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ABSTRACT

A lot of the communication at the workplace - via the phone as well
as face-to-face - occurs in inappropriate contexts, disturbing meet-
ings and conversations, invading personal and corporate privacy,
and more broadly breaking social norms. This is because both,
callers and visitors in front of closed office doors, face the same
problem: they can only guess the other person’s current availability
for a conversation.

We present a context-aware Virtual Secretary designed to facilitate
more socially appropriate communication at the workplace. This
service aims towards understanding a person’s activity in smart of-
fices, and passes on important contextual information to callers and
visitors in order to facilitate more informed human decisions about
how and when to initiate contact.

We have deployed this Virtual Secretary in the office of a senior
researcher, mediating all his actual phone calls and in-person meet-
ings for several weeks. With the Virtual Secretary active, the num-
ber of inappropriate workplace interruptions could be significantly
reduced.

Categories and Subject Descriptors

H.5.2 [Information Interfaces and Presentation (e.g., HCI)]:
User Interfaces[User-centered design]

General Terms

Design, Experimentation, Human Factors

Keywords

Computer-mediated communication, Context-awareness, Interrupt-
ibility, Availability, Virtual Secretary, Smart space, Workplace, Field
experiment

1. INTRODUCTION

As a mode of interactive information exchange, the phone is still
unparalleled. As a way to initiate contact, however, it leaves much
room for improvement. In particular the mobile phone has fun-
damentally changed our basic mechanics of social life by making
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communication possible irrespective of context. Poorly timed calls
can disrupt social norms and break the flow of concentration. Turn-
ing the phone off to avoid undesirable calls at the same time poses
the risk of missing an important one. A risk that is increasingly
culturally problematic.

The problem is that callers place phone calls when convenient for
them, but they know little to nothing about the receiver’s situation.
Such phone communications that occur in inappropriate contexts
result in potentially disturbing others in close proximity and break
the flow of concentration [5]. They can as well lead to invading
personal and corporate privacy, and more broadly breaking social
norms [20, 22]. It is perhaps for this reason that in situations where
established social protocols matter most, such as at the workplace,
it is also most difficult to take advantage of this ubiquitous tech-
nology. For example, previous research found that at most half of
all workplace phone calls lead to an immediate conversation, the
others fail to reach intended recipients [6, 30].

This paper will discuss a context-aware system that acts similar to
a virtual secretary that knows a person’s availability and negotiates
with the caller on the receiver’s behalf, trying to reduce call man-
agement loads for both caller and receiver and ultimately free users
from inappropriate interruptions.

Deploying a context-aware Virtual Secretary required an instru-
mented environment - able to sense situations, recognize people
and track activities. Employing the Virtual Secretary in a "smart
office”" environment was motivated by this need, as well as the re-
alization that people in front of closed office doors face the same
problems as callers: they can only guess whether the other party’s
context is convenient for communication.

One might assume that a closed door suggests that the person does
not want to be interrupted, just as an open door suggests availability
and less concern about privacy. However, in many locations, office
doors are closed because of outside noise, e.g. after lectures when
many students linger to chat in the hallway. More generally, it has
been shown that simple physical artifacts such as open office doors
are indeed used to regulate interaction, but that there are no fixed
social norms [19].

Systems that make use of contextual information to actively inter-
vene, such as our Virtual Secretary, must choose to what extent to
place decision-making responsibilities with the technology, or with
the humans. We will argue that availability for communication is
extremely complex and hard to predict. Even if we had perfect
sensors, human common sense is still a quality that Erickson has
described as (at best) awfully hard to implement” [9]. Our Virtual
Secretary therefore relied on passing on relevant contextual infor-
mation about the receiver’s situation to callers and visitors, to help
them take more informed decisions on how and when to initiate
contact.



2. RELATED WORK

There has been a significant amount of effort placed on adding
context to phone communication. Schilit et al have suggested a
two-dimensional space for classifying such applications, based on
a distinction between the "communication action" and "context ac-
quisition" from user-driven to system-driven [26]: context can be
entered manually, or sensed automatically, and the communication
act can be achieved manually by the user, or autonomously by an
agent. Such contextually appropriate communication technologies
are articulated predominately in research on interruptibility and
awareness.

2.1 Interruptibility

Interruptibility research focuses primarily on decreasing untimely
interruptions by developing systems that manage trade-offs between
the relative cost of interruption and the potential benefit of infor-
mation delivered. Researchers have put extended efforts into auto-
matically predicting people’s in-the-moment interruptibility. Sys-
tems range from rule-based and user-driven [18] to sensor-based
and system-driven [10] solutions. These systems appear across a
variety of contexts ranging from the office [16] to the home [23]
and to the mobile user [1, 12, 13].

