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ABSTRACT
The  use  of  Personal  Information  Management  (PIM) 
systems to receive reminders for future events is common 
practice, and people use different applications and devices 
to carry out this task. However, such technologies are not 
sensitive to the location of the user at the time of delivering 
a  reminder  about  an  upcoming  event.  We  present  a 
location-sensitive alerting system, TimeSpot, designed for 
WiFi enabled Pocket PCs, that determines a user’s location 
using a fingerprinting mechanism, and uses this information 
to decide whether or not to alert the user. We describe our 
experiences  with  designing  and  building  TimeSpot,  and 
report on a week-long experimental study. Our preliminary 
results suggest that location-sensitive alerting systems have 
the potential to provide added value to users.
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INTRODUCTION
In  today’s  fast  paced  world,  people  often  use  mobile 
communication devices to receive phone calls, email, news, 
task  reminders  and  other  information.  However,  such 
devices are a double-edged sword. On the one hand they 
have the potential to deliver information to users on-the-go, 
with  location-based  and  context-aware  information  being 
incorporated  into  commercial  applications  [7,8].  On  the 
other  hand,  they  overload  users  with  information,  with 
different applications and services competing to catch the 
attention  of  the  user,  thus  creating  an  overdose  of 
interruptions. It is up to designers of such technologies to 
use the advancements in sensor-enhanced mobile devices to 
reduce  the  burden  on  the  user.  TimeSpot  is  one  such 
attempt  to  proactively  determine  if  an  interruption  is 
actually required when it time for a PIM reminder system to 
alert a user of an upcoming event. Consider the following 
scenarios:

Scenario 1 a: Bob has to be at a board meeting at 9:00 am.  
Bob is techno-savvy and uses the PIM application on his 
mobile device to create reminders for important events. It is  
9:00 am and Bob is in the board room where the meeting is  
to take place, when his PDA chimes to alert him about the 

board meeting.

Scenario 1 b: Bob is late and has not called in to inform the 
waiting  board  members  about  the  delay.  The  PIM 
application  that  Bob used  to  setup  the  meeting  with  his 
colleagues has reminded all participants about the meeting.  
The participants wait for Bob at the office, while Bob winds 
his way through traffic.

In both cases, the PIM application delivered reminders to 
the users oblivious of the location of the user. In the first 
scenario, it interrupted Bob though he was already where he 
was supposed to be at that time. Now consider what could 
have happened, had the device learned the user’s location 
before delivering an alert.

Scenario 1 a: Bob has to be at a board meeting at 9:00 am.  
and is on time. His PIM reminder application determines 
that  Bob  is  where  he  is  supposed  to  be,  and  does  not  
interrupt him with a reminder.

Scenario 1 b: Bob is  late for the meeting. The reminder 
application,  having  learned  that  he  is  not  in  the  office,  
reminds Bob about the meeting, and also alerts the other  
meeting participants of the delay. 

TimeSpot is a PIM application that runs on Pocket PCs with 
wireless networking capabilities. It is similar to calendaring 
applications that allow users to create reminders for events. 
The enhancement that TimeSpot provides is the ability for 
users to create personalized places, using a technique we 
call SpotStamping, where a place is identified by the set of 
access points sensed. We refer to this fingerprint of wireless 
access points as the SpotStamp of the place. Users can then 
set reminders for tasks that need to be carried out at one of 
their personalized places. The system alerts the user with 
reminders, factoring in the current location of the user and 
the location an event is  to occur.  The strategy employed 
here is to remind a user only when he is not already at the 
location where an event is set to occur. We compare our 
location-sensitive  system to  traditional  kinds of  reminder 
systems, considering factors such as trust and accuracy. We 
also study if alerts for events are actually less disruptive, if 
location is taken into account. 

Researchers  have  observed  that  interruptions  can  be 
disruptive  and  costly  depending  on  various factors  [2,3]. 
Attempts have been made to use different kinds of sensors 
to record user activity and environment information, that is 
then used to discern appropriate times to interrupt the uses 
[3,4].  Others  have  also  studied  that  systems  which  are 
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location-sensitive can deliver pertinent information to users 
[5,6]. TimeSpot attempts to reduce interruptions, by taking 
into account the physical location of a user.

