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Abstract:

PIM systems help organise people’s lives by progdaddress book, schedule and task management
facilities. Current PIM’s manage this informatiop tollecting and storing it as textual data. Witle t
advent of the wearable computer, using text oniyoidonger an efficient and convenient mechanism fo
managing personal information. A wearable compustesuld use data from various sensors (video,
audio, location, environmental, user state) to misgapersonal information. In this paper we examine
how audio can be used to enhance the facilitiesighed by text-only PIM’s and present an example
implementation of an audio based wearable PIM (WRIt has the capability of storing and retrieving
PIM information as audio recordings. The resultstltg user evaluation we conducted, which was
carried out outside of the laboratory, suggestsukars strongly accept audio as a way to manage th
personal information and to augment their memouygpsrting our hypothesis that audio enhances
wearable personal information management.
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1 Introduction

PIM systems help organise people’s lives by progdaddress book, schedule and task management
facilities. Current PIM’s manage this informatiop tollecting and storing it as textual data. Witle t
advent of the wearable computer, text is no lorgeefficient and convenient mechanism for managing
people’s personal information. Exploring the useotier, more appropriate, ways of capturing and
storing people’s personal information is necessaéhe ideal wearable computer should use contextual
data gathered from various sensors (video, audicatibn, environmental, user state) to organise
people’s personal information.

With the growth of wearable devices such as cellpf@ones, intelligent watches and PDA’s, wearable
electronic PIM's (wPIM's) are becoming availabler fase by a larger section of the population.
Interestingly, even though these wearable eleatr®tM’s are available, not many people like to use
them. People still make use of traditional papesedaPIM’s, for example year planners, agendas and
phone books. One reason for continued relianceraditional PIM's may be because the human-
computer interface between people and wearableekeis not designed well enough. Designers of new
wearable device interfaces are constrained byuheimt state of technology, for example availabiit

a 100% accurate voice recognition system. Cuingnit devices as well as software pose limitatioms
how users can interact with their wearable dev@e.small devices, such as wrist watches, the pmoble
of entering information into a device is compoundsdthe limited space available for incorporating
buttons. On cell phones there are very few buttwadlable for entering text at an acceptable ratetd
space limitations. On PDA's, the situation is dligibetter since different text input methods sasha
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full keyboard activated using a stylus, and handingr recognition are available. Alternative ways o
entering information into wearable devices are reguto make people’s experiences with them
convenient and enjoyable enough to make a weadablee an individual's daily item of clothing.

In this paper we examine how audio can be usedaree the facilities provided by text-only PIM’s.
This is a first step toward developing the persamfirmation management facilities that a wearable
computer can provide. We believe that an audio msgthPIM should store personal information directly
as audio, organised using textual descriptors. eT4billustrates the differences between operations
performed by users on a text-only PIM, and an aedioanced PIM.

Table 1 A comparison of operations performed oexa@anly PIM and an audio enhanced PIM.

Operation on text-only PIM Operation on audio enhared PIM
* User creates new address book entry, « User makes an audio recordipg
fils in name, address and phone describing the details of the new address
number. book entry.

* The user can also ask a person to proyide
their details and make an audio recording
of it as they speak.

* The user annotates the audio recording
with text, at the time of recording or at a
later more suitable time.

» User creates a netodo list entry by « User makes an audio recording
typing out a task description and describing a task and sets the time when
indicates a deadline before which a task the particular task should be performed.
should be completed.

* User creates an entry for a future ¢ User makes an audio recording for a
appointment, enters a description |as future appointment, selects a time when

text and selects an appropriate time he should be reminded of a future event.
from his calendar, on which he should User annotates the recorded audio with
be reminded. text at the time of recording or at a later

time more appropriate time.
» User creates text entries of memos and « User makes audio recordings of memos

events he wants to remember. and events he wants to remember.
e User maintains a collection of His ¢ User maintains a collection of his
personal experiences as text. personal experiences as audio recordings.

The use of audio for managing personal informati@s interesting applications, which are not
immediately apparent to users, for example, keepiligctions of audio recordings of family and ffigks
for their sentimental value.

To test the usefulness of audio for enhancing dlodities provided by text-only PIM’s, we presemt a
example implementation of an audio based weardbletiat has the capability of storing and retrigyvin
PIM information as audio recordings. A number cérgsevaluated our wearable audio based PIM. Their
reactions are also presented. The wearable aullicsydtem we present in this paper runs on a PDA. A
PDA does not satisfy all of the requirements fevemrable computer according to Mann’s (Mann, 1998)
definition but serves as an initial platform on g¥hive can conduct experiments.

