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Abstract

With nearly universal access to vast information sources, it is difficult to discern
what is important from what is not. Users, especially mobile users, are faced with a
tradeoff: either check many information sources frequently or miss important infor-
mation that may impact them. Improvements in information retrieval are required to
consolidate diverse information and reduce the overall effort required to monitor multi-
ple sources. Effective personal information retrieval requires context awareness, and in
this work we propose the use of knowledge of future context as the basis for identifying
and prioritizing information. By taking into account the user’s planned activities, it
is possible to be continually informed of information that may have an impact on the
user, with minimal disruption to the user.

This paper provides an overview of the issues surrounding the use of future con-
text in information retrieval and presents a context-aware retrieval system built to
explore these issues: the Integrated Management of a Personal Augmented Calendar
Tool (IMPACT). IMPACT employs future context to prioritize, organize and deliver
information, leveraging the user’s calendar to determine future context. The goal of the
IMPACT system is to provide the user with all information that will impact activities
in a timely manner, while minimizing the effect of interruptions on the user.

1 Introduction

The Internet allows us to stay in-touch and informed in ways never before possible. Instant
access to vast information resources, from news to email to weather, allows us to plan and
react with relevant and timely information at our fingertips. Yet, our ability to stay in touch
with these resources is limited. There are simply too many resources, with far too much
information, to constantly monitor. Confounding this problem is the fact that often only a



portion of information from a given source is of importance, requiring users to filter out what
is important and what is not. This results in information overload [18] for many people, a
situation where the amount of information overcomes the ability to receive the information.

To prevent information overload, we reduce the amount and rate of information that
we receive. Web users, for instance, reduce their information consumption by checking web
sites at infrequent intervals. This approach leads to missed or delayed delivery of important
information. Experienced users may subscribe to notification services, choosing sources
that are likely to provide useful information, such as traffic along local highways. Browser
extensions, such as ForecastFox [1], integrate information sources of interest to the user
directly in a commonly used application, requiring little effort by the user. These services
are useful if well-matched for relatively static information needs of a user, like local weather,
but fail when the information needs for a user change, such as when traveling.

Other factors affecting personal information retrieval are current browsing and notifica-
tion approaches, which are inefficient for a number of reasons. Browsing requires the user to
choose a source and seek out useful information, requiring the user to focus their attention
on the browsing. Notifications typically interrupt the user based on when the information
becomes available, not based on when the user needs the information. RSS aggregation [24]
can help address the problem of monitoring a large number of sources, but does not easily
deal with the changing interests and context of the user. The root of the problem is that
the user must sift through information to determine what is useful and what is not. Users
are therefore faced with a tradeoff—spend more time filtering information from a number of
sources or monitor a smaller number of sources and miss useful information.

Systems that rely on static rules and preferences, such as receiving traffic alerts for
a particular city, cannot account for the fact that the interests and priorities of a user
are dynamic. One key factor in determining the usefulness and urgency of information is
whether it impacts an event or task the user will perform. From traveling to meetings to
research to social events, what the user does determines a large part of what the user is
interested in. For instance, weather in another city and traffic along a highway may impact
travel plans. Emails on a certain subject or from particular people may impact plans for
meeting and social activities. The user’s future context can therefore be used to prioritize
information based on how significantly it impacts the individual activities, reducing the time
and attention required to filter through a large number of information sources.

To determine whether an event will impact a user’s future activities requires knowledge
about the user’s future context. Where the user will be, what the user will be doing, and with
whom, all are important factors influencing the importance of information. In this work,
the user’s calendar is used as the source for the user plan—what the user intends to do.
Knowledge of future context allows the incorporation of dynamic interests and priorities in
the selection and filtering of information for the user. For example, when a user is traveling
between locations, they are likely to be impacted by the local weather and traffic. The
user plan also provides a mechanism for determining when interruptions are least disruptive,
such as during breaks between activities. For information that does not require the user’s
immediate location, such as driving directions, information can be provided in the context
of the user’s activities, allowing the user to quickly find information that relates to an event,
again reducing the time and attention required to find a particular piece of information.