Research Goals

We focus on a category of context aware applications, the 
location aware reminder system. Our aim was to develop a 
prototype of a “location-sensitive alerting” application and 
to  primarily  study the utility  of  this system compared to 
traditional  kinds  of  event  notification  systems.  We 
evaluated  the  following  hypotheses,  using  data  from our 
user study:

• H1.  Location-sensitive  reminders  will  be  useful  and 
appealing compared to location-insensitive reminders.

• H2. Users have different mental models of a location 
definition. 

• H3. User’s trust of the TimeSpot is  a concern.

• H4.  Users  will  find  the  application  adequately  
accurate in determining locations.

• H5. Users might create new uses for the system. 
The remainder of the paper is organized as follows. We first 
survey  related  work,  illustrating  how  we  build  on  or 
advance it. We then describe the TimeSpot system, and an 
experiment  we  carried  out  to  compare  location-sensitive 
reminders  to  location-insensitive  reminders.  This  is 
followed  by  the  results  from  the  experiment  and  a 
discussion  of  key  findings.  Finally,  we  explore  potential 
directions that our current work can take in the future.

RELATED WORK

Most work in the past has focused on delivering location-
sensitive  content  to  users.  However,  delivering  timely 
reminders  based  on  location  has  not  been  sufficiently 
explored.

Personal Information Management

Personal  Information  Management  (PIM)  applications 
encompass  applications  that  allow users  to  manage files, 
emails,  contacts,  calendar  events  and  to-do  lists.  Past 
studies  have  shown that  PIM can  be  a  burdensome task 
[14]. However, the majority of prior work has focused on 
desktop  applications  and  workplace  environments.  Our 
work differs in that (1) we attempt to address the issue of 
interruptions caused by PIM applications, (2) we built and 
tested an application for a mobile device and (3) our focus 
is  on  event  reminders. This  specific  application  of  PIM 
involves  a  new dimension  -  that  of  location.  Events  are 
generally  carried  out  in  specific  locations  and  TimeSpot 
exploits this correlation to benefit users.

Location-Based Services

A  number  of  systems  that  deliver  content  (reminders, 
tourist  information,  deals,  user  profiles)  based  on  the 
location of a user have been built and tested. Commercial 
applications have been introduced by telecom companies, 
including  Cingular  wireless’  Find  People  Nearby  [9], 
Dodgeball [7] and Jambo[6] that allow users to build buddy 
lists, physically locate friends and communicate with them. 
On the  academic front,  studies on location-based content 
delivery include those that provide to-do lists  and virtual 
reminders that are tied to locations, such as PlaceMail and 
Place-Its[5,  10].   More  general  systems  that  deliver  a 
variety of location-sensitive content have also been studied. 
CyberGuide[12]  delivers  tourist  information  based  on 
knowledge  of  position  and  orientation.  GeoNotes[11] 
allows  users  to  leave  notes  on  virtual  notice  boards. 
Location-aware restaurant recommendations [13] have also 
been studied. In all these studies, location sensing has been 
used to trigger some action (deliver restaurant information, 
alert user of a friend in the vicinity etc.).  TimeSpot uses 
location information to possibly not perform any action that 
might interrupt the user and be the cause for annoyance. It 
ties together time and place, unlike other systems that only 
consider the location before delivering content.

Location Determination

Commonly  used   technologies  for  determining  location 
include GPS, GSM cell tower triangulation, RFID sensing, 
besides  others.  A  new  breed  of  applications  use  signal 
strengths  of  wireless access  points to  determine location. 
PlaceLab[18] is one such system that provides techniques 
for  location  sensing  using  WiFi  triangulation.  In  WiFi 
based  location  determination,  a  separate  GPS  assisted 
training  phase  is  required.  This  phase  associates 
geographical latitude and longitude to WiFi access points. 
Other  work [20] in  this area eliminates the need for  this 
GPS  training  phase,  using  location  fingerprinting.  The 
wireless signals measured in a place are used to identify it 
and such fingerprints are stored for later  use.  Users then 
determine their location based on  these predefined set of 
locations. Our location determination in TimeSpot differs in 
that  we allow the  users  to  create  their  own personalized 
places, with the possibility of then sharing them.