2 Related Work

Dunlop et al (2001) highlight a number of challengkat mobile application developers have to face,
most of which are hardware related. Mobile devimgsh as PDA'’s and cell phones have small displays
and input devices that are not comfortable to Tikey add that mobile applications have to be design
taking into consideration that they will be usedtlb@ move and by different types of people. A syivke



PIM research is presented by Boardman (Boardmab)2Boardman’s survey identifies a number of
researchers working in the field of personal infatiom management and a variety of electronic PIM
systems. These PIM systems do not allow peopleamage their personal information using audio. To
Boardman’s list we add TimeCalendar (TimeCalen@804) which is a freely available scheduling
system, for the PC environment, with a well desiaser interface but is not audio enhanced and does
not include address book features.

Stifelman (Stifelman, 1996) describes an implent@reof a mechanical audio note-making system. An
audio recording is made while users write notesaamtepad. The audio recording is indexed using
page-flips of the notepad and the location on thitepad where the text is being written. At a lairee,
users can retrieve relevant segments of audio fsoon recordings by tapping on the area of the pad
where notes had previously been written. Wilcoaldtl997) present an electronic notebook applicatio
Their system allows capturing and retrieving ofasotising handwriting and audio. Although both ef th
above systems are capable of storing and retriemirdjo notes, they do not offer address book and
event management facilities. Users that evalugtéelman’s note making system liked the fact tihaty

did not have to alter the way they normally makeesdo accommodate the new audio enhanced system.
Results of Wilcox's user evaluation revealed thsgra took less handwritten notes and relied more on
audio. They also augmented their hand written nateslater time by referring to audio recordingsyt

had made.

Dey et al (2000) say that reminder systems buiti iAIM’s consider only temporal information, and
should be designed to include other contextuakinédion when accepting new events. For example,
background sounds captured during an audio regpiiin help determine a user’s context. They point
out the need for a variety of ways to be made abfailto users for entering and retrieving data and
from PIM’s and not just text as is the current piceac The introduction of audio increases the atdel
options. An attempt is also made by DeVaul et BD(® to provide a wearable context-aware system
capable of helping people to remember events. ®ystem consisted of a micro-display attached to a
pair of eye glasses, which users could wear, aneravheminders could be displayed at appropriate
times, determined by contextual information cotiecfrom sensors. Mitchell et al (1994) proposeM PI
that acts as a user’s apprentice, learning a useheduling habits over a long period of time. They
wanted PIM's to acquire knowledge by observing ires of users. Their calendar apprentice program
(CAPS) for example could suggest a possible durdtio a new meeting entry based on the length of
previous meetings attended by a user. Rhodes (Rhd®87) provides an implementation for a text
based memory aid system, which is not audio basedduld be enhanced with audio.

Audio is currently not widely in use to complemetext on PIM's. For example, the calendar
management application included on the Pocket R@opin, which is part of the Pocket PC operating
system, allows embedding of audio within appointiadaut the interface provided for managing calendar
items is not simple enough for repetitive use.|db aloes not offer address book management fursction
Address book management functions are provided roerdirely different application, the onboard
Outlook email client program which does not alloss@ciation of audio with address book entries.
Resco’s voice recorder is one of the few audio neis available for the Pocket PC platform (Resco,
2004).

Speech is one of the easiest ways of enteringni#tion into a wearable device but current speech to
text (STT) software, for example CMU’s Sphinx (CMuHhx, 2004), does not yet allow speech
recognition with accuracy high enough for use wi#ty to day wearable devices. An implementation of a
dedicated voice recorder device with some capglidit labelling different types of voice messages i
provided by Sony’'s memory stick voice recorder (502004). Other devices such as future wrist
watches will also be able to store audio recordifmsearch into making every day objects, such as
wristwatches, smarter is being conducted by Midtosesearch (MicrosoftSPO, 2004). Making



everyday objects smarter involves giving them lopadcessing power, storage and the ability to
communicate with other devices.

3 Using Audio with PIM’s

One of the reasons we chose to enhance wearabls Rifh audio is because of the ease and speed
with which people can enter new information intavearable device. Retrieval is just as fast. Easesef
and convenience are very important to wearablecdsyiotherwise the device will end up irritating th
user, who will stop using it.