The problem of timely notifications is a particular challenge for users away from their
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desktop or laptop computer. Mobile users have limited access to information, despite the
proliferation of Internet-enabled mobile phones and PDAs, primarily because mobile users are
focused on activities other than a computing device. Aggravating this problem is dominance
of the browsing-oriented model, which requires the user’s focused attention on retrieving
information. With the limited capabilities of mobile devices, compared to desktops and
laptops, browsing is that much more difficult. Today’s model of browsing is simply the
wrong, or at least incomplete, approach for delivering important information to mobile users.
Notifications, such as text messages, interrupt the user to inform them of new information.
However, any interruption of the user for non-important information is undesirable, requiring
careful consideration of how and when information is important.

This paper describes our project to design and build a context-aware computing system,
the Integrated Management of a Personal Augmented Calendar Tool (IMPACT), which uses
a user plan to prioritize, organize and deliver information. Its goal is to inform the user of
any and all information that will impact the activities that a user intends to perform. To
accomplish these tasks, the user’s plan, which contains the user’s current and future context,
is built up from static preferences and calendar-based data. For each event in the plan,
information sources are queried and assessed according to rules. Information is assessed for
level of impact (severity) and urgency. The urgency is used to prioritize information, which
is delivered to the user at times and via means designed to minimize disruption.

The IMPACT system shows how useful relationships between events and commonly avail-
able information sources, such as web sites and emails, can be built using the limited context
available from calendars: date ranges, keywords, and locations. This work is novel in that it
solely uses the user’s future context for determining relevance of information, providing au-
tomated retrieval and delivery of information. Further, this work presents a context-aware
application that brings together the concept of future context with the distinct areas of
HTML extraction and interruption management. The importance of this work follows from
the rapid growth of the World Wide Web, which has forced users to make a tradeoff between
high rates of interruptions and the risk of missing potentially critical information.

The remainder of the paper is organized as follows. Section 2 explores the concepts and
considerations for the design of a context-aware retrieval system. Section 3 outlines the
IMPACT system, demonstrating a framework for personal information retrieval. Section 4
discusses how a system such as IMPACT should be evaluated. Related work is discussed in
Section 5. Section 6 provides a summary and plans for future work.

2 Context-Aware Information Retrieval

An effective personal information retrieval system will improve a user’s awareness of impor-
tant information with minimal user effort and disruption. The goal of such a system is to
bring information together from sources of interest, aggregating a number of sources into a
single interface. RSS aggregators, for example, consolidates headlines and topics into a single
interface [14], allowing the user to be informed when new information is available. Personal
information retrieval systems reduce the need for the user to check individual sources, such
as web sites, for new content. As a result, personal information retrieval reduces the time
it takes for the user to be informed of new information, allowing the user to focus on their
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task at hand, not on the obtaining and checking information sources.
It is not easy to determine what is of importance to a user. User interests change. What

is interesting and relevant to a user during a weekday is often different than during the
weekend. Where the user is, where the user is going, and what the user will be doing are
all significant factors influencing user interest. Therefore, any personal information retrieval
system that is not aware of the user’s context, that relies on static rules to determine interest,
must either provide a superset or subset of important information leading to either excessive
disruption or poor awareness.

Using standard concepts in the area of information retrieval [29], the following criteria
are the primary objectives of a personal information retrieval system.

• Recall: Is all important information delivered to the user?

• Precision: Is only important information delivered? Is the information properly prior-
itized and filtered?

• Minimal Disruption: Is the user unnecessarily interrupted?

Recall directly affects the systems ability to improve the user’s awareness, with greater
recall comes higher awareness. Poor precision means that some information is delivered
to the user that is not important. To be minimally disruptive, the system must take into
account the disruption caused by delivery of information, a factor which also depends on the
user’s context.

These issues of recall, precision and disruption depend on the determination of impor-
tance, a subjective concept. In this work, importance is defined as that information which is
likely to affect the users behavior and impacts the user’s activities. Impacting information is
that which affects the users current or future activities, such as inclement weather affecting
travel or an urgent email relating to a upcoming meeting. It is this class of importance,
impact, that is the focus of this research.

Determining what will impact the user requires knowledge of the user’s context in the
future, what the user will be doing. With knowledge of the user’s future context, it is
possible to aggregate information within the user’s context. The conceptual architecture of
a system for information retrieval is outlined in Figure 1. This figure shows the components
of user plan generation, context-aware retrieval, impact assessment and information delivery.
Such a system is intended to meet the goals of recall, precision, and minimized disruption
as discussed in the remainder of this section.

