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ABSTRACT

The windows and doorways that connect offices to public spaces
are a site for people to gather awareness information and initiate
interaction. However, these portals often reveal more information
to the public area than the office occupant would like. As a result,
people often keep doors and window blinds closed, which means
that nobody can gather awareness information, even those with
whom the occupant would be willing to share. One solution to this
problem is a co-present media space — a computer-mediated video
connection at the boundary between an office and a public area.
These systems can provide both greater privacy control to the
occupant and greater overall awareness information to observers.
To see how co-present media spaces would work in real world
settings, we built what we believe are the first ever co-present
media spaces, and deployed them in two offices. From
observations gathered over fifteen months, it is clear that the
systems can do a better job of balancing the occupant’s need for
privacy and the observers’ need for awareness better, than a
standard window. However, we also identified a number of issues
that affected the use and the success of the systems: the existence
of alternate information sources, confusion with existing social
norms, disparities between effort and need, and reduced
interactional subtlety for observers in the public area. Our work
contributes both a novel arrangement of a media space for co-
present collaborators, and the first investigation into the design
factors that affect the use and acceptance of these systems.

Categories and Subject Descriptors
H.5.3 [Information Interfaces and Presentation]: Group and
Organization Interfaces — Computer-supported cooperative work

General Terms
Design, Human Factors.

Keywords

Awareness, media spaces, privacy, public and situated displays.

1. INTRODUCTION

In many organizations, work areas are laid out such that private
offices are arranged around a public or semi-public space such as
a hallway, open area, or research lab. In these settings, the
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boundaries between the public and private space — the windows
and doorways at the office entrances — are important sites for
group awareness and interaction. The windows and doorways act
as information portals that let people gather awareness about the
people on the other side of the boundary, and also serve as
communication channels that allow people to negotiate access and
initiate interaction [7,15].

Although office doors and windows are ubiquitous, as are the
interactions that occur through them, there are problems in these
situations that affect both the office occupant and the observer in
the public area.

First, office boundaries often provide poor control over privacy
for the occupant — both in terms of confidentiality (control over
information moving out) and solitude (the ability to limit the
information coming in). In particular, ordinary doors and windows
provide the same level of awareness and access to everyone in the
public area regardless of their relationship, even though the
occupant is likely to have different privacy preferences based on
who is receiving the information [13,22]. This ‘one size fits all’
policy means that many people will reveal only minimal
awareness information, closing doors and window blinds
completely (Figure 1). This protects privacy, but greatly restricts
information and access for those people with whom the occupant
has a closer relationship, and with whom the occupant would be
more willing to share.

Second, there are other situations for observers in the public area
where office doors and windows do not provide enough
awareness information, even when they are open. In particular,
when the occupant is out of the office, observers get only the
information that the occupant is out, but cannot answer questions
such as why the occupant is away, where they have gone, and
whether and when they are likely to return.

Figure 1. Three doors with different levels of confidentiality:
clear (left), frosted (middle), and completely covered (right).

One solution to these problems is a co-present media space, a
computer-controlled video window that replaces an ordinary
window between the office and the public area. Adding computer




control to the window allows different information to be given to
different people, and allows observers to see a more informative
display when the occupant is away. The metaphor of the glass
window is preserved, but the new version has additional
capabilities — such as reactivity to the identity of the person
looking through it — that led us to call our system the Magic
Window (Figure 2).

Figure 2. The Magic Window, seen from a public area.

The goal of the Magic Window is to both improve control over
privacy for the occupant and increase the overall amount of
awareness information available to (some) observers. Situated
public displays like the Magic Window have been discussed to
some degree in ubiquitous computing and CSCW literature (e.g.,
[10,27]), but there is still very little knowledge available about
how to design and deploy these systems in the real world.

To determine some of these issues, we built and deployed two
Magic Window systems in two office locations, and observed
their use over fifteen months in total. In our evaluation, we were
interested in whether the device was successful in improving
control over awareness and privacy, and in the social and
interactional issues that affected its real-world use. The system
was successful: at the end of the evaluation, one group of
participants asked for the system to be installed permanently. In
addition, we identified several factors that affected how the Magic
Window was used, factors that should be considered in the design
and deployment of future systems.

Our work contributes both a novel arrangement of a media space
for co-present collaborators, and the first investigation into the
design issues that affect the use and acceptance of these systems.
In the following sections, we review prior work that underlies the
idea of the Magic Window, introduce the system itself, and then
discuss the longitudinal evaluation and the lessons learned from it.

2. RELATED WORK

The Magic Window and the idea of a co-present media space are
based on four foundations: research into informal awareness and
casual interaction; past work in media spaces for distributed
groups; research on privacy in video-mediated communication;
and the idea of situated and public displays.

2.1 Informal awareness, casual interaction
Informal awareness of a group is the general sense of who is
around, what they are doing, and who is available for

collaboration [14]. Informal awareness is ubiquitous in co-located
work environments [21,30], and is maintained as a side effect of
ordinary work activities: for example, by walking down a hallway
or working in the same space as others, people notice which
offices are occupied, who is talking to whom, and whether people
are busy or not. Kraut and colleagues [21] call this process
‘browsing the social environment.’