3.1 Advantages and Disadvantages of using audio wit ~ h wPIM’s

Sawhney et al (1998, 2000) cite the following adagaes and disadvantages of using audio:

Advantages

* The size of a microphone and speaker needed fdenngmting I/O with audio can be shrunk to
fit on a small wearable device such as a wrist lva compared to larger input devices such as
keyboards.

» Audio can offer an easier way of interacting witdevice. For example, speech to text software
can be used to control devices hands free.

» Voice can be used to supply explanations with dgfest than text in a wearable device context.
(Speaking requires less cognitive effort from a aaonthan composing text, particularly when
conveying information to others).

* Sound from multiple audio sources can be processgéutlividuals simultaneously.

Disadvantages
* Privacy arises as an issue if individuals othenfttiee primary listener are in range and are able to
hear the audio while it's being recorded or played.
* Audio may not be acceptable in all environments. &@mple, use of audio inside a library can
disturb other users.
» Excessive speech can be tedious.

Some of the above disadvantages can be overcomgrgy personalised headsets.

Audio will not always be an appropriate input/outpeethod, a wearable PIM implementation needs to
take this into account. With the inclusion of aydiowearable PIM device becomes much more natural
to work with, because humans are well adapted &indewith audio. Their day-to-day interactions
involve exchanging information through audio.

3.2 Augmenting Human Memory with Audio

PIM’'s are created to augment human memory. Audmondings provide the means for having a
photographic memory in the audio domain. Human mmgngan be divided into two categories:
procedural and declarative (Parkin, 1999). Dedlaanemory can be further subdivided into semantic
and episodic memory. Procedural memory includesplp&o abilities and skills. Semantic memory
includes people’s general knowledge. Episodic mgrmmiudes a record of people’s personal events. A
PIM mainly augments the latter. Incorporation ofliauinto wearable PIM’s will increase the accuracy
of the information entered in them. A person maleethe wrong information into a PIM, for example
transposing digits when entering a telephone nurabetext. With an audio recording, these sorts of
errors can be avoided since an audio recordingeoperson to whom the phone number belongs can be
made. This person is less likely to provide an irect phone number. People may still provide the
wrong information through an audio recording bus ik different to errors introduced while entering



text mechanically. When recording audio directhere is no intermediate person who could poteytiall
introduce errors between the source and destinafitre information.

3.3 Interesting Uses for an Audio Enhanced Wearable PIM (wPIM)

Audio is widely used to augment human memory asasefor presentation of information from original
sources. Journalists, for example, make audio daugs and often present a summary, augmented with
segments of the original recording in unmodifiednfoto the public. Some doctors and most
psychologists make audio recordings of their irdBoas with patients for later analysis. There are
several portable consumer electronic devices thaw grofessionals to make audio recordings, Sony’s
memory stick voice recorder (Sony, 2004) is an gtam

Instant text messaging programs, such as Micrast¥ihdows Messenger and Yahoo Messenger, are
very popular. Wearable audio PIM’s can be usechtmece text messaging by allowing audio recordings
to be exchanged by people, the way instant texsages are exchanged. For example, after making
audio recordings during the day, users could distei them amongst their close friends. They colsldl a
send an instant message that contains a short segimaudio (audio SMS) to their friends instead of
having to compose their message as text. Audicatsmbe used to compose longer messages such as
voice mail. This form of interaction with audio défferent from live voice conferencing (e.g. teleple

calls) because it does not require immediate feddfvam participants nor imposes real time constgai

on the connecting line.

Audio recordings can be about events, personaliexpes as well as address book entries. Witn@sses
criminal court cases could use wearable audio Pitfies to validate their eye witness accounts,
provided that their audio recording can be validade a recording made at a particular place angl tim
People can also collect audio recordings of allgbeple they know. These audio recordings may have
some sentimental value in the same way photogrdph&or example, when making new address book
entries, why not let the person whose detail isdgp¢aken make an audio recording? In this way, not
only does the wearable PIM store accurate infoonait also keeps a voice print of the person whose
address is being stored. At a later date, the decbaudio may be useful in remembering detaild) sgc

an individual's voice tone and personal backgroldebple can also keep an audio diary, where they ca
store recordings of their personal thoughts, fgsliand interactions.

4 wPIM Design and Implementation

Our wearable audio enhanced PIM system (wPIM) wasted to allow users to manage different
groups of people, such as family members, closads, business associates, etc. and to manage the
various events that are part of their lives, enimgntheir memory using audio with as little effas
possible. wPIM has these characteristics and cléjesbi

* it is an application that runs on a PDA and thus wearable and usable everywhere.