2.1 User Plan Generation

The user plan is an approximation of the user’s context over time, including where and
what the user will be doing. It provides a basis for determining what will impact the user,
what information the user is likely to reference, and when interruptions will not significantly
disrupt the user. In determining a user plan, multiple sources of context can be considered
as potential predictors of the user’s activities, as shown in Figure 1. A well-maintained
electronic calendar is likely the best basis for the user’s future context, as it explicitly reflects
the user’s intent and interests. To do lists may indicate those tasks which the user is likely
to perform in the near future, although the exact timing is not known.
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Figure 1: Conceptual Architecture.

Calendars record where and what the user will be doing, as well as other events of
importance to the user. Events in a calendar range from business meetings to lunch plans
to doctors appointments to daily commutes to vacation travel. Calendar events may also
be used for reminders and information about other people’s activities, such as a business
partner’s travel plans. The purpose of the calendar is to provide a list of events summarizing
what the user either intends to do, or wishes to be reminded of, along with date, time,
duration, recurrence, and often important details such as the subject, attendees and location.
Even calendar events that user will not participate in may be of importance, as they reflect
events of significant to the user.

Another source of future context are to do lists. To do lists provide a secondary source
of unscheduled, but still planned, tasks that the user intends to perform at some point in
time. Tasks in to do lists have broader time frames than scheduled activities, such as the
user intending to complete a given task by the end of a week. Information that affects the
tasks can impact the user and be of importance.

The user’s history also can be used to predict future behavior [26]. Prediction of future
context may be best integrated into the calendar information to infer behavior from patterns,
and improve the accurate of the user plan. For example, if the user leaves work early every
Friday, then the user plan should reflect this as a typical behavior.

2.2 Context-Aware Retrieval

The objective of context-aware retrieval is providing the highest recall of information; that
all related information for a given event can be identified. Figure 1 shows the role of context-
aware retrieval, receiving inputs from the user plan and information sources, and augmenting
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the user plan with related information for each event. Retrieval can occur once a user plan
has been constructed, and related information is extracted for each event to provide a single,
aggregated source of information for the user. The related information provides the basis for
determining whether and how to notify the user of specific information items. Information
is then hierarchically associated with each event. For instance, weather would be a part of
each event, with attributes of temperature, humidity and forecast.

Web sites, desktop applications, and even files are types of information sources that
can be related to particular events. Each type of information source requires a specific
extractor, capable of retrieving information from the appropriate protocols and API. Source-
specific rules define how the extractor should interact and extract data from a particular site.
Desktop indexing applications, such as Google Desktop, may facilitate this type of extraction,
providing a single point of integration for multiple sources.

Information extraction must be flexible to support different types of relationships, dealing
with dynamic content from diverse sources from the Web and desktop applications. Rela-
tionships can range from recent emails from an event attendee to news and blog entries that
contain keywords in common with the event to traffic near a particular location. A flexible
mechanism is needed to allow the user to define the relationships of interest for types of
events, along with useful default rules. Search technologies clearly can be applied here as a
mechanism of extracting and identifying related information. Of course, not all information
need be extracted, often a reference or hyperlink to the information will suffice.

2.3 Impact Assessment

A number of factors must be considered when determining the severity and urgency of
information. The purpose of assessment is to determine the degree to which an item of
information will impact an event. The most basic assessment method is determining severity
from the source of information. Information from particular sources is assigned a fixed
severity, such as all traffic information being given. The type of information and The type
and source of information provide a first approximation of the degree of impact,

A second measure of impact is the content of the information, whether it contains par-
ticular keywords or phrases. A third measure of impact is how it relates to the event, as
an impact that relates to an event based on Some sources may always provide important
information, such as a traffic site, whereas other sites

Most importantly is the fact that degree of impact is subjective, varying by user and
therefore requiring that any impact assessment must take into account the user’s personal
preferences. Several of the item of Given that each type of information generally impacts an
event along one factor. Travel related information, traffic and weather, will generally travel,
whether driving and air travel, can be assesFor instance, inclement weather may significantly
impact a long drive, but have a minimal impact on a short drive. A straightforward approach
to determining severity is to apply rules, specific to each information source, to assign severity
to information. These rules should take into account the information and the event itself,
such as “if weather is heavy snow and traveling by car, then severity is critical.” The focus
of impact assessment is the accuracy of the severity and urgency for a given information
item. Impact assessment relies on an augmented calendar constructed through context-
aware retrieval, as illustrated in Figure 1.
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Severity is dependent on a number of factors concerning the information and the event
in the user plan. A travel event, for instance, is impacted by information that changes the
scheduling or duration of the event. Bad weather, traffic, road construction, and the like
can all affect the duration of driving between two locations. In addition, impacts can have a
compounding effect. Delayed travel can impact a subsequent event, requiring that the user
either leave earlier or reschedule.