For example, Horvitz et al. have examined models based on calen-
dar information, PC activity and audio and video data [15]. Foga-
rty and Hudson et al. have studied an office environment, and in-
troduced an interruptibility model incorporating the activity of the
user, emotional state, and social engagement. They used built-in
laptop microphones, motion sensors and computer activity infor-
mation to learn interruptibility with statistical methods [10, 11].
Ho and Intille [13] have presented a sensor-enabled mobile device,
that uses wireless accelerometers to detect transitions between ac-
tivities, and argue that delivering messages when the user is in tran-
sition between two physical activities (e.g. sitting to walking) is
perceived more positively. Hinckley and Horvitz [12] have built
sensors into a mobile computing device. They used an accelerom-
eter to measure tilt, a touch sensor to detect whether the user was
holding the device and an infrared proximity sensor.

2.2 Awareness

Awareness - "an understanding of the activities of others which
provide a context of your own activity" [7] - research constructs a
person’s availability for communication primarily in social terms.
Researchers focus on the fundamental problem posed by technolo-
gies that offer none of the contextual cues that are generally part
of face-to-face interactions. The goal is to create systems that al-
low the same richness and variety of interaction as face-to-face in-
teractions, with distance no longer being an issue. Producing an
environment which is as close as possible to “being there”.

Hollan and Stornetta argue that systems must go “beyond being
there”, and provide evidence that some mediated forms of commu-
nication have much to offer to human-human interaction in ways
that face-to-face communication never could [14]. Brown and Ran-
dell [3], in their essay on context sensitive telephony, discussed the
possibility of an automated agent that blocks calls on the behalf of
users. They concluded that a better solution would be to provide
context information to the caller to help the caller make a more in-
formed decision about whether or not to initiate contact. A number
of mobile awareness systems align well with this approach. Peo-
ple can share their context and see others’ location and availability
status with an interface similar to today’s instant messaging buddy
lists. Examples are "Context Phone" [25], "Awarenex" [29], "Live
Addressbook" [21], "Calls.calm" [24].

In all of these systems, users must either manually update their
availability state or context information is inferred automatically
from sources such as login time, personal calendars, messenger sta-
tus, idle time of computer input devices, and engagement in com-
munication activities.

3. OVERVIEW & OUTLINE

In this paper, we will present a system that broadly follows the
awareness approach: pass on relevant contextual cues to let the
caller make a more informed decision about how and when to ini-
tiate contact.

However, we believe that user-driven context acquisition, such as
manually updating a presence status, requires the kind of manage-
ment that is so cumbersome as to be ignored completely by most
users. Pre-planned information, such as from personal calendars,
can be an unreliable source of information. This is why our system
used perception technologies to detect the in-the-moment situation
in smart offices. While this approach required an instrumented en-
vironment, and technology able to sense activity and situations, it
is a much more reliable and less intrusive source of information
for in-the-moment judgments, such as whether or not to initiate a
phone call.

This paper will first introduce perception technologies that were
installed in smart offices, and then describe how a context-aware
Virtual Secretary mediated both phone and in-person interactions
at the workplace.

Next, we will report results from deploying this Virtual Secretary
in the office of a senior researcher, mediating all his actual phone
calls and in-person office meetings over a period of several weeks.
Through a controlled experiment we tried to empirically find out
whether this Virtual Secretary could actually help to reduce inap-
propriate and untimely interruptions, e.g. during meetings or phone
conversations.

4. PERCEPTION IN SMART OFFICES

Detecting situated contextual knowledge required an instrumented
environment - able to sense situations, recognize people and track
activities. This Section will introduce perception technologies that
were installed in three smart offices in our research lab.

4.1 Detecting Office Activity

Detecting activities could imply tracking all users in the office,
characterizing their interactions, analyzing their speech, and any
number of other complex perceptual procedures. We have previ-
ously presented a system that used a multi-level Hidden Markov
Model to recognize a number of typical office activities, such as
paperwork, discussion, meeting, etc [31]. For this system, offices
were equipped with cameras and omni-directional microphones.
Since the system so far requires offline processing, we have de-
veloped a simpler vision-based version that worked in an online
fashion.

The cameras installed in each smart office were used to detect ac-
tivity in special regions of interest - around the work desk, by the
door, or where visitors usually sit. Activity detection is done by
adaptive background modeling using Gaussian mixture densities,
as described in [27]. It is assumed that most of the foreground
segments are caused by moving people, with adaptation making
sure that displaced objects such as chairs or notebooks are slowly
integrated into the background. If a certain amount of activity is
observed over a fixed period of time, the presence of a person is
hypothesized. Parameters to control background adaptation and
sensitivity of the different regions were adjusted by hand for each



Figure 1: Camera snap shots of two of the smart offices with
occupants present.