Interruptibility Detection Using Sensors

Researchers have modeled interruptions, calculated the cost 
associated with interruptions  and even tried to  determine 
when it would be appropriate to interrupt[3,4]. In most of 
these studies[4,15], a user’s interruptibility is computed by 
processing  data  received  from  different  sensory 
channels(e.g.  motion  sensors,  keyboard  and  telephone 
activity sensors etc.). In general, some form of sensing is 
needed in order to determine interruptibility. One approach 
in the attempt to reduce burden of interruptions is to present 



reminders immediately following the completion of some 
action[16]. Ho and Intille[17] employ this strategy by using 
accelerometers  to  determine  postural  and  ambulatory 
activity  transitions.  Reminders  are  delivered  during  these 
transitions when the users are more receptive.  While this 
approach  has  shown  promise,  it  may  not  be  generally 
applicable.  Reminders  to  certain  task  must  be  given 
irrespective of the user’s current activity (e.g. reminder for 
meeting with the MD at a particular time). TimeSpot uses 
location-sensing to determine the appropriateness of place 
for delivering reminders.

TIMESPOT

TimeSpot  is  a  PIM application  that  runs  on  Pocket  PC-
based mobile devices.  It  is a GUI based application that 
allows  users  to  demarcate  locations  and  create  event 
reminders  associated  with  the  locations.  By  learning  the 
location of the user, TimeSpot will deliver an alert if the 
user is not at predefined locations at a time as specified by 
in their calendar.

Features

• Allows users to define personalized ‘places’. In 
particular, TimeSpot allows users to define indoor 
‘places’. 

• Once such places are defined, gives users the option of 
creating events associated to them in a manner similar 
to setting appointments in a calendar.  

• Alerts the user when the user is not at the planned 
location.

TimeSpot in its current form is meant for individual usage. 
It does not support notifying third-parties about the primary 
user's  events.  In  general,  users  cannot  share  events  or 
places.

Prototype Implementation

TimeSpot was implemented as an application for HP-iPAQ 
5500s. We chose this device because of its inbuilt wireless 
local area network (WLAN) card. GPS can be added to the 
device using an extension case, and will be useful for our 
future work. Currently, TimeSpot detects user position with 
WLAN  technology.  The  focus  of  this  work  is  on  the 
determination of the value of location-sensitive reminders 
in  reducing  the  interruptions  to  users  of  mobile-based 
calendaring systems. TimeSpot is written primarily in Java 
and runs using the IBM’s J9 virtual machine on Windows 
Pocket  PC.  The GUI is  built  using the  Eclipse  Standard 
Widget Toolkit (SWT) APIs. An assumption that TimeSpot 
makes  is  the  availability  of  WiFi  access  points  for 
determining places.

System Architecture

The TimeSpot application consists of three layers as shown 
in Figure 1.

a.  Location  Sensing  Layer: This  layer  performs  the 
following tasks: (1) Identifies a location by a fingerprint of 
wireless access points sensed at the location, along with the 
average  signal  strength  received  from each  of  them,  (2) 
finds  locations  nearby  the  current  user  location,  and  (3) 
packs  and  unpacks  the  information  regarding  locations 
(name, address, SpotStamp) into XML files.

b. Logical Layer: This layer carries out the following tasks: 
(1) Organizes and maintains the users’ event list. The event 
details  include  the  title,  start  date,  end  date  and  minutes 
before  receiving  a  reminder,  and  the  location  where  the 
event is to occur. (2) Delivers timely reminders for events. 
(3) Removes expired events. An event is considered to have 
expired if the system time is past the event end time. (4) 
Provides APIs for the GUI module to manipulate places and 
events, by interfacing with the Location Sensing layer. (5) 
Packs and unpacks the information regarding events  into 
XML files.

Figure  1:  The  architecture  of  TimeSpot  showing  the  three 
layers of the mobile application

c.  User Interface: This layer consists of the actual SWT-
based  user  interface  windows.  It  allows  the  user  to 
manipulate places and events, besides listing existing places 
and  events.  When  TimeSpot  determines  that  it  is 
appropriate to deliver a reminder, a message and auditory 
cue alerting the user of the impending event are delivered 
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by this module.

Event Notification

A TimeSpot  user  has  the  option  of  setting  two types  of 
reminders. 

a. Passive  reminders:  This  is  a  location-insensitive 
reminder  as  found in  any  calendaring  system,  where  the 
user is alerted irrespective of his location. In some sense, 
this  is  more  like  an  alarm clock,  that  sounds  no  matter 
where you are. Here the location of the event is not used 
while deciding whether or not to notify the user.

b. Intelli  reminders:  This  type  of  reminder  takes  into 
account the location of the user with respect to the location 
of  the  event.  The  proximity  of  the  event  location  is 
computed and a reminder is only given if the user is not at 
the event location.

