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Abstract. Current todls do nd provide alequate suppat to users for handling
reminders. The main reason for thisis the ladk of use of rich context that sped-
fies when a reminder shoud be presented to its redpient. We describe Cybre-
Minder, a prototype mntext-aware todl that suppats users in sending and re-
cdving reminders that can be asciated to richly described situations involv-
ingtime, place ad more sophisticated pieces of context. These situations better
define when reminders soud be delivered, enhancing ou ability to ded with
them more dfedively. We describe how the todl is used and haw it was devel-
oped using ou previousy developed Context Toalkit infrastructure for con-
text-aware omputing.

1 Introduction

A reminder is a spedal type of message that we send to ourselves or others, to inform
us abou some future adivity that we shoud engage in. For example, a ®lleague
might send uts areminder asking Lsto bring a cpy o a paper to ou next meding.

We use remindersto signal othersand ouselvesthat atask still existsto be worked
on and/or that atask is realy for further processng We use reminders to re-establish
needed information in short-term memory so that the trigger condtions for these
reminders can be satisfied [14].

Reminders have two main feaures— a signal and a description. The signal is used
to indicate somethingisto be remembered. An example of an audio-based signal is an
aarm on an alarm clock. Lights flashing in a thedre or a note pinned to a doar are
examples of visual signals. The description is used to explain what needs to be re-
membered. This can vary from being nonrdescriptive, in the cae of the darm clock,
to being partially descriptive, in the cae of aiconwhich provides only afew cues as
to what needs remembering, to being fully descriptive, in the cae of an e-mail mes-
sage or handwritten nae that provides all relevant detail s of the reminder.

We aurrently have anumber of todls and strategies at our disposal to help us keep
tradk of reminders. However, studies have shown that users gill have difficulty ded-
ing with reminders [6]. Difficulties ¢em from a number of issues regarding the use of



signals. Current reminder systems, ading as a form of externalized memory, do nd
present appropriate signals at appropriate times. More spedficdly, these todls are not
sufficient because they are not proadive and do nd make use of rich contextua in-
formation to trigger reminders at appropriate times in appropriate locations. Herstad
et al. claim that in order to buld useful, functional and paverful tods for suppating
human-human interadion, we must take context into acourt [9]. For example, to be
most effedive, areminder to bring a paper to a meding shoud be delivered when we
are learing ou office and heading towards the meding, and nd when we happen to
read ou e-mail. We will i nvestigate this ideafurther by looking at traditional ways of
handling reminders, indicating haw insufficient use of context causes problems.

By reviewing existing reminder toals, we will show that users have troude deding
with reminders due to the ladk of use of rich context. We will then propose alist of
feduresthat an ided reminder shoud suppat. We describe CybreMinder, a reminder
toal that suppats these feaures and some scenarios that it currently suppats. Finally,
we describe CybreMinder’'s gystem architedure and haw it leverages off an existing
context-sensing infrastructure (the Context Toolkit [4,16]) to alow the spedficaion
of situations in which reminders can be delivered.

2 Current Reminder Tools

We use avariety of todsthat help usin creaing and managing ou reminders. In this
sedion, we examine these todls and investigate our claim that they do nd use enough
context information to adequately suppat our needs. This brief review of reminder
toaswill l ead usto alist of desirable feaures for a mntext-aware reminder system.

2.1 Paper To-Do Lists

A common reminder tool isato-do list written ona pieceof paper. The to-do list may
contain bah traditional caendar/scheduler information and a set of tasks that need to
be completed. Whileit is smple to crede alist, it isnot so easy to remember to use it
in the gpropriate situation. A to-do list ladks the &ility to proadively remind ws
when an item on the list neeads to be acomplished. Instea, the list cregor must re-
member to ched it often, to determine which items need/can be acomplished. In
other words, ato-dolist provides reminders with descriptions, but no signals.

2.2 E-Mail Mailbox

An e-mail mailbox is often used as an informal to-do list. Some people send them-
selves e-mail asareminder to perform some adivity at alater date. A study o e-mail
todl usage showed that when chedking their e-mail, people often flag messages con-
taining to-do items to creae avisual reminder [8]. Ancther strategy isto file them in
aspeda mail folder, credingthe dedronic equivalent of a paper-based to-dolist. As



with the paper-based to-do list, e-mail todls canna proadively remind ws of to-do
items. We ae forced to repeaedly review these flagged or stored messages, in an
attempt to ascertain which to-do items can be handled at the time. Again, this is an
example of a reminder with descriptions, but no signals. One alvantage of e-mail
over paper isthat people can use email to creae and send remindersto athers. How-
ever, it suffers from the disadvantage of not being as readily avail able & paper.

