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Kontekstitietoisuus tarkoittaa tietoa kayttajandipesta ja sosiaalisesta ymparistosta
mik& mahdollistaa monipuolisempien sovellusten lisem. Tutkimuksessani keskityn
kontekstitietoisuuden eri osa-alueisiin loppukggttenakdkulmasta
kirjallisuustutkimukseen perustuen. Erityisestikigs kontekstitietoiseen
kommunikaatioon. Kéayn l&pi kontekstitiedon mahdadikayttétapoja
kontekstitietoisissa kommunikaatiosovelluksissasaikten kontekstitietoa voidaan
luoda kayttadjien toimesta. Liséksi kayn lapi miginoja kayttgjilla on kontekstitiedon
saamiseen muilta tahoilta ja miten kayttgjille \a@d kertoa naiden kontekstitietojen
muuttumisesta seka mita yksityisyytta koskevia tauasiaan liittyy. Aihetta sivuavat
tutkimusprojektit esitellddn ja niiden tuloksia @midaan kirjallisuustutkimuksen
pohjalta. Kirjallisuustutkimuksen havaintoja tarte@san myds VTT:n idealiikkeen
kevaalla 2006 keraamia 35 000 uutta mobiilipahadaia hyvaksi kayttaen seka
kayttgjille suunnatulla webbipohjaisella kyselylldsaksi kehitetddn mobiilin
kontekstitietoisen viestinnén sovelluskehys. Kysdlylokset osoittavat kayttajien
mieltymykset ja tarjoavat monia kaytannon esimejkisata, miten kontekstitietoisen
kommunikaation skenaarioita voidaan hyddyntaa. Hsita myds edelleen johdetaan
kaytannollisia ohjenuoria kontekstitietoisten konmikaatiosovellusten luomiseen.
Sovelluskehys puolestaan nostaa esiin useita kylssidngiita, mita asioita tulee ottaa
huomioon mobiileja kontekstitietoisia kommunikaabweelluksia kehitettdessa.
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1. Introduction

This chapter begins with a short motivation of whg subject of this thesis is
currently important and topical. After that, thastixg research is briefly
introduced and the research questions and methdbis thesis are discussed.
Finally, the structure of this thesis is presented.

1.1 Motivation

According to The Free Dictionary (2007), context t& defined ashe
circumstances in which an event occurs; a settigthis work, the
circumstances can be seen to consist of user’'sqathysd social surroundings.
Therefore, examples of context information inclimsation, time, current
activity, and identities of nearby people.

Communication is a process that allows us to exgphamformation by several
methods. Especially nowadays, people communicate ard more using
mobile devices. There were 2.3 billion mobile phenbscribers in the world in
2006 and the number is expected to increase tbilidh by the year 2011
(Nikkei Electronics Asia, 2007).

Currently, mobile devices are not conveying verychaontext information to
enhance the communication. However, the situatiagp ahange soon as the
newest mobile phones are starting to support sewangs of gathering context
information. More and more GPS enabled mobile devare appearing on the
market including Nokia N95, Samsung SGH-i550, LG87R0, and Motorola
RAZR Maxx Ve. This will allow the tracking of loagan information. Market
research predicts that 25 % of mobile phones 024Gl be GPS-enabled
(Reuters, 2007). Nowadays most mobile devicessalpport Bluetooth, which
can be used to detect nearby people, who are sisg Bluetooth-enabled
devices. Also, NFC-enabled phones, like Nokia 6tah, use RFID tags to
make it possible to detect contexts quickly.

Therefore, an interesting and topical questiorois the addition of more
context information would improve the communicatwith mobile devices.

This thesis focuses on this question by discugsiagossibilities of how context
information can be used to enhance mobile commtiarea The issue will be
examined both on the end user's and on the agphca¢veloper's viewpoint.

1.2 The Potential of Context-Aware Systems

Researchers have come up with numerous contexeayatems that utilize
location information. Examples of these includeimas tourist guides where
information is displayed based on the current iocat_ocation information can
be gathered using a variety of sensors includin§ &#&ellites, mobile phone
towers, badge proximity detectors, cameras, magnatd readers, barcode



readers, etc. These sensors can provide eithargoosr proximity information.
(Baldauf et al., 2007)

Systems that take advantage of also other comntatmation than location have
been developed as well. More adaptive and useflicgtions can be built using
context elements such as noise, light, healthnamold. These applications are
especially well-suited for specific conditions swshhospitals as they can be
optimised for these specific environments withtat heed to make them
flexible or extensible. (Baldauf et al., 2007)

Developing applications from scratch can be rasf@w and require a lot of
basic work that is common to all context-aware gajpibns. Johnson (2007) has
developed a generic framework to solve this problEne framework provides a
mechanism to quickly develop innovative context-anapplications by defining
the applications with a mark-up script.

Context-aware communication applications have bésn analysed. Schilit et
al. (2002) provide a thorough discussion on thempil benefits of utilising
context information in communication applicatiombese include determining
which people should be included in a communicatiased on context,
delivering messages in the most timely and relegantext, and using the
shared context information to help the communicakie polite but also
productive.

Fogarty et al. (2005) have especially focused odyshg how to use context
information to quickly assess how interruptibleesigon is. This could
potentially improve human computer interaction asrfy-timed, disruptive
communication attempts would be avoided. An exammpémario is presented in
Figure 1.

Raento (2007) discusses privacy issues that ansethe sharing of context
information. Most important aspect is that usersife able to control and see
what context information about them has been sewhiom. Also, the value that
the users get from revealing information must leaity visible so that users can
easily comprehend what they are gaining in exchémgexposing their context
information.

Many prototypes, including Kontti (Kolari et al.0@4), ContextContacts
(Qulasvirta et al., 2005), ICAMS (Nakanishi et 2004), InfoRadar (Rantanen
et al., 2004), Live Contacts (Ter Hofte et al., 20®ocialight (Melinger et al.,
2004), and Context Watcher (Koolwaij et al., 206&ye been implemented and
evaluated with users to examine certain feature®otfext-aware
communication.

This thesis will contribute to the existing reséaby providing a thorough
examination of users’ needs and concerns on mobilgext-aware
communication. It will also discuss some issues i@ application developers
should take into account when creating context-awammunication
applications.
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Figure 1. Using context information to avoid poorlytimed, disruptive communication attempts.

1.3 Research Questions and Methods

The goal of this research is to examine how contdgtmation can be used to
enhance mobile communications. In the researcindearate on the following
research questions.

* How can the context information be used in a motlemunications
scope?

* What advantages there are in using the contextrivgtion in a mobile
communications scope?

* What concerns there are in using the context inédion in a mobile
communications scope?

The used research methods include a literaturey staidelated research,
inspection of 4000 out of the 35 000 ideas for mesbile services that the VTT
Technical Research Centre of Finland collectegprimg 2006, a web
guestionnaire that 48 persons answered, and tagaeof an application
framework for mobile context-based messaging apfos.

These generic research questions will be refinet gfe related research has
been introduced.



1.4 Structure of the Thesis

This thesis is divided into seven chapters. Theamis of these chapters are
shortly described and justified in the following.

The first chapter is this introduction, which begeith a short discussion of why
the subject of this thesis is currently importamd #opical. After these
motivations, the existing research was brieflyadtrced and the contributions
that this thesis will make were presented. Finalig, research questions and
methods of this thesis were discussed.

The second chapter covers the backgrounds of deatgare computing. It

begins with a short history to context-aware conmgualong with the definitions
of context and context-awareness in order to fanue the reader with the
concepts relevant for this study. The chapter evittsthe introduction of some
typical context-aware applications and with thedssion of the issues related to
developing context-aware applications. These isateselevant as the thesis is
mainly about analysing possible application idedated to context-aware
mobile communication. The issues also relate t@af@ication framework for
mobile context-based messaging applications wisidleing developed in this
thesis.

The third chapter concentrates on related researdontext-aware
communication therefore providing the basis forrémearch. At first goals of
context-aware communication applications are reizegh After that, ways for
creating, representing, and obtaining context mftion are examined, and
implemented context-aware communication applicatiemd prototypes are
introduced. The chapter ends with some concludengarks of the related
research. The issues presented in the chaptesadeta formulate the questions
for the user survey and to aid in the developmétieapplication framework.

The fourth chapter narrows the focus of the thieased on the related research
and further specifies the research questions tiathesis focuses on. The
different context-aware communication scenariostt@user survey focuses on
are also extracted from the related research. Tihgoge of this chapter is to set
up the constructive part of the thesis.

The fifth chapter along with Papers | and Il présehe results of the research.
Results of the analysis of the idea movement'ssdgaestionnaire results as
well as a presentation of the application framewakincluded. The chapter
constitutes the main part of the constructive pathe thesis.

The sixth chapter includes an analysis of the tesuksented in the previous
chapter. Purpose of the chapter is to find out ttewesults of the different
research methods link together and what issuesrtsy regarding the scope of
the research.

Finally, in the seventh chapter conclusions of whas presented are drawn,
answers to the research questions are summarizeédi@re work is discussed.



The thesis ends by listing possible scientific fosufor publishing the future
results on this topic.

Appendixes of the thesis include the web questimenguestionnaire charts that
summarise the questionnaire results, as well &xample application that uses
the application framework developed in the thesis.



2. Background

This chapter introduces the backgrounds of cord@sdre computing. A short
history of context-aware computing along with tledinitions of context and
context-awareness are given. Also, some typicalestraware applications are
introduced and the issues related to developintegbiaware applications are
discussed.