One of the main ways that informal awareness is used is in the
initiation of casual interaction and collaboration — unplanned and
informal interactions such as chance encounters in a hallway or
unplanned meetings in a person’s office [20]. The purpose,
duration, and degree of involvement in these episodes are not
known in advance, but are negotiated during the interaction [21];
however, they are usually short, and are much more frequent for
collaborators who are located close to one another.

Casual interaction supports the execution of work-related tasks,
coordination of group activity, and the build-up of community
among co-workers [14,21]. It also accounts for a large portion of
the work day. Whittaker et al. [30] found that 31% of work time
was spent in casual interaction and observed that the unplanned
interactions led to detailed task oriented discussions.

2.2 Awareness through video media spaces

The value of casual interaction and informal awareness for co-
located workers leads to the question of whether this value can be
provided to distributed groups as well. In an attempt to provide
these benefits over distance, several CSCW researchers have
investigated media spaces — video and audio-based virtual shared
spaces that provide awareness and allow communication between
people, sites, and workgroups [6].

Video has been used as the basis for several media spaces
[6,7,14,15,26]. The main motivation for using video is to provide
rich interactions in situations where face-to-face conversations are
difficult; video can also provide spontaneity of interaction,
support social interactions, and cope with complex and equivocal
communication [15].

There are three interaction metaphors that are evident in different
video media spaces: the telephone, the overview [7,14], and the
hallway [26,29]. The telephone model (i.e., video conferencing)
allows a caller to interrupt the recipient whenever the caller
wishes; this model requires the recipient to explicitly respond to a
call. This model ensures that confidentiality is not violated (since
no information is disclosed before the call is accepted), but the
caller can invade solitude by calling at inappropriate times.

The overview model (e.g., Polyscope [7], or Portholes [14]) helps
a user to gather awareness information about others through
periodically-updated multiple video images. In these systems,
users can determine an appropriate time to interact with others
without explicitly interrupting, and there is no need for explicit
action for a user to let others watch one’s image. Overviews can
provide awareness and build a sense of community among
distributed groups [14]. However, some people feel that
confidentiality is compromised, since images are broadcast
without any indication of who is watching.

The hallway model (e.g., Cruiser [15], OfficeWalker [26], or
Montage [29]) creates a virtual set of offices attached to a central
hallway. Systems based on the hallway metaphor allow ‘glancing’
at others — short-term video connections that show the caller
whether the recipient is available for interaction. Upon the
recipient’s acknowledgement, a full video and audio connection is



established; otherwise, the glance connection times out. In some
systems such as Cruiser [15], the glance feature was seen to be too
abrupt; later systems introduced subtler initiation procedures such
as fade-in video [29].

2.3 Privacy in awareness systems

Privacy is much discussed in HCI and CSCW literature, and there
are several possible definitions of the concept. In this paper, we
consider privacy to be the ability of an individual to control the
flow of information both away from and towards the self [1,9].

Confidentiality is control over information moving outward from
the self towards others. It is the ability to regulate what
information is disclosed, and to what extent, in different
situations. Two important points in confidentiality are information
fidelity and sensitivity. For instance, disclosure of high fidelity
information (such as high-quality video information) can increase
the chances of violating one’s confidentiality. Also, highly
sensitive information, such as credit card information, may need
to be more carefully controlled.

Solitude is control over information moving toward the self: that
is, one’s control over interactions requested by incoming
interruptions. Changes to the state of office windows and doors is
an example of how people currently control solitude.

Privacy has always been a major concern in awareness systems
because awareness provided by such systems can always include
privacy-sensitive information. Many video-based system users
have reported that video is highly invasive [15,24]. Boyle and
Greenberg [9] state that there is still a major requirement for
privacy control that is both fine-grained and lightweight in video-
mediated communications.

There are several ways that video systems can provide control
over outgoing and incoming information in video awareness
systems. These include explicit and implicit controls over
information, controls based on social groups, and control over
past and present information.

o On/off switches. A simple switch provides lightweight control
over all information moving through the system, and has been
seen as an important control by users [2,11,16,23]. However, an
on/off switch does not provide fine-grained control, and some
researchers report that users often forget to trigger the control
[3,16].

¢ Relationship-based and group-based control. Relationships can
be used to control both outgoing and incoming information,
since people often have different privacy preferences for
different people — e.g., spouses and co-workers often get more
information than acquaintances [13,22]. Organizing people into
groups can also reduce the user’s configuration load [28].

e Automatic determination of availability. Sensor-based systems
can automatically assess an occupant’s presence and
availability; the availability level can be shown to observers,
and can also be used to control incoming information [19,3].

e Control over what others see. In many video-based awareness
systems, image processing techniques have been used to protect
confidentiality. Techniques such as blur filters [23,24],
venetian-blind effects, or Eigenspace filters [11] alter the
fidelity or content of the live video such that the system shows
enough information for awareness of presence and activity, but
hides the details of identities and actions. In sensitive
environments, however, even these alterations may not enough
to adequately protect privacy [24].

e Reciprocity. Some systems protect against spying behaviour by
ensuring that information flows are always symmetrical — that
is, “I can see you only if you can see me” [7]. However, real-
world awareness gathering is often not balanced in this way,
and reciprocity can lead to increased interruption [9]. As a
result, allowing non-reciprocal actions, such as quick glances
without interruption, might be beneficial both for the observer
and the occupant.

o Visualization of past activity. Visualizing past activity (as seen
in the Work Rhythms system [2]) can provide useful
information about a person’s current and future activities and
availability. By examining such visualizations, one is able to
answer a question like “When is the person likely to be at the
office?” However, there are also clear confidentiality concerns
that are raised by the idea of collecting and visualizing
summaries of past awareness information.