2.3 Post-it Notes

Ancther common strategy is to use post-it notes, paper or virtual [2,15], placa in
locaions where the intended redpients can view them. The visibility of post-it notes
in the environment provides a signal to redpients that something needs to be remem-
bered. The mntent of the note provides the description d what isto be remembered.
Because post-it notes are dways visible to the intended redpients, there is no way to
determine when they are valid. For example, areminder to cdl someone may only be
valid before 10 pm. but the reminder is dill visible dter 10 pm., unlessit is explic-
itly removed. The paper post-it notes also have the disadvantage that they can also be
viewed by anyore, nat just the intended redpients. This is another example of a re-
minding todl with inappropriate signaling capabiliti es. Post-it notes can orly provide
asigna based ontheir location in the environment, indicaing that they are only use-
ful for location-based reminders. An additional disadvantage of post-it notes is that
they do nd suppat the aility to colled all remindersin asingle atifad, unlike email
foldersor to-dollists.

2.4 Personal Information Management Tools

Personal information management (PIM) tools guch as eledronic cdendar and to-do
list programs suffer from a similar problem as post-it notes. While post-it notes are
useful for reminders where location is the only useful context, these PIM todls only
have df ordances for temporal context: amedingisat a cetain time or atask must be
completed bya cetain date. Current PIM tools can only provide asignal based onthe
current time, making them no more intelligent than a simple darm clock. The tod
provides an audio or vibration signal and it is our resporsibility to retrieve the de-
scription a content of the reminder. Both types of cues may be inappropriate in vari-
ous stuations (e.g. audio cues in a meding are disruptive and \ibration cues while
joggng may nat be naticed). This suggests that the manner in which reminders are
delivered is also extremely important.

2.5 Human Assistant
Ancther “tool” used to manage reminders is a human assstant. We often rely on a

personal assstant (seaetary, spouse, etc.) to remind s of scheduled events and tasks
that require atention. The assstant ads as a mediator between the adual set of things



to be remembered and ouselves, creaing reminders from a variety of communicaion
media (phore messages, faxes, e-mail, etc.), presenting them in the gpropriate situa-
tion and wsing an appropriate delivery medhanism. However, even a personal asss-
tant may nat be enough In most cases, personal assstants can orly present reminders
when they are m-locaed with us. They can provide two types of reminders, those
that are relevant right now and those that are relevant in a future wntext when they
will not be with us. It is the second case that is troudesome. How many of us have
been reminded to pick up an item from a grocery store & we ae leaving for work,
only to forget to stop at the store on the way home?An ided asdstant would provide
the reminder in the mntext that maximizes the dhancefor appropriate adion.

2.6 Desired Features of a Reminder System

The externalized memory tools we have discussed are simple to use, but all take lim-

ited advantage of context for signaling; or for indicaing that areminder isrelevant in

our current situation. Human assstants come dosest to being the ided reminder toadl,

but as shown, there ae oppatunities to improve on their capabiliti es, and we caanat

al have human assstants. Based on ou analysis of current toals, hereis alist of the

feauresan ided reminder tod shoud suppart:

 the use of rich context for spedfying reminders, beyond ssimple time and locdion
andfor proadively determining when to deliver them;

« the aility for usersandthird parties to submit reminders;

« the aility to creae reminders using avariety of inpu devices,

« the aility to recaéve reminders using a variety of devices, appropriate to the user’s
situation;

 the use of reminders that include both a signal that something isto be remembered
and afull description o what isto be remembered; and

« dlowing wersto view alist of al adive reminders.

3 Related Work

There has not been alot of previous work in the aeaof context-aware reminders. As
discussd in the previous sdion, commercia efforts have focused on e-mail toadls
that use no context or PIM todls that use only time. Another system that uses time-
aware remindersis Lifestreans [6]. Lifestreansis a system for organizing dacuments
that is intended to replace onventiona files and dredory structures. Instead,
Lifestreams organizes documents temporally, based onwhen they were aeaed, re-
ceved, andlor modified. The beginning d a strean contains the oldest documents
while the end d a strean contains the most recently created documents. The interface
alows users to even visit the future portion d the document stream. When a user
creaes a document in the future portion d the stream, they are dfedively creding a
time-based reminder. When they return to present time, these documents are hidden
and oy appea when present time matches the future time of the documents.