2.1 History

Context-aware computing relates strongly to telikesubiquitous computing,
pervasive computing or ambient intelligence. Tt fierm that described this
area of computer science in its current sense Wgsiious computing, which
was first introduced by Mark Weiser in 1988 as leeked at the Computer
Science Lab at Xerox PARC. The first paper thaingef ubiquitous computing
was the article “The computer for the 21st centuhgt was written for the
Scientific American by Weiser (1991). In this pajéeiser presented a vision of
a technology that would disappear to the backgranttj therefore, help users
without distracting them. Mark Weiser wrote:

“Most important, ubiquitous computers will help oseme the problem of
information overload. There is more information ikalale at our fingertips
during a walk in the woods than in any computetesys yet people find a walk
among trees relaxing and computers frustrating.Hifes that fit the human
environment, instead of forcing humans to enteirshevill make using a
computer as refreshing as taking a walk in the wsdod

The term context-aware computing was then introdumeSchilit et al. (1994)
as software that “adapts according to its locatibuse, the collection of nearby
people, and objects, as well as changes to thgeetslover time”. Both terms
pervasive computing and ambient intelligence wet@duced in 1999.
Pervasive computing was introduced by IBM (199%@®puting that
“encompasses the dramatically expanding sphereropaters embedded within
and intrinsically part of larger devices”. Ambientelligence was introduced by
Phillips as “digital environments in which the dlenics are sensitive to
people’s needs, personalized to their requiremants;ipatory of their
behaviour, and responsive to their presence”.lidse terms are nowadays
commonly used, although ubiquitous computing (acaermp for short) is
probably the most commonly used. Also, ambientligence is especially used
in European Commission. Context-aware computirsgen as a key component
of ubiquitous computing. Other less used termsushelcalm technology
introduced by Weiser et al. (1995), things thatkhintroduced by MIT Media
Lab, transparent computing, physical computingrgwvare, and tangible media.
One might wonder why so many terms have been cteatéefine basically the
same idea. There is probably no single reasont baéms that the main motive
for creating a new term has usually been that geloave felt that the earlier



terms have become too strongly associated withitaioeziewpoint, institution,
funding source, or dominant personality.

One of the first papers on context-aware computsgarch was written by
Want et al. (1992). It discussed the Olivetti AetBadge - a system for the
location of people in an office environment. Theg@aexamined different
location techniques, privacy concerns, and apptinatespecially related to
telephone call routing. One of the first examinasion how to build context-
aware services was the PhD thesis of Bill N. Scflontext-Aware System
Architecture for Mobile Distributed Computing) (Sl 1995).

2.2 Defining Context

There have been many attempts to define what coiste8ome have defined
context by categorizing and listing possible contd&ments. Others have stated
that it is impossible to list all possible contextments and, therefore, context
must be defined in a more abstract way. Clearlth bays have their uses.
Listing context elements provides insight into wbamtext consists of and
abstract definitions can be used to check whetloertain information is context
information or not.

Let’s first take a look on two different attempbsdategorize and list different
context elements.

Schmidt et al. (1999b) provide a hierarchical tigtof context elements:

* Human factors
0 User related (habits, emotional state, biophysicklgonditions
etc.)
o Social environment (co-location of others, soaigraction etc.)
o Tasks (spontaneous activity, engaged tasks, gepeatd etc.)
* Physical environment
0 Location (absolute position, relative position,looation etc.)
o Infrastructure (computational resources, commuitnattc.)
o Physical conditions (noise, light, pressure etc.)

A slightly different way to divide and list contegkements is provided by Goker
et al. (2002). They take into account the imponrtapicconsidering whether
certain context information is of static or dynamature:

e Task related factors (goals, subtasks, actionsjitges, events etc.)
e Social factors (friends, enemies, neighbours, co«ars, user’s role etc.)
* Personal factors
o Physiological factors (pulse, blood pressure, wiilghir color
etc.)
o Mental factors (mood, expertise, angriness, sets}
e Spatio-temporal factors (time, location, directispeed, place, clothes
etc.)
* Environmental factors (services, temperature, Jigbise, persons etc.)



Although these categorizations may seem quitereifile they are similar in a
way that both identify personal attributes (phylsared mental), social aspects,
task related factors, and physical surroundingb@snajor components of
context. Also, as we can see from the listingselaee countless elements that
can be seen as context information. Thereforetiogga commonly understood
categorization of context elements may prove todrg difficult if not

impossible. Some elements may even have culturg¢ographical dependency
and even if some elements like lux and decibelsbeameasured, they are hardly
ever discussed in exact terms in everyday lifectviiould make them very
difficult for the users to specify. (Hiltunen et,£005)

Let’s now take a different approach and preseotmdl definition. The most
notable formal definition of context comes from Detyal. (2000). They write:

“Context is any information that can be used torabi@rize the situation of an
entity. An entity is a person, place, or object ibaonsidered relevant to the
interaction between a user and an applicationudist) the user and applications
themselves.”

As this thesis concentrates more on context-awarenwnication’s practical
scenarios rather than theoretical issues, the approf listing the used context
elements is mostly utilized from here on whenetlierd is a need to discuss
what is meant by context.

2.3 Defining Context-Awareness

Dey et al. (2000) provide a thorough discussiomleining context-awareness.
They also argue that previous definitions of cotiaxareness have been too
specific and provide their own definition:

“A system is context-aware if it uses context toyide relevant information
and/or services to the user, where relevancy depemdhe user’s task.”

In general, context-awareness can be seen as @sprotthree phases:

1. Deduce the context
2. Process the context
3. Use the context

Ideally, context can be deduced without botherivguser. The primary way of
achieving this is the usage of different senson&ré& are many types of sensors
that can be used including (Mayrhofer, 2004):

e Vision (e.g., cameras and video cameras)

* Audio (e.g., microphones)

* Location (e.g., GPS, GSM cells, WLAN, BluetoothddRFID)
* Orientation (e.g., gyroscopes, magnetic field, gslhdensors)
* Proximity (e.g., Bluetooth, WLAN, RFID, and toucénsors)



* Environmental conditions (e.g., temperature, hutpj@dind air pressure
meters)

* ldentity (e.g., iris scanning, fingerprint sens®§&JD, and infrared
badges)

The main difficulty in deducing the context is tiia¢ context is constantly
changing and the change is often gradual and bgvdetict. Also, not all
information can be easily obtained through sensasexample, getting
information about user’s feelings could be diffictd accomplish automatically.
In some cases it may be useful to store contetdryisind use it to predict the
future. Also, shared context can be used to takargedge of what others have
done in similar situation. (Mayrhofer, 2004)

The context is processed to extract relevant inébion and that information is
then used to change the application’s behaviosome meaningful way. Chen
et al. (2000) suggest that the usage of contexbeativided into active context-
awareness and passive context-awareness. An gatmelext-aware application
automatically adapts to the new context by chantiiegapplication’s behaviour
and a passively context-aware application presbetaew context to the user
and leaves the decision on whether the applicaibahaviour should change
explicitly to the user.

2.4 Context-Aware Applications

Context-aware applications have been develope@ 4i880’s. At first, location
was the only source of context information, butrscesearchers started to
investigate other possibilities as well.

2.4.1 Early Applications

The first well-known context-aware application wsive Badge developed at
Olivetti Research Ltd. It used user’s location inuglding as context
information. Location was presented to the recepdipwho then forwarded
incoming telephone calls to the user’s nearest ehdhe system was later
updated to forward calls automatically. It was dtsand out that users preferred
having control over when calls were forwarded &ntlso that they wouldn’t be
interrupted for example in the middle of a meetifMgant et al., 1992)

Based on the Active Badge locating system a Tetaypapplication that used
user’s location and the location of workstationslyoamically map the user
interface to whatever computer that was near tke atsany time was also
developed at Olivetti Research Ltd. It enabledapglication to follow the user
when he moved around. (Frazer et al., 1994)

Another location based application was Active Mapealoped at Xerox PARC.
It tracked people’s positions on a map at all tinvdsich enabled the quick
locating of people in an office building. (Wantadt, 1995)
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Shopping Assistant was created at AT&T Bell Labarias to use customers’
location in a store to guide the shoppers. Theegygirovided details of items,
helped to locate items, pointed out items on salmpared prices, and so forth.
(Asthana et al., 1994)

Cyberguide developed at Georgia Institute of Tetdgowas another classical
example of context-aware applications. It usedistsirlocation and time to
provide information services about their curremikion for them. It enabled for
example suggestions for directions, backgroundimétion on specific places,
and the ability to leave comments on an interactag. It also gathered history
information of the visited places to a travel diand used it to suggest places of
interest to visit. The location information wasleoted outdoors by GPS and
indoors by an infrared positioning system. (Abowdle 1997)

Several other tourist guide systems were also dpeelincluding the GUIDE
system developed at University of Lancaster fonilsgors of the city of
Lancaster (Davies et al., 1999). The GUIDE systean also later extended to
better support co-operation between city visitgrebabling them to share their
experiences and associated context informationy&hkeet al., 2000). Also,
many similar systems were developed for exampleniaseum visitors and
exhibition tourists (Chen et al., 2000).

Brown et al. (1997) in university of Kent at Cargry implemented a People
and Object Pager which used user’s location arainmédtion of nearby people
and objects to for example broadcast a requestctid a certain book and
whoever encountered the book was notified to gickpifor the requester.