X Group default

Figure 2: Camera snap shots of a third office in different meet-
ing situations.

office. Figure 1 shows the camera views of two smart offices, with
the office occupants present. A red bounding box indicates that ac-
tivity was detected in the region of interest. Figure 2 shows camera
snap shots of meeting situations in the single desk office of a senior
researcher.

This rather simple but robust system could reliably run 24/7, and
was used to detect basic social situations: whether the office was
empty, if the occupant was alone, or in a face-to-face meeting with
others (see Section 4.3). It turned out to be most difficult to detect
meetings situations, as our system required the visitor(s) to remain
in “meeting areas”, by the door or around the meeting table. The
system could for example not correctly recognize a meeting when
the visitor stood to close to the office occupant, e.g. right by the
work desk. We are currently working on technology that can actu-
ally track and distinguish single people [2], which is a much harder
computer-vision task.

4.2 Detecting and Identifying People

In order to detect and identify people in front of the office door, a
small webcam was installed just outside of the smart offices. This
webcam sat on the screen that greeted visitors in front of our smart
offices, and can be seen in the picture in Figure 6. The face recogni-
tion system used a local appearance-based algorithm that extracted
features using discrete cosine transform, and is described in more
detail in [8]. To be able to also distinguish unknown persons, it
was necessary to enhance this system to open-set face recognition.
We therefore extended it to accurately identify all members of our
research lab, approximately 15 persons, and distinguish them from
unknown persons, using Support Vector Machines [28].

The system worked very robustly, and could handle varying illu-
minations and face sizes, as can be seen in Figure 3. A standalone
evaluation of the face recognition system with five known and 20
unknown persons reported 87.2% accuracy on a per-frame basis,
and as high as 99.5% accuracy when accumulating frames over
time [28].

(a) Artificial light, (b) Artificial light, (c) Daylight, brighter  (d) Daylight, darker
far away motion blur

Figure 3: An open-set face recognition system could recognize
everyone in our lab (approx. 15 persons) and distinguish them
from unknown persons.

3t dogy,
LR on L
/7 activity visitor regi
i/ & visitor atdoon .. ‘
H ;( itor at 4007 |
. activity visitor regi_?E\_ off Dl
meeting  WETTTRAGIARASIISERS Can
with x | :

L call | |

ends;

region off

i ll'ca" jvity visitor )
call “en ds activity i
starts 5 ‘\ ____________________ on phone T8
N on phone .
Re during meeting A
with x activity visitor region on
(& visitor at door)

Figure 4: Finite state machine illustrates office activities and
possible transitions between them.

4.3 Modeling Office Activity

We will now describe how observations from perception technolo-
gies were used to model the current office situation. Detecting ac-
tivity in specific regions of interest was used to infer the current
social situation: whether the person was currently present and if
the person was alone or in a meeting situation. In case a person
was recognized at the office door shortly before the start of a meet-
ing, the system hypothesized that the meeting would be with this
person. Moreover, since all calls were mediated by the Virtual Sec-
retary (as will be discussed in Section 5.1), the system additionally
knew when the office occupant was speaking on the phone.

With that knowledge, a rule-based system was used to determine
the most likely office state. Possible transitions between office
states are illustrated in Figure 4. A smoothing function managed
transitions between office states. This was necessary in order to
deal with unreliable information from perception technologies. Of-
fice states were assigned confidence measures. Confidence mea-
sures increased over time to prevent transitions to unreliable states.
Allowing too easy transitions could cause the system to observe
state changes when in reality there were none (false positives), such
as changes in lighting conditions, which caused the entire back-
ground to adapt. However, when transitions were too difficult, the
system could fail to observe a new state, such as quickly leaving
the office to get a cup of coffee.

4.4 Evaluation

We evaluated the performance of the perception technology that
tracked activity in one of the smart offices in our research lab,
to decide whether the current situation was “empty”, “alone”, or
“meeting”. This was the office of a senior researcher who was very
frequently occupied by meetings. An automated script recorded

the current office situation as detected by our system. Simultane-



Table 1: Recognition results of the office activity detector.

Description Recognition False Percentage
rate positive rate of data
Office empty 90.78% 13.5% 54.7%
Alone 91.1% 4.4% 33.7%
Meeting 88.0% 22.2% 11.4%

ously, a snap shot of the camera image was taken, so that a human
judge could afterwards easily assess whether the situation had been
classified correctly.

Probes were collected every 10 minutes from approximately 8am
to 6pm for 8 consecutive days. A total number of 443 data points
were collected. During this time the office was empty in 54.7%, the
occupant was alone in 33.7%, and a face-to-face meeting took place
in the remaining 11.4%. Overall results showed that the correct
office state could be determined in 90.6%.

