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ABSTRACT 
Given that groupware calendar systems inform colleagues 
about a coworker’s location and availability, and that they 
often exhibit inaccuracies that do not reflect the true 
schedules of coworkers, such event attendance can be 
modeled and accessed through the use of a context-aware, 
intelligent interface component. Predictions of attendance 
can then be shared among a workgroup to facilitate 
informal meetings.  Once personal information is shared to 
others, intelligent groupware must support persona 
management, allowing users to control the application in 
order to communicate a desired representation of 
themselves to coworkers.  My research aims to support the 
groupware calendar in its role as a facilitator of informal 
communication, enhancing the accuracy of the calendar 
presented to users as well as enabling control over one’s 
persona as presented by the calendar. 

KEYWORDS: group calendar systems, informal 
communication, Bayesian networks, persona management. 

INTRODUCTION 
Consider two coworkers using a shared computerized 
artifact, the fundamental unit of Dix’s CSCW framework 
[1].  While the coworkers can communicate directly, they 
are also able to observe and control the shared artifact in 
the interest of accomplishing some work.  In addition, 
actions by one participant upon the artifact may be 
observed by the other participant, making communication 
through the artifact possible. 

My dissertation research considers this framework with 
respect to a specific artifact, namely the groupware 
calendar system (GCS).  At its most basic level, the GCS 
can be defined as an electronic calendar capable of being 
shared across a network.  Modern GCSs often include 
access control for privacy management, facilities for 

meeting scheduling, and integration with other artifacts 
such as address books or to-do lists. 

Figure 1: The GCS as an artifact shared by 
two participants, denoted by the letter ‘P’. 

Work by Palen at Sun Microsystems [8] as well as work 
she performed with Grudin at Microsoft [3] examined 
electronic calendar use at these two companies and reported 
on the use of calendars to facilitate informal 
communication, defined as brief, unplanned face-to-face 
meetings.  By browsing the calendars of colleagues, users 
can make estimates of their locations and availability.  In 
support of this practice, I worked to develop Augur [9], a 
groupware calendar system that shares predictions of event 
attendance among a workgroup. 

By scheduling appointments and sharing this information, 
users control the calendar artifact and enable browsing.  
Additionally, however, users project a representation of 
themselves through the calendar, a persona, which affects 
not only the task of informal communication but other tasks 
such as privacy management.  The CSCW framework as it 
applies to the GCS is shown in Figure 1, above. 

This document will provide a brief summary of my current 
and future research as I complete my doctoral studies, now 
past the proposal stage.  I begin with a description of work 
on the Augur system, followed by a planned evaluation of 
this system.  Last, I describe proposed work on user Copyright held by author/owner. 



Figure 3: Augur user interface. The user’s calendar is 
shown on the left, and a colleague’s calendar on the 
right.  Icons within entries represent other users who 
have scheduled the event.  Color-coded event entries 
and colored borders around icons represent 
predictions of attendance for particular users. 

interfaces for persona management that draws from my 
experiences with Augur. 

Figure 2: Augur system diagram 

SUPPORTING ESTIMATES OF AVAILABILITY 
In addition to informing colleagues where one is at the 
moment, electronic calendars also indicate where one is 
going to be in the future.  This information allows 
colleagues to seek out someone at a scheduled, possibly 
shared event without having to monitor her office.  This 
practice bears some similarity to the practice of 
“ambushing” coworkers in their offices using media spaces 
[2].  However, the ambush could take place anywhere; the 
electronic calendar specifies the location. 

Additionally, we can view the personal calendar not only as 
an information storage artifact, but a sensor that can inform 
software applications as to the location, availability, and 
workload of a person.  Like many sensors, calendar data 
can be used by a variety of context-aware applications. In 
addition, the information contained within the calendar is 
dynamic, requiring periodic updates by programs using it. 

Since they rely on users for their maintenance, electronic 
calendars can often exhibit inaccuracies.  Potential 
inaccuracies may include incorrect recurrence boundaries, 
conflicting events, or infrequently attended events.  A two-
month study of a seven-person workgroup at Georgia Tech 
showed that only 52% of 381 calendar entries were actually 
attended. 12% of unattended appointments in the study 
were missed due to attendance at another concurrent event. 
All-day appointments were present on 60 of the 413 user-
days in the study (14.5%).  This error serves to confound 
estimates of availability generated by colleagues and 
software agents alike. 