Conference Assistant developed at the Georgiauihstof Technology used
user’s location, current time, presentation schexdarid topics as well as user’s
interests to suggest presentations for the ussteéad. The system also
automatically displayed the name of the presetitir,and slides of the
presentation, and other related information whesex walked into a
presentation room. (Dey et al., 1999)

Adaptive GSM phone and PDA developed at TEA (Tetgofor Enabling
Awareness) at Starlab used user’s activity, lightl, pressure, and proximity of
other people to (1) adapt the font size to thetlighel and user’s activity (a large
font when the user is walking, small font whenistadry) and to (2)
automatically set the appropriate profile (rindyrate, adjust the ring volume, or
keep silent) for the mobile phone depending whettieiphone was in hand, on a
table, in a suitcase, or outside. (Schmidt etl&99a)

Office Assistant developed at MIT Media Laborattogk advantage of user’s
current activity, schedule, and the detection chpproaching visitor to adapt its
behaviour based on the identity of the visitor. ¥ al., 2000)

ComMotion was also implemented at MIT Media Laborato use both
location and time to drop reminder messages onitwta When the intended
recipient arrived at the location, the messagededisered via voice synthesis.
(Marmasse, 1999)
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CybreMinder developed at Georgia Tech was a similatem that used more
context information such as nearby people and onuweather conditions. (Dey
et al., 2000)

A more thorough discussion of the first context-eavapplications can be found
in the paper “A Survey of Context-Aware Mobile Camipg Research” (Chen
et al., 2000).

It is interesting to notice how many of the ideassent in these early
applications are still relevant research topics amays. For example,
Cyberguide and GUIDE enabled users to leave messagdifferent locations,
which is also the main functionality of the apptioa framework developed in
this thesis. In addition, ComMotion and CybreMinderdied context-based
reminders, which are also examined in the web ¢urestire of this study.

2.4.2 More Recent Applications

More recent context-aware applications have focusek on certain
environments where the use of context informatiaud potentially have many
useful benefits. Two very common environments idelhiomes and hospitals.

For example, Meyer et al. (2003) suggest the fahgveontext-aware home
scenarios:

e Lights, chairs, and tables automatically adjust@ as the family
gathers in the living room to watch TV.

* Phones only ring in rooms where the addresseduslacpresent,
preventing other people being disturbed by uselagmg.

« The music being played in a room adapts automéatitathe people
within and the pictures in the frames on the déslhge depending on
which person is working there.

* In-house context-aware communication systems didomly members to
speak to each other as if they were in the samm@a,regen when they are
in different rooms.

e Complete security systems including emergencyaslblarms for
burglars, fire, or injury with a complete awarenetthe home owners
wherever they are.

* In assisted living complexes, context-aware systerositor the state of
the elderly occupants, freeing the nursing staffifithe task of constantly
supervising them.

For hospital environment it has been suggesteddhation could be used to
reduce the information overload so that only infation that is useful and
relevant for a certain location is delivered. Foaraple, a nurse doesn’t need to
know the appropriate dose of medication until shistngive it to the patient.
Likewise, the nurse might want to locate the closasdiologist to perform an
emergency check-up. Time information could be usegkliver messages in
appropriate times. For example, a doctor mightdemmessage that describes
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recommendations for treatment to any nurse on éheshift since then the
patient’s symptoms have had sufficient time to egolf the messages are not
sent instantly, the users are also enabled to modiflelete the messages they
have “sent”, if conditions change. Also, in hoslgitaork is more based on roles
than particular individuals. Therefore, it shouldgossible to address messages
to certain roles like to “the nurse on the aftemshift,” or “the next doctor to
visit the patient.” (Munoz et al., 2003; Bardramakt 2004)

Medical applications could also utilize remindargeminding the patients to
take their prescribed medication. Context infororattould be used to deliver
the reminders in the most optimal situation in casttto the reminder systems
used nowadays where the reminders are delivergdtbasked on time. Instead of
interrupting the user’s activities, the remindessld be subliminal audio and
visual cues that lie below the user’s thresholgarteption but are just enough
to jog the user’'s memory. (Pentland, 2004)

Miller et al. (2004) have also studied how to detimedical reminders to the
user in a polite and comfortable way. They conclinde the level of politeness
should adapt based on each individual’'s expectatma actions. On the other
hand, if the reminder is considered helpful in @gaie situation, even a certain
level of impoliteness might be tolerable.

Different rules can also be used to determineitjie action based on context.
For example, if a person suffers an epilepsy sejztie system could direct the
nearest caregiver to his/her location and basdti@severity of the seizure
determine whether only voluntary or also professi@aregivers should be
contacted. (van Sinderen et al., 2006)

Baldauf et al. (2007) also discuss some of these mezent context-aware
applications in their paper “A Survey on Context-#we systems”.

For the purpose of this thesis, it may be useftiytdo generalize these focused
application ideas to cover context-aware commuiuioah a wider scope. For
example, medical reminders are just one case dégbaware reminders and the
idea of trying to disturb the user as little asgiole also applies to context-aware
reminders in general.

2.4.3 User Needs

Brown et al. (2002) note that the user is likelyptomore interested in the
context “just ahead” rather than the current cantéey call this the context-of-
interest. For example, a tourist might be intekgteretrieving information just
before he needs it.

One way to predict upcoming contexts is throughecting context history.
Wilson et al. (2005) have analysed the use of ciistory in the domain of
automatic health monitoring and found it very useflwdetermining the current
activity.
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Brown et al. (2002) also emphasize that users dfilmdevices are likely to be
occupied in other activities and, therefore, agians should not bring
irrelevant information to users’ attention and evelevant information should
be presented to the user in a manner that doastedere too much with their
other activities.

Generally, adapting the user interface based onghes context could make the
application more efficient to use. For example, wha application notices that a
person is engaged to an instant messaging actitvadguld offer quick ways to
initiate other communication methods, like phonkscas well since one use for
instant messaging is to establish the person’sarsational availability. This
could enable the person to initiate a phone cadldyiwithout the process of
dialling a number, waiting for the ring, and havihg other party to pick up.
(Tang, 2007)

Another major concern for users is privacy. Althbygeople often share their
context when they are called (e.g., “l am in a imgetcould you call me later?”),
they want to be in control of what is visible fahers about them. People also
want to know what others know about them and ti&ytb share information
selectively. Privacy concerns must be taken intmawt from the very start of
the application development since they have kiftethy potential applications.
(Schmidt et al., 2000)

2.4.4 Application Development

To achieve efficient application development, ibsld be possible to build new
applications using existing components. The distal nature and the use of
unconventional sensors make this hard but even mgrertant in context-aware
applications. Already in 1999 this matter was rediby the development of the
Context Toolkit (Salber et al., 1999). It introddceontext widgets for sensing
presence, identity, and activity of people anddkinThese context widgets could
be used as building blocks for new context-awapmiegtions and they also
helped to separate the handling of context fromatiteal functionality of the
application. Since the toolkit only supported a Bmamber of context elements,
it could not support a large variety of differeppécations.

Korpipaa et al. (2003b) have also created a framlevoo gathering context
information systematically from the use’s surroungdi, processing it, and
delivering it to the applications. They use systiéen@ontext ontology to define
contexts that the applications can use while a@kmg into account that some
contexts may be application-specific. The framewmdmotes the reuse of
contexts and modules that produce them. The bigiebtems with the
framework relate to the huge amount of contextrimfation needed to reliably
discriminate between different high-level conteXisis could consume the
resources of the mobile device very quickly. Therefit is important to create
the optimal strategies for gathering the contefdrmation.

A more recent framework for developing mobile cati@wvare applications has
been presented by Johnson (2007). It introducesdheept of a context
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fingerprint which is a characterisation of the @ttthat a mobile terminal can
determine from the sensors available to it. Then&éwaork supports a large
number of sensors including GSM, Wi-Fi, Bluetoothl &PS radios as well as
cameras, RFID and motion sensors. It also usesatpgisystem APIs to get
information like battery level, memory and CPU usagpplications running, and
call details. Multiple context fingerprints can teefined, together with events
and actions that are fired on transition betweeniexds. All that is needed for
the creation of a context-aware application isrdef the key elements in a
mark-up script and loading the script to an impletagon of the framework.
However, as with the framework created by Korpigtal. (2003b) a
challenging issue raises from the fact that cort@xdre applications tend to
produce lots of sensor data. For example, the rerately location is tracked,
the more data is generated. The framework expdotsodresources from the
mobile device since all the sensor calculationdares on it. Another approach
would be to transfer all or some of the sensor ttataserver and do the
calculations there, but that approach also hasstses like how expensive would
it be to transfer the data and would the usersibi@gvto allow a huge number

of private sensor data to be submitted to the ngtwo

In general, the key principles for developing catvi@wvare applications are to
separate the context handling from the applicasiomain functionality, to make
the application extendable allowing new contextreets to be easily added, and
to create prototypes to be tested in real-life astyations. Separating the
context handling from the application’s functiomakases the burdens of
programmers and small devices and supports thaamez different

applications. Making the application extendablenportant, because devices
and sensors might come and go, and user requirsriygntally change. Real-

life prototyping enables the testing of the corni@wireness property of the
applications. (Law et al., 2006)

Users are also likely to invent ways of using thpleation that the designers
had not thought of at all. This is because typyctide conceptual models of the
designers do not completely match the mental marfdlse users. For example,
users started to use a system designed for asyrasdocation-based
messaging also for synchronous instant messaghg.hBppened because users
found more need for that kind of chatting functiltiyaand once some users
started to use the application that way otherg¥adld. Problem with this kind of
behaviour is that the application most likely i¢ tilee most optimal solution for
purposes that it has not been designed for. Onttiex hand, it may reveal
potential ways for further development of the aqgtiion that the designers
would not have otherwise thought of. These kinddifiérences between what
designers had thought of and how users actuallyhesapplication can only be
caught by testing in the real-life. Thereforesivery important to arrange
usability tests with a small group of actual udssfore making the application
available for all users. (Burrell et al., 2002)

The application is also usually needed to operatmoltiple platforms that have
different characteristics. Desktops, for exampite,tgpically used continuously
while the use of mobile phones is more task-focas®thurried. This implies
that the application must be designed separatelgifierent platforms from the
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beginning and not only converted from a finisheddoict. However, if the same
application is to be used on different platfornmne amount of consistency is
also required to make it easier for the user tackwhetween the platforms.
(Tang et al., 2001)

Sometimes applications are not developed from deraut existing
applications, like telephony, are being changesufgport context-awareness. In
the transitional phase the application should cfferilar ways to co-operate
with users that already have context-aware capiasiland with users that do
not. This is because users may not be willing ®oseeral user interfaces for
similar actions. (Milewski, 2000)

All'in all, context information can be utilized take the application more
efficient to use by enabling better adaptationders’ needs. On the other hand,
the application must take privacy issues into anttw have even the possibility
of becoming a success. These issues are examitiael \wweb questionnaire part
of this thesis. For making the development of coinéevare applications more
efficient the idea of using a general framework pias/en useful. It is also
utilized in this thesis as a framework for mobitentext-based messaging
applications is developed.
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3. Related Research

This chapter introduces the related research otofhie of context-aware
communication, which can be defined as “the cldsgpplications that apply
knowledge of people’s context to reduce commurocatiarriers” (Schilit et al.,
2002). At first, goals of context-aware communicatapplications are
recognized and discussed. After that, ways fortergarepresenting, and
obtaining context information are examined. Finadlyamples of implemented
context-aware communication applications and pypexd are introduced.