The oomMotion projed [13] moved beyond this by using a cmbination o loca-
tion and time information to deliver relevant messages. When a reminder message is
creded, a locaion is asociated with it. Then, when the intended redpient arrives at
that locaion (work or agrocery store, for example), the messages associated with that
locdion are delivered via speed synthesis. In addition, when a user arrives at work,
her cdendar events for that day are delivered, taking advantage of time & well as
location information.

Proem is a weaable mmputer-based system that suppats profile-based coopera-
tion[11]. Weaers can write simple rules that indicate their interests in ather people.
When someone physicdly close to the weaer has a profil e that matches one or more
of his interests, Proem can aert him. Interests are limited to fairly static pieces of
information such as names and personal interests and hoblbes.

Memory Glasss is aweaable computer-based context-aware reminder system [3].
It proposes the use of time, location, and adivity to deliver reminders. It focuses on
personal context and wses body-worn sensors (a canera and a microphore) to deter-
mine what adivity the weaer is engaged in, including walking dowvn stairs or taking
part in a onversation. When Memory Glasses determines the arrent adivity, re-
minders associated with that adivity are presented to the using audio ouput. Memory
Glasss proposes that knowledge of this adivity may be used to better determine
when it isappropriate to interrupt the weaer with areminder.

While these systems address many of the fedures of an ided reminder toal, they
are limited by their restricted use of context. The nation d context is quite rich and
encompasses many information types beyond locdion, time and adivity, such as
identity, physicd/environmental condtions, as well as information abou other indi-
viduals besides the user [5,18]. As the montext asociated with a reminder is made
richer, the system’s ability to deliver the reminder in the gpropriate situation is im-
proved. The CybreMinder reminder tool we will present in the next sedion attempts
to addressall the fedures of the ided reminder todl, concentrating onincreasing the
variety of context used to associate with reminders. It is not intended to replace &-
isting cdendar or to-dolist toadls, but to augment them.

4 The CybreMinder Tool

To aid ou investigation d reminder tools and interfaces, we built the Java-based
CybreMinder toadl. It has two main parts — reminder creaion and reminder delivery.

4.1 Reminder Creation

When userslaunch CybreMinder, they are presented with an interfacethat looks quite
similar to an e-mail creaiontoad. As shown in Figure 1, users can enter the names of
the redpients for the reminder. The redpients could just be themselves, indicaing a
personal reminder, or alist of other people, indicaing a third party reminder is being
creaed. The reminder has a subjed, a priority level (ranging from lowest to highest),



abodyin which the reminder description is placed, and an expiration date. The expi-
ration chte indicates the date and time & which the reminder shoud expire and ke
delivered, if it has not already been delivered.

E-f’i CybreMinder _ o) x|
fMessage rCuntext r\ﬂew All |

To: Anind Dey

Subject: |Bring proceedings for Gregory

Priority:  |High -

E=piration:| 05/01/00 10:00

Bring in HUC '99 proceedings for Gregony

Message:
| Send Message | | Cancel
Fig. 1. CybreMinder reminder creaion tool
E::gl:ybleﬂinder =3

Message | Context | View AII|

Available Sub-Situations

A timestarnp, username, location I location=CRB
city=Atlanta, weatherforecast=7, timestarnp="7

city=Atlanta, temperature=?, timestamp="7?

stockname=?, stockvalue=?, tirmestamp="?

username=7?, location=CRB, timestamp="?

location=CRE Conference Roorm, soundlevel=?, timestarmp=?,
usernarme="?, activitylevel=7, timestarmp="
officename=CRB383, doorstatus=7, timestamp="7 -

[»

Current Situation For Message

officename=CRE383, doorstatus=open
usermame=GCregary, activibdevel=low

Clear Situation |

Fig. 2. CybreMinder situation editor

In addition to this traditional messaging interface users can seled the Situation tab
and ke presented with the situation editor (Figure 2). This interface dows dynamic
construction d an arbitrarily rich situation, or context that is associated with the re-
minder being creaed. The interface onsists of two main pieces for creaing and
viewing the situation. Credion is asdsted by a dynamicdly generated list of valid
sub-situations that are aurrently suppated by the CybreMinder infrastructure (as
asssted by the Context Toaolkit described later). When the user seleds a sub-situation,
they can edit it to fit their particular situation. Each sub-situation consists of a number
of context types and values. For example, in Figure 2, the user has just seleded the
sub-situation that a particular user is present in the CRB building at a particular time.
The cntext types are the user’ s name, the location (set to CRB) and a timestamp.