2.4 Public and situated displays

The Magic Window is different from most media spaces in that it
is situated within a particular space (the boundary between the
office and the public area) in a co-present environment. Although
many types of display are situated in a co-present environment —
signs, notice boards, airport arrival and departure signs —
researchers have recently paid more attention to computer-
mediated versions of these displays that are designed for
interaction between co-located collaborators.

The situated nature of these displays critically changes the way
that they must be designed, and the way that they are used. As
O’Hara and colleagues [26] state,

The vast majority of understanding of display-based
interaction within the field of Human Computer Interaction
centres around interaction at a desktop PC display where an
individual is in a relatively bounded context in terms of
proximity to the displayed information and where the
interactions are typically a central focus of user attention. By
contrast, the value of situated display technology and
interactive signage is not dependent on it being constantly at
the focus of our attention. Rather, much of the time, this
information remains peripheral to our primary goals and
attention. But being situated in particular contexts and
locations, these displays move fluidly into focus at
appropriate points in our activity contexts.” ([26] p. 107).

There are still only a few examples of this type of system. One
main design approach is to provide a communication device for an
office occupant. For example, Hermes [10] and OutCast [25]
provide a way for occupants to provide calendar information,
notes, and personal greetings to observers or visitors in the public
area outside the office; in addition, these systems allow visitors to
leave messages for the occupant. A second type of situated
display involves advanced signage in a public space. For example,
the RoomWizard [27] is a display system for booking meeting
rooms in an organization. Unlike the Magic Window, these
systems are not based on video, and are not based on real-time
awareness information. That is, they are used in an explicit
fashion, where occupants or users explicitly choose what
messages or content to put into the display.

There are also few evaluations of situated displays, and due to the
situated nature of the system and the peripheral nature of their use,
these must often take the form of longer-term deployment and
observation studies. Two evaluations that have been carried out,
however, were of RoomWizard [27] and Hermes [10]. Issues



identified in these studies included the amount of user effort
required to use the systems, trust in the information, and the
impact of making information publicly visible. We return to these
findings below when we discuss results from our own evaluation
of the Magic Window.

3. The Magic Window

The Magic Window is a co-present media space designed to
support awareness between an office occupant and observers in
the public area outside the office (Figures 2,3,4). The system is
not intended to support conversation, but rather to support the
kinds of activities that people undertake at the doors and windows
of existing offices: checking to see if people are around, what they
are doing, and whether they are available for interaction.

The system has a two-way video link between the office and the
public area; through this link, observers can see the inside of the
office, and the occupant can see the public area. The system
makes use of two PCs, two web cameras, three LCD monitors, a
USB fingerprint reader, and a Phidget-based doorbell (see Figure
3). The main system was built in Java, with image capture and
processing in C++ and OpenCV; communication between
machines used Java RMI. A video of the system can be seen at
hci.usask.ca/publications/2007/magic-window.wmv.

Office
Camera

Public-area
Camera

Mirror

View
View of o
Public Area Doorbell Reader

Occupant

Office PC Observer

Figure 3. Main components of the Magic Window system

Figure 4. Magic Window from the public area (support office)

3.1 The system as seen from the public area
The main parts of the system that are visible from the public area
are the window into the office (showing either a current or past
view), the in/out display, the observer login, and the doorbell.

Window (current view). The ‘window’ is an always-on 17-inch
LCD monitor that faces the public area and that shows real-time
video of the office (from the ‘Office Camera’ in Figure 3) as long

as there is someone in the office. The fidelity of the video
(manipulated using a blur filter, see Figure 5) depends upon
whether an observer has logged on to the system, and who they
are. Between visitors, the window shows a default fidelity level
(set by the occupant, as described below).

Figure 5. Fidelity levels 10, 5, and 1 (using blur filter)

Window (past view). Whenever the occupant is away from the
office, the window displays a past view (Figure 6) that shows the
occupant’s presence history. This view shows a number of
snapshots from the last time the occupant was in the office, and
shows a presence timeline (based on the Work Rhythms display
[2]) compiled from previous samples. Again, the amount of detail
available in this view (fidelity, number of snapshots, and
granularity of presence timeline) is dependent upon who is
observing. From this view, an observer can draw conclusions
about the occupant’s activity and about the likelihood of their
returning, based on past patterns.
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Figure 6. Past activity view

In/Out display. This display is a simple indicator of presence that
is easy to see from a distance. The display uses the same motion
sensors as the window, and switches status whenever the occupant
enters or leaves the office (see Figure 4 right).