Determining Locations

TimeSpot senses location by interfacing with the physical 
WiFi device and obtaining the signal strength from WiFi 
access points. Multiple scans are done over a period of time 
to  generate  a  fingerprint  of  access  points  (a  SpotStamp) 
along with the average signal strength received from each 
of  them.  The  name  of  the  place,  its  address  and  the 
SpotStamp represent a physical place in the real world. 

A  well  defined  XML  is  used  to  represent  a  place.  The 
details  for a place are stored locally on the device as an 
XML file. The idea of having an individual  file for each 
place eases  sharing places  between users.  Sharing places 
thus becomes as simple as transferring files.

Computing Nearby Places

In order to be able to decide whether or not an alert must be 
delivered to the user, TimeSpot finds if the user is at the 
location of an upcoming event.  It uses the SpotStamp of 
the user's current place and that of the event location in a 
proximity matching algorithm based on Euclidean distance. 
If the user is deemed to be away from the event location, a 
reminder is given to the user.  

Graphical User Interface

The main screen of TimeSpot presents the list of upcoming 
events. Key details like the title, place of event, start and 
end time are displayed as a scrollable list (Figure 2).

Figure 2: Main screen of TimeSpot with list of upcoming 
events

Creating Places:  To create a place, the user positions him 
self at the location that he wishes to save. Creating a place 
then  is  as  simple  as  entering  a  name  for  the  place,  and 
(optionally) an address (Figure 3). TimeSpot in turn creates 
a SpotStamp for the location in the background, by sensing 
WiFi access points at the location.

Figure 3: Creating a place

Creating Events: To create a TimeSpot event, the user: (1) 
specifies the name for the event (2) enters the start and end 
time  for  the  event  (3)  selects  a  delivery  time  for  the 
reminder (4) selects a place for the event  from his place list 
(Figure 4) and (5) indicates the type of reminder – passive 
reminder or intelli reminder. The user also has the option of 
typing any text for the name of the place.



Figure 4: Creating an event and associating a place to the 
event

Once an event is saved, the user can view the events, edit or 
delete the event via the interface. When it is time to remind 
the  user,  TimeSpot  plays  a  short  tune  and  displays  a 
reminder (Figure 5).

Figure 5: TimeSpot reminder for a user event

EXPERIMENT

This study examined the following hypotheses and usability 
questions:

Hypothesis 1. Users find location-sensitive reminders more 
useful and appealing than location-unaware reminders. 

Since  a  location-sensitive  reminder  only  informs  users 
when they  are  not  in  the  right  place,  the  device  creates 
fewer  unnecessary  interruptions.  Reminders  are  often 
associated with meetings during which audible notifications 
would  be  considered  inappropriate  and  annoying.  A 
location-sensitive reminder can identify that the user is in 
the  right  place  and  therefore  eliminates  the  need  for 
delivering a reminder without the user’s intervention.

Hypothesis  2.  Users  have  different  mental  models  of  a 
place definition. 

It is not obvious what the definition of a place is and how to 
go  about  creating  it.  The  meaning  of  a  place  is  quite 
abstract  and can have several  explanations.  According to 
the American Heritage Dictionary, a place is: “a particular 
position or point in space,” “used to refer to an area already 
identified,” “a particular point on a larger surface or in a 
larger object or area, “a building or area used for a specified 
purpose or activity,” “a person’s home,” and etc. What is 
the granularity of a place? Is a place a building, a room, or a 
street  block?  Users  might  have  questions  and confusions 
when creating a place: “Where do I have to stand to create a 
place? Do I have to be in the middle of the building? Do I 
have to be at the exact location where I initially created the 
place for the system to recognize that I am at the place?

Hypothesis 3. The users’ trust of the system is a concern.

Users may not be convinced that the system can recognize 
their location correctly and may not completely rely on the 
system  to  remind  them  about  important events.  For 
important events users might set both location-unaware and 
location-sensitive  reminders  to  ensure  that  they  will  not 
miss  these  events.  This  hypothesis  leads  to  future 
consideration  of  techniques  to  enhance  users’  trust  in 
location-sensitive systems by providing transparency of the 
algorithm that determines the location. It should be clear to 
the users how a place is identified. We believe that similar 
design  pitfalls  discussed  by  Lederer  et  al[19]   can  be 
applied  to  the  design  of  location-sensitive  systems: 
obscuring  the  place  creation  process,  emphasizing 
configuration  over  action,  lacking  coarse-grained  control. 
Users of the location-sensitive systems might benefit from 
the  ability  to  tune  the  place  identification  algorithm  to 
match  to  their  mental  models  of  places,  for  example, 
specify identification radius and shape of the place.