3.1 Goals of Context-Aware Communication
Applications

The following goals can be recognized for differeontext-aware
communication applications. (Schilit et al., 20B8&nganathan et al., 2002)

* Right message at the right time

* Reminders only when they are actually relevant
e Sharing awareness of one’s context

* Reducing ambiguity

Each of these is now examined in more detail.

3.1.1 Right Message at the Right Time

Right message at the right time means determinimighnpeople should be
included in a communication based on context. dfisut deducing the
contextually appropriate people. This deductiorcpss may take into account
the contexts of both sides of the communicatiomdy also concern multiple
parties, e.g., a mailing list that consists of pargl currently inside a certain
building. (Schilit et al., 2002)

Also, context information can be helpful in detemmmg the appropriate device
and the preferred communication format for the camication at a certain point
of time. Typically, users possess multiple commaitian devices, but may have
access to only a subset of them at a particula.thiso, each communication
device has its advantages and disadvantages dapedihe user’s preferences
and the situation that the user is in. For exanmgkall to a cell phone might be
appropriate when the user is on the move, but stamh message or SMS more
appropriate when the user is in a theatre or ireating. (Ranganathan et al.,
2003; Lei et al., 2004)

Since there are so many communication methods renygatiat allow us to
communicate everywhere and anytime, it is oftereetgd that the contacter
should always be able to reach the contactee. Henvthere most certainly are
times when the contactee does not want to be testiuiTherefore, the ability to
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intelligently and efficiently restrict or even it out communication attempts
based on context information becomes importante(@cet al., 2004)

Lei et al. (2002) have built a Notification Displasr system for the purpose of
routing messages to several possible communicdgueites based on the
recipients’ preferences, context, and urgency efniessage. They use instant
messaging online status and calendar events asxtanfiormation to base the
routing decision on. An important aspect of theeysis that the urgency of the
message is taken into account so that high-prionggsages are delivered
instantly regardless of the context.

MyConnector (Danninger et al., 2006) studied the efdifferent context cues
for predicting the availability of the receiver $at the sender could make
contact at the right time, in the right contextd avith the optimal

communication medium. Its results indicated thateng a person’s availability
is a very hard task, because it is a highly pelstmaracteristic and many
activities occur spontaneously. However, time of dad location might indicate
availability rather well at least for people wiggular daily schedules. In
addition to that, urgency and importance of theanirtask seem to be important
availability cues. Users also tend to be more rogible towards the end of an
activity. Still, Danninger et al., (2006) conclutet it might be best to use some
semi-automatic way to deduce the availability, bave the users manually
confirm their availabilities.

The use of multimodal context information for piedig users’ availabilities has
also been studied (Malkin et al., 2006; Fogartglet2005). Especially image
and audio elements are a natural choice as mostam#yices today have
cameras and microphones. Using multimodal contdéatination would make it
possible to predict users’ availabilities withowtlering the users at all. This
would free the users from having to input calendsarmation or change their
online status constantly. Malkin et al. (2006) stddhe use of periodic still
images, but did not found them very helpful in pcedg the availability.
However, they concluded that this may have beenaltiee small number of
data. On the other hand, they found out that tieeofigcoustic information
proved to be a quite good indicator of the usertsrruptibility. This is also
noted by Fogarty et al. (2005), who suggest thaigeizing whether someone is
speaking in the room is a quite good indicator@i linterruptible a person is.
The silence detectors they used adapted quitetavblickground noise in office
environments, but they were unclear whether theati@ts would work in noisier
environments.

It must also be noted, that it increases the ctertadourden if s/he has to
actively inspect the contactee’s availability imf@tion. Therefore, the benefits
of doing this must be clearly visible for the carta. For example, if the
contacter and the contactee work in the same piig@aying the contactee’s
workload in an easily processable format may beadgnough incentive for the
contacter to be polite in his/her communicatioemagts. On the other hand, if
the contacter is an outsider, s/he may not consideworkload information that
important. Therefore, the displayed availabilitiormation should always be
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chosen so that it is relevant to each and evertacter individually. (Dabbish et
al., 2004)

Another approach is to allow people to specify wthal would like to discuss
and with whom and let the application find the maggbropriate communication
method and moment based on everybody’s contexs. fElquires that the
application maintains an awareness of its usetisita&s, preoccupations and
social relationships at all times. It could be ertely complex to track all this,
but it can be helped by concentrating only on &ageenvironment, e.g.,
meeting situations in office environments or livimpms at home. A single
room can be quite easily equipped with various @eniscluding cameras and
microphones to enable the gathering of contextimétion in there while
wearable sensors can be used to gather mobile asatext information. The
application must also have access to various cornuation devices and
methods to be able to initiate the communicatiothenbest possible way. The
different communication devices could include melgihones and desktop
computers or laptops but also, e.g., visual dispfapjected onto some
convenient surface or directed audio. Allowing ggderspecify what they would
like to discuss could be used to, e.g., blockredlbming communication attempts
unless they are related to the desired topic. Alsers could define that they
would like to discuss some subject with certaingdedefore a certain deadline
and the application would find the appropriate timethe users. (Danninger et
al., 2005)

The “digital secretary” type functionality describabove would intelligently
connect people based on the contacters’ currerdtgns and motivations to
initiate the communication and the contactees’enirsituations and
availabilities. This would improve the typical cert-aware communication
scenario where the context information of the coteis conveyed to the
contacter and the decision of whether to initiatihie communication is left to
the contacter. For the contacter, the parametatsitied to be considered are the
following.

* Message type (question, answer or information anetker it is a reply
or a new message)

* Message urgency (e.g., a message concerning amugrmeeting is
likely to be urgent)

* Message complexity (how much effort is it likelytake from the
contactee)

* Message matter (if it concerns the current cortéifte contactee, the
message could be delivered instantly)

* Relationship between the contacter and the cordntessages between
friends or co-workers could be given more importatian messages
from strangers)

For the contactee the corresponding parameters are:

e Interruptibility (whether in a meeting or alreadygaged to a
conversation either by phone or face-to-face)
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» Workload (if, e.g., doing something that requiressiderable attention
like programming)

e Current task (if the message relates to the cutasikt it could be
delivered instantly)

* Relationship between the contactee and the comtacte

The application must compare and match the parasnetéoth sides to
improve the efficiency of the communication. Soraegmeters like the urgency
of the message can be determined independentheafdmmunication partner
while others like message matter and contacteetemitask need to be
compared with each other to determine what effezy may have. The
application must then inform the contacter whethermessage was delivered
instantly or delayed. The best moment to delivéaybsel messages is usually
between tasks, so the application must constanaitk the changes in the
contactees’ tasks. (Gross et al., 2006)

The main benefits for delivering messages basetbotexts are that the sender
can write and send messages immediately when éaeofiwriting the messages
arises and that the recipient can react to theagessmmediately, because they
are delivered to the right context. This correspotadthe current behaviour of
saving messages as drafts until a suitable monoem¢s to send them and
having to remember to check received messagesartitystor possible actions
they might need. Also, knowing the delivery contexght help the sender to
create more meaningful messages. (Jung et al.) 2005

The need to check and possibly modify or removgaot messages also
becomes important when the messages are not aelivestantly but based on
contexts. Confirmations of delivered messages beaore useful for the
sender, but could be manually sent by the receinevsder to protect their
privacy. (Jung et al., 2005)

All'in all, using context information to deliver gages at the right times
provides value both for the contacter and the ateéa The contacter does not
have to wait for the appropriate moment to initiewatact and the contactee
avoids inappropriate interruptions.

3.1.2 Reminders Only when They Are Actually Relevan

Reminders are messages that are sent to informosmmadout some future
activity that s/he should engage in (Dey et alg®0Sending reminders only
when they are actually relevant is an interestimgcept. For example, who
hasn't forgotten the grocery list on the refrigeratoor when having gone to a
grocery shop? Wouldn't it be nice if the list woldd delivered when one arrived
at the shop? Most people use calendars, postasnetmail, etc. to store their
reminders and to-do lists, but this brings outrted to regularly check these
places. It would make life easier, if informatioens delivered in the most
timely and relevant context. Most research ontthéc has gone on location
based reminders. For example ComMotion (Marma€#9)land CybreMinder
(Dey et al., 2000) allowed users to associate taeans with locations in the real
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world. When the user was in the specified locatanaudible cue was played
and the user could inspect the relevant text orateim. (Schilit et al., 2002)

PlaceMail (Ludford et al., 2006) studied locatiaséd reminders and lists to
support everyday tasks. One of its findings wasttiatypical round circle was
not sufficient for a location, but to efficientlygze the messages to locations the
users’ movements and the locations’ geographigaluis had to be known. The
desired delivery point depended also on factork sisausers’ plans, which
routes they took and whether there were lots aasdcstractions on the route. It
was also found out that location based lists |kapping lists should be
manageable, i.e., it should be possible to addmowe things from the list and
the list should be simultaneously accessible bytiplalusers. The system should
also be able to detect if the user is already ento go to a place in which case
a reminder is unnecessary. This would require yseem to properly analyze the
message contents.