Observer login. In order to specialize the display based on
relationship, the system needs to know the identity of the
observer. Two mechanisms were tested: a face-recognition
algorithm using the OpenCV library, and a fingerprint reader (see
Figures 3 and 4). During early testing it was determined that the
face-recognition system was not robust enough for everyday use,
so the fingerprint reader was used for the duration of the study.
Once an observer has been registered by the office occupant, they
can log on by placing a finger on the reader; the window will then
change to show information at the fidelity level that is specific to
that person. In addition, the window also shows a picture-in-
picture of the observer, to show them what will be seen of them
by the occupant (Figure 4 bottom).



Doorbell. A button below the display allowed observers to signal
the occupant that they were interested in interacting (see Figure 4,
bottom). The button acted like a real-world doorbell, except that
the signal given to the occupant was also dependent upon the
identity of the visitor. The ring sound that was played inside the
office was dependent on the occupant’s relationship to the visitor:
for people who were in the occupant’s high-priority group, the
doorbell rang three times; for people who are unknown to the
system, or who have not logged on, the doorbell rang only once,
and much more quietly.

3.2 The system as seen from the office

Six parts of the system are seen or manipulated by the office
occupant: the window into the public area, the reflection view, the
relationship interface, visitor notifications, the privacy settings
interface, and the visitor record.

Window into the public area. This display (also on a 17-inch
LCD monitor) shows real-time full-fidelity video of the public
area (from the ‘Public-area Camera’ in Figure 3).

Mirror view. This display shows the occupant a full-size view of
exactly what observers will see from the public area (including the
fidelity level of the video).

Relationship interface. A custom system running on the
occupant’s PC allows observers to be registered with the system
and placed into groups, each of which can be associated with a
different fidelity level. This level indicates the quality of video
and the detail of the past view that the observer will see after
logging on to the system from the public area.

Visitor notifications. As an additional indication that people are
observing the office, a notification pops up on the occupant’s PC
when an observer logs on to the system from the public area.

Privacy settings interface. A set of controls, both manual and
automatic, allow the occupant to change their privacy settings to
match their current activity. First, a global solitude slider allowed
the occupant to display one of four availability messages on the
outside window (“I am available,” “I might be available,” “I
might not be available,” and “I am not available”). Second, a
global confidentiality slider adjusted all pre-set video fidelity
levels upwards or downwards. This allowed the occupant to adjust
the overall level of information disclosure based on their current
activity. Third, a telephone sensor automatically changed both the
solitude and confidentiality sliders (increasing both levels) while
the telephone handset was in use, and displayed a special message
(“I am on the telephone”) on the outside window. Finally, a global
on/off switch allowed the occupant to quickly turn off all outgoing
information.

Visitor record. To show office occupants who visited them while
they were away, the system keeps a visitor log that records names
and login times.

4. Evaluation of the Magic Window

We carried out a fifteen-month evaluation of the Magic Window,
in two office environments. Our goals were both to determine
whether the system was able to provide a better balance between
privacy protection and awareness for observers (than ordinary
doors), and to determine what factors in day-to-day operation
affected the use and adoption of the window.

We designed our evaluation in a way similar to that of an earlier
long-term evaluation of the Hermes display system [10], which
both tested the technology on the research group themselves, and

which allowed the users to participate in the evolution of the
system that occurred during the trial period.

Therefore, one of the office settings that we tested was a faculty
office inside our own research lab, and we were regular users of
the system. To provide a second set of data that did not include
our own opinions, however, we also deployed the system in a
second office with which we had no connection.

4.1 Office environments

The Magic Window was deployed in two office settings — a
faculty office in a research lab (Figure 7), and a university tech-
support office (Figure 8). In the first setting, the occupant was a
professor in the HCI lab (and is an author of this paper). The
observers in the public area, in order of frequency, included
graduate and undergraduate students, other faculty, and
departmental staff. There were approximately 15 visitors per day
to the faculty office (about 30% of these are regular visitors); in
addition, the occupant leaves the office (and the lab) 10-15 times
per day to carry out various tasks and attend other meetings.

Main ntrance

Public-area Camera

Figure 7. Layout of the academic office setting.

The second office was not connected with our research group, and
was also different in that it involved two occupants. These were
staff members responsible for maintaining computers in the
undergraduate labs. The office is located on a main hallway in the
undergraduate section of the building, and the hallway was the
public area in which the Magic Window was installed. The
observers in this setting included the same groups as listed above,
but visits by other staff and undergraduate students were the most
frequent. The occupants had, on average, eight to ten visitors on a
daily basis, 10-20% of whom were regular visitors. The occupants
also left their office regularly (5-10 times/day).

j:upant 1 Occupﬁ

Office Camera
Public-area view\ﬁ %Mirror View \

Hallway

Public-area Camera

Magic Window
Figure 8. Layout of the tech-support office setting.



The system was deployed in these two offices at different times.
The evaluation began with the academic lab (five months, October
to February, during a typical academic year), and then continued
with only the tech-support office (ten months, April 2005 to
January 2006).

4.2 Data collection

Data was collected in several ways during the trial. First,
observations continued throughout the entire trial period; some of
these observation sessions were dedicated sessions where the
experimenter would sit in one of the settings and watch what
happened over a morning or an afternoon; other observations were
collected informally during everyday activities.