Hypothesis  4.  Users  will  find the  application  adequately  
accurate in determining places. 

The  system  was  tested  by  the  designers,  with  the 
assumption that  a  place is  relatively small  (e.g.  a  lecture 
hall,  a  lab,  an apartment  etc.).  Accuracy  for  such  places 
turned  out  to  be  adequate  during  the  testing  by  the 
developers. It  is  very  likely  that  during  this  short  study 
period  users  will  use  the  system  for  similar  places  and 
therefore accuracy will be adequate.

Hypothesis 5. Users might create new uses for the system.

Even though the main feature of the system is to remind 
people about the places were they are supposed to be, users 
might use it  as a  standard reminder.  Users might  set  the 
start time for the event to be earlier than the actual start of 
the event so that the intelligent reminder reminds them in 
advance about the event. Users might also find the system 
useful for the following scenario: if I am not at place X and 
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it  is  time  Y,  do  action  Z.  For  example,  my  system has 
“home” place in my list of places, I want to remember to 
buy bread before going home. I will create an event “Buy 
Bread” with a start time 4:00 pm (the time I live my office) 
and associate it with the “home” place. In such a scenario it 
is important for the user not to be at place X to accomplish 
the task. 

The study also looked to  answer the following questions 
regarding  the  usability  of  the  mobile  GUI-based 
application.

Usability Question 1. Does the interaction with the Pocket  
PC style interface introduce problems? 

When  working  on  designing  the  user  interface  for  the 
system, our team noticed that the Pocket PC-style interface 
is  quite  different  from  the  commonly  used  Windows 
interface.  There are several inconsistencies between these 
interfaces.  In  Windows,  the  “x”  button in  the right  hand 
corner of the display means closing operation, in the Pocket 
PC  system  the  same  button  means  a  hiding  operation. 
Pocket PC is usually carried without a keyboard and typing 
entries for the events and places can be inconvenient using 
a  stylus  and  a  virtual  keyboard.  If  inconvenience  is 
significant,  the  system  should  include  a  web-based 
interface. A web-based interface can be useful not only for 
typing  and  operating  quicker  but  also  for  accessing  the 
system when the device is not available (forgotten at home 
or out of battery).  

Usability  Question 2.  Is  the interface intuitive enough to 
create and edit places and events?

Creation  of  places  and  associating  them with  the  events 
using a Pocket PC is a new idea and the users might not 
have any existing experience with an interface with such 
functionalities. Hence, it might be challenging to navigate 
though the interface. We wanted to identify operations that 
are  hard  for  the  user  to  complete  and  also  identify 
components that would benefit  from the virtual assistants 
(i.e. help button, wizard).

Usability  Question  3.  Does  the  system lack  some  useful  
functionality?

After having some experience interacting with the system, 
users  might  think  about  functionalities  that  can  be  very 
useful but the system does not provide them. We are aware 
that some standard reminder functionalities are missing in 
our system, for instance, support for recurring events. The 
main focus of this study is to investigate use of the location-
sensitive  aspects  of  the  system  and  therefore  the  initial 
version  of  the  system  is  built  with  a  very  basic  set  of 
capabilities.  This basic  set  will be extended in the future 
versions of the system.

Usability Question 4. Does the system have some automatic  
actions that must be removed?

The  current  system automatically  deletes  expired  events. 
One possible benefit of this approach is decreased workload 
for  the  users  to  manage  expired  events.  One  possible 
disadvantage  of  the  automatic  deletion  is  that  sometimes 
users might want to refer back to the expired events, which 
unfortunately,  were  deleted  by  the  system.  Users  might 
prefer to have an additional control that allows specifying 
whether an event can be automatically deleted.

Procedure

Participants  in  the  study  were  3  male  student  volunteers 
from  the  University  of  Minnesota.  Evaluation  methods 
consisted of several  stages:  an opening interview, a short 
usability evaluation, about one-week of system usage, and, 
finally, a closing interview.