Zhou et al. (2005) also studied how people’s cotxcepplaces correspond to
actual physical locations. They also found out #iagle points with radii are not
very good matches for people’s understandingsaifgd. Instead they suggest
that the following shapes are the most common.

e Multiple dots (e.g., any McDonalds)
* Region (e.g., neighbourhood)
» Path (e.g., favourite walk)

Also, in general the application should supporspeal representations of
locations since different people view places irfiedlént ways. The application
should also provide interactive techniques andasacilaboration for acquiring
the locations. A well-designed interactive useeiféce can make it easier for
the users to define the locations. Since collalbgaisers typically have some
shared places, an already defined place coulddxt atdeast as a starting point
for defining a new place. However, as each userunalgrstand the place a bit
differently, the application should allow thesegaalefinitions to be changed.
(Zhou et al., 2005)

3.1.3 Sharing Awareness of One’s Context

Sharing awareness of one’s context is a need tisasgrom the things that the
person who is making the decision whether or naipjoroach a possible
communication partner takes into consideration.s€haclude the following.
(Schmidt et al., 2000; Nagel et al., 2001; Nakaresfal., 2000; Tamminen et al.,
2004)

e How important is it for me to communicate now?
e Where is the communication partner located?

« What kinds of resources are present?

* What is the communication partner doing?

e Who is the communication partner with?
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* How convenient does it seem for the communicatenner to be
interrupted?

« What is the relation between the communicationnesst?

* What type of conversation will it be (importantwiom, how long will it

take, etc.)?

* How likely the communication partner is to knowarswer to a certain
problem?

» s it socially acceptable to start a conversatinmmaertain topic in this
situation?

Also, the recipient has to somewhat consider thiesgs before, e.g., answering
a phone call. Especially, the importance of théecalmessage typically plays a
significant role in the recipient’s choice of whethio answer the call or not.
(Schmidt et al., 2001)

De Guzman et al. (2007) have studied what contégtration the callers and
receivers actually consider or wish to be consdierken making or answering a
phone call. Results show that the callers consetsivers’ tasks and physical
activities more than their locations or social &failities. On the other hand,
receivers would like the callers to consider althadir context information more
and in particular their social availabilities marféen and their locations less
often.

Usually, all of these issues cannot be found ofdrbehe conversation is
initiated. This leads to the inefficient questianiphase in the beginning of the
conversation where the missing context informatiat is considered relevant is
queried. For example, questions likeeseare you, what are you doing or are you
able to speak, are very typical in the beginning phone conversatiofSchmidt et
al., 2000)

Context information could also be used to set gmaite parameters for the
conversation like initial volumes based on the kisalge of ambient sound
levels in the locations of the caller and the riegip Also, one’s context may
change during the conversation, which would alsodrevenient to find out by
the other party. For example, if someone entersdbmn where one is having a
phone conversation, one might become more relutdatiscuss private matters.
(Nagel et al., 2001)

The acquired context information helps the commafion to be polite but also
productive. For example, it is unlikely one willtgen answer to a personal
question during a business meeting, or an answeebteiness question during a
family dinner. (Schilit et al., 2002)

Therefore, the users should be enabled to refteciccess to the context
information based on different characteristics,,eMpo is asking, for what
purpose, and what is the current context (espgdialle and location). However,
this should be accomplished with as little inte@acivith the users as possible. It
would be too intrusive to ask the users what shbaldone every time someone
tries to access their context information. Myleale{2003) have designed a
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system to address these issues through differarmtgyrpolicies. (Myles et al.,
2003)

Nakanishi et al. (2000) have created a systenstiaes the communication
context (location and schedule). Their resultsdath that knowledge of the
communication context decreases the number of weaesd calls and, therefore,
provides smoother communication for the users.h@rother hand, knowledge
of the communication context did not motivate tat&email messages instead
of calling. Therefore, they conclude that sharimg ¢ontext information does
promote changes in the timing of communicationrmitwith the medium of the
communication.

Sharing an awareness of one’s context can alstecseeendipitous
opportunities for communication. For instance, sg& “buddy” go online on
Microsoft Network (MSN) Messenger may tempt onéibate communication
spontaneously (Schilit et al., 2002). Another exinwould be that broadcasting
one’s context to other people in a geographic argdt discover people not
previously known to be close-by (e.g., “is anyoneéng for a lunch?”) (Paciga et
al., 2005).

In chat environment sharing an awareness of orgitegt helps seeing what the
other person is doing and what is happening innmsediate surroundings. For
example, it may help seeing whether the other pesspaying full attention to
the conversation. This may help decide whetheofiigue the conversation or
chat again later if the other person seems too.ftmyexample, ConChat tried
to find out how busy the user was based on whar@pplications he was
running. However, it may be difficult to accuratelgtermine how busy the user
really is. (Ranganathan et al., 2002)

Fogarty et al. (2004) evaluated a context-awarencomication client with 26
users in a 4 week study. Their most important figdivas that sharing awareness
of one’s context could in fact be interpreted agga of presence instead of a
sign of availability and, therefore, it is questiite whether it would reduce
inappropriate interruptions. It was especially fdwut that knowing that a
colleague was present, but not available, did remodirage users from sending
instant messages. One possible reason could havele the users considered
instant messages as a non-intrusive way of comratioig although as a whole
they constituted a significant intrusion. The reéamps also probably thought it
impolite to complain about a single instant message at an inappropriate
moment. One possible solution could have beenddehe user interface so
that the unavailability of the users was highlighiteore over the fact that the
users were present in the building.

Altogether, sharing awareness of one’s contextieahelpful in determining the
person’s availability. It can also make the commation more efficient.
Knowing other persons’ context information can gisavide topics for the
communication while, on the other hand, help avjdnappropriate issues.
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3.1.4 Reducing Ambiguity

Reducing ambiguity arises from the need to endatedil parties mean the same
thing when they say something. Semantic conflictstypically caused by
different contexts. For example, if one writes amal on Tuesday saying let's
meet today, but the recipient does not read thaiétmtil the next day, he may
mistakenly think that the meeting day is Wednesddye doesn’t realize to
check the send date.

There are basically three different causes foathbiguity (Ranganathan et al.,
2002):

» Naming conflicts occur when naming schemes of mfation differ
significantly (for example, when synonyms are useckefer to the same
thing).

» Confounding conflicts occur when information iteseem to have the
same meaning but in reality they have differergnpttetations (for
example, a “hot” dish can mean that the dish isyspr that its
temperature is high).

» Scaling conflicts occur when different referencsteyns are used to
measure a value (for example, price being measuaréifferent
currencies or time being different in different &rmones).

Naming conflicts and confounding conflicts tendequire exhaustive
knowledge of the context and the available termsetoesolved by software,
although some of them, like the format for a damd different in USA
(mm/dd/yy) and Europe (dd/mm/yy), can be identifiather simply. Scaling
conflicts are usually slightly easier, if the sensland recipient’s location and
the units used in those locations are known. Gdggetiae best way for the
application is still to flag potentially ambiguotesms and possibly suggest what
they would mean in the recipient’s context. Howeteatally replacing these
terms might be dangerous, since the sender maydieady considered
recipient’s context when he has constructed thesages (Ranganathan et al.,
2002)

Mankoff et al. (2005) have created an architectiva¢ supports the building of
context-aware services where the contexts may limgaious. They conclude
that the applications should provide several redahtechniques to ensure that
the contexts are unambiguous. This is because siseutd have the possibility
to choose the appropriate technique based on tloeiseess of the errors and the
user’s level of engagement in the task. Also, & technique fails, it is crucial to
have other alternatives. Another important conoluss the importance of
defaults especially in highly ambiguous contextisere it would be too big of a
burden for the users to ask everything from thenaddition, the application
should ask the user only when necessary. If thécapipn does not need to act
on the data or it can act with possible ambiguititeshould do so and bother the
user only when absolutely needed.
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3.2 Creating Context Information

There are basically two options for the end usergeate their contexts through
the application’s user interface: manual enterihgomtext data or taking
advantage of context recognition. The former bdlsicacans that the user
interface contains forms etc. through which the gse try to define the context
as accurately as he can. This approach may beuiffor the user and also for
the designer especially if there are more thamectantext elements to define. In
the latter approach context information is autooadlly collected to the user
interface through different sensors. The user mag be left to decide which
information is relevant in defining that specificntext. This approach expects
that the user is situated in the context that isgodefined. However, if that is
the case, it then eases the burden of definingahe&ext, because recognition is
known to be much easier than recall. Of coursenfilmation, e.g., user’'s
feelings, may not be possible to input through senand that information must
in all cases be entered manually.