Table 1 shows that detection of meeting situations was most chal-
lenging. Meetings could be recognized in 88.0%. However, it hap-
pened that the system detected a meeting, when there was actu-
ally none (22.2% false positive rate). When the person was alone
the system correctly detected the situation in 91.1%. Very rarely
did the system detect that the person was alone, when he actually
wasn’t.

Given the relative simplicity of the perception technologies involved
to detect activity in offices, these results were very encouraging. Of
course, the system could be further improved by detecting more nu-
anced classes of activity, such as whether the person is working on
the computer, or doing paperwork (as in [31]).

In the following, we will describe how a Virtual Secretary used con-
textual knowledge provided by perception technologies installed in
our smart offices in order to mediate contact attempts.

S. THE VIRTUAL SECRETARY

‘We have developed a Virtual Secretary that mediated phone calls as
well as face-to-face interactions in smart offices.

5.1 Mediating Phone Conversations

Currently, callers place phone calls when convenient for them, but
they have little knowledge about the receiver’s situation. The goal
of the Virtual Secretary was to add context to phone communica-
tion to let the caller make a more informed decision about how and
when to initiate contact.

5.1.1 Adding context to phone communication

The Virtual Secretary mediated all calls made to the office phone,
warning senders at the time of the call when the current situation
was likely to be inappropriate for talking on the phone, e.g. when
a meeting was taking place, or when the person was engaged in
another phone conversation. In order to maintain a reasonable level
of privacy for the receiver, we programmed the system to moderate
the levels of disclosure about the receiver’s current situation based
on the relationship between the office occupant and the caller (who
was identified by caller ID). Here is an example of what a sender
could hear when placing a call:

Virtual Secretary [synthesized voice]: ”Hello Jane. Thank you for
calling Bob Smith. This is his Digital Secretary. Bob is currently
in a meeting with Eric. Your call is important. Please hang on,
or press 1, to leave a message. Instead, you may now press 2 to
be connected to the office phone. To schedule a call at the next
available time, please press 4.”

5.1.2 The caller decides

The caller could then decide whether to put her call through. Al-
ternatively, when the receiver was currently not present, she had
the option to be directed to the mobile phone. If the caller chose
to leave a message, the receiver’s phone did not ring. Instead, the
receiver was sent an audio attachment via email, thus mitigating an
unnecessary interruption while still transmitting relevant informa-
tion.

Email from the Virtual Secretary: Dear Bob: just wanted to let you
know you were left a 0:15 long message (number 12) in your mail-
box from <0721608xxxx>, so you might want to check it when you
get a chance. Thanks! —Your Digital Secretary.

(Attachment: msg-2007-11-05-003.wav)

The Virtual Secretary could also assist with re-scheduling the call
at a more convenient time. If the sender opted to schedule a call,
the Virtual Secretary proactively initiated a call back when the re-
ceiver next became available, as determined by the situation in the
office:

Virtual Secretary: ”Hello Jane, this is Bob’s Virtual Secretary. Bob
is now available. Please hold while your call is being connected,
or you may hang up the phone.”

In contrast to traditional call back features from telephone providers
that initiate the call back as soon as the person ends the current
phone conversation, our system initiated the call back when the re-
ceiver actually became available again. This could be after the end
of a meeting, or when the person returned to the office. Moreover, if
the caller was also located in a smart office, the scheduled call was
initiated only when both parties were simultaneously available.

5.1.3 Network-based implementation

The Virtual Secretary was implemented entirely on the network and
could be immediately deployed from any phone capable of sending
DTMF signals (aka touch tones). No software needed to be in-
stalled on-board caller’s or receiver’s phones. This aspect was par-
ticularly important since we planned to deploy the Virtual Secretary
in a field experiment where it was supposed to mediate actual phone
calls from a large number of different callers (this experiment will
be described in Section 7).

People using the system were assigned a local direct inward dial-
ing number (DID) hosted by a telephone company, and connected
to our custom telephone system (Figure 5). This telephone system,
a custom private branch exchange (PBX) network, was set up to
act as Voice over Internet Protocol (VoIP) router. Asterisk™™ was
used as open source software implementation of such a telephone
PBX, and the Cepstral text-to-speech engine was used to dynami-
cally generate voice responses on the server.

‘We configured our telephone system to act as Virtual Secretary. In-
teractive voice responses (IVR) were used to interact with callers.
The concept is familiar as many business applications, e.g. call cen-
ters, telephone voting systems, etc., employ this technology: phone
menus are fed to the caller, allowing choices such as ”Please press
1 for English, and 2 for Spanish.”. The Asterisk Gateway Interface
(AGI) allows adding Java programming functionality, such as data-
base access, to control the dial plan. Phone numbers, relationships
between people and other settings were stored in a local database.
Thus, changing the behavior of the Virtual Secretary was as sim-
ple as a changing an entry in the local database, and was effective
immediately with the next incoming call. As calls were presented
to the PBX system, the number that the caller dialed was given, so
that the system could route the call to the actual office or mobile
phone number.
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Figure 5: Deploying a private branch exchange system allowed
phone calls to be controlled, monitored and logged by a server
in a VoIP network.