Opening Interview: During this interview participants were 
asked to elaborate about the reminder systems that they are 
currently using as well as the nature of their schedules. In 
addition, we asked the participants whether or not they have 
any experience using a Pocket PC. Based on the answers 
given by the participants,  two of them used Outlook and 
one used paper and pen. One participant pointed out that he 
only used Outlook to store events that happen infrequently. 
All  participants  had  absolutely  no  experience  using  a 
Pocket PC.

Usability Study: Participants were asked to perform several 
tasks using the system while speaking aloud. The following 
tasks were performed: create, modify and delete an event, 
create reminders for 3 events, create a reminder for the next 
meeting with the researches.  Completion of the tasks was 
followed by a short  debriefing where participants  had an 
opportunity to explain the problems they experienced.

Location-unaware Reminder Evaluation Phase: During this 
phase of the evaluation, the place capabilities of the system 
were  intentionally  turned  off  in  order  to  evaluate  the 
location-unaware  reminder  independently  from  the 
location-sensitive reminder. The goal of this phase was to 
let the participants use the system for an extended period of 
time  (3  days)  and  get  better  acquainted  with  the  use  of 
location-unaware reminders and the Pocket PC in general. 
Right  after  the  usability  study,  participants  created  four 
events from their schedules and were encouraged to create 
more events later in order to experience the system more 
extensively. In order to track interactions with the system, 
participants were given interaction logs (Appendix A) that 
they were asked to fill out after every interaction with the 
reminder system. Interaction logs contained fields related 
to:  the  event’s  details,  problems  encountered  with  the 
system,  satisfaction  level  with  the  system,  and  ideas  for 
improvement. 



Location-sensitive Reminder Evaluation Phase: The goal of 
this  evaluation  phase  was  to  let  the  participants  use  the 
system with the location-sensitive reminder for an extended 
period  of  time  (4  days),  experience  creation  of  places, 
events  associated  with  places,  and  location-sensitive 
reminders.  During  the  preparatory  meeting,  we  asked 
participants  to  create  a  place  of  the  current  meeting.  In 
order to ensure that participants had more than one place in 
the  system to  associate  events  with,  several  other  places 
were  uploaded  to  their  system.  Upon  completion  of  the 
creation and uploading of places, participants were asked to 
create three upcoming events and associate them with some 
places  in  the  system.   Just  as  in  the  location-unaware 
evaluation,  participants  were  encouraged to  create  events 
and places, and fill out the log (Appendix A) reflecting their 
experiences with the system.

Closing interview: The interview consisted of 30 questions 
(Appendix A) related to the use of the Pocket PC in general 
and questions related to the experience with the reminder 
system.  We  also  discussed  users’  understanding  of  the 
place,  system  trust  issues,  future  improvements,  and 
applications for the system.

RESULTS

We  will  now  address  the  hypotheses  and  answer  the 
questions posed earlier.

Addressing Hypotheses

Hypothesis 1. Users find location-sensitive reminders more 
useful and appealing than standard reminders. 

The two types of reminders served distinct functions for the 
users and preferences varied among participants. One user 
found  the  location-sensitive  reminder  good  for  regular 
events because it was less interruptive than Outlook, which 
brings  up  reminders  every  day  even  when  they  are  not 
necessary. Another user pointed out that location-sensitive 
reminder does not always work for him because he wants to 
receive reminders independent of his location. The reason is 
that  being  in  the  right  place  does  not  necessarily  mean 
remembering  about  the  events.  It  is  clear  that  both 
reminders are useful and one does not substitute the other.

With regards to the interruptions caused by TimeSpot, the 
participants  did  not  find  this  annoying,  irrespective  of 
whether  they  were  using  passive  reminders  or  intelli 
reminders. This could be due to several reasons: The users 
did not have a sufficiently large number of reminders for 
them to find the alerts annoying; the volume of audio alert 
was not very loud; the reminder was delivered only once, 
and the audio chime was not played persistently until the 
system  grabbed  the  user’s  attention  like  an  alarm  clock 
demanding to be turned off or put to snooze.

Hypothesis  2.  Users  have  different  mental  models  of  a 
place definition. 