In Figure 3, the user is requiring the user name to be “Anind Dey”, and isnot using
time. This sub-situation will be satisfied when Anind Dey isin thelocation‘CRB'.

FEi CybreMinder -|ol x|
Message | Context \ﬂewnll|

Available Sub-Situations:
S AP YR =]
it F=3 CybreMinder Sub-Situation Editor [l [E3 =
stock [ timestamp | = - (M - =
USen [y username | = w ||Anind Dey | v Edit
locat =7
v/ i = ¥ |[CRB
sen [¥] Jocation
office Submit Cancel |
locat, - — — -
Current Situation For Message
officename=CRB383, doorstatus=open
usernarme=Gregary, activitylevel=low
Clear Situation

Fig. 3. Sub-situation editor

The user indicates which context types are important by seleding the ched<box
next to those atributes. For the types that they have seleded, users may enter arela
tion aher than ‘=". For example, the user can set the timestamp after 9 p.m. by using
the ‘>’ relation. Other suppated relations are ‘>=", ‘<’, and ‘<='. For the context
value, users can either choose from alist of pre-generated values, or enter their own.

At the bottom of Figure 2, the airrently spedfied situation is visible. The overall
situation keing defined isthe mnjunction d the sub-situations listed. Once areminder
and an asciated situation have been creded, the user can send the reminder. If there
is no situation attached, the reminder is delivered immediately after the user sends the
reminder. However, unlike email messages, sending a reminder does not necessarily
imply immediate delivery. If a situation is attached, the reminder is delivered to re-
cipients at a future time when al the sub-situations can be simultaneously satisfied. If
the situation canna be satisfied before the reminder expires, the reminder is delivered
both to the sender and redpients with anote indicating that the reminder has expired.

4.2 Reminder Delivery

Thus far, we have @mncentrated on the process of creaing context-aware reminders.
We will now describe the delivery process When a reminder can be delivered, either
becaise its associated situation was stisfied or becaise it has expired, CybreMinder
determines what is the most appropriate delivery medchanism for ead reminder re-
cipient. The default signal is to show the reminder on the dosest avail able display,
augmented with an audio cue. However, if aredpient wishes, they can spedfy a mn-
figurationfile that will override this default.



A user’s configuration file contains information abou all of the avail able methods
for contading the user, aswell as rules defined by the user on which methodto usein
which situation. If the redpient’s current context and reminder information (sender
identity and/or priority) matches any situation defined in his configuration file, the
spedfied delivery medchanism is used. Currently, we suppat the delivery of remind-
ers via SMS on a mobile phore, email, displaying ona neaby dsplay (weaable,
handheld, or static CRT) and printing to alocd printer (to emulate paper to-do li sts).

Fig. 4. Delivered reminder

Fig. 5. List of all reminders

For the latter three medchanisms, both the reminder and associated situation are de-
livered to the user. Delivery of the situation provides additional useful information to
the user, helping them understand why the reminder is being sent at this particular
time. Alongwith the reminder and situation, users are given the &ility to change the
status of the reminder (Figure 4). A status of “completed” indicates that the reminder
has been addressed and can be dismissed. The “delivered” status means the reminder
has been delivered bu till neadsto be aldressed. A “pending’ status means that the
reminder shoud be delivered again when the asciated situation is next satisfied.
Users can explicitly set the status through a hyperlink in an e-mail reminder or
throughthe interfaceshown in Figure 4.



Since SMS messages have limited length, only the subjed of a reminder is deliv-
ered when using this delivery mecdhanism. Users recaving such an SMS messge
have the option d going to a networked device and launching their interface(Figure
1) to CybreMinder. By seleding the View All tab, users can view a personalized list
of all reminders and can change the status of any of these reminders (Figure 5).

5 Example Reminders

In this ®dion, we describe arange of reminders and situations that users can creae
using CybreMinder, moving from simple situations towards more complex situations.
The situations are only limited by the context that can be sensed. Table 1 gives the
natural language and CybreMinder descriptions of the ill ustrated situations below.