When testing a previous system with a similar setup, we learned
that it can be very difficult to get people to call a new number,
especially when a system is tested over a limited period of time [6].
This problem is especially critical if one does not know who the
callers will be. Therefore, we integrated the Virtual Secretary into
the actual phone number by simply forwarded all calls from the
normal office phone to the Virtual Secretary’s direct inward dialing
number, and placed an additional phone in each office which would
ring when calls were put through.

All in all, this setup allowed calls connecting two parties in tradi-
tional landline or cellular networks to be (1) controlled, (2) moni-
tored, and (3) logged by a server in a VoIP network.

5.2 Mediating Face-To-Face Interactions

People in front of closed doors face the same problems as callers:
they can only guess whether the other party’s context is convenient
for communication. Some modern office designs employ glass win-
dows on doors, so that visitors can easily check the situation inside.
Our Virtual Secretary took a more nuanced and privacy-sensitive
approach.

The research team placed a screen, speakers and webcam outside
the office door (see Figure 6), enabling the Virtual Secretary to
communicate with visitors while capturing identity information via
facial recognition (as was described in Section 4.2). The webcam
was placed on top of the screen, so that people automatically looked
into the camera while reading the welcome message. A few sec-
onds were enough for the face identification system to detect and
identify the person.

Once a visitor was detected in front of the office, the Virtual Secre-
tary provided her with important contextual information about the
situation inside the office (Figure 7). The goal was to prevent un-
timely disruptions from taking place, such as during meetings or
phone conversations. As with phone-based interactions, the rela-
tionship between the visitor and the occupant determined different
levels of information disclosure about the circumstances within the
office. Finally, the system maintained a record of all visitors so that
if the office occupant had been out for some time, they could see a
list of missed connections upon their return.

Figure 6: A visitor consults the Virtual Secretary at the office
door. A small webcam was placed on top of the screen from
which the Virtual Secretary greeted visitors.

Hello Kai! Rainer is currently
in a meeting with Maria.
Please knock to enter or come

back later.
/ ;

Figure 7: The Virtual Secretary informs visitors about the cur-
rent situation inside of the office. Known visitors get more de-
tailed and personal context information, such as why the person
is busy or who is in a meeting.

5.3 Web-Based Office Activity Diary

The Virtual Secretary provided a web-based diary of all office activ-
ity. Users of the system could securely log into the web site where
they could browse office activities: checking missed calls, finding
out who came to the office while they were away, and generally
seeing how their day or week or month looked like.

This diary was presented as interactive time line widget', as shown
in Figure 8. The time line consisted of two bands, which were
synchronized and could be scrolled indefinitely by dragging with
the mouse pointer. This allowed browsing through hours (larger
upper band) or days (smaller lower band) etc. The bands showed
visual elements for interruptions and office activities, such as when
a meeting had taken place. These visual elements were automati-
cally updated throughout the day.

Visual elements displayed in the time line could be clicked in order
to display more detailed information, some examples are shown in
Figure 9. E.g., clicking on one of the meeting elements (orange
color) opened an info bubble with details about the meeting, in-
cluding a snap shot of the situation. This snap shot helped remind
people what the meeting was like, or who it was with, and could be

9 'http://simile.mit.edu/timeline/
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Figure 8: The Office Activity Diary was shown as interactive
time line widget. The two bands were synchronized and could
be scrolled indefinitely by dragging with the mouse pointer.
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Figure 9: When clicking on any element in the activity time
line, an info bubble displayed further details, such as snap shots
of the situation, or image of the visitor.

enlarged to full resolution by clicking on it. The info bubble of a
visit displayed an image of the visitor’s face, which was especially
useful for unknown persons that could not be identified by the face
recognition technology.

6. OVERALL SYSTEM ARCHITECTURE

In our smart offices, multiple perception technologies, actuators,
and reasoning components ran over a distributed network and had
to interact with each other in an online fashion. Thus, a modu-
lar and dynamically reconfigurable architecture was of great im-
portance. We addressed the problem at two levels: low-level high
bandwidth data streaming and high-level message passing and con-
trol.

For managing low-level video streams, the NIST Smart Flow Sys-
tem middleware was employed. Smart Flow allows fast transfer
of high quantities of sensory data over a network of components
or clients running on several real machines. Each client produces a
uniquely named output flow, which can be accessed by one or more
receivers over the network or on the same machine. This makes
the system extensible, quickly reconfigurable and easy to use via a
graphical interface.