The concept of impact is not just a question of where, when and how long an event takes
place. Impact must take into consideration whether the information will affect how the
user performs the event. Press releases, research papers, blog entries, and news articles can
all allow the user to perform an event better. Newly available information can be directly
related to some event the user is performing, whether it is writing a paper, researching a
topic, attending a meeting or making social plans.

After an assessment of severity, the urgency of the information must be determined, to
evaluate when and how the user should be notified. To make this assessment, the severity,
proximity in time, the user’s current context, and the type of information may be taken into
account. Immediate notification should be reserved for only the most urgent information,
that which the user must be made aware of immediately, regardless of the user’s current
context. Delayed notification should be used to interrupt the user at the next convenient
point in time. Severity and urgency must also be tunable by a user, allowing the user to opt
for fewer or more notifications, or suppress notifications of certain types of information.

2.4 Information Delivery

Improving awareness requires timely delivery of information to the user. One definition of
information awareness is “the amount of time between the availability of new information
and the time at which the user acknowledges or consumes this information”[5]. Yet, timely
delivery of information must be balanced with the need to minimize the significant negative
impact of interruptions [2]. Frequent interruptions can lead to users becoming conditioned
to ignore or suppress the interruptions, leading to a reduction in information awareness, and
should be avoided. Figure 1 shows several potential interfaces, from a mobile phone to a
web browser to a calendar application.

Knowledge of future context is required to balance the need for timely notifications with
the goal of minimal disruptions. Interruptions can be very disruptive, requiring the user
to focus their attention on the new information and away from the task at hand. Urgent
information pertaining to imminent events, such as a meeting cancellation, or representing
significant issues, such as a hurricane warning, warrants an immediate interruption whereas
less urgent information may be delayed to reduce disruption. While knowledge of current
context alone allows the delay of interruptions until the user is not busy, current context
does not provide a basis for inferring when the user will be free and thus is insufficient
for determining if delaying an interruption for a short time will be helpful. Selecting the
appropriate time to deliver information to the user requires balancing what the user is
currently doing and what the user will be doing, as well as the urgency of the information
itself. Notifications delivered by a context-aware retrieval system may therefore employ
disruption avoidance techniques, allowing high disruption for only severe information that
impacts an imminent event.
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Much information will not require the user’s immediate attention, as reflected by a low
urgency. This information should be made accessible to users via an interface that allows
browsing and inspection of events with related information. As a calendar is the primary
interface for managing events, integrating related information into the calendar application
may provide the best user experience. On the other hand, as calendars are not ubiqui-
tous and synchronization of calendars with mobile devices is today limited, especially on
non-smartphones, a web-based interface that provides the user plan along with related infor-
mation would also be an effective mechanism. Information that should be browsable in the
context of future events not only includes the potentially impacting information, but also
reference information. Examples of reference information include directions to the event,
phone numbers of attendees, personal websites, and hotel reservation information.

3 The IMPACT System

Figure 2: Overview of the IMPACT System.

To explore the concepts discussed in the previous section, the Integrated Management of
a Personal Augmented Calendar Tool (IMPACT) was built. IMPACT is a web-based Java
application that demonstrates the feasibility and highlights the challenges of context-aware
retrieval using future context.

Following from the conceptual view in Figure 1, Figure 2 illustrates the high level ar-
chitecture of the IMPACT system. IMPACT is made up of four high level components:
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User Plan Generation, Context-Aware Retrieval, Impact Assessment, and Information De-
livery. User plan generation employs user calendar information to determine the user plan.
Context-aware retrieval relates information from information sources to the user plan. Im-
pact assessment determines the severity and urgency of each related information item. Fi-
nally, information delivery presents information to the user. Each of these are discussed in
the remainder of this section.

IMPACT is able to relate email, traffic, weather, and news articles to particular events
in the user calendar. Relationships are based on the timeframe, location and keywords for
a given event. Each related information item is assessed for severity of impact based on
keywords contained in the information, such as “Flood Watch” in a weather forecast or “Ac-
cident” in a traffic report. Urgency is then determined as an offset from the severity, either
increasing or decreasing the severity, through a combination of the user’s current context and
the time before the event starts. Items relating to imminent events have increased urgency,
and items in the further future have decreased urgency. Finally, information is presented to
the user through a web-based interface and through email notifications.