Table 1. Natural language and CybreMinder descriptions of scenariosin Sedion 5

Situation Natural Language CybreMinder Description
Description
Time 9:45am Expirationfied: 9:45am
Locaion Forecat is for rain and | City = Atlanta, WeaherForecast = rain
Bobisleasing hane Username =Bob, Locaion = Bob'sfront doar
Co-Locaion Sally and colleggue ae | Username =Sally, Locaion=*1
co-locaed Username =Bob, Locaion=*1

Complex #1 Stock priceof X isover | StockName =X, StockPrice >50

$50, Bob is aone and | Username =Bob, Locaion=*1

has freetime Locaion=*1, OccupantSize =1

Username =Bob, Fre€lTime >30

Complex #2 Sally isin her officehas | Username =Sally, Locaion = Sally’s office
some freetime, and her | Username =Sally, Fre€lime =60

friendis nat busy Username =Tom, ActivityLevel = low

5.1 Time-Based Reminder

Like many of the other systems previoudy described, CybreMinder all ows reminders
to be triggered based ona simple time cntext. In this <enario, Sally has a meding at
10 am. tomorrow. She wants to send a reminder to herself fifteen minutes before the
meding acaurs, so that she has time to walk to the meding. She can simply set the
expiry date to be tomorrow’s date and 945a.m.

5.2 Location-Based Reminder

In this £enario, Bob wants to remind hmself to take his umbrella to work becaise it
is suppased to rain this afternoon He keeps the umbrella nea his apartment doar, so
he wants to recave the reminder as he goproaches the doar. Here, he can simply cre-



ate astuation with only one sub-situation: he is at his front doar. In CybreMinder
terms, he sets the username to his name and location to his front doar. This stuation
can be made dightly more complex. If Bobis ®nding the reminder the night before,
then he may want to add a time atribute and set it to be greaer than 7.00 am. By
doing so, the reminder will not be triggered and dsplayed ead time he leaves his
apartment that night. It will only be displayed when he goproaches the doar after 7:00
am. the next morning. Pushing onthis senario a littl e more, Bob daes have to know
ahead of time that it is going to rain. He can simply creae areminder that is to be
delivered whenever the forecast cdlsfor rain and heisleaving his apartment.

5.3 Co-location-Based Reminder

Of the systems we reviewed, only Proem [11] suppated proadive reminders when
two or more people were @-locaed in an arbitrary locaion. It can be agued that
post-it notes could be used in this stting, athoughit currently breeks normal social
conventions to stick post-it notesto people. An example @-location scenario foll ows:
Sally wants to engage a olleague in a discusson abou an interesting paper she read,
but forgets when she sees her colleague. She can creae a @ntext-aware reminder that
will be delivered when sheisin close proximity with her colleague. The situation she
creaesis dightly more amplex than the ones we have discussd so far, and it makes
use of variables. Variables allow users to creae relationships between sub-situations.
First Sally creaes an initial sub-situation where she sets the user name to be her col-
league’ s name and the location to be variable (indicated in Table 1 by *1). Then, she
credes a seoond sub-situation, where she sets the user name to be her name and the
locaion to the variable used in the first sub-situation. Now when Sally and her col-
league aein the same abitrary location, the reminder will be delivered.

5.4 Complex Reminder

CybreMinder supparts the unlimited use of rich context, allowing wsers to crede &
rich a situation as can be sensed. We describe two such situations. In the first scenario,
Bob awvns gock in Company X and has dedded to sell that stock when it is valued
over $50 per share. He only wants to be reminded to sell, however, when he is alone
and has freetime. To creae this stuation to signal a reminder to sell, Bob credes a
number of sub-situations: stock price of company X > $50, Bob is the only occupant
of hislocdion, and Bob's <hedule shows that he has > 30 minutes before his next
meeing. When this stuation occurs, Bob receves the reminder to sell his gock.

In ou seaond complex scenario, Sally neals to make aphore cdl to her friend
Tom. She wants to recave a ontext-aware reminder when she arives at her office,
has ssme freetime in her schedule, and her friendis not busy. To creae this stuation,
she aedesthreesub-situations: Sally isin her office, Tom'’s adivity statusislow, and
Sally has at least one hour before her next appadntment.



6 The CybreMinder Architecture

In the previous two sedions, we described howv CybreMinder works from the user’s
perspedive. Here, we discuss how CybreMinder was built. When users write situa-
tions to be sswciated with reminders, CybreMinder must have away to determine
when they have been redized. It uses the Context Toadlkit* for this purpose.