* manages personal information (people and eventsugh a simplified, search engine based,
user interface.

» allows an audio recording to be associated witlpfgeand event entries.

* any detail about a person can be stored as audioraiext.

» through the use of audio only entries, informatan be rapidly entered into wPIM.

* it can manage different categories of people fgemnds, family, business associates etc.).

» stores past events (e.g. journal entries and quékos).

* can act as a scheduler, keeping track of and ramgineeople of events close to the time at
which they will occur.



4.1 A model for wPIM

The main services PIM’s provide are address boakszhedule management, i.e. they help humans to
remember details about the other people they kiptaw for future events, and remember past events.
Thus, a typical PIM is expected to know about tiwads: People and Events.

People

Individuals in their lifetime deal with differenypies of people, ranging from close family membererie
time acquaintances. A PIM should therefore diststybbetween the different groups of people, such as
friends, families, business associates and worlesngist like humans do.

Events

Events are basic units of perceived time (Tulvii®85). Events have a beginning and an end in time.
PIM’s should allow people to manage their persenahts. Both past and future event management aids
human memory since people usually tend to forgst paperiences as well as date of occurrence of
future events.

4.2 wPIM design

Our wPIM is designed to address the points raisethé preceding sections, by allowing users to
categorise the people they know into groups, toagerpast, present and future events and to beaable
attach audio recordings to people and events. winlilages people and events using audio to increase
accuracy as well as to make interactions with wRIEE efficient and natural as possible. By natwal,
mean that, users can use natural means of entiiag such as audio, into their artificial device.

wPIM works with the collections of items shown oigyuwe 1. The first collection keeps all people
known to the wPIM owner. The second collection leegpevents known to the wPIM owner. The third
collection keeps references to all events thatgairg to occur in the course of the present dag Th
scheduler in wPIM is concerned with present daynesvand notifies users whenever events become
current. The search engine allows users to findhtever people of interest using a search string Th
audio machine is used to perform audio recordirty@ayback operations.

4.3 wPIM Implementation

wPIM is implemented as an application that runsanmiP iPAQ PDA (Pocket PC platform). Due to its
small form factor the iIPAQ is easy to carry aroulmdits current form the iPAQ, still requires toaiah
attention from a user for operation. Most PDA'scluding the iIPAQ, contain some form of PIM
software. The IPAQ (running the Pocket PC operatiygiem) allows audio entries to be associated with
calendar entries, but this facility is hidden ipeless of menus and is not immediately obvious tosus&/e
have eliminated the need for use of menus and mpkemented wPIM so that very little effort is
needed for entering as well as accessing people®r@ind events. For example, entering a new event
requires pressing just four buttons (the first pem the new event or person dialog window, thers#co
for initiating an audio recording, the third folopping an audio recording and the fourth for savirg
new entry). In wPIM, audio can be used as the mam of storing information about a person or event
replacing the use of text.



Only references of present day events are kept
in the present events collection. The event
references kept in the present events collection
change when the present day becomes the past
i.e. Future events whose reminder date becomes
the present, become members of the present
events collection.

Past,

Present
and Future
event:

Present
The search engine
searches though known events
people and events when
a user requests a subset

of people or events

I / During the course of the day, the
scheduler checks the present day
Search Schedule‘ events collection to see if they have
Engine become current at which point users
are reminded, using an audible
Audio alarm.
wPIM Machine

Figure 1 wPIM design

4.3.1 The wPIM User Interface

Figure 2 shows the seven screens that users eecaumen using wPIM. Naturally, users won't have to
go through all 7 screens to perform a specific.téghen entering a new person entry, only screearsll

4 are encountered. Similarly, when entering a neantentry, only screens 1 and 5 are encountered.
When searching for people, screens 1, 2, 3 and veleanching for events screens 1, 6, 7 are
encountered.

Screen 1 is the main application screen and cant@mponents that allow users to search for PIM
entries as well as add people or events into the Ricontains

» Atext box as used on popular search engines lixege.

» Two combo boxes (A combo box contains a drop dastrirbm which users can select an item).

a. For specifying the category that a person belong&amily, friend, business associate
etc.).

b. For specifying dates for which events should edisFor example the Today entry lists
events that are going to occur today.