Second, several people were interviewed during the trial,
including the three occupants, six other users in the faculty-office
setting, and five other users in the tech-support setting. Open-
ended interviews were conducted with occupants five times
during the trial (two in the faculty-office setting, three in the tech-
support setting); questions involved usage patterns, basic usability
issues, effectiveness of the system, and privacy issues.

Third, more focused interviews were carried out with various
users in both settings to evaluate the usability of different displays
in the system, as these evolved through the trial period. For
example, we changed the past-activity view twice during the trial
to improve its usability, and interviews were carried out for each
of these new designs.

5. Results

We first outline the basic usage of the system, then discuss the
overall success of the system in the two settings, and then move
on to the set of issues that affected the way that the system was
used during the trial.

5.1 Usage of the system

The system was clearly used regularly throughout the trial period
in both office settings. Through observation and discussions with
the occupants, we estimated the number of times observers logged
on to the system, and recorded the number of registrations and
groups in both settings. However, these numbers do not reflect all
of the uses of the window; as a peripheral display that was always
on and always visible in the space, it is difficult to determine
exact usage. From our discussions with users, it is clear that all of
the people who worked in these two settings at least noticed the
window and looked at it regularly as they moved through the
space. This means that people picked up some information simply
as a side effect of proximity, as has been observed with other
situated and public displays (e.g., [26]).

5.1.1 Usage in the faculty office / research lab

For the faculty office setting, there were 14 people registered over
the five month trial, and these people were organized into three
groups (the faculty member’s own graduate students, other
students, and other faculty and staff) in addition to the default
setting.

There were approximately 12 logins per week in the faculty office
setting. This number is fairly low compared with the
approximately 15 visits per day reported by the occupant. There
are several reasons for these low usage numbers, as discussed in
the following sections. However, there were many instances of the
system being used without anyone logging in; several of the
members of the research lab outside the office stated that they
looked at the window regularly, even if they did not log in.

5.1.2 Usage in the tech-support office

For the tech-support office setting, there were eight people
registered in the system (seven co-workers, and one
undergraduate who was a regular visitor). These people were
organized into two groups (the co-workers in one group, the
undergraduate student in another) in addition to the default
settings.

There were approximately 19 logins per week during peak use
(late academic term). Again, there were considerably more
visitors per week that used the window; we regularly saw visitors
walk up to the window or check the in/out indicator, and then
walk away again without logging on to the system. The occupants
estimated that most of the 8-10 visitors per day would at least
glance at the window.

5.1.3 Usage of different system features

The present view (e.g., Figures 2 and 4) was the main way that the
Magic Window was used in both office settings. People checked
the window, both in the default view and after logging in, to get a
sense of what was going on inside the office, and whether the
occupant was available. Although some users felt that the quality
of the present view was too low to determine the specifics of the
occupant’s activities (see Section 5.3.4), most of the people who
used the window felt that they could get what they needed from
the video image. In addition, it was clear that the present view
provided more information than a frosted-glass window or a
window with blinds drawn.

The past view (Figure 6) was also used regularly, and was noted
by users as the main feature that improved upon a regular glass
window. All three main areas of the past view were identified as
useful: first, the indication of how long the occupant had been
away, which gave observers an idea of whether the occupant was
nearby; second, the snapshots from the last time the occupant was
in, which showed some users with whom the occupant had left the
office; and third, the activity display, which gave observers at
least some information about whether the occupant was likely to
return to the office. Users stated that the past view could be
improved to show a variety of other information, such as the
occupant’s current calendar entry, but in general, this feature of
the system was seen as the most valuable for the observer.

The system settings features of the Magic Window (the privacy
controls, the relationship and group interface, and the past visitor
list) were not used extensively by the three occupants. In
particular, the occupants set up their groups at the beginning of
the trial, and rarely changed them afterwards (usually only to add
a new registered user). In addition, two occupants reported that
they sometimes forgot to change the global privacy settings,
which has also been seen in prior research [3,16].

Finally, the doorbell feature was used frequently in the tech-
support setting (it was not installed in the academic office setting).
We did not record total use of the doorbell, but the occupants
estimated that 80-90 per cent of visitors pressed the bell rather
than knocking on the door.

5.2 Overall success

It was clear from interviews with the three occupants that the
Magic Window provided better control over privacy (both
confidentiality and solitude) than with either a translucent glass
window or with a partly-open door. All three occupants stated that
their overall level of confidentiality was higher than it was
without the Magic Window, and all three agreed that they could



use the system effectively. The best indication of the system’s
success is in the response of the two tech-support occupants, who
asked that the system remain installed after the trial was finished —
it has now been deployed for more than two years, and will
remain in place permanently.

There was, however, a considerable difference in the overall
success of the Magic Window between the faculty office and the
tech-support office, as we describe in the next section.

5.3 Factors affecting use of the window

From our observations and our own use of the Magic Window, we
have identified a set of situational and social issues that affected
the way in which the window was used and the window’s
effectiveness in mediating awareness and interaction. These issues
include the existence of alternate information sources, confusion
with existing social norms, a discrepancy between effort and need,
problems caused by the quality of information in the system,
remaining privacy issues for both occupants and observers, and
the overall reduction in interactional subtlety that was caused by
the window.

5.3.1 Multiple information sources
The existence of other sources of information (e.g., an open
doorway) changed the way that the Magic Window was used.