6.1 The Context Toolkit

The Context Toadlkit is a software toadlkit that aids in the building d context-aware
applicaions[4,16]. It promotes threemain concepts for buil ding context-aware gpli-
cdions; separation d context sensing, or aqquisition, from context use; context ag-
gregation; and context interpretation. It relieves developers from having to ded with
how to sense and accesscontext information, allowing them instead to concentrate on
how to use the mntext. It provides smplifying abstradions like aggregation and in-
terpretation to make it easier for applicaions to oktain the wntext they require. Ag-
gregation provides “one-stop shopping”’ for context about an entity, all owing applica-
tion designers to think in terms of high level information, rather than low-level details.

Fig. 6. Context Toolkit comporents: arrows indicate data flow

The achitedure makes it easy to add the use of context to existing applications
that don't use context and to evolve gplicaions that alrealy use mntext. In addition,
the achitedure makes context-aware gplicaions resistant to changes in the context-
sensing layer. It encgpsulates changes and the impaad of changes, so applications do
not need to be modified.

The Context Toadlkit consists of threebasic building Hocks: context widgets, con-
text aggregators and context interpreters. Figure 6 shows the relationship between the
context comporents and applicaions. Context widgets encgpsulate information about

1 The Context Toolkit and tutorial can be downloaded from
http://www.cc.gatech.edu/fce/contexttoal kit.



a single pieceof context, such as locdion a adivity, for example. They provide a
uniform interfaceto comporents or applicaions that use the antext, hiding the de-
tail s of the underlying context-sensing mechanism(s). They allow other comporents
to bah pdl and subscribe to the mntext information they maintain. Widgets are
mainly resporsible for colleding information abou the environment. However, they
also suppat services that alow them to affed the environment. For example, a Light
widget that deteds the intensity of the light in a particular locaion, and have aservice
that controls alamp to change the intensity.

A context aggregator is very similar to awidget, in that it suppats the same set of
fedures as a widget. The difference is that an aggregator aggregates multi ple pieces
of context. In fad, it is resporsible for the entire mntext abou a particular entity
(person, place or objed). Aggregation fadlit ates the accasof context by applications
that are interested in multiple pieces of context about a single entity. A context inter-
preter is used to abstrad or interpret context. For example, a mntext widget may
provide location context in the form of latitude and longtude, but an appli cation may
reguire the locdion in the form of a stree¢ name. A context interpreter may be used to
provide this abstradion.

Context comporents are intended to be persistent, running 24 housaday, 7 daysa
week. They are instantiated and exeauted independently of ead ather in separate
threads and onseparate computing devices. The Context Todlkit makes the distribu-
tion d the cntext architedure transparent to context-aware gplicaions, mediating
al communications between applications and comporents. A discovery protocol
alows comporents to communicate with ead ather withou knowing about the exis-
tence of eat ather at compil e or instantiation time.

6.2 CybreMinder and the Context Toolkit

When CybreMinder launches, it uses the Context Toalkit discovery protocol to detea
what context comporents are arrently available. It analyzes this and determines what
sub-situations are avail able for a user to work with. The sub-situations are simply the
colledion d subscription cdlbadks that the context widgets and context aggregators
provide. For example, an IdentityPresence @ntext widget contains information abou
the presence of individuals in a particular locaion (spedfied at instantiation time).
The cdlbad it provides hasthree dtributes: a user name, alocaion, and a timestamp.
Thelocdionisa mnstant, set to “home”, for example. The cnstants in ead cal badk
are used to popuate the menus from which users can seled values for attributes.
When the user credes areminder with an asociated situation, the reminder is sent
to the agregator resporsible for maintaining context abou the redpient. Cybre-
Minder can be shut down any time dter the reminder has been sent to the redpient’s
aggregator. The redpient’s aggregator is the logicd placeto store dl reminder infor-
mation intended for the redpient becaise it knows more @dou the redpient than any
other componrent and is always avail able. This aggregator analyzes the given situation
and creaes ubscriptions to the necessary aggregators and widgets © that it can de-
termine when the situation has occurred. It aso creaes a timer thread that awakens



when the reminder is %t to expire. Whenever the aygregator recaves a subscription
cdlbad, it updates the status of the situation in question. When all sub-situations are
satisfied, the entire situation is stisfied, and the reminder can be delivered.