We were interested in learning about how people perceive 
locations,  as  a  major  task  in  using  TimeSpot  involves 
tagging or SpotStamps spaces. Our findings concurred with 
those reported by Harrison and Dourish [1], in that “a space 
is  always  what  it  is,  but  a  place  is  how it’s  used”.  We 
questioned  participants  about  how  they  SpotStamped  a 
location and what they thought the system did in turn. A 
common theme emerged with participants defining places 
as spaces in which they carried out certain activities and 
tasks. For example, as user might mark an entire building, if 
a task needed to be carried out ‘somewhere’ in the building. 
If on the other hand, a task needed to be carried out in a 
particular room of the building, the user would SpotStamp 
the room by positioning himself  at  the  spot  in  the  room 
where he would carry out a task in the future.

Hypothesis 3. The users’ trust of the system is a concern.

During the interview participants were asked (Appendix A, 
question  20)  whether  they  trust  the  system to  determine 
their  location.  Two  participants  answered  “yes.”  One 
participant commented about one time system failure. This 
user was computer savvy and he identified the reason of the 
system  failure;  there  was  an  intermittent  loss  of  WiFi 
signals at the place. In other cases the system was accurate 
to determine the location for this user and therefore he had 
an  overall  trust  in  the  system.  Nevertheless,  when 
participants  were  asked  about  the  use  of  the  system for 
some very important meeting the trust was weaker. The first 
user replied that he would either mute the system or turn off 
the device. The second user said that he would first try the 
device in the location of the meeting and if it worked fine 
the first time he would trust the device and would not turn it 
off during the meeting. The third user was not concerned 
with  the  device  interrupting  the  meeting  because  the 
volume is low. Participants’ trust in the system turned out 
to be stronger than we expected. It can mostly be attributed 
to  the matching mental  models  of  the  place  between the 
designers and the users. The users thought that the system 
defined each place the same way that they do. Users trust 
the system more to determine a certain place if the system 
successfully recognized that place previously.

Hypothesis  4.  Users  will  find the  application  adequately  
accurate in determining places. 

Users  reported  that  the  system  was  good  at  recognizing 
places. This gives us another reason to believe that the users 
trust the system and will use it to keep track of important 
events.  As expected, participants created places that were 
relatively  small,  i.e.  a  home,  a  lab,  or  an  office.  The 
system’s accuracy to identify a place is adequate for small 
places, which complies with the participants’ observations.
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Hypothesis 5. Users might create new uses for the system.

Two participants used the system to remind them about the 
places  were  they  were  supposed  to  be.  Such  use  was 
anticipated and, in fact, the system was designed assuming 
that  people will  mainly use the system in this  way. One 
participant discovered another use of the location-sensitive 
reminder. The participant wanted to remember to make a 
phone call when he was not at home. To accomplish this 
task, the participant created a place corresponding to home 
and associated it with a “make a call” event. In this case, 
the  system reminded  the  participant  to  make a  call  only 
when the user was not at home. The participant explained 
that he is much busier in the lab than at home. It is easy to 
remember things at home without reminders and therefore it 
is  useful  to  be  reminded  only  when  not  at  home.  The 
participants had a very short  time (one week) to interact 
with the system and, probably, did not have enough time to 
experiment  with  the  system fully  and  explore  alternative 
uses. 

Answering Questions

Usability Question 1. Does the interaction with the Pocket  
PC style interface introduce problems? 

Participants had some insignificant confusion only during 
the initial interactions with the Pocket PC. Overall, learning 
was very quick.  Two participants  commented that  filling 
out  entries  and  typing  using  the  stylus  was  quite 
inconvenient.  When  we  suggested  a  web  interface  to  be 
used  for  entering  an  event,  participants  responded  very 
positively. One participant said that he would like to use a 
web interface as long as synchronization with the Pocket 
PC is easy.

Usability Question 2. Is the interface intuitive to create and 
modify places and events?

Based on the participants’ comments, the interface is quite 
intuitive. It was quite simple to create and modify places. In 
spite of the general intuitiveness, several problems with the 
interface were identified. The problems discovered during 
the  study  and  possible  solutions  are  summarized  in  the 
Table 1.

Usability  Question  3.  Does  the  system lack  some  useful  
functionality?

One participant wanted to have volume control because the 
reminder  sound  was  too  low  for  him.  All  participants 
expected to see support for recurring events.