Predicting Event Attendance: Augur 
To compensate for inaccurate entries and ad-hoc naming in 
the interest of promoting informal communication at 

scheduled events, I have worked on the design and 
implementation of the Augur system [9].  Augur increases 
the utility of calendars for initiating informal 
communication by employing predictive models of user 
attendance in conjunction with intelligent text processing. 
By visualizing the output of these models, it provides an 
informed view of a user's schedule that enhances a 
coworker's ability to infer her attendance at upcoming 
events.  Emphasis on shared events also leads to support for 
other collaboration practices. For example, estimations of 
attendance at shared events help users assess the 
importance of a particular event, either in terms of general 
interest or in the attendance of specific individuals. 

From a user’s perspective, calendar data is automatically 
shared upon synchronization of the PDA with a networked 
PC.  The user can access a web page that displays her daily 
calendar along with additional information about which of 
her colleagues (represented by icons) also have those 
events scheduled (Figure 3).  By selecting one of the icons, 
the calendar of the user associated with the icon is 
displayed alongside her calendar.  Both icon borders and 
calendar entries are color-coded to indicate the likelihood 
of attendance by colleagues at particular events. 

The Augur system diagram is shown in Figure 2.  First, 
custom PalmOS conduits retrieve user calendar data, and 
then the data is augmented with information about 
attendance likelihood and events coscheduled by 
colleagues.  This information is then served to web-based 
visualizations that present the augmented calendar to each 
user and log calendar accesses. 

A suite of text-processing components assist in discovering 



coscheduled events and determining additional attributes of 
events that are not present in the original calendar format.  
The term-frequency, inverse document frequency (TF-IDF) 
algorithm matches identical events scheduled on separate 
calendars, while support vector machines (SVMs) classify 
events by type (e.g., course, seminar, meeting) and 
location. 

Predictions of attendance likelihood are generated by a 
Bayesian network.  This network encodes the influences of 
specific attributes of each event (e.g., start/end time, event 
type, and conflicts with other events) on the final likelihood 
of the calendar’s owner to attend each event [6].  Each user 
has a copy of the network that is capable of learning their 
attendance habits over time. An additional component 
allows users to provide examples to the system by 
submitting daily attendance diaries via the web. The event-
matching module uses text-processing techniques to 
identify events from other colleagues' calendars that are 
likely to represent the same event.  

With current, augmented calendar data now present in the 
database, web-based visualizations display this information 
to users. The owner's view displays his scheduled events 
along with information about whom he might see at those 
events. Information about accesses to those calendar events 
is also displayed.  The visualizations are generated using a 
combination of Java Server Pages (JSP) and dynamic 
HTML (DHTML). 

EVALUATING AUGUR IN USE 
I will perform a deployment and evaluation of the Augur 
prototype to determine how well realizes its roles as 
defined earlier by the CSCW framework.  Some research 
questions to be addressed by this evaluation include: 

• Can Augur’s Bayesian network accurately predict 
attendance over time? 

• How do user perceptions of Augur’s accuracy change 
over time, and how is their trust in Augur affected?  

• How do informal communication practices change 
with use of Augur? 

• How do user attitudes toward sharing and privacy 
change with use of Augur? 

Subjects and Method 
The first phase in this study will involve recruiting roughly 
20 participants from Georgia Tech and enabling the 
collection of their calendar data.  Consent to collect and 
share calendar data will be obtained for any potential 
participant.  Before deployment, I will first conduct a 
survey on initial attitudes toward the Augur system.  Of 
chief importance are attitudes regarding whether such a 
system could accurately represent their attendance habits, 
whether it would be a useful tool, and what concerns would 
be felt regarding privacy and how they are represented to 
others.  The next phase will consist of a deployment of the 

Augur system amongst the study group.  Each participant 
will be able to browse her own calendar and compare it to a 
colleague’s calendar.  Participants will be asked to submit 
an “attendance diary” to log their attendance at scheduled 
events and train Augur’s Bayesian networks. 

During the deployment period of approximately one 
semester, participants will be requested to meet with me for 
a weekly informal interview regarding their use of the 
system to date.  Questions will focus on the predictive 
enhancements contained in Augur, and will attempt to 
establish a qualitative assessment of the usefulness of these 
enhancements over time.  Additionally, I will ask for users 
to reflect on their use of the system as it relates to informal 
communication, focusing on the use of Augur to determine 
the availability of colleagues. 

AUGUR AND PERSONA MANAGEMENT 
As mentioned earlier, CSCW artifacts often enable 
communication between colleagues through the artifact, 
and the GCS is no exception.  By making personal 
information about its users available to others through a 
shared network, the GCS can be said to support shared 
personas of those users.  An example from another 
groupware tool is the automated status information 
generated by most instant messaging clients. Work in 
visualizing online communities [5] and social networks [7] 
puts individual personas in the context of a larger group. 