The redpient’s aggregator contains the most up-to-date information abou the re-
cipient. It tries to match this context information along with the reminder sender and
priority level with the rules defined in the redpient’s configuration file. The redpi-
ent’s context and the rules consist of colledions of simple atribute name-value pairs,
making them easy to compare. When a delivery mechanism has been chosen, the
aggregator cdls a widget service that can deliver the reminder appropriately. For
example, a display widget provides information abou the display cgpabiliti es of a
device It also provides a service that all ows other comporents to display information
onthat device Similarly, email and SMS services exist in the Context Toalkit.

Services can aso return information to the comporent that cdls them. For exam-
ple, the display service not only shows the reminder and associated situation, but also
aform allowing the user to set the state of thisreminder. The user inpu to thisformis
sent badk to the redpient’s aggregator, which can updite the reminder status. In the
case of SMS, when the user must set the status using the CybreMinder, the gplica-
tion contads the user’'s aggregator and queries for al the reminders and associated
information. The gplicaion sends any updited status information to the aygregator.

7 Conclusions and Future Work

The goal of CybreMinder is to provide users with a toadl that provides appropriate

suppat for deding with reminders. In particular, our objedive is to suppart al the

feaures of anided reminder tool:

» use of rich context for spedfying reminders, beyond simple time and locaion and
for proadively determining when to deliver them;

« ahility for users and third parties to submit reminders;

 ahility to creae reminders using avariety of inpu devices,

« ahility to receve reminders using a variety of devices, appropriate to the user's
situation;

» use of reminders that include both a signal that something isto be remembered and
afull description d what isto be remembered; and

« dlowing wersto view alist of al adive reminders.

We believe that we have been mostly successul in this objedive. We provide
some suppat for al of these feaures, except for the aility to creae reminders using
avariety of inpu devices. We will discusseat of these feauresin turn.

The first fedure, allowing for the use of rich context in reminders, is the most im-
portant fegure for a reminder toadl and is the one that is most lading in existing re-
minder todls. By leveraging off of the Context Toadlkit’s ability to acquire and distrib-
ute mntext, we dlow users to creae abitrarily complex situations to attach to re-
minders and to creae aistom rules for governing how reminders sould be delivered
to them. Users are not required to use templates or hardcoded situations, but can use
any context that can be sensed and is avail able from their environment. From initial



use of the system, we have found that whil e the interfacesupparts the spedfication of
complex situations, it can be amplex to use, particularly when variables are involved.
We would like to find the mrred balance of sophistication and simplicity in an effort
to improve the interface One patential solution is a suite of spedal-purpose reminders
with highly simplified interfaces that suit their spedfic use.

By using a discovery protocol for determining what context is avail able, we atempt
to limit users in creding situations that CybreMinder is able to deted. However, it is
possble for users to crede situations that CybreMinder cannot deted. Some of these
Situations can be caight by the aygregator, but not al. We intend to improve the
chedking ability of CybreMinder.

Part of the reminder credion grocessis the spedficaion o redpients. A user can
set the redpients of the reminder to be herself, herself and ahers, or just others. In
this way, CybreMinder suppats the aility to send reminders to youself or third
parties. Currently, users can orly crede reminders using the Java-based Cybre-
Minder. This applicaion can run onany networked device that can suppat Java,
including desktop computers, WinCE devices and weaable computers. However, the
Context Toalkit does nat require that appli caions be written in Java. We envision, in
the nea future, creaing simplified versions of CybreMinder that can be exeauted on
a Palm Pilot, a pager, or a mohile phore, which a user interads with na only using
text, but also pen and speed input. We would also like to suppat the automatic aea
tion o reminders from user’s cdendars and to-do li sts.

On the delivery side, CybreMinder sends baoth the reminder and the assciated
situationto aservicefor display (via email, avail able screen, or SMS). The quality of
the reminder signal and the completeness of the reminder description depend onthe
service being wsed. E-mail provides a poar signdl if the user is nat at reading their e-
mail at the reminder time, but does present a complete description. Displaying a re-
minder on a neaby screen with an audio cue provides both a goodsignal and a com-
plete description. SMS provides a very goodsignal but only a partial description.
Likewise, there ae advantages and dsadvantages to automaticdly printed reminders.

By suppating agreder variety of devices and dsplay services, we can alow users
to make better personal choices about how they want to receve reminders (both in
terms of the signal and description) in various stuations. CybreMinder delivers a
reminder when the sssciated situation hes been redized, and chooses the delivery
mechanism/service based onthe redpient’s current context. However, it does not take
into acourt how interruptible the redpient is. We redize that the use of static user
configuration files is not the answer, but determining interruptiblity is an enormous
unsolved reseach problem [10,14,17,19], and as reseachers make progressin this
areg we would like to improve CybreMinder accordingly.