Problems Solutions
Confirmation  dialogs  “event 
was  deleted,”  “event  was 
saved” are redundant

Remove dialogs

“EndTime” label is confusing Rename  or  add  a  small 
help  button  next  to  the 
field

Significant  delay  after 
selection  of  the  event  and 
before  selected  event’s 
information  window  is 
opened

Optimize code

No  support  for  recurring 
events

Add  option  to  specify 
event’s frequency “daily,” 
“monthly,” and etc.

Pressing  “OK”  button  does 
not  display  “save  changes?” 
or “discard changes?” dialog

Add  “save  changes?” 
dialog

Expired  events  are  deleted 
without user notification 

Allow user to control the 
behavior of the automatic 
deletion,  create  a  history 
of the events, display only 
active events

When place is created, it can 
take  about  a  minute,  no 
progress is given to the user

Display a progress bar

Typed  in  places  are  not 
distinguishable  from  spot 
stamped places

Mark typed in places

Optional  and  mandatory 
fields are not distinguishable 
in the interface

Mark mandatory fields

Switching  off/on  device 
sometimes  causes  wrong 
reminder times

Check the timer code and 
fix the bug

Entering  end  date  of  the 
event is tedious

Add  a  drop  down  menu 
with  duration  times 
(10min, 30min, and etc.)

Entering  dates  takes  long 
time

Provide a popup calendar 
with  automatic  date 
insertion

Reminder volume is low Increase  the  reminder 
volume  or  provide  a 
control to  adjust volume.

Table 1. A Summary of Interface Problems  Discovered and 
Solutions



Usability Question 4. Does the system have some automatic  
actions that must be removed?

Only  one  participant  enjoyed  the  automatic  deletion  of 
expired events. According to this participant, the automatic 
deletion saved him time in removing old events in which he 
was not interested anyway. Two other participants did not 
like automatic deletion. One participant felt like he did not 
have control over the system, and another participant just 
wanted to see his old events in order to know what he did 
earlier.

CONCLUSION AND FUTURE WORK

We have built and tested TimeSpot as a first step towards 
creating intelligent  location-sensitive notification systems. 
Based on the results of the week long experiment, we found 
that adding location-sensitivity to notification systems has 
potential  to provide value to users.  The results  call  for a 
more extensive evaluation with a larger group of users must 
be  done,  however  it  seems clear  that  there  is  place  and 
desire  for  such  a  system.  We  now  discuss  the  future 
implications and possible directions of this work.

Motion and location based Smart Reminders:   The system 
could use the user’s current speed, location and direction to 
predict the time required to arrive at an event. In turn these 
predictions can help the system to decide the best time to 
alert the user of an impending event. This would require use 
of  additional  sensors  such  as  GPS,  accelerometer  and 
incorporation of a geographical information system (GIS) 
to possibly suggest routes to the user.

Importance  of  a  web  interface:  Based  on  the  feedback 
received  from  the  participants  of  our  study,  using  the 
Pocket PC for entering data is a tedious task, despite our 
efforts  of  keeping  user  input  minimal  and  easy.  A  web 
interface to TimeSpot would help a user to not only create 
events easily, but also view upcoming events and edit their 
places  and  events.  A  client  could  also  be  built  for 
desktops/laptops that have wireless cards.

Location  sensitive  device  control:  A  common  scenario 
casually observed by us is that often times mobile devices 
ring at places/times (e.g. in church, during a meeting, in the 
theatre) when such sounds would be seen as inappropriate 
and rude. TimeSpot could be extended to be aware of its 
surroundings by  configuring  it  to  learn about  places  and 
times  when  it  would  be  inappropriate  to  receive  audio 
alerts.  Once  configured,  TimeSpot  could  automatically 
change the  mobile  device  settings  to  prevent  alerts  from 
sounding. 

Sharing of events and places: When questioned about their 
willingness to share places created by them, the participants 
of our study welcomed the idea. This would help distribute 
the one-time task of creating a place, as users could collect 

places  that  they  have  not  visited  themselves  from  other 
TimeSpot  users.  This  could  lead  to  other  interesting 
questions  regarding  how  the  application  can  resolve 
multiple SpotStamps being associated to the same location, 
how  smaller  locations  can  be  organized  within  larger 
locations. 

Alerting third parties when the primary user is not at the 
planned  location:  Another  interesting  direction  that 
TimeSpot could take is share events. By doing so, when the 
primary user is not at a planned place at a designated time, 
TimeSpot  could  alert  some  third  party  (spouse,  parent, 
health care provider, colleague) about the discrepancy.
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