» Below the events combo box is a calendar contrbiclwallows selection of a particular day, to
be used for listing events for a particular peifaeek, month and year) starting from that day. If
the Day entry is selected from the events combother the value of the calendar control is
used to list events for the selected day.

» Two buttons, one for adding a new person and therdor adding a new event. Clicking on the
Person button leads to screen 4 and clicking oftlesit button leads to screen 5.

» A status line indicates the total number of itemnsently being managed by wPIM.



©

Search Results  ¢F £ 16:25 (D

rnelekarn(Farmnily )20-Mar-04 14:55:05 Audiol

4] [ | I
[=]8

Double

Click

'
b5 i O

©,

Type your search string

s
o

% 15:55

wpﬁm 2 People and 4 events «—

PIM Status

Search Box

/

4

Search For SEar:h Results & ¢ 16:02 ()
People Events
20-Mar-0¢ 16:01:20 wiatch footbal
| | 20-Mar-04 12:45:00 tutars meeting
I - Al x
20-Mar -04 -
Select
Add Select
Person Event
I \ 4] [ | [r
f 1 ‘ Delete | ‘ Close |
F
/ | H= i
Double
Click Click Calendar Control Click
(Pop-out
calendar)

m Add Person

Marme

o f216:31 O

v

Rerrirnder

©,

©,

B ] EEERNEETEYS

Mame | | Rerninder 1245980
|me|el<am | Event Description
= |—|v CLeion Event Description
ki e - \—‘Fam“\‘ Dietalls tutars meeting
Details
20-Mar-04 14:55:05 Audio recording
‘ Rl?( | | Upda{e | | Rec | | Add | | R7c | | Ad? | | R‘Fc | | Update |
b/ \LEI‘ B // j/ B \l =)
Update Record
2:;7(11);0 entry Audio Save new Update Recorded
Audio
EN March, 2004 [+ |
Sun Mon Tue Wed Thu Fri Sat Calendar Control
23 1 2 @ 4 5 6 ol oo
F8 9 10 11 12 13 calendar)
14 15 18 17 18 13 20
21 22 23 24 B Ok X
28 29 30 31 1 2
4 5 B ¥ B 8 10
== 3 Today: 3/3/2004

Figure 2 wPIM main, search result, add person adEavent, view result screens




4.3.2 Searching for an entry in wPIM

Upon selecting an item either from the people coimzoor the events combo box, wPIM's internal data
collections are searched for entries containingsdgech string and a results window, either sceen
screen 6, containing the search results is displalyeno search string is specified, all entries tioe
selected item are displayed. Double clicking amyeintscreen 2 or screen 6 will display the selgatem

as in screen 3 (for people) and screen 7 (for syent

4.3.3 Adding an entry into wPIM

A person or event entry can be added to wPIM usergens 4 and 5. These screens each contain a
record and play button. The record button can led s record an audio piece to be entered in the PI

If a user does not specify textual details for teev PIM entry then only audio will be stored foath
item. The item will be time stamped and its textedcription is assigned the value “Auto Generated”
Users will later need to update the textual detonpfield so that the entry can easily be locatden

they search for it. Delaying the filing of the teal description field to a later time allows ustrysenter
many new items into wPIM as audio, at times whés ot convenient to enter text using the
cumbersome PDA keyboard. Recorded audio can bewediusing the play button.

Audio can be re-recorded as many times as is r@gess capture desired information. When entering
events a reminder date can be set using a calead#ol.

4.3.4 Reminders

Events that are added to wPIM have a field (seeesch) that indicates the time on which a userldhou
be reminded about the occurrence of a particulantewVhen this time becomes the present, an audio
alert is played and the contents of the event sayed (screen 7). At this time the user can fgdde
reminder date to a later date or time, for exarBpinutes later, and the alert will be raised atriawly

set time. Audio recordings can also be modifiethat time. Closing an event without modifying itliwi
mean that an alert for the particular event will he raised again. For event entries that do ruiire
reminding, for example when a user records a dailynal entry, the reminder date can be left
unmodified (by default it is set to the time ofatien of an event).