3.1 User Plan Generation

The basis for the user plan in the IMPACT system is an electronic calendar application,
Microsoft Outlook. As shown in Figure 2, user preferences and calendar information are
combined to form the predicted context. For this purpose, a Microsoft Outlook calendar
extractor has been written to export calendar events in a structured (XML) representation,
which serves as input to the user plan generation engine. A typical calendar event contains
the following information:

• subject,

• start date/time,

• end date/time,

• unique id,

• location, and

• attendees.

The user plan generation engine periodically receives the calendar data, converts them
to an internal representation and expands events based on user-defined preferences. These
preferences include location details, such as the address for a particular location, and route
information for travel between locations. To facilitate the relation of preferences to calendar
data, some conventions are used to simplify parsing. For instance, locations are specified
within parenthesis, such as “WPICampus”, and flight numbers are prefixed with “Flight:”,
such as “Flight : AA75”. These conventions are merely for prototype purposes, and are
intended to be generalized to eliminate the additional calendar management effort.

Currently, the user plan generation engine does not predict new events, however it is
envisioned that it will analyze the user’s calendar, leverage history, and to do items, to
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predict unlisted events and assess the likelihood of the user participating in an event. In
addition, pre-processing of the calendar is expected to be required to compensate for implied
travel and other inconsistencies.

Figure 3: Sample calendar.

As an example, Figure 3 shows a user calendar, beginning with a morning commute from
home to work. Monday begins with a staff meeting, and then traveling to Company XYZ’s
campus for a meeting with Bob at 11:30. Later in the day, the user will pick up a friend at
the airport on Flight AA75. After work, the user commutes home.

The output of user plan generation is the user plan, comprised of calendar events with
additional details filled in from user preferences. This user plan is provided as input to the
context-aware retrieval engine.

Figure 4 illustrates the resulting user plan, based on a portion of Figure 3. In this user
plan, the user commutes to work daily at 8:30am, and as a morning staff meeting at 9:30.
Two attendees are invited, Tom and Mary. The user also has a meeting at 11:30 with Bob
from XYZ.

3.2 Context-Aware Retrieval

With a generated user plan, information is then extracted and related to each event by the
retrieval engine. Extraction of information is performed by protocol-specific plug-ins, as
illustrated in Figure 2. Each extractor applies protocol specific logic to select, extract and
filter content, producing information items that may be related to events. Each information
item contains a textual summary, URL, date range, and location. Items that do not have
an explicit date range provided by the source are, depending on the source, given either an
indefinite timeframe with no end date or applied to the current day.
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0830-0850 Travel to Work
Location Home to Work
Distance 20 miles
Route Main St to Rt 90 to James St

0930-1030 Staff Meeting
Location Work
Attendees Tom (Organizer), Mary (Declined)

1130-1230 Meet with Bob from XYZ
Keyword XYZ
Location XYZCampus
Attendees Bob (Accepted)

Figure 4: User Plan Example

Three extractor plug-ins have been written for the IMPACT system: HTML, RSS and
Microsoft Outlook Email. The HTML extractor is oriented towards extracting specific blocks
of text from documents, and employs a DOM-based technique whereby a well-known anchor
point is searched for and a DOM offset from the anchor is applied to find the target content.
HTML sources that have been demonstrated include flight status, airport status, stock price,
and news sites. As RSS’s structure is well-known, the RSS extractor will normally extract
information items directly from RSS items. Some sites embed multiple information items
within a single RSS item, such as hourly forecasts within a single daily forecast RSS item,
the RSS extractor must also support extracting elements from within items. RSS sources
that have been demonstrated include weather and traffic RSS feeds. The email extractor
retrieves unread emails from attendees, and is currently extracted from Outlook along with
the calendar information. For each event, the user’s email inbox is searched for unread
messages from event attendees. Keyword and subject filtering are planned to be added in
the future.

Content extraction is not the focus of this work, therefore we do not describe the details
of the extractor plug-ins. Any method of extraction that can provide content along with
associated context can be used in the IMPACT system, including work in [15, 19].