At the higher level, a socket-based message passing scheme de-
veloped in our lab is used for sending messages and events, e.g.
between perception components and service modules. A central
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Figure 10: Overall architecture diagram.

message server is responsible for registering all interacting mod-
ules and redirecting messages at runtime to registered recipients.
This allows for complete separation between application seman-
tics and message-passing logic. Besides flexibility and modularity,
another main advantage is fault-tolerance, as attempts to pass mes-
sages to nonexistent or nonfunctional components cause no further
problems for the remaining parts of the system.

The overall system architecture is illustrated in Figure 10. The sys-
tem could be easily extended. e.g. by other technologies on the
sensor layer.

7. EVALUATION

The Virtual Secretary was installed in the office of a senior re-
searcher. This person was coordinating a large international re-
search project, teaching a class, and supervising students, and was
thus very frequently occupied by meetings and phone calls. We hy-
pothesized that deploying the system in his office would decrease
the number of untimely or inappropriate interruptions, from the
perspective of the receiver. But we were as well interested in gen-
eral office activities, e.g. ratio of interactions via the phone com-
pared to in-person, how many calls failed to reach him, etc.

Our participant was using the Virtual Secretary during his nor-
mal daily activities, mediating his actual phone calls and in-person
meetings. Most of the people contacting him did not know about
the system. Figure 6 shows how a visitor consults the Virtual Sec-
retary at the office door, and is informed that the person she was
trying to see was currently not present.

7.1 Experiment Design

In order to explore whether the Virtual Secretary was able to make
a measurable difference in reducing inappropriate workplace inter-
ruptions, we decided to run an experiment with two conditions: a
control condition without the Digital Secretary, and a study con-
dition in which the Digital Secretary mediated phone calls and in-
person interactions.
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Figure 11: At the end of each day, the participant annotated
all interruptions according to how available he was, and how
timely and appropriate the interruption had been, etc.

Apart from that we tried to make the two conditions as similar, and
thus comparable, as possible. Each condition lasted seven work
days. All phone calls to the office phone were mediated by the Vir-
tual Secretary. In the control condition, the Virtual Secretary imme-
diately routed all calls to the office phone, just as if it were normal
phone calls. In the study condition, it gave information about the
current office situation. The caller could then decide whether to put
the call through, or instead leave a voice mail or call the mobile
phone if the person was not currently present (as was described in
Section 5.1). The proactive call back feature was disabled for the
duration of the study. In both conditions visitors were detected in
front of the office door. In the control condition, the Virtual Sec-
retary greeted people, and always asked to knock and enter just as
they normally would. In the study condition it again gave informa-
tion about the current situation.

7.2 Data and Measurements

All office activity was tracked by the system. Our telephone server
automatically logged who was calling when, as well as length and
outcome of each call. Similarly, the system logged information
about visitors and times and of visits. A final in-person interview
was held with the participant, and with a few callers.

Additionally, at the end of each day, the participant was asked to
browse the web-based diary and annotate each interruption, accord-
ing to how available he had been, how appropriate the interruption
was, and some other details about the conversation (Figure 11).
Diary entries could be opened directly from the time line widget.
Three snap shots of the office helped remember the situation, one
from the time when the interruption occurred, and two others that
were taken ten and twenty seconds later. These snapshots were use-
ful to remember the situation, such as whether a visitor had actually
entered the office.

7.3 Experiencing Life with a Digital Secretary

In the post-study interview, our participant reported that he did not
at all feel disturbed by the system. The Virtual Secretary had op-
erated reliably and without technical difficulties. Moreover, it was
important for him to know that the camera video stream was only
used to detect the current activity, and not stored on hard disk. Snap
shots were only accessible via the password protected web inter-
face. He reported that he would have had much greater concerns if
audio data had been collected.

He found the office activity diary to be very professional and use-
ful. The web-based interface allowed easy accessibility from work
as well as from home. He would have liked to keep it after the
duration of the study. Our participant as well liked the fact that
he could be informed about missed calls and visits (which usually
occur unchecked) via the same interface.

A major drawback of the way the system was set up was that caller
ID information got lost for most phone calls. Unfortunately this
was based on the fact that most local telephone providers disable
caller ID transportation across networks on call forwarding. Our
participant mentioned that he would have liked to keep the Digital
Secretary permanently after the duration of the study, if only the
issue with caller IDs could be resolved.

While many visitors were colleagues who knew about the Digital
Secretary in front of the office door, most callers were completely
unaware of the fact that they could reach a Digital Secretary. How-
ever, we found that people had no problem to interact with the sys-
tem. Many callers left voice messages when informed that the per-
son was in a meeting or on the phone. Some callers decided to let
the system route their call to the person’s cell phone when informed
that he was not currently present. Only very few callers were con-
fused and hung up as soon as the Virtual Secretary answered. Only
a single caller called a colleague because she did not understand
this new “answering machine”.