4.3.5 Audio Management

wPIM records audio using RIFF WAVE format, singleaonel at 11025 Hz, 8bit, of restricted length,
currently set to a maximum of 2 minutes per PIMrenl minute’s worth of audio uses up 650K of
memory. For long term use of wPIM, it would be aododea to compress recorded audio using a
compression algorithm such as MP3 encoding, formpia@ by modifying the Lame mp3 encoder
(LameEncoder, 2004), but for our investigation itite use of audio with PIM’s, this is not important

4.3.6 Data Management

PIM entries are not limited to audio only: usersyrpaovide textual descriptions for recorded audio.
Data for each PIM entry is serialised to an XMle fdt PIM entry creation time or PIM entry update
time. An XML and Audio file per PIM entry is storezh a local storage device. We chose this data
representation because it means that the data e@ubggvPIM is independent of the wPIM application.
Another application can read in the PIM entries assbciated audio to make use of them in any way it
desires.

4.3.7 Tools Used to Implement wPIM

wPIM is implemented using the C# programming lamguaC# is well suited for rapid creation of
experimental software on the Pocket PC platforme Smart device framework from OpenNETCF



(OpenNETCF, 2004) is also used for audio and caleadtry handling. wPIM has been tested with the
Windows Pocket PC 2002 and 2003 operating systems.

5 wPIM User Evaluation

An initial user evaluation of wPIM was conducted determine whether the idea of using audio for
enhancing personal information management woulddseptable to a variety of people. Because wPIM
is implemented as a mobile application, the rutes apply to evaluating it are different from thased

to evaluate desktop applications. Kjeldskov e®280Q) in their review of mobile HCI research mettiod
found that most researchers in mobile HCI tendebuitsl systems and carry out user evaluations in a
laboratory setting. The user evaluation of wPIM wasied outside of the laboratory. Participantseve
given equipment to evaluate for a given periodiroet(see section 5.2). Measurement of how actively
participants used our system outside of the laboyaposed another challenge, and is addressed in
section 5.3. In this section we present the ainethads, results and discussion of the user evahsti
that we carried out.

5.1 Aims of Our User Evaluation

The specific aims of the user evaluation are to:

1. measure people's response to using audio for aumgéneir memory compared to using text;

2. determine if people will use wPIM for its intendpdrpose or use it in some different way;

3. determine if audio, in recorded form, can be areptable option for quickly inputting data into a
wearable device;

4. measure if the provided simplified interface isamceptable way to manage personal information
(address book and schedules);

5. find out if the device on which the wPIM was rurc@nfortable to wear and operate;

6. determine if participants felt comfortable usingliiRn public;

7. determine if attitudes change as the novelty of€WwRiears off.

5.2 Participants

Two groups of people participated in the evaluatladividuals from each group evaluated wPIM for a
period of one week. We installed the wPIM systemeach user's PDA, for those participants that
owned PDA's, and asked them to use it throughoetwkek on their own without our supervision.
Participants that did not own a PDA were providathwne. All participants were also provided with a
user manual that explains how wPIM operates. Raatits were given a brief explanation and
demonstration of the wPIM system and were toldayp gittention to the storage space available to them
as well as the power level of their PDA, which reeeegular recharging, typically every 3 hours aivye
use.

5.2.1 Group 1

Group 1 is made up of 8 people who are membersio€omputer Science Department. Each individual
in Group 1 owns a Pocket PC PDA. Individuals irs tinioup are also well aware of electronic personal
information management (PIM) systems and are egpetd have used electronic PIM’'s in the past.
Group 1 is made up of the following subgroup ofgded7 men and 1 woman):

* 4 academic staff

» 3 postgraduate students

* 1 non-Academic staff



5.2.2 Group 2

Group 2 is made up of 6 people. None of these ithails owned a Pocket PC PDA, thus we had to
provide them with one. These 6 people are not égdeto have known or used electronic PIM’s in the
past. Group 2 is made up of the following subgrotipeople (3 men and 3 women).

* 1 psychologist

* 1 journalist

* 1 postgraduate student

* 2 undergraduate students

* 1 high school student

5.3 Measuring User Reactions

We used two methods to measure the reaction o$ uggle they used wPIM. The first method was by
using questionnaires, and the second by logging ardédons while they used the wPIM system. Since
users were asked to evaluate wPIM without our sugien outside of the laboratory, we could not rely
on the results of questionnaires only. Thus wPIM weade to keep a log file detailing how the system
was used. Users were not told of this feature dMv@uring the evaluation.

5.3.1 Questionnaires

Perlman’s (Perlman, 2004) work provided us withtartsyg point for designing questionnaires. We
designed two types of questionnaires to measurerasponses. The first is a short one containing 5
questions, completed by participants every two dBysnaking users fill in the same questionnairergv
two days we measure how users’ attitude changdtegsused wPIM over the one week evaluation
period. The second questionnaire was completedaltjcipants at the end of the evaluation period and
is much longer, containing 36 questions.