Probably the simplest form of automatic contexivation is to use mobile
phone’s calendar information. The success of threthod depends on how
actively the calendar is used and of course it do¢gover any spontaneous
activities, but nonetheless provides some contdgtmation without bothering
the user. (Khalil et al., 2005) More elaborate gguton based context definition
approaches have been studied for example in th&Ppé€lla (a Context-Aware
Prototyping environment for end users to build aggplons without writing any
code) project. In a CAPpella both the context dredassociated action were
recognized. This way also the often used rule-bappdoach for associating
contexts with actions was eased for the end user GAPpella the user first
recorded the behaviour (situation and action) tieatvanted a CAPpella to learn.
Available sensors were video camera, microphoné)Rén indicator of
whether the phone was in use, and detectors famacsuch as logging in and
logging out of a computer, sending email, turniiggts on or off etc. After the
data had been recorded, the user then selectedmelevents from the recording
and used them to train a CAPpella by repeatingtbeess a few times over a
period of days or weeks and this way improved a @ARB’s ability to recognize
the behaviour. After a sufficient number of traipiexamples had been provided,
the user could tell a CAPpella to recognize thaasibn, and when it did, it
performed the demonstrated actions. The systenuses successfully in two
scenarios: to detect when a meeting occurred addtext whether the user had
taken his medicine. (Dey et al., 2004)

Generally, activities involving highly repetitivefly motions such as walking
and running may result in good recognition capgbilith only a small amount
of user specific training data, but more completwées like cooking might
need a lot more data. In these more complex apilisathe user interface for
training the application must be designed with chesause the inconvenience
caused by training the application to recognizéedeint behaviour should not
exceed the value that the application providesratise users will not find it
worth doing. (Intille et al., 2004)
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The PePe project (Lehikoinen et al., 2006) stuthedsharing of location
information and especially what kind of names usersld typically use for
locations and for what purpose. It concluded thiddmatically updated location
information was the most important context elemegéther with status text and
status image. The locations that the participargated were classified in three
categories: points of interest, generic locatiamsl geographical areas. Points of
interest meant places generally known by local feelte movie theaters, cafés,
or shopping malls. Generic locations signified pgthat could be understood
only by people within a certain social network ltkeme, friend’s home, school,
or work. Geographical areas were locations likegjtdistricts, or countries.
Geographical areas were also sometimes combinédoivier types of locations,
e.g., a café in a certain city especially to dtish between two similar
locations. Generally the names were more speaifiamiliar areas and more
generic in distant locations. In addition, usetemiinterpreted “unknown”
location to mean that the person was “on the moveéf'the location remained
“unknown” for a long period of time, it was considd that the user was not
willing to reveal the location. Sometimes users &sgot to name locations,
which could indicate a need for the applicatioroendtically create or suggest
locations for the user whenever possible.

3.3 Representing Context Information

One interesting notation for representing contextsased on the natural
language structure where a simple sentence ofkexs the form of <subject>
<verb> <object>. Respectively, context can be aefias (<ContextType>,
<Subject>, <Relater>, <Object>), where ContextTrgfers to the type of
context (e.g., location), Subject is the persoac@) or thing with which the
context is concerned, Relater is a comparison ¢@efsuch as =, >, or <), verb,
or preposition that relates the subject and obgud, Object is a value associated
with the subject. (Ranganathan et al., 2002)

Example contexts presented in this notation include

» Context(Location, Andy, Entering, Kitchen)
Andy enters kitchen.

» Context(Social Relationship, Bob, Friend, Chris)
Bob is Chris’s friend.

» Context(Time, Helsinki, Is, 12:00)
Time is 12:00 in Helsinki.

Though being rather simple, this notation can esgpraost basic context types.
It is also independent of the actual implementatidre notation also supports
more complex contexts by allowing Boolean operagocosijunction, disjunction,
and negation) and quantifications (existential andersal). (Ranganathan et al.,
2002)

Examples of more complex contexts using these maheal operations
include:
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» Context(Location, Andy, Entering, Kitchen)
Context(Social Activity, Dinner, In, Kitchen)
Andy enters kitchen where a dinner is going on.

« Context(Social Relationship, Bob, Friend, Chris)
Context(Social Relationship, Bob, Friend, Dan)
or more simply Context(Social Relationship, Bobhekd, Chrisv Dan)
Bob is Chris’s or Dan'’s friend (or both’s).

» ~Context(Location, Eric, In, Living room)

Eric is not in the living room.

e [Person Y Context(Location, Y, In, Kitchen)

There is someone in the kitchen.

In practice one has to concentrate on a limitedketntext types. Dey et al.
(2000) have stated that location, identity, agfivéind time are the most
important context types. On the other hand, So#ildl. (1994) say that the most
important aspects of context are where are you,avbgou with, and what
resources are nearby. Dey et al. (2000) have dktiortext as a fourtuple:
(location, activity, time, identities of nearby pé®), where any element can be a
wildcard. Whenever all conditions are met, the eghis considered active.

Example contexts in this notation include:

* (Athome, *, * *
The person is at home.

* (At work, Programming, 12:00, John)
The person is at work doing programming, time i$902and John is also
nearby.

Context information can also be systematicallyctrred by the creation of an
ontology, i.e., a shared understanding of a cettamain, which is typically
presented as a set of entities, relations, funstiarioms and instances. Context
ontologies are useful as they enable shared uagelisy of context information
between different information providers and collatimg agents. They also
make it possible to do context reasoning, i.echieck the consistencies of
contexts and to deduce high-level, implicit conteleiments from low-level
explicit context data. In addition to that, contertologies facilitate rapid
development of applications, more efficient useespburces, as well as reuse.
Existing ontologies can be used as basis for dpughomore complex ontologies
without starting from scratch. Examples of devetbpentext ontologies include
CONON (Wang et al., 2004) and CoOL (Strang et2803). (Korpipaa et al.,
2003a)

In CONON the context model is divided into uppetabogy and specific
ontology. The upper ontology contains general festof basic contextual
entities while the specific ontology defines théaile of the general concepts in
each sub-domain. The main components of the upyelagy are_ocation
(IndoorSpaceOutdoorSpackg User, Activity (DeducedActivity
ScheduledActivily andComputationalEntity{Service Application Device
Network Agen). All of these then have their own sub-classestvican be
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defined to model specific contexts in given envinemts. For example,
IndoorSpacean home domain could be classified into subclaBsglsling, Room
Corridor andEntry. All entities are also associated with attribwded relations
to other entities. The context model is found fel@sand necessary for
supporting context modelling and reasoning in pgmeacomputing
environments. (Wang et al., 2004)

In CoOL aspect, scale and context information laeecbre concepts of the
context model. An aspect is a classification, symbiovalue-range, whose
subsets are a superset of all reachable stategegton one or more related
dimensions called scales. A scale is an unordezedf ®bjects defining the
range of valid context information. Context infotioa is any information
which can be used to characterize the state ohtity eoncerning a specific
aspect. For instance, the aspect "GeographicCaisfspect” may have two
scales, "WGS84Scale" and "GaussKruegerScale", aatichcontext
information may be an object instance created inlgect-oriented
programming language with new GaussKruegerCooreljtzt7032",
"533074"). (Strang et al., 2003)

Since there are many different ways to represemiegts, one has to choose the
most appropriate ones for one’s own applicatioretimment. The key is to look
for those representations that are just suffidienone’s purposes. Choosing too
complex notations or ontologies can make the agiptin development
unnecessarily complicated. Still, one has to tlaib&ut possible future needs as
well and also consider the extensibility of theresgntations.

3.4 Obtaining Context Information

The ways for users to obtain other persons’ contgatmation can be roughly
divided into two groups: heavyweight methods agttiveight methods.
Heavyweight methods require user’s full attentiBramples of these include
calling on the phone, sending/reading email, ochiag a web camera video
from the other person’s location. Lightweight methoon the other hand, do not
require user’s full attention, but allow other tag& be executed in parallel.
Examples of these include looking out of the windovgee what the weather is
like, hearing someone’s footsteps entering a rammsmelling a familiar
perfume. Lightweight methods often take advantdgme or more human
senses. (De Guzman et al., 2004)

The way context information is typically convey@&dcontext-aware software
can also be categorized as lightweight as it islisdone by the means of
different visual or audible aids such as appearimgges, movement or sounds.
For example, widely used instant messaging apphicaiike MSN Messenger
use sound clips and flashing windows to indicatenva buddy goes online or
offline. These applications have become espeqmpular among teenagers at
home and employees in work environments since dlew users to follow their
online buddies’ statuses and to easily exchangsages, images, documents
etc. with each other. However, the indicationsaftext changes can be
distracting to users working on some other taskerdfore, one design objective
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for context-aware applications should be to minartizese distractions while
still allowing context changes to be notified. (Bazman et al., 2004)

De Guzman et al. (2004) also studied the use tdmhsnessaging software with
15 users that were divided into two focus groupee Jtudy showed that the
status information is often used to trigger commation through more
heavyweight means such as telephone or face-toetaneersation. However,
they conclude that this probably depends a lot batwind of relationship the
buddies have and what kind of cultural factorsiareffect.

3.5 Privacy Concerns

Privacy can be defined as the right to determinenyhow, to what extent, and
to whom information about oneself is communicatedan be divided into
information privacy (how our personal informati@handled by the government
or different organisations), bodily privacy (suchkeg searching), privacy of
communications (right to communicate without besngveylled), and territorial
privacy (right for privacy in our homes etc.). Léioa privacy can be seen as a
subtype of information privacy and it can be dedims the right to prevent other
parties from learning one’s current or past locaticocation privacy is
especially important in context-aware applicatisimee location is the most
widely used context information. There are différewels on how location
information can be used to invade privacy. Twoaxkes would be to get the
name of the city where the located person is aesmimment of time or to get
the exact location of the person at all times. Obsiy the exactness of the
location information and the interval at whichgtdollected have a significant
effect to the level of privacy. Most research owaey has focused on
anonymity and secrecy, but they are relevant agpexaonly when the
application is not based on sharing informatiorhvathers. For example, a
teleporting application that utilized user’s locatiand the location of
workstations to dynamically map the user interf@cerhatever computer that
was near the user at any time, is an example apphcation that could take
advantage of anonymity to protect privacy. Howeentext-aware
communications applications are generally basetth@sharing of context
information with others and anonymity is, therefaret desired. In context-
aware communications participants are usually dir@avare of each others’
identities and the privacy risks have more to dihhe need to avoid undesired
social obligations or potentially embarrassingaitns. (Beresford et al., 2003;
Hong et al., 2004)

Barkhuus et al. (2003) studied how people feel abwir privacy when their
location is being tracked. The study consistedéopdrticipants who filled a 5
day-journal by answering pre-specified questiormuathe usefulness and level
of concern in using presented location-based sesvidowever, the services
were not implemented, but the participants weredsk “imagine” the
existence of the services. The results indicatatttie attitudes are more
positive if people can opt to turn the tracking axfid if the tracking is based on
only the device knowing its own position insteaatoflecting extensive amounts
of tracking information to the server. Also, thedings suggested that attitudes
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are positive as long as the users perceive théidoebased applications to be
useful.