It was difficult to get explicit feed-back from the many people try-
ing to reach the participant during the duration of the study, since
we tested the system with real-life interactions. The little feed-back
we received was very positive. One of the persons who had decided
to call the cell phone mentioned at the end of the phone conversa-
tion that he found it great to get this kind of assistance when trying
to reach someone.

All in all, user observations and informal interviews showed that all
parties felt that the Virtual Secretary interface was relatively easy
to interact with; most people seemed to find the system understand-
able despite the lack of any prior experience with it. Thus, we could
be relatively confident that evaluations of system efficacy were not
particularly affected by any usability breakdowns.

7.4 Performance of the Virtual Secretary

A total number of 150 contact attempts were protocolled by the
system. Out of these, 76 were phone calls to the office phone, and
74 were in-person Vvisits.

7.4.1 Comparing call success

Figure 12 shows success of phone calls. Overall, only half (49.4%)
of all contact attempts led to a conversation, the other attempts were
not successful: calls did not get picked up, or ended up in the voice-
mail box, and visitors found the door locked or encountered the
person busy, with no time to talk. In-person visits were a little bit
more likely to be successful (55%) then phone calls (43%). More-
over, there were more successful connections with the Virtual Sec-
retary (53%) than in the control condition (43%). However, neither
of these differences concerning the success of connection attempts
were significant.

7.4.2  Comparing appropriateness of interruptions

We hypothesized that the Virtual Secretary would free our user
from inappropriate interruptions, such as incoming calls during meet-
ings, or people knocking at the door while the person was in the
middle of a phone conversation.

After the end of the study, our participant reported that he could
not tell for sure whether he was less often inappropriately inter-
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Figure 12: Success of contact attempts across modalities and
study conditions.
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Figure 13: Ratings of how appropriate interruptions were show
that there were significantly fewer inappropriate workplace in-
terruptions with the Virtual Secretary.

rupted when he had the Virtual Secretary. However, throughout the
study our participant had updated his activity diary and assessed
each interruption according to how appropriate it was in the current
context. In the post interview, he reported that the snap shots pro-
vided by the system (Figure 11) were extremely useful, and helped
him remember the exact situation when the interruption occurred.
We subsequently analyzed the diary ratings for each social inter-
action to determine whether or not the Virtual Secretary affected
the number of inappropriate interactions experienced by the office
occupant. Figure 13 shows distributions of how appropriate inter-
ruptions were. Where the Virtual Secretary mediated interactions,
there were no interruptions in the “not appropriate” category, and
only 6% of interruptions fell into the "somewhat appropriate” cat-
egory, as compared to 19% “not appropriate” and 15% “somewhat
appropriate” interruptions in the control condition.

We used a Chi-square test to find out whether the different ratings
of appropriateness with and without the Digital Secretary could as
well have occurred by chance. Results showed that the observed
ratings of appropriateness of interruptions were significantly dif-
ferent from each other (X2 = 19.93, df = 4, p < 0.002). Thus,
using the Virtual Secretary in smart offices did in fact help to de-
crease the amount of inappropriate interruptions in our study.

How available were you when the interruption occurred?
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not available somewhat quite very don't

available available available  remember.

Figure 14: Ratings of general availability showed no differences
between conditions.

7.4.3 Comparing general availability

Given the reduction in inappropriateness of interruptions, we might
expect that the office occupant would indicate greater availability
for communication during those times. We looked at how available
the person had reported to be at times when interruptions occurred
(Figure 14).

However, analysis indicated that it was quite difficult to self-report
availability with much precision. There were no significant dif-
ferences in how available our participant was when interruptions
occurred between the different conditions. Most of the time, the
office occupant indicated that he had been “somewhat available”
(64%) or "quite available” (25%), rather than being in a state of
“very available”, or “not at all available”. This result may derive
from a general expectation that people should be available while in
the workplace.

The participant revealed in the post-study interview that it had been
difficult for him to provide a general assessment of availability,
which explains as well the large number of ”don’t remember” an-
swers. There is a general expectation that people should be avail-
able while in the workplace. Especially in the office, one is always
to some extend busy, and never “very available” for interruptions.
Also, one is never categorically un-available, not even during meet-
ings or phone conversations, as one expects interruptions when at
the workplace. We will further discuss implications of this finding
in the following Section.

8. DISCUSSION

Deploying the Virtual Secretary in the office of a senior researcher
showed that the system was running robustly 24/7 over an extended
period of time, and was easy to use, even without prior training.
Moreover, we could empirically proof that there were significantly
fewer inappropriate workplace interruptions when the Virtual Sec-
retary mediated phone calls as well as in-person interactions in our
smart offices.