Awareness information may be available from more than one
place in an office environment, and these different sources may
provide different levels of quality and may require different levels
of effort. In these cases, people use the information source that
best fits their current needs. In the faculty-office setting, we saw
two situations in which observers in the public area gathered
information through alternate means

Coming and Going. The layout of the lab around the office meant
that several people in the public area were able to maintain
awareness of the occupant without using the window. The
occupant’s office is located inside the lab, and he had to walk
through the lab whenever leaving or entering the office. As a
result, people in the lab could easily track the occupant’s
presence, and did not have to use the window to determine if the
occupant was in or out. For example, one student whose desk was
in the lab stated that he almost never used the window for this
reason, because he always knew when the occupant was in. We
saw that people from outside the lab were much more likely to use
the Magic Window to check presence. For example, another
faculty member whose office is down the hall often checked the
Magic Window to see if the occupant had been in that day.

The Office Door. At the start of the trial in the faculty-office
setting, the occupant generally kept his office door partly open,
and as a result, awareness information became available through
two sources: the Magic Window, and the open door. When the
door was open, observers in the public area often looked through
the doorway, and bypassed the window altogether. The open door
allowed people to use a conventional mechanisms to obtain
awareness, and they often chose this source rather than the
window. There are three possible reasons why people chose the
open door rather than the Magic Window. First, the doorway
required much less effort than the window (i.e., no log-on
required). Second, the doorway often provided higher-quality
information (a clear picture instead of blurry video). Third, the
practice of looking through the doorway was already standard
practice, and observers were already familiar with this means for
gathering information.

In contrast, this issue did not arise in tech-support office setting,
since the layout of the space does not lead to multiple information
sources. The public area outside the tech-support office is a
hallway rather than a lab, and since no observers are permanent
residents of the hallway, there was much less opportunity for
people to track comings and goings. Second, the tech-support
office door was regularly kept closed (to reduce both noise and
interruption), and so there were no low-cost or high-quality
alternate sources of awareness information.

5.3.2 Confusion with existing social horms
Altering strong social practices (such as door state) as a way
to push interaction towards the window led to confusion.

Prior to the Magic Window, the door in the faculty office would
typically be left open about halfway (see Figure 2), which
prevented casual observers from seeing the occupant at his desk,
but still left the door open. The occupant stated that he liked
keeping an ‘open-door policy’ for the other members of the lab,
and that the half-open door provided a reasonable balance
between privacy protection and an invitation to interact.

After the Magic Window was deployed, the ‘multiple information
sources’ issue was identified as a reason for reduced use of the
window (see above). As an experiment to try and force observers
to use the window for awareness instead of the alternate
information paths, the occupant attempted to keep his door closed.

The strong signal of the closed door, however, went too far
towards suggesting that the occupant was never available, even if
the window showed different information. Interviews with lab
members indicated that they were more reluctant to interrupt the
occupant because of the closed door. The perception was strong
enough in the lab that the occupant put a sign on the door stating
that “a closed door does not mean I’'m unavailable — please check
the window.”

In contrast, this issue did not cause a problem in the tech-support
setting, primarily because door state was not a primary indicator
of availability. The tech-support office door opened onto a public
hallway, and was kept closed more regularly even before the trial,
in order to reduce interruptions and noise from the hallway.

5.3.3 Disparity between effort and need
A mismatch between the amount of effort people had to expend
and the amount of information they received, reduced the use
of the window.

People have differing needs to stay aware of an office occupant: if
they absolutely must talk with the occupant by the end of the day,
they are likely to have a high need for maintaining awareness (so
that they can catch the person at the earliest opportunity). In
contrast, if they are only casually interested in the presence and
availability of the occupant, they have a low need — at this low
end of this scale, the need to interact is entirely discretionary.

These differing levels of need define implicit thresholds of effort
that people are willing to expend to gather the awareness
information: a high level of need implies that people will go to
more trouble to gather the information, whereas discretionary or
casual awareness must be obtainable for very little effort.

We found that for several kinds of awareness gathering, the Magic
Window required a higher level of effort than people were willing
to expend. The main problem in this regard was the log-on
procedure: to log on to the system, observers in the public area
had to walk up to the window, place a finger on the fingerprint



reader, and wait approximately three seconds before the screen
changed to show additional information.

Walking over to the window was the major problem, particularly
when there was not a strong need to maintain awareness. For
example, one observer in the faculty-office setting stated that he
often checked the occupant’s presence (prior to the trial) by
looking at the state of the door and lights in the office. With the
Magic Window, however, he could not determine presence at a
distance, and was not willing to make the effort to walk up to the
window, merely to check if the occupant was in the office. (As a
result of this experience, we enlarged the In/Out display so that it
could be seen at a much greater distance.)

This issue has also been identified by O’Hara and colleagues [27],
who state that situated displays should design for “different spatial
zones of interaction around the device.” For their RoomWizard
display, for example, status lights allowed information-gathering
from a distance: “while people are walking about, simple binary
judgments can be made quickly with minimal cognitive effort [...]
without need for more detailed analysis of the booking
information on the display” ([27] p. 114).