In RSS and HTML sources, selection is performed through parameters in a URL query
string. For example, to extract traffic information from Yahoo, the following components
are needed to construct the URL:

• Base URL: http://maps.yahoo.com/traffic.rss

• Parameter: csz

• Value: event.location.zipcode

As a last step, each extracted information item is checked for relevance to a given ap-
pointment. Even though the URL for the information item was constructed based on context
from the appointment, often multiple information items are returned that partially map to
the given appointment. For instance, weather forecasts are extracted for each zip code, yet
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multiple forecasts are provided containing different time ranges, of which at most one will
apply to a given event. To minimize the burden on web sites due to repeated queries, in-
formation is cached locally for each URL for a configurable time period. This process is
repeated periodically to check for new information, and eliminate stale information.

0830-0850 Travel to Work
Location Home to Work
Distance 20 miles (directions)
Route Main St to Rt 90 to James St
Traffic Main St: Construction
Traffic Rt 90: Accident, One Lane Open

Weather Partly Cloudy & Windy, Hi 60o, Low 41o

0930-1030 Staff Meeting
Location Work
Attendees Tom (Organizer), Mary (Declined)

Emails 1 from Tom

1130-1230 Meet with Bob from XYZ
Location Work to XYZCampus
Keyword XYZ
Attendees Bob (Accepted)

Emails 2 from Bob
News ”XYZ Releases v2.0 of XYZSoft”

Figure 5: Augmented Calendar

Figure 5 illustrates an augmented calendar, the result of context-aware retrieval. The
morning travel to work event has traffic and weather associated with it. The morning staff
meeting is related with a single email from the organizer. The 1130 meeting with Bob was
related to a news headline based on the XYZ keyword in the event. In addition, two unread
emails from the attendee, Bob, were found.

3.3 Impact Assessment

Impact assessment applies user specified severity and urgency rules to the augmented calen-
dar, as shown in Figure 2. Each information item in the augmented calendar is evaluated for
severity, and then urgency. The IMPACT system uses a simple keyword-based approach for
assessing severity of impact with different keywords for each source. A set of pattern-based
rules compare attributes of the event, the information, and possibly externally parameters
for each information/event pair. This level of impact is a rating, from most impacting to
least: critical, medium, low, none. For example, if the weather forecast contains “heavy
snow” or “flood watch”, then the forecast is of critical severity. While severity rules are
based on the information itself, the system could be extended to consider additional details
from the context, such as light snow in Florida being more severe than heavy snow in Alaska.
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While severity only takes into account the information item, and possibly the appoint-
ment context, urgency considers the user’s overall context. The urgency of an event begins
as being equal to its severity, and is then increased or decreased based on two factors: time-
to-event and the user’s current context. The time-to-event refers to the amount of time
until the appointment is scheduled to begin. The user’s current context is defined as being
either “idle”, “busy”, or “transit”. The closer the event, the more urgent the information is,
whereas the further away in time the event is the less urgent. Likewise, when the user is busy,
the urgency of information is reduced significantly to compensate for the disruptiveness of
interruptions [17]. Note that some information sources are considered as being never urgent,
such as those that are for reference purposes only.

0830-0850 Travel to Work
Traffic (Medium) Main St: Construction . . .
Traffic (Critical) Rt 90: Accident . . .

Weather (Minor) Partly Cloudy & Windy . . .

0930-1030 Staff Meeting
Emails (Medium) 1 from Tom

1130-1230 Meet with Bob from XYZ
Emails (Medium) 2 from Bob
News (Minor) ”XYZ Releases v2.0 of XYZSoft”

Figure 6: Augmented User Plan with Severity

Figure 6 expands on the example from Figure 5. The morning commute to work has a
critical item, an accident on Rt 90, whereas the construction on Main St is only of medium
severity. Both the accident and construction are assessed based on keywords, for example the
occurrence of the word “accident” in traffic will always be marked critical. In the meeting
with Bob from XYZ, unread messages from an attendee are rated as medium severity.

3.4 Information Delivery

The IMPACT system provides a web-based dashboard for browsing of the augmented cal-
endar and delivers email notifications of urgent information. Figure 7 is an example of the
dashboard, following from Figure 6.

The dashboard provides an integrated view of the user’s calendar details along with the
related information items for each event. Items above an urgency threshold are marked with
an exclamation point icon to highlight the items requiring the user’s attention. An alternate
approach would be to augment the calendar application itself to provide an integrated view
for users. For portability and rapid prototyping purposes, a web application was chosen.
Most mobile devices provide web browsers, allowing demonstration of the IMPACT system
from a wide range of devices. The web-based approach comes at the cost of providing the
user with a secondary calendar interface, adding the risk of inconsistencies with the primary
calendar application.
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Figure 7: IMPACT Dashboard.