Initial resporses to CybreMinder have been promising. We intend to expand ou
current user popuation and perform an oljedive evaluation o CybreMinder and
comparison to existing reminder toals. We would also like to examine the use of the
CybreMinder reminder toadl as part of alarger context-aware messaging system.

Acknowledgements We would like to thank the Future Computing Environments
reseacch group for contributing to these ideas. This work was suppated in part by a



NSF CAREER Grant # 9703384 a Motorola University Partnerships in Reseach
grant and the ITO divison d DARPA throughthe Expeditions/Ubiquitous Comput-
ing program.

References

1. Berggvist, J.,, Ljunglerg, F.: ComCenter: A Person Oriented Approach to Mobile Commu-
nication. Extended abstract In Procealings of CHI 2000 (2000 123-124

2. Brown, P.J.: The Stick-e Document: A Framework for Creaing Context-Aware Applica-
tions. Eledronic Publishing (1996 259-272

3. DeVaul, RW., Clarkson, B., Pentland, A.: The Memory Glasses. Towards a Weaable Con-
text Aware, Situation-appropriate Reminder System. In CHI 2000 Workshop on 8uated
Interaction in Ubiguitous Computing (2000

4.Dey, A.K., Abowd, G.D., Saber, D.: A Context-Based Infrastructure for Smart Environ-
ments. 1st Internationd Workshop on Managng Interactions in Smart Environments
(MANSE'99) (1999 114-128

5.Dey, AK., Abowd, G.D.: Towards a Better Understanding o Context and Context-
Awareness In CHI 2000Workshop onthe What, Who, Where, When, and How of Contex-
Awareness(2000

6. Fertig, S., Freeman, E., Gelernter, D.: “Finding and Reminding’ Remnsidered. SIGCHI
Bulletin, Vol. 28 (1996

7. Gellersen, H-W.: EMC: Environment-Mediated Communication. Internationd Workshop on
Interactive Appli cations of Mobile Computing (IMC'98) (1998

8. Gwizdka, J.: Timely Reminders: A Case Study o Tempora Guidance in PIM and Email
Toadls Usage. Extended abstrad in Procealings of CHI 2000(2000 163-164

9. Herstad, J. Van Thanh, D., Audestad, JA.: Human-Human Communicéion in Context.
Internationd Workshop onlinteractive Appli cations of Mobile Computing IMC’ 98 (1998

10.Horvitz, E.: Mixed-Initi ative User Interfaces. In Procealings of CHI 99 (1999 159-166

11.Korteum, G., Segall, Z., Thompson, T.G.C.: Close Encourters. Suppating Mobil e Coll abo-
ration throughlnterchange of User Profiles. In Proceadings of HUC' 99 (1999 171-185

12 Ljungstrand, P.: Context-awareness in dstributed communicaion systems. In CHI 2000
Workshop onthe What, Who, Where, When, and How of Context-Awareness (2000

13.Marmass, N.: comMotion. Extended abstrad in Proceedings of CHI’ 99 (1999 320-321

14.Miyata, Y., Norman, D.A.: Psychoogicd Isaies in Suppat of Multiple Activities. User
Centered Design, edited by Norman, D.A., Draper, S.W. Chapter 13 (1986 265—-284

15.Rekimoto, J., Ayatsuka, Y., Hayashi, K.: Augment-able Redity: Situated Communication
through Physicd and Digital Spaces. In Procealings of 2nd Internationa Symposium on
Wearable Computers (ISMC'98) (1998 68—75

16.Salber, D., Dey, A.K., Abowd, G.D.: The Context Todkit: Aiding the Development of
Context-Enabled Applications. In Procealings of CHI' 99 (1999 434-441

17.Sawhney, N., Schmandt, C.: Nomadic Radio: Scdeale and Contextua Notificaion for
Weaable Audio Messging. In Procealings of CHI' 99 (1999 96-103

18.Schmidt, A., Beigl, M. Gellersen, H-W. There is More to Context than Location: Environ-
ment Sensing Techndogies for Adaptive Mobile User Interfaces. Workshop onlinteractive
Applications of Mobile Computing IMC’ 98 (1998

19.Stringer, M., Eldridge, M, Lamming, M.: Towards a Deeper Understanding o Task Inter-
ruption. In CHI Workshop on 8uated Interaction in Ubiquitous Computing (2000