People have different relationships between edoérst Typically, the amount
and accuracy of context information that peoplevétiéng to reveal varies based
on this relationship. Davis et al. (2005) examimdtht kind of context
information people are willing to reveal and to whal heir research method
consisted of a questionnaire that 16 persons aesiw&he purpose of the
guestionnaire was to find out what amount of infation from different sources
(e.g., video, audio, location, telephone, calendamputer activity) people
would disclose to seven different relationship g/ffeiend, supervisor, peer,
subordinate, spouse, secretary, acquaintance).fdbag out that although
people would reveal different amounts of informatio different relationship
types, the only relationship type that was constbtegiven less information,
was the acquaintances, i.e., people that the dggrsot have a strong
relationship with. People were also willing to ralyeore information about
their locations and calendars than they were athait computer use, telephone
conversations, or office audio.

People are also often more sensitive towards riexpeértain context
information, while more willing to reveal somethiatge. For example, revealing
location may be more comfortable to the users thaealing the persons with
whom they are. However, revealing some contexrmé&tion may in some cases
lead to the deduction of other information. Forrapée, if a person reveals that
s/he is in a movie theatre, one may deduct thapdingon is most likely with
someone and the activity s/he is engaged to ishiveg@ movie. (Khalil et al.,
2006)

Often people are not even aware of what they areaby revealing so the
application should assist the users in comprehgntiie aggregate effects of
their actions and prevent undesired revelationsvéder, should the application
automatically hide potentially revealing informatior should it only alert the
users and let them decide how to handle the siu@fihere are benefits and
drawbacks in both approaches. If the applicatigesithe information
automatically, it promotes the idea of technoldygt tdisappears to the
background and lets users concentrate on whataieegictually doing. On the
other hand, users typically want to be in contfadhangs related to their privacy.
(Ludford, 2006)

Not sharing the context information but just alloggimessages to be sent to
certain contexts is one possibility to support aci while still allowing context-
aware messaging. In this approach the sender vagdide the recipient’s
context in which the message should be deliveredthe recipient, the message
would seem like any regular message. This methadinvplemented in DeDe
(Defined Delivery) system and studied with sevesrsisUsed context elements
were time, location based on cell id, phone catirtfrom a certain number, and
a certain Bluetooth device appearing nearby. Theli®indicated that this kind
of delayed delivery was useful in allowing the naggEs to be constructed when
most appropriate for the sender while still enapbensitivity in regards to the
delivery time. However, it caused a higher cogeitliwad on the sender, as s/he
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had to think not only the present but also therkiituation of the recipient
when constructing the message. This also requna&diie sender was somewhat
familiar with the recipient’s habits and routin@stkat s/he was able to define
the desired delivery context properly. In the studgation and time were clearly
the most used context elements, which could inditzt phone calls and
Bluetooth proximity might be non-useful or too cdeypconcepts for some
users. Delayed messages also posed some desigs, isamely the possibility to
get delivery reports and to check and possibly fiyazli even remove outgoing
messages. To support privacy delivery reports cbalinplemented so that the
recipient would be asked whether s/he wanted aetglreport to be sent after
s/he had read the message. Finally, it must belrbé&e this kind of approach
would only work with messaging applications nothwi.g., phone calls. (Jung
et al., 2005)

3.5.1 The Four Aspects of Privacy

There are four key aspects that end users are m@tceegarding privacy
(Raento et al., 2005a; Hong et al., 2004). Thedldowipresented shortly in the
following.

Firstly, thevalue that the users will get when revealing their peaso
information must be visible to the users. This wilable the users to properly
evaluate the trade-off between how much informatinay are revealing and
what are they gaining in return. (Hong et al., 2004

Secondly, users wanbntrol over and feedback about what information is
visible to whom in a certain situation. Howevenyvituld require complex user
interfaces to thoroughly model the precise accestral mechanisms that users
have in their minds and these mechanisms wouldEsguite dynamic in nature
which would require constant interaction with tlsewu It is hardly ever the case
that the value that the user is getting from thaiegation would be enough to
compensate the burden of spending a lot of timdefiming and updating access
control rules. Therefore, simple access controllzasic notifications
supplemented with the ability to comment and madaiguhe automatically
collected information are often sufficient. It Hasen shown that the identity of
the inquirer is more important than the situatidrew deciding whether to reveal
context information, although situation is impottéoo, especially if the inquirer
is the user’s employer (Lederer et al., 2003b).rétoee, access control can be
used to primarily select what information each echts allowed to view.
Secondarily, there may also be an option to spécifyhich context the
information should be viewable. Notifications canused to track what
information each contact has looked at. These eatoltected into some logging
feature of the user interface. (Hong et al., 20R&ento et al., 2005a; Raento
2007)

Thirdly, plausible deniability that is the ability to plausibly deny revealing
personal information is also a desired componérg.raturally used for

example in cell phone calls, where not answeringlibcan be because the callee
doesn’t want to talk to the caller or, e.g., beeah®e callee didn’t hear the phone
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ringing. The caller cannot know the reason. Theiregment for plausible
deniability rises from the social need to avoidgmbially embarrassing
situations, undesired intrusions, and unwantedasobiligations. Since most of
the context information is collected automaticathgre is no simple way to
achieve plausible deniability. It has been suggkttat, the application should
allow the user to select whether real or fake mifation is shown to the inquirer.
Fake information could be inputted manually or audtically generated. The
inquirer wouldn’t know if the information is reaf take. For example, if one
said to his wife that he went out to the wild ngtead went to a bar, he could
fake the context information to indicate that heéged is spending time in the
nature. (Hong et al., 2004; Raento et al., 2005a)

Fourthly,reciprocity that is the need that all parties reveal sometabaut
themselves is also needed in many situations.cie-fa-face conversations
reciprocity is needed to build trust, deepen thatianship and facilitate an
understanding of the other person’s interestses$asteeds and desires. In the
same sense in certain context-aware applicatiomsutd seem sensible that if
one is not willing to reveal anything of him, hewldn’t see others’ information
either. Whether the revealed information shouldamaixactly that is whether A
is only allowed to see B’s location if A is alsollmg to reveal his location to B,
is another question, since this would somewhatradidt with the ability to
control what information is revealed and the apilit fake information. (Raento
et al., 2005a; Raento, 2007)

3.5.2 Designing for Privacy

One possible way to design context-aware applioatan the privacy viewpoint
is to decide whether the application should beipessc, optimistic or mixed-
initiative. In pessimistic applications end useedik beforehand exactly what
information and when is revealed to whom. On theohand, optimistic
applications are based on logs and notificatioasthn be used to detect abuses.
Optimistic access control is useful when opennadsa@ailability are more
important than complete protection and it is alasier to take into use than
pessimistic access control, since the user doased to think about all possible
situations beforehand. Mixed-initiative mixes pesstic and optimistic
approaches in such that in it, users are interdugie given a choice whether to
reveal information, when someone requests thenmdtion. For example,
choosing whether to answer a phone call basedeoémtity of the caller is an
example of a mixed-initiative approach. (Hong et 2004)

Lederer et al. (2003a) have designed a user igtefta defining access control
rules for contexts based on the central notiongleaple disclose different
versions of personal information to different pestunder different conditions.
The user interface is divided into three areastlyirthere are the inquirers, e.g.,
user’s friends or other contacts. Secondly, thezesdwations that are the context
information of the user. In the example user iesfthey use a fourtuple
(location, activity, time, identities of nearby pé®), but basically situation could
contain any elements of context information. Thjirdhere are faces, which
define what information and how precisely is reedab the inquirers in all
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situations. They conclude that their approach pesor to simple, automated
disclosure strategies, but can be simplified furidl. It would be especially
useful to consider static and dynamic context imfation separately. People that
the users have a relationship with, already knastatic information, but
revealing dynamic information to them might be mseasitive than revealing
dynamic information to strangers. Also, the consegftsituation and face might
be a bit confusing especially when dynamic coniteidrmation is considered as
situation presents the actual context and facé&réimsformed version that the
user wishes to convey.

In general, configuring privacy permissions at augrlevel seems to provide the
best balance between privacy control and the efffocbnfiguration as the study
conducted by Patil et al. (2005) shows. Also, défealues and templates could
be used to further ease the burden of creatingah#gurations. However, it is
essential to set the defaults right, since mogtsus® not likely to modify them.

Also, to increase usability it should be possibleg-use the users’ privacy
preferences of one application in other similarli@ggons. It is however a
challenge to reuse the preferences across differganizations and application
areas. Nonetheless, it should be possible to sit tkdine preferences for a
certain category of applications (e.g., telecomrmaitidns or web-commerce).
(Hull et al., 2004)

All'in all, privacy issues in context-aware commnaation are about restricting
who can see what information and in which situatidhis a challenge to create
a simple yet powerful enough user interface fas phirpose. Group level
permissions, default values, templates, and regysieferences in different
applications should be utilized extensively.

3.6 Implemented Context-Aware Communication
Applications

This chapter presents implemented context-awarerzorication applications
and prototypes, which include Kontti, ContextCotggdaiku), ICAMS,
InfoRadar, Live Contacts, Socialight, and Contextitier. Kontti and
ContextContacts (Jaiku) are analysed in more detale the features of the
other applications are introduced more shortly.