Email notifications are used to notify the user of urgent information, providing the details
of the information along with the related event. When the urgency for an information item
changes, or a new information item is related to an appointment, it is evaluated to determine
whether it should trigger a notification. This determination is based on the urgency of the
information, with a user-definable threshold to establish the minimum level of urgency that
requires a notification. The default threshold is for critical events to be sent immediately.
Both the dashboard and email notifications are accessible from mobile phones, as many
mobile phone carriers provide mobile web browsers and email to text message gateways.

Three parameters are used to control the frequency and content of notifications: imme-
diate urgency threshold, secondary urgency threshold, and maximum items per notification.
The immediate urgency threshold denotes the urgency at which items will be sent imme-
diately as a notification. The secondary urgency threshold is used to maximize the user’s
attention by sending lesser urgent information along with information that meets the imme-
diate urgency threshold. The secondary urgency threshold is based on the expectation that
some additional information in an interruption will not result in significantly higher disrup-
tion. Finally, the maximum items per notification limits the number of secondary items, to
prevent a large number of items being sent in a notification.
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4 Evaluation

While we have not formally evaluated the IMPACT system, we have clear ideas on how
this evaluation should be done. This section describes methods for evaluating each of the
components of the IMPACT system shown in Figure 2. As previously stated, the objective of
the IMPACT system is to achieve the highest recall and precision with minimal disruption.
The IMPACT system provides a focal point for information that is likely to be accessed,
organizing information according to the user plan and interrupting the user with critical
information only when necessary.

The context awareness of the IMPACT system depends on accuracy of the user plan,
thus depending on the accuracy of the user calendar. If the user calendar is a poor predictor
of user behavior, then it is likely that the resulting information will be poorly matched to the
user’s interests. The accuracy of the calendar in predicting user behavior may be measured
through user tracking, user feedback, or a combination of the two. To get user feedback, the
IMPACT system may periodically ask a user to annotate previous events with whether they
were attended, skipped, changed, or for reference-only. Tracking of user current context,
including location and presence, allows analysis of whether the user plan accurate predicts
user behavior.

High recall in context-aware retrieval should result in a reduced need to periodically check
information sources, and fewer occasions where the user is not aware of an information item
that is related to an event. Measuring the change in email and web browsing behavior as a
result of the IMPACT system should indicate a reduction in periodic browsing. To assess
whether the IMPACT system is missing information, the information delivery mechanisms
should allow the user to mark particular events as “missing information”, along with a URL
for where the information can be found.

Evaluating the precision provided through impact assessment must also be performed
through user feedback. Within the browser interface, the user should be able to adjust
the severity and urgency of events. Adjustments would be recorded for further analysis to
determine the overall precision of the assessments, and whether inaccuracies are the result
of particular rules or if the overall approach of assessing severity must be changed. A more
general measure is whether critical events do in fact result in a change in the user behavior,
and whether there is any correlation between particular events and particular changes in
user behavior. For example, do users leave early when informed of a critical traffic issue or
poor weather?

Finally, the disruptiveness of notifications would be assessed by allowing user feedback
upon interruption. A user should be able to flag unnecessarily disruptive notifications by
replying to the email. In addition, users should be able to record the disruptiveness of
various notifications. These measures would provide an indication of whether the urgency
assessment and subsequent notification rules provide an effective means for reducing the
disruptiveness of interruptions.
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5 Related Work

There are a number of research areas related to this work, ranging from context-aware
computing to mobile computing to personalization research. The use of history and other
mechanisms to predict future context based on history and predictions [26] may improve the
accuracy of the user plan, providing a potentially more complete user plan than one based
solely on user calendars. [22] explores using calendars as a source of context for mobile
devices. Information retrieval research has explored the role of context awareness, and how
to account for issues of changing user context in retrieving and filtering information [7].

The use of future context for interruption management is explored in [20], which presents
“methods for inferring the cost of interrupting users based on multiple streams of events
. . . and data drawn from online calendars.” [17] observes that interruptions are “better
received” during physical transitions, such as standing up. The use of physiological cues,
such as heart rate, to reduce the disruptiveness of interruptions is explored in [10]. When the
user is at a desktop or laptop, [5] suggests the use of popups and message boxes for gaining
the users attention with minimal intrusion.