5.3.2 Logging User Activity

As users interacted with wPIM, user activity dat@asviogged for later analysis. Each log file entgsw
time stamped. Data that was logged includes:

» system start-up and shutdown;

* adding, updating and deleting people and eveniesntr

» audio recordings for people and event entries.

5.4 Results

Figure 3 shows the usage of other PIM systems déyp#ticipants prior to using wPIM. The numbers
indicate the total number of people out of 14 ggnéints. None of the participants from group2 use
PDA’s, all use paper diaries and/or a cell phortd/Bh PC. Participants from group 1 mostly use an
electronic diary on their PC. Half of them use tiDA although they all own PDA's.



Usage of other PIM systems prior to using w PIM, the numbers indicate the total number of people
out of 14 participants
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Figure 4 shows the usage of wPIM over the evalogperiod. The reported values are grouped into
perceived (determined from user responses as filled in qoiesdires) androm log file (extracted from
the wPIM application log file, based on the totaimber of operations performed by users). Users from
both groups that thought they used wPIM regulactyally did use it regularly. Users from both greup
that thought they had used wPIM at least once afdain’t really. More users from group 2 used wPIM
regularly than those from groupl.

Usage of wPIM over the evaluation period. Percevied usage and usage based on data from log file, the
numbers indicate the total number of people out of 14 participants.
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Figure 5 shows the usage of the audio recordingifeaf wPIM over the evaluation period. The data
was extracted from wPIM’'s application log file atfie values are based on total number of audio
recordings made. The numbers indicate the totabeurof people out of 14 participants. Fewer people
from both groups used the audio recording feattiveRiM.

Usage of the audio recordings by paricipants, from data extracted after examining wPIM's log
file, based on total number of audio recordings made.
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Figure 6 shows the purpose for which participarasnfboth groups used wPIM. The numbers indicate
the total number of people out of 14 participaifitee majority of the users from both groups usedWPI
for remembering events.

Usage of w PIM by function, the numbers indicate the total number of people out of 14
participants.
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5.4.1 Addressing the Aims of Our Evaluation

A summary of the responses provided by participamtd their relation to each aims of the user
evaluation outlined in section 5.1, is shown onlg&b

Table2: Summary of user responses and their rel&tidghe aims of the user evaluation.

Aim Summary Group 1 Group 2
1 Most of the participants from both groups likeBIM'’s use of audio to manage their6 - Great 3 - Great
personal information. 2 - Average 2 - Average
0 - Bad 1- Bad
1 Most of the participants from both groups thoughivas a great idea to use audio |t® - Great 2 — Great
manage their personal information 2 - Average, 3 - Average
0 - Bad 1-Bad
2 Asked what they used wPIM for, participants sthiely used it as a scheduler and foSee figure 6 See figure 6
remembering events. Few people used wPIM'’s peopleagement feature. Only one pf
the respondents found a new use for wPIM, whiclthie user’'s own words was “far
recording music clips and conversations”
3 The majority of the participants from both growggeed that audio made it quicker [t@8 - Strong 5 — Strong
enter information into wPIM. agreement agreement
0 - Disagreed 1 — Disagreed
4 Most of the users from both groups liked wPIM dmehd it easy to use. Two users (oné - Very easy 4 - Very easy
from each group), during informal discussions, cemied that wPIM'’s user interface 2 - Average 1 - Average
was not intuitive because the new interface wasuhatt they were used to. 0 - Not easy 1 - Not easy
5 Almost half of the participants did not like cdng the device around, particularly4 - Great 2 — Great
individuals from group 2 (they had not owned PDptsviously). 3 - Average 1 - Average
1 - Not at all 3 - Not at all
5 The majority of participants from both groups dit wear the PDA on their body. 2 -Yes 0 - Yes
6 - Not at all 6 - Not at all
5 Most of the participants, from both groups, fouhe supplied PDA and pointing devige6 - Great 5 — Great
comfortable to use. 2 - Average 0 - Average
0 - Not at all 1- Notatall
6 Most of the users, from group 1 felt comfortabkéng wPIM in public. More people 5 - Yes 3 - Yes
from group 2 felt uncomfortable using wPIM in publbecause they are not accustome® - Average 1 - Average
to using PDA's. 0 - No 2 - No
7 The results of the three short questionnairespghgicipants were asked to fill in during0 - Improved 3 — Improved
the evaluation period show some changes in uséudes towards wPIM as they got4 - Constant 2 - Constant
used PIM management with audio. 1 - Changed 1 - Changed
3 -Used it less 0 - Used it lesy
than once a week | than once a week