3.6.1 Kontti

Kontti (Kolari et al., 2004) was the result of aotwear project that took place at
VTT in 2002-2003. Its goal was to develop conceytd tools for offering
context-aware mobile services. In the project aedraware service platform
was developed. The platform provides personal mamagt and sharing of
contexts and presence information, content adaptadind context-aware
messaging. Contextual information can be viewedraadaged within the
system. The main screen of Kontti is presenteddare 2.
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Figure 2. Main screen of Kontti.

Goals of context-aware communication applicatioesendiscussed earlier.
Right message at the right time was one goal thatnecognized. In Kontti this
is enabled by allowing the sender to define thatrtiessage is to be sent only
after the recipient is in a certain context. Howeteere is no option to define
that the message is to be sent after the sentdeaisertain context. Kontti also
supports the goal of sharing awareness of one’egtn

It was discussed earlier that according to Dewlgtl999), location, activity,
time, and identities of nearby people are the nmopbrtant context types. In
Kontti the used context elements are location, iimerval, and activity.
Therefore, of the most important context elementyg the identities of nearby
people is not utilized.

Kontti takes advantage of network operator’s positig service via the LIF
protocol and also WLAN positioning for getting tlogation information, but
regards to other context information, Kontti maindjies on manual entering of
context data. Context changes are not visibly etedd in Kontti and privacy
issues are mainly tackled by allowing users torgefvhat context information is
public to whom.

Kontti was evaluated with several field trials audveys with a total of 98
interviewees and 131 survey respondents. Reswltsdad several interesting
findings. The need to integrate the features wighrhobile device’s own
operating system arose as users have gotten useddng messages using the
mobile device’s own messaging application. In addito that, users stated that
changing one’s own context information should hikeziautomatic or as easy as
changing the mobile device’s profile. The possipilo add audiovisual context
information, like photos or media clips, was alsought up to allow more
creativity and to emphasize the role of presende@sommunication channel.

The business potential of Kontti was analyzed Igrinews with several service
providers. Most business potential was found fonganies that focus on
arranging events. It was also highlighted thatsice providers should have a
proper content management tool for updating thesecontent and the end
users should be provided with easy-to-use userfaties in order to make it
effortless to start using the services.
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The following open research questions were lefiKbmgtti:

* How to represent context ontology in a way thatugable for the
requirements set by context-aware services?

* How to handle different location techniques so thay complement
each others?

* How to use RFID tags to identify contexts?

* How to use the mobile phone's profile settingssist in recognizing the
context?

* How to use the recognized context to change thalenphone’s profile
settings?

« How to adapt content based on context?

* How to seamlessly synchronize data between mohi@g's local
storage and external repositories?

3.6.2 ContextContacts (Jaiku)

ContextContacts (Oulasvirta et al., 2005) was lauiltop of the ContextPhone
(Raento et al., 2005b) platform running on Nokiaese60 mobile phones.
ContextPhone and ContextContacts were develop2dda-2005 by the
Department of Computer Science and HIIT Basic Rebednit, both at
University of Helsinki, and of HIIT Advanced ReselaUnit. ContextPhone’s
goals were to study what are the users’ understgsdif their current contexts,
how to make automatic inferences about the contarts how to characterize
context to users and design user interaction atmiexts. ContextContacts
concentrated on re-designing mobile phone’s cofitack to provide cues of the
current situations of others therefore supportiraipile communication decisions
and group coordinations. Example screens of theéeXt@ontacts application
are presented in Figure 3.

Presence info

5 Lontacts = «"E'E- for Kari Laa.

- o 3 il =1 -
Mari Laasonen W[ Current ; Kumpula, HEl
Kumpula, HK (0:30] 19+ location for the last 0:30

EEL\& Current Profile; Meeting

{MRaento Mika Wl Speaker off

Hermanni, HKI (1:00) 1% (@) wibrator on
.Henaud Petit (EIE!\ People close-by:
Exactum (5:20) 3 1% 1 friend(s)

*  f other person(s)
ﬁ |. Last phone use: 0:02 ago
Options  ~ Back - Close

Figure 3. Contacts and presence info screens of GertPhone.

ContextContacts does not support context-awareagesg but it concentrates
on sharing the awareness of one’s context. Foiptmigose it uses current
location, current mobile phone profile (includingesaker and vibrator status),
last time phone was used, and people close-by.
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As one can see, current location and people clpsedp directly to the

definition of Dey et al. (2000). Current mobile pigoprofile can be seen to map
to the activity in the definition since it can bsed to somewhat deduce the
current activity. For example, the mobile phonefifgdmeeting” indicates that
the person is in an environment where he wante idcrete whether it is an
actual meeting or not. Also, last time phone waslusaps somewhat to the time
in the definition. Naturally, the current time astext information is not needed
in the application since it is universal in nature.

What context information is selected to be useal-life applications like
ContextContacts has obviously much to do with trelability of different
sensors. ContextContacts uses network operatosiigoing service as well as
GPS for getting the current location. It also uBketooth scanning for
discovering people close-by and built-in featureghe phone to track current
mobile phone profile. For other context informati@ontextContacts also
mainly relies on manual entering of context datawkver, it does use network
operator’s automatic identification and namingroportant locations from the
logged cell data, which in a way automates theeocdrdreation.

In ContextContacts the context changes are ndilyisidicated either and
privacy issues are also dealt with by allowing sgerdefine what context
information is public to whom. Neither plausiblenggility nor reciprocity is
implemented in practice.

ContextContacts was developed into a commercialcgecalled Jaiku
(http://www.jaiku.com/), which was published in y@006. Figure 4 illustrates
the functionality. Nowadays, Jaiku is a growingiaboetworking and micro-
blogging service which utilizes both web and mobpi@nes. It also allows
programmers to make their own third party softwammponents through its
public API. In June 2007 there were about 40 O@@stered users. In October
2007 Jaiku was acquired by Google (Google, 2007).
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Figure 4. Jaiku.
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3.6.3ICAMS

ICAMS (Nakanishi et al., 2004) is a context-awaressaging service that uses
location and schedule information. It was in thevdrsity of Electro-
Communications in Tokyo. In iCAMS the location infzation is automatically
generated using NTT DoCoMo’s location-detectiorvieerand it can detect
locations within approximately 100 meters. The ustrface allows sorting of
available communication channels based on schedhwaldéocation.

The system was evaluated with two groups of tensusesight week user
studies. Results indicate that users find locagioth schedule information useful
for initiating communication but also just for obtimg information of other
users. For the latter purpose, a need to see wisiets were together arose.
Sometimes the users also chose the appropriataimedibe face-to-face, if
they saw that the person they wanted to communveiitewas close-by. Most
users found the 100 meter location radius too icipee It was especially
brought up that the accuracy of the location shohlmhge based on whether the
area was small (e.g., indoors) or large (e.qg.,ide}slIf the users had knowledge
of each other’s behavior they could however corelegch other’s locations
rather well even though the provided location infation was quite inaccurate.
General opinion was that privacy issues would mo& iproblem when the system
was used among friends, families, or colleagues, avb peers. However, if the
system was used among hierarchically related petiEegoossibility to use the
tool for monitoring instead of communication brotigh some concerns.

3.6.4 InfoRadar

InfoRadar (Rantanen et al., 2004) implements localtiased messaging. It
provides a novel radar interface for seeing whieeemtiessages are located. The
radar interface makes the user feel that s/heaswmixed-reality space much
better than a simple list-based user interface evdol It is also applicable
everywhere whereas a map-based user interfacdyigpplicable in mapped
areas. The scanning radius can be varied from gi@semity up to 12
kilometres. The messages can also be read elsethaeren the actual location
where they were sent. The system also supporsifitf messages based on
categories, multimedia messaging, social activithdators, and voting. Filtering
messages prevents the screen from getting clustetiednessages. Multimedia
messaging allows capturing the physical context much richer way than using
only text-based messages. Social activity indicatoean that the system
displays traces of users’ movements to give a seinsecial activity in

locations. This can motivate users to post messsiges they know that there is
potential audience. Voting allows the inquiry objia opinion from a large
population, which can also indirectly trigger dission and activity elsewhere in
the system.

The system was tested in three week field triath wio groups that both
consisted of six people. In one group the membeesvkeach other from before
and in the other group they were previously unkntaveach other, but worked



37

or did business in the same location (a shoppin).nBath groups took
advantage of location-based messages, but theopdyiunknown people used
those features somewhat more. This could indi¢eteldcation-based
messaging may be especially useful in engagingbkimteraction within
unknown people. One interesting finding was thaipbe expected locations to
be quite accurate, e.g., just outside a certaip.9herhaps, because of this the
radar interface generated mixed feelings amongskes. Some liked it, and
some found it confusing in determining the exacatmn. One example was its
unsuitability to display message locations in apging mall that had multiple
floors. The voting functionality was also found guuseful, e.g., for joking and
planning.

3.6.5 Live Contacts

Live Contacts (Ter Hofte et al., 2004) emphasizestwaring calendar
information between persons. The calendar inforonas automatically
extracted from the mobile device’s calendar appbea It includes both current
and near-future calendar appointments. Live Costalsb supports instant
messaging status and location information as coeierments and it shows
availability preferences (red, orange, green) tommunication media (work
phone, mobile phone, home phone, SMS, Messengaajlgwhile allowing the
user to make contact with the press of a key eitharediately or later via a
reminder. Live Contacts has both a mobile client amlesktop client. The
mobile client is illustrated in Figure 5.
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Figure 5. Live Contacts.
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3.6.6 Socialight

Socialight (Melinger et al., 2004) started as @aesh project. Its original
functionality consists of notifying users of neaffignds and of using digital
gestures and location-based