Over the course of the study, a total of 150 real-life interactions
were mediated by the Virtual Secretary. Analysis of collected data
revealed that only 49.4% of all contact attempts led to a successful
conversation, with no significant differences between connection
attempts via the phone and face-to-face.

8.1 Understanding Availability

Systems that make use of contextual information to actively inter-
vene must choose to what extent to place decision-making respon-



sibilities (e.g. best time and media to communicate) with the tech-
nology (system-driven), or with the humans (user-driven).

After learning that the Virtual Secretary had significantly reduced
the number of untimely or inappropriate workplace interruptions,
we had expected our participant to also report that he had been
more available at times when these interruptions occurred. How-
ever, our participant found it difficult to report general availability,
and mostly reported to be "somewhat available". There were no
significant differences in how available our participant felt when he
was in a meeting, or working by himself.

This suggests that availability for communication, at least in the
office, may depend a great deal on the particular instance of inter-
ruption (who is calling, how urgent or important is the call, etc.),
and is thus extremely complex and hard to predict. This is perhaps
not surprising, since it has been shown that even humans show vari-
ations when judging people’s general availability in common office
situations. Johnson and Greenberg have asked a large number of
people to look at snapshots from typical office situations and judge
how available those persons were for interaction [17]. People dis-
played very different assessments of availability when interpreting
particular situations.

When designing our Virtual Secretary, we had assumed that hu-
mans would be much better at gauging the urgency and importance
of a particular instance of communication, and had thus decided to
follow a user-driven approach. Our system added context to com-
munication, but let the final decision of when and how to initiate
contact to the callers. After deploying this system in a field study
we believe that this user-driven approach was the correct decision.

8.2 Dealing with Privacy

However, privacy is a major concern with any system that exposes
personal information and our Virtual Secretary is no exception.
Such systems must balance the trade-offs between making infor-
mation public and protecting the user’s senses of privacy and infor-
mation ownership.

A mediator such as our Virtual Secretary can to some extend en-
able privacy decision making to be abstracted away, by transmit-
ting various details of personal information (as we did), or sim-
ply collapsing complex ensemble of personal information points
to a single indicator: available or not? However, when designing
context-aware systems there will always be a trade-off between re-
lying on the intelligence of a system or taking advantage of human
decision-making skills by broadcasting private context information
to others.

8.3 Designing for Mobility

Our Virtual Secretary helped to increase common ground [4] for
office communications, and decrease the number of untimely inter-
ruptions, via the phone as well as in-person. However, this system
was tied to a static context, the office, and mediated mostly business
conversations. Office phones have the great advantage of being as-
sociated to a location - someone’s office - which provides a limited
set of possible receiver states, and some place-based guidance for
both caller and receiver about the social expectations of the office
space. E.g. the participant in our study did never feel extremely
available or unavailable when in his office, since he expected inter-
ruptions.

This may be very different in mobile contexts, where we can be
anywhere from "waiting for the bus" to "presenting to the CEO".
As such, in mobile contexts where traditionally no common ground
exists between caller and receiver, activity plays a much more im-
portant role and the problem of inappropriate interruptions is much
more apparent.

Ideally we would like to build intelligent systems mediating inter-
ruptions in mobile contexts, where communication is most critical,
and potentially most disruptive. However, it is much more expen-
sive and technically very difficult to develop and deploy sensing
technologies in everyday mobile environments, such as on smart
phones [12, 13]. It is especially troublesome to carry out sensing
on mobile platforms, given limited processing power, battery life,
and sensor obtrusiveness. And maybe even more significantly, pri-
vacy becomes an even more critical issue if sensing technologies
are no longer limited to dedicated locations such as offices, but are
everywhere we go, even if this is where we would need them most.

9. CONCLUSIONS

We have presented a context-aware Virtual Secretary that mediated
phone and in-person communications in smart offices. Our smart
offices were equipped with cameras to detect the in-the-moment
situation, and recognize people in front of the office door.

The Virtual Secretary passed on important contextual information
about the receiver’s current situation, such as whether the person
was currently present and if the person was alone, in a meeting sit-
uation or on the phone. The goal was that both callers and visitors
could take more informed decisions on when and how to initiate
contact.

In a controlled experiment we deployed the Virtual Secretary in the
office of a senior researcher, where it mediated all his real-life inter-
actions over a period of several weeks. We could empirically show
that this person received significantly fewer inappropriate work-
place interruptions with the Virtual Secretary active.

We discussed the benefits and burdens of this user-centered decision-
making approach, including privacy concerns, and the challenges
that we might face when deploying a similar system in a mobile
context.
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