Although some steps can be taken to reduce effort, and to provide
information that is appropriate to the different zones of
interaction, one problem remains — that of being able to provide
individualized information to the specific observer but without
requiring undue effort. The fingerprint reader was not simply an
information switch, but was an identification process so that the
window could provide information tailored to the individual.
Unfortunately, it is difficult to assess identity at a distance (even
with other technologies such as face recognition), which makes it
difficult to specialize the display of awareness information.

5.3.4 Quality of information
Low quality of awareness information affected the ways the
system was used by both the viewers and the occupant.

Quality of awareness information may be defined in terms of three
dimensions: fidelity (how closely the received information
resembles the original source), granularity (how detailed the
information is), and richness (the number of different kinds of
information available). The evaluation showed that the use of the
Magic Window differed from what we expected because of
information quality issues.

First, for those people who had the highest privileges, the best
video that the system could show was still far lower quality (in
size, field of view, resolution, and frame rate) than a glass
window. Our cameras had only 45 degrees of view angle, and
used a frame rate of 15 FPS and a resolution of 240 by 320.
Several users mentioned that they would have liked a much higher
quality view, and that they would have been able to better judge
availability with a better view. In addition, we did not consider
auditory awareness at all in the system, and some users stated that
it was difficult to determine availability from the video alone
(e.g., in situations where the occupant was wearing a headset, and
could be involved in a conversation). Some of these quality issues
will be addressed by better hardware and the addition of audio
support, but video windows are still unlikely to reach the quality
of a glass window or a partially-open door.

Second, the quality of the default view was too low for most
observers. Although the default levels were set by the occupants,
several observers stated that they were unable to gather much
awareness information from the window at all. It is worth noting

that over time, the occupants of both offices raised the default
level of quality (by making the video less blurry), perhaps
agreeing with these concerns. As discussed above, there was also
no way to differentiate high- and low-priority observers from a
distance, and the low-quality default view frustrated some high-
priority observers in the faculty office setting.

Third, the quality of awareness information about the public space
proved to be insufficient for the occupant in the faculty office
setting. We had not really considered the needs of the occupant to
stay aware of the public area, and in this setting the Magic
Window did not provide enough information. In particular, the
narrow angle of view, and the lack of auditory information made
it difficult for the faculty member to determine who was in the
lab, and a general sense of awareness about people’s activities.
This need for rich informal awareness was another reason that the
occupant kept the office door partially open.

Fourth, there were problems with the accuracy of the In/Out
display that led to reduced trust in that part of the system. For
various technical reasons, the sensors that assessed the occupant’s
presence (video tracking and motion sensors) could occasionally
be wrong, and also took up to a minute to recognize a change in
state. Observers in the tech-support office stated that this was a
major problem, since all of the other information gathered from
the window is interpreted in terms of the presence display. It was
clear that trust in sensed information is brittle; after a few
experiences with an incorrect display, several users stated that
they stopped believing the In/Out view.

5.3.5 Privacy for the observers
Observers in the public area felt that their privacy as
occupants and awareness seekers was compromised.

One unexpected finding of the study was that some of the
observers in the public area were concerned about their privacy —
essentially, they had many of the same attitudes as ‘occupants of
the public area’ as the office occupant. There were two ways in
which this issue came up. First, observers did not like the fact that
full-fidelity video images of them were being taken as they
walked up to the Magic Window, particularly given that the video
images that they were looking at were highly blurred. This
seemed to several users like an unfair imbalance, which would not
have occurred with a regular window or doorway (e.g., both
parties’ views are partially obscured by a translucent window or a
half-closed door).

Second, some observers did not like the fact that they were unable
to gather any detailed awareness information without this activity
being made obvious to the occupant. These users were quick to
state that they were not interested in being able to spy on the
occupant, but rather that there were situations where their interest
was only in determining the occupant’s availability, not in starting
an interaction. The Magic Window showed the identity of the
current visitor as soon as they had logged in, and this in some
cases led to the occupant saying hello or making a remark to the
visitor. In one case, after being greeted by the occupant, the visitor
said “Oh, nothing, I was just checking to see if you were in.”

This issue suggests that there are reasons to allow less-obvious
information-gathering activities — primarily because they protect
the occupant from interruption. A half-open office door allows
people to tailor the degree to which their information-gathering
activities are public (e.g., to peer in without attracting much
attention), whereas the Magic Window provided only a single
mechanism that was much less flexible. Although this ensured



that the occupant was never spied upon, this knowledge came at
the cost of more frequent interruptions.

5.3.6 Privacy for the occupants
Minor issues of confidentiality and solitude caused minor
concerns, although these did not greatly affect use.

Although for the most part the occupants were satisfied with the
privacy controls in the Magic Window — and as discussed above,
better control over confidentiality was seen as one of the major
advantages of the system — a few issues were still recorded. First,
the faculty-office occupant stated that he was concerned with the
snapshots in the past view display (see Figure 6). These were
shown at full fidelity, and the occupant was concerned that these
longer-term pictures could be embarrassing or unflattering. We
updated the system to allow these snapshots to be shown at a
specific fidelity level, and this seemed to be a reasonable solution
for the occupant.