Persona management, as it is used here, implies that 
negotiation is performed between the user and the system 
to achieve a desired representation.  It is therefore 
important to provide users with some form of control over 
their online personas to promote adoption of the system, 
prevent breaches of privacy, and possibly to provide 
feedback to the system itself.  In this phase of my research, 
I plan to first develop a taxonomy of strategies for 
managing persona, then to use this taxonomy as a basis for 
adding a user interface for persona management to Augur. 

To create online representations, user information is 
typically gathered presented through an appropriate 
abstraction.  A single piece of information may be used or 
several information sources may be aggregated, as in a 
system like Augur.  As the number of sources increases, so 
does the difficulty for the user in their ability to manage 
them.  In addition, this information may have varying 
degrees of accessibility to the user.  For instance, a user 
may have complete control over her online web page, but 
less control over archives of her old usenet postings.  
Intelligent systems that act as “black box” generators of 
inferences or decisions present the most difficult barriers to 
user control. 

The mechanisms used to process the information may be 
more or less complex.  Systems that use complex machine 
learning algorithms to generate a small number of outputs, 
such as [4] fall into this category.  In these cases, users 



would find it difficult to manipulate the inputs to systems in 
such a way that they would generate predictable results.  
Therefore, a proper strategy may be to perform 
manipulations on the output instead. 

Dimensions of the users themselves must be considered as 
well.  User information may be publicly available or it may 
be of a more private nature.  For this reason most 
groupware systems already have access control facilities in 
place.  However, the interface should make users aware of 
what information is being shared, and possibly how it is 
accessed.  Augur includes a facility for counting calendar 
accesses and displaying this count to the calendars’ owners. 

Users may be more or less collocated, affecting whether 
issues of shared information are addressed through 
technological or social means.  For example, users that are 
collocated can rely on frequent social interaction to 
overcome confusion arising from information that is shared 
online.  However, users that collaborate remotely may 
come to rely on this shared information to accurately 
represent a coworker.  Similarly, users that interact more or 
less frequently may rely more or less on social rather than 
technological strategies, respectively. 

Strategy Description 
Social norms Users develop new social practices to deal with a 

shared artifact. 
Preferences Users configure settings that control how their 

information is gathered and used. 
Gaming Trial-and-error manipulation of inputs eventually 

results in learning a working conceptual model of 
the system. 

Learning Preferences are learned over time by 
unsupervised or example-based techniques. 

Editing of  
output 

The system’s output is edited directly by the user 
to a desired state.  Changes are possibly fed back
into the system’s user model. 

I propose that it is possible to classify applications 
supporting shared personas along dimensions of both the 
system and target users, mapping them to one or more 
persona management strategies, some of which are listed in 
Table 1.  This taxonomy would be a valuable tool to 
designers of groupware, intelligent or otherwise, for 
incorporating user control into their systems. 

A first step toward this taxonomy will involve the 
investigation of the management strategies employed for 
previous systems supporting shared personas.  These 
systems include work in the domain of groupware as well 
as work in online communities.  By identifying which 
strategies were employed for each system and where each 
system fell along dimensions such as user remoteness, 
accessibility of inputs, etc., I can arrive at classifications for 
generalized systems that share those dimensions. 

By observing management strategies employed during the 
deployment/evaluation outlined in the previous section, I 
will be able to see how the real-world use of Augur fits into 
the new framework.  At this point, I will be able to place 
Augur within this taxonomy and derive a mechanism for 
managing the way coworkers are represented to one 
another through their calendars and attendance patterns.  
Early thoughts suggest that providing users with a means of 
editing the output of Augur’s user interface may be the 
simplest means of managing persona, given the complexity 
of the algorithms underlying Augur’s predictions and the 
number of inputs and outputs.  Such a technique would 
have the additional benefit of providing feedback to the 
learning algorithm for Augur’s Bayesian networks. 
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Motivation

•Shared calendars let coworkers estimate availability and 
location for informal communication
•But – calendars can have inaccuracies

•Augur: a predictive calendar that learns attendance 
patterns and shares its predictions among a workgroup

Intelligent groupware to support 
communication and persona 
management
Joe Tullio

Evaluating Augur

•Deployment to students, faculty, staff at Georgia Tech

•Obtain quantitative measures of accuracy as well as qualitative 
measures of trust, usefulness through interviews throughout 
deployment.

•Observe changes in informal communication practices

Persona management

Shared groupware presents representations of coworkers to one 
another:

Examples (screenshots): Instant messenger, regular shared 
calendars, social network visualizations

Successful groupware should provide for managing this 
representation

Table: Partial taxonomy of strategies for managing persona along
dimensions such as number of inputs/outputs, accessibility of 
inputs, and complexity of algorithm generating the online 
representation.

Include here the potential for Augur to allow changing the 
predictions directly, possibly as a learning mechanism as well.Augur screenshot


