally.  In the following subsections we discuss three 
components of the framework and the modules that drive Prospero.  

5.2 Presence 
The presence component is used to make the display aware of users in its environment.  
We have built two example presence modules that demonstrate this functionality. In the 
future, we envision adding additional modules to support presence notification using 
computer vision [19], Bluetooth, and RFID.  

5.2.1 Card swipe 
The card swipe presence module enables users to announce themselves to the Prospero 
framework using their University of Michigan ID, or a compatible credit card.  The card 
swipe authentication is heavily tied to the University of Michigan LDAP service, so 
currently only U of M affiliates can use this method of authentication. 



5.2.2 Web logon 
When a user logs into the Prospero system we check the user’s computer’s IP address to 
determine if that user is in Design Lab One.  If so, the user is announced to the Prospero 
framework, and considered present in DL1.  

5.3 Preferences 
To empower the users of the Prospero system we must be aware of their preferences.  
This section discusses how we build profiles of Prospero users using collectors and user 
specified information.  

5.3.1 Collectors 
Module authors can choose to write collectors to collect and store information from a 
remote data source.  When collected data is stored locally in the Prospero database it 
becomes accessible to all Prospero modules.  Thus, once a Facebook collector is written, 
any module author can write a module that uses the information collected from Facebook.  
This architecture simplifies data collection for module authors, and makes it easy for 
module authors to write modules without writing their own collectors.   We have 
implemented LDAP and Facebook collectors to demonstrate what can be done with a 
collector. 

5.3.1.1 LDAP 
The U of M provides public access to their student and faculty/staff directory through 
LDAP (Local directory access protocol).  The LDAP collector queries this directory 
using LDAP and stores the LDAP information locally.  By storing this information 
locally we reduce the number of queries to the U of M LDAP servers, and automatically 
populate Prospero profiles with this publicly available information. 

5.3.1.2 Facebook 
Many U of M students maintain profiles on the popular social networking site, Facebook.  
We developed a Facebook collector to collect information from Facebook users’ profiles 
and store it locally.  Like the LDAP collector this collector helps us build rich user 
profiles, without requiring Prospero users to complete elaborate surveys.  

5.3.2 User Specified 
Prospero enables module authors to attach questions to their modules.  For example, in 
our Google Maps module, users were asked to specify their hometown.  Users who elect 
to use these modules contribute preferences for each module, but all preferences are 
available to all modules.  Thus, a preference set in the Facebook module, would also be 
available to the flickr module and vice versa. 

5.3.3 Management 
Users manage their preferences using the Prospero web site, Prospero.netherweb.com.  
Any U of M affiliate can log into the Prospero website and answer questions asked by 
modules.  Users can also rank the available modules based on their personal preferences.  
Thus, a user who wanted to be aware of incoming buses could prioritize the MagicBus 



module over the Flickr Module.  (This particular ranking of modules was unexplored and 
was disabled during our live deployment of Prospero to simplify the interface) 

5.4 Presentation 
Prospero’s presentation component provides the visible representation of preferences and 
presence information.  The presentation component is driven by a custom web server that 
handles Prospero XML RPC calls and proves HTTP access to presentation modules.  The 
modules themselves are written using a combination of Ruby, HTML, and JavaScript, 
although, most module creators will only need HTML and JavaScript to implement their 
modules. 
 
There are two basic types of presentation modules: Display Modules, and Rotation 
Modules.  Display Modules are visual elements that can be viewed using a web browser.   
They can be viewed alone or wrapped inside a rotation module.  Rotation modules are 
also run in a web-browser, but instead of displaying specific content, rotation/priority 
modules determine how modules split time, and which modules appear on the screen.  
Thus, an example input for a Rotation module might be a prioritized list of modules for it 
to either split by time or space.   

5.4.1 Display Modules 
Display modules are primarily written using JavaScript and HTML (There is more 
information on developing modules in section 5.5).  We developed 7 display modules to 
better understand the public display design space. 

5.4.1.1 Last Swipe 
This module displays the last 10 users who have logged in to the Prospero system either 
by swiping their U of M IDs or by logging into the Prospero system from a machine in 
DS1.  The modules display the time each person swiped in, their Facebook picture if 
available, and their departmental affiliation.  This module was designed to help people in 
the room attach names to faces, and provide limited awareness of lab users in general. 

5.4.1.2 Flickr2 
Flickr2 is the second iteration of a module designed to let users in the environment 
control a dynamically generated Flickr slideshow.  The basic idea was to create a very 
simple module that had broad appeal, and that everyone could get into.  The Flickr2 
module lets Prospero users specify types of pictures they are interested in (i.e. gnomes, 
legos) and then uses the preferences of all Prospero users to build a dynamic slideshow.  
The Flickr2 module was iterated to prioritize the preferences of users who had identified 
their presence to the Prospero system.  For example, when a user logged in who had 
specified a preference for pictures of ‘cows’, more cows would be shown as part of the 
slideshow. 
 
The Flickr Module proved to be the most popular of our modules among the DS1 crowd.  
Users really enjoyed the ability to influence their environment, through something as 
simple as entering a keyword in the Prospero system. 



5.4.1.3 MagicBus 
The MagicBus module was one of the last modules we implemented.  It displays real-
time information about the arrival times of U of M buses near DS1.  The information 
displayed by this module is provided by the U of M MagicBus project, which maintains 
up to date GPS bus tracking information for all U of M buses. 

5.4.1.4 Google Maps 
The Google Maps module was one of the first modules written; it demonstrates how user 
specified preferences & profile information can be combined with outside APIs to build 
rich modules.  This module asks Prospero users for their hometowns via the 
Prospero.netherweb.com website.  It then plots all user specified hometowns on a google 
map and then cycles through each hometown on the map.       

5.4.1.5 LDAP Aggregator 
The LDAP aggregator module is an example of how one can build modules that 
aggregate preference information.  It is also an example of how one can integrate a flash 
application into a module to add additional function.  The LDAP aggregator module 
queries the local LDAP repository and creates summary statistics for most of the publicly 
available information.  The summary information is than displayed on a flash pie chart 
that dynamically updates as new users arrive. 

5.4.1.6 Anonymous Comment 
The anonymous comment module is a custom module that developed so that users could 
post comments to a public display without having to identify themselves to the Prospero 
display.  It was deployed during a large reception held at DS1 and primarily used to post 
generic comments about the event.  During this events the last 5 comments were 
projected onto one of DS1’s walls.  

5.4.1.7 Delicious (contributed) 
One delicious advocate developed a simple delicious module that allowed Prospero users 
to specify their delicious username, and then displayed the titles of the last 5 items tagged 
by Prospero users.  

5.4.1.8 Favorite Quote (contributed) 
As a simple exercise a colleague of the author developed a favorite quote module that 
asked Prospero users for their favorite quotes, and then displayed a list of active Prospero 
users and their quotes. 

5.4.2 Rotation/Priority Modules 
Rotation/Priority Modules are the second type of presentation module.  Rather than 
displaying content of their own these modules determine how, when, and for long other 
modules are displayed based on user presence and preferences. 



5.4.2.1 Time Splitting 
The Time Splitting Module rotates the displayed module based on a list of modules and 
their durations.  Both the list of durations and the list of modules can be updated in real 
time to reflect changes in presence and preferences.  

5.4.2.2 Space Splitting 
We have implemented an example Space Splitting module that divides the Prospero 
display into three large frames.  A display module, or another rotation module can be run 
inside of each frame.  Space splitting allows large public displays to display multiple 
modules at the same time. 

5.5 Prospero Plug-ins 
We have designed the Prospero system to make it easy for developers to add new 
functionality.  Prospero plug-ins are the fundamental unit of extensibility.  Each plug-in 
is made up of 4 parts: collectors, presentation modules, a driver, and a set of questions.  
For example, a Facebook module might contain a Facebook collector written in Ruby, a 
primary display module written in HTML and JavaScript, a driver class written in Ruby, 
and a text file that lists questions to ask users of this module.  We use this section to 
describe each piece of a plug-in in more detail. 

5.5.1 Collectors 
These collect and store data in a shared data space for all modules.  They are written in 
RUBY. 

5.5.2 Display 
Most plug-ins contain at least one display module if not more.  Display modules can 
contain HTML, Flash, and Java, and are normally driven using JavaScript.  Display 
modules communicate with the Prospero Framework using XMLRPCs. 

5.5.3 Driver 
Plug-in authors can add additional deep functionality to the Prospero system by writing a 
driver for their module in RUBY.  Drivers are useful for writing more complicated 
display modules, where performing operations in JavaScript would be overtly 
complicated.  For example, the flickr interface in the Flick2 module is implemented as a 
driver. 

5.5.4 Questions 
Plug-in authors can choose to include questions to ask users in their module.  A question 
might be a piece of information used in a specific module or a might be something more 
generic that would be useful to many modules.  For example, the delicious module asks 
users for their delicious username – a module specific piece of information.  Whereas 
other modules might ask a user for their favorite color – something more general that 
could be used in multiple modules. 
 



6 Observations 
The Prospero system was deployed in Design Lab One for approximately 6 weeks.  The 
first 3 of these weeks involved many module iterations, the final 3 consisted simply 
letting the system run and observing user interactions.  Some of these observations were 
made during the GROCS showcase, a one-hour open house where many members of the 
university community visited the lab to learn more about this year’s GROCS recipients 
and their projects.  These observations are mostly anecdotal and only included to help the 
reader understand how users used the first iteration of the Prospero prototype. 
 

• The lastswipe module help improve community awareness by making users aware 
of other Prospero users who were nearby.  On one occasion a user looked at the 
display and noted “Oh, Kyle’s here, Kyle’s a cool guy” and then went off in 
search of Kyle.  This feature was particularly useful during the final GROCS 
presentation because the room was so crowded that it was hard to know who was 
in it.  

• We noticed that many users of the anonymous comment module felt pressured to 
make interesting comments, even though they could be made completely 
anonymously.  One user who was never at a loss for words took a lot of time 
phrasing her comment asking members of the Prospero team “hmmm.. what 
should I say?”.  The Opinionizer team found similar social embarrassment 
deterrents to contribution with their display[11]. 

• Once users learned how the flickr module worked they were excited to contribute 
their own picture preferences into the mix.  Users who had recently changed their 
picture preferences often waited impatiently for their preferences to be reflected 
in the flickr slideshow.  One user waited half an hour to see pictures of elephants, 
others exclaimed “that one’s mine”, “there it is”, and “I picked legos”.  Even 
through the simple act of giving users the ability to influence a slideshow we 
created dialog about who picked what picture, and Prospero users assumed 
ownership over the picture preferences they contributed. 

• One user kept trying to point out the “lego porn” that his “lego” search term was 
bringing up on the display.  The peripheral nature of the display meant that users 
had to be paying attention to notice every picture.  In the future we should 
implement some sort of mechanism to ensure that users of the display can easily 
police the display’s content. 

• We noticed that users would often swipe their card and expect instant feedback. 
For example, if a user swiped their card and the system was unable to recognize 
the user, the user received no feedback.  In future iterations of the system we must 
provide feedback for both successful and failed card swipe attempts. 

• After implementing the LDAP Aggregator module some users complained that 
they stared at pie charts all day long, and the last thing they wanted to see on a 
public display was another pie chart.  We were thrilled that we had found a 
module that elicited strong opinions from users, and will definitely incorporate 
better mechanisms for letting users define which modules they prefer to see in the 
future. 

• We received many module suggestions, including creating a method for a user to 
poll users of the environment on interesting issues, letting people create personal 



avatars, support for ambient awareness of whether someone had email or not, and 
many more.  By building the system and demonstrating it’s modularity we helped 
users of the system understand what could be done with it.  It is our eventual hope 
that users of the system will contribute modules encompassing functionality that 
they feel the system is lacking.  In the next iteration of Prospero we will focus on 
streamlining module creation, prioritization, and contribution to the system. 

• As expected very few lab members consistently swiped their cards to announce 
themselves to the Prospero display.  To help address this issue we added 
functionality so that logging into the Prospero website from a system in the lab 
would also serve to identify a user’s presence to the system.  The lack of 
participating users could also be due to the lack of engaging Prospero modules.  
The flickr module was definitely the most popular, and the most heavily 
contributed too of all the modules. We are confident that we will be able entice 
more lab users to join the Prospero system if we find the right modules – and 
explain the existing modules more clearly. 

 
As previously mentioned we include these comments to help provide a picture of how 
Prospero was used.  The flickr module proved the most popular among lab users, but was 
no killer app.  Our observations and the feedback we received from lab users will help us 
refine the next iteration of the Prospero prototype. 

7 Conclusion 
We have provided an overview of the first prototype of the Prospero framework.  We 
described the modules and modular nature of the Prospero system, and then summarized 
some of our anecdotal observations from the 6 weeks of the system’s deployment.  Many 
of these observations fed into iterations of the Prospero project.  For example, the flickr 
module was rewritten to prioritize images that were selected by people that had identified 
themselves to the Prospero display, thus giving people an incentive to announce 
themselves.  Many of the components were also rewritten to provide the reliability 
necessary for an uninterrupted 3-week system deployment.  All in all we felt we made 
valuable progress toward the Prospero vision, and are very close to being able to explore 
displays that reconfigure themselves based on the users in their environment. 
 
The Prospero framework as it is envisioned provides the infrastructure necessary for 
understanding the social dynamics of reconfigurable visual space.  It is our hope that we 
will have the chance to continue iterating the Prospero framework to understand how to 
build public displays that exist in a multipurpose space, how certain public display 
applications scale across multiple contexts of use, and how public displays can shape the 
social dynamics of a space. 

8 Future Work 
We have merely tipped iceberg of what can be accomplished with the Prospero system.  
We wish to continue developing Prospero by improving the methods people use to 
announce themselves to the display, refining some of the issues with existing modules, 
running Prospero on more public displays, improving the process for writing modules, 
and performing a more in depth field study.  



 
We are currently in the process of gaining access to the primary card-reader for design 
lab one, thus instead of requiring Prospero users to swipe their card twice to announce 
themselves to the display, registered users’ presence will be automatically provided to 
Prospero.  We are confident that as the number of users in the Prospero system grows we 
will have many more opportunities to build applications that push the limits of what can 
be accomplished with a public display.  A better mechanism for determining user 
presence will greatly improve our ability to write context aware modules, and reconfigure 
the display based on its environment.  The future holds much promise for Prospero. 

9 Appendix 

9.1 The Prospero Blog 
The Prospero Blog contains a wealth of additional resources for exploring the public 
display space.  It contains detailed reviews of most of the relevant Public Display 
Literature, as well as links to less formal overviews of public display work.  
URL: http://prospero.sourceforge.net  

9.2 The Prospero SVN 
Prospero is available for free download via Subversion.  It is licensed under the BSD 
license.  
URL: http://prospero.svn.sourceforge.net/viewvc/prospero/  

9.3 Screenshots 

9.3.1 LDAP Aggregator 

 
 



9.3.2 Last Swipe  

 
 

9.3.3 Magic Bus 

 



 

9.3.4 Flickr2 

 



9.4 Photographs 

9.4.1 Prospero at the GROCS Showcase 
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