5.4.2 Discussion

Asking users to evaluate a system outside of therédory without supervision is problematic. A larg
number of the participants in our evaluation ditl mge the supplied system as regularly as we hpéddo
they would. We were able to determine this by ewamgi the wPIM application log files. Some
participants were happy to fill in questionnairgsrethough they had not actively been using wPIM. W
found the idea of asking users to fill in short sfignnaires periodically very helpful in determapihow
they used wPIM during the course of the evaluat®wome participants had not started using wPIM by
the time they were asked to fill in the first queshaire. Others hadn’'t done so at the time thesewe
asked to complete the second short questionnditie.ofher users stopped using the wPIM during the
course of the week and could not give useful feekldseyond the first short questionnaire. The
perception of participants from group 2 improvedea@ossibly because they were easier to convance t
use WPIM due to their lack of experience with efeoic PIM’s. More people from group 1 used wPIM
less than once a week or stopped using it, poskédause they were not convinced that wPIM was
better than what they were already using.

Most the participants used wPIM for rememberingnév@and as a scheduler. This supports the view that
there is a need for wearable applications that amgmpeople’s memory. We were surprised that the
people management feature was not used as oftas. mMight be because the concept of storing
addresses of people as audio recordings was néve tparticipants. Some participants commented that
they use their cell phones for managing phone ntenbed didn’t like the idea of switching to a new
temporary system. Most of the participants alsan'tliike the size of the PDA which they pointed out



was too large to wear on their body. Two users w/leethusiastic about having an application sindar
wPIM available on their cell phone, which they sdidy carried everywhere.

Participants also requested features that wPIMhdidporovide. These include
* voice recognition and the ability to use wPIM unobively e.g. without taking out their pocket;
» the ability to perform cut and paste operations;
» the ability to connect people to events;
» the ability to add multiple audio tracks to an gntr
» the ability to sync with applications such as Mgwti's Outlook PIM;
» the ability to record audio notes without explicitleating them as events.

6 Conclusion

In future, user evaluations involving larger grougpeople and a longer testing period are necgssar
Before this is done, the hardware on which sugystem is run must be acceptable to users for eagryd
use. The majority of the respondents did not wantéar a PDA on their body because it was too bulky
An application similar to wPIM can be made to runaocell phone that has adequate storage space. We
found that asking users to evaluate a system @utdidhe laboratory without supervision, as neagssa
as it is, to be problematic, since a significantnbar of users did not make regular use of the syste
This may be attributed to a number of reasons:

» the evaluation period was too short;

» the number of participants was not large enough;

» participants did not like carrying the PDA everywdie

» participants were already used to another PIM ardewiot convinced enough to switch to

wWPIM.

The majority of the participants indicate that audias a much faster way of inputting data and liked
wPIM’s use of audio.

The results we have presented indicate that audianees wearable personal information management
by allowing users to augment the management of gisonal information and their memory with
audio, instead of using just text.

7 Future Work

The work we have presented in this paper forms phdur research into finding effective ways of

tagging streams of multiple sensor data for useahwearable computer, which in turn can provide
facilities for enhancing human memory. We introdtlze use of structured audio for organising perisona
information. Audio is not the only enhancement ttam be made to wearable PIM’s. In the future we
would like to add video as well as other sensoradstreams (location, temperature, light level,
movement etc.). Video, for example, will enableéheic information to be managed by wearable PIM’s.
Aizawa (Aizawa, 2001, 2003) has already exploredpbssibilities of making life long video recording

People process a lot of audiovisual informationlydaVe would like wearable PIM’'s to become an
extension of this ability that humans possess. \&leve that PIM facilities provided by a wearable
computer should make use of information extractemnf multiple sensors to organise personal
information. Augmenting people’s memory in this waji be much more effective than our audio
enhanced wPIM.

Areas we will be focusing on include:
* inclusion of a richer set of information when eiigrdetails into a wearable PIM, not just
people’s names and descriptions or an event's atattend times, i.e. more effective ways of
tagging events and people.



* making decisions on what information should beudeld within a particular PIM entry based on
current context information.

* learning users’ routines.

» exchanging of PIM entries with other people.

» using video as a primitive document type for stpewents, alongside audio and text.
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