A significant challenge in information retrieval is extracting meaningful information from
information sources. While the dominant method of distributing content, HTML is a
presentation-oriented structure, making automated extraction difficult. Automated HTML
extraction is explored in [19, 13]. RSS is a commonly used XML-based format for summa-
rizing web content which facilitates information extraction, although without providing the
meaning of the contained information [24].

The Semantic Web initiative takes a different approach. Instead of inferring meaning
from pages, information should be provided by web sites already organized and structured
according to its meaning. By associating not only structure, but also meaning, to web
content, the Semantic Web provides the foundation for richer applications to be developed
around the web [25]. When, and if, RDF content becomes widely available, the challenge
of information extraction will be greatly simplified [16], but in the meantime any approach
must provide for extraction of information from a wide range of sources, including HTML,
RSS and web services. Other sources of information appropriate for personal information
retrieval also include email, files, and databases.

Unplanned activities can change the user plan unexpectedly and thus render it irrelevant
or inaccurate. Research has found that unplanned activities make up a significant amount
of our daily interactions [21]. These activities present a difficulty as there is no basis for
relevant information to provide to the user nor does the system know when the user can be
interrupted. Methods can be applied that minimize potential disruptions, such as letting a
caller view what periods the callee is busy and free [9].

Mobile devices, including phones and personal digital assistants, now provide nearly
universal access to a wide range of content. They are an important tool used to communicate
and access information. Yet, the availability of content for these devices is quite limited
and difficult to use [12]. To overcome mobile browsing issues, [8] presents a method that
summarizes web content for mobile devices. [6] comments on the general problem of mobile
web access, pointing out that: “A literal translation from the Web to wireless is inadequate.
Merely squeezing data onto small screens detracts from the user experience on mobile devices.
By adaptively learning users’ preferences, all users can have easy access to a vast amount of
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information at any time.”
Context-aware computing research has focused on how knowledge of the user’s situation,

such as location and presence, can be leveraged to enhance the computing experience [11].
Physical location is a broadly useful source of context [23], which can be used to enhance
a user’s web experience through location-aware applications. For example, [27] provides
a service that delivers notifications based on the location of the user. An event planner
that leverages contextual information to make more informed decisions is presented in [28].
Context-aware research highlights the value of integrating diverse sources of context to enable
new types of applications, applications that can adjust to the user’s changing needs and
interests.

Work in personalization provides methods to personalize web content by learning user’s
interests and adapting web sites to fit the user [3]. A related argument is that that a one size
fits all web site model, which can be adapted dynamically for desktop and mobile users, will
not address the different needs of mobile users. Instead, [4] presents a web site personalizer
that “automatically adapts and personalizes a web site.” [4] also note that users exhibit
different goals and behaviors, from goal-oriented searching to browsing/surfing.

6 Summary and Future Work

Improving information awareness is an important goal and challenge in today’s increasingly
connected world. As information sources continue to expand, and users become universally
connected to information, attention becomes a critical and limited resource. Maximizing
user’s attention, and reducing the effort required to monitor information, will continue to be
a challenge in the years to come.

This work describes an approach for improving awareness through personal information
retrieval, leveraging the user plan to determine the relevancy and importance of information.
Improving information awareness requires the delivery of all information that will impact
the users activities, requiring both high recall of information and precision in assessment
of impact. In addition, the information delivery mechanisms must balance the need for
immediate awareness with that of minimizing disruptions.

The IMPACT system demonstrates these concepts, providing a framework for aggregating
information that is related to events in the user’s predicted context. The user’s future
context, the user plan, is determined from calendar information, with events in the user
plan related to information through rule-guided extraction performed by HTML and RSS
extractors. Information is delivered to the user through emails and a web portal, allowing
both notifications and browsing of information.

Several capabilities are planned to be added to the system. Providing control to the user
through a user interface over retrieval and impact assessment will minimize the technical
competence required by the user’s being studied. Allowing users to add new sources, modify
relationship determinations, and change severity calculations, will allow the system to be
customized by the end-users. In addition, minimizing the burden of formatting calendar
events in particular ways, such as “(From:location)”, will also minimize the effort required
of the user to maintain the calendar properly.

Other related areas for future work, but outside the scope of this work, include the role
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of Semantic Web technologies, including RDF query languages, and whether they provide
improvements in the flexibility and expressiveness of relationships in the IMPACT system.
The relationship and role of other individual’s future context for a given user should also be
investigated.
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