Second, one of the occupants in the tech-support office stated that
the automatic sensing of presence actually reduced his ability to
control solitude. Prior to the installation of the window, the
occupant had been able to appear to be away, by turning out the
overhead light and closing the office door. With the window in
place, however, the In/Out display would sense and display his
presence. The occupant stated that he was reluctant to turn off the
entire system, because he still wanted to be available. This shows
that people’s willingness to share even the most basic information
is subject to context, and also that automatic sensing solutions
may sometimes interfere with existing practices for maintaining
solitude.

5.3.7 Reduced subtlety in negotiating interaction

An issue that underlies several of the other factors discussed
above is that the Magic Window seemed to reduce the richness
and subtlety with which people could organize both their
information-seeking  behaviour and their negotiation of
interaction.

On the awareness side, the issue discussed above shows the
problem: that the Magic Window did not support some of the
subtle ways that people go about gathering awareness — instead,
they were forced to make it an explicit act.

On the initiation-of-interaction side, we also noticed that the
Window’s simple mechanisms (like the doorbell) prevented any
kind of subtle negotiation about whether it was a good time to
interrupt or whether the visitor should wait for a few minutes.
Instead, the window made interactions both narrower and more
explicit, which may force interaction down a more formal path (as
is the case with real-world visitors ringing real-world doorbells).

It is certainly possible to add in greater subtlety to a co-present
media space. It should be possible to give observers more control
over the visibility of their information-gathering activities, and
allow them to use this visibility as an opening in the negotiation of
interaction (since showing interest in someone is often a precursor
to starting an interaction).

6. Discussion

Here we consider lessons that can be provided to designers of co-
present media space systems, and address the issue of where
systems like the Magic Window will be most successful.

6.1 Lessons for designers
The primary lesson from our experience with the Magic Window
is that co-present media space systems can provide increased

control over both confidentiality and solitude, and have been

shown to work successfully over a long term. However, there are

many design issues that require careful consideration from
designers of future systems. The following list gives the lessons
that we believe designers should take away from our evaluation:

e Systems should provide different awareness information at
different distances, and should ensure that the information is
appropriate to the distance.

e The amount of effort to gather information should be matched
to quality of information and information need; in particular,
there should be some very low-cost ways of gathering
information (e.g., presence) at a distance.

¢ Relationship-based tailoring of information is a powerful means
for controlling privacy; however, this approach requires low-
effort identification of observers, which is difficult to achieve at
a distance.

e Designers should consider the privacy rights of people in the
public area as well as the office occupant, particularly in terms
of video fidelity and how images get stored over time.

e Designers should use video and computing hardware that
increase the quality of awareness information presented to high-
priority observers.

e Trust in sensed information (e.g., infout status) is brittle;
automatic decisions must be accurate and reliable, or observers
will stop using the information.

e Multiple levels of awareness, and multiple mechanisms for
obtaining that awareness, will be necessary to support subtle
interactions from the public area. However, a media space is
unlikely to ever be as rich as a traditional office boundary;
therefore, there will be some loss of subtlety in the ways that
people can gather awareness and negotiate interaction

6.2 Where does the window work best?

The two office settings that we studied — the academic lab and the
tech-support office — resulted in different overall rates of adoption
and degree of use. The tech-support setting was a more successful
environment for the Magic Window (evidenced by the desire to
keep the system in place). There are several characteristics of this
setting that we believe can be generalized, and that indicate other
situations where co-present media spaces can be successful.

e A more public area outside the office. The public area outside
the tech-support office was fully public, unlike the semi-public
research lab in the faculty-office setting. This difference meant
that people spent less time in close proximity to the tech-
support office, and were therefore less able to gather awareness
information from comings and goings. This meant that the
Magic Window was more likely to provide valuable
information to a visitor.

o Office doors likely to be closed. The tech-support office door
was often closed for reasons other than availability (e.g., noise).
Therefore, there was less of a problem for the Magic Window
with existing social norms, and also removed another alternate
information source.

e More formal interaction styles. Visitors to the tech-support
office already use a more formal style of interaction than in the
academic lab — people are more likely to knock, and many
visitors (e.g., undergraduate students) do not know the
occupants well, if at all. In these cases, the reduced subtlety of
the Magic Window was not as much of a problem, and the
built-in interaction mechanisms work reasonably well.



7. Conclusions and Future Work

The Magic Window is an example of a co-present media space, a
system that attempts to provide better control over privacy for an
office occupant. To see how co-present media spaces would work
in real world settings, we studied the Magic Window in two office
settings. From observations gathered over fifteen months, it is
clear that these systems can successfully balance the occupant’s
need for privacy and the observers’ need for awareness. There are
several social, environmental, and interactional issues that affect
the use and the success of these systems, but the end result of our
evaluation is that systems like the Magic Window can be very
successful in some office environments.

We will continue our investigations of co-present media spaces in
several ways. First, we will continue our observations of the
Magic Window system in the tech-support setting, since it will
remain in operation. Second, we will experiment with ways to add
more levels of awareness information to the system, to increase
the subtlety that is possible. Third, we will consider the design of
an ‘open door mode’, where the window could be used as an
adjunct to a second information source. Fourth, we plan several
technical refinements to enable higher-quality video and an
experience that is more like a real window — for example, multiple
cameras and position tracking to allow ‘directional looking’
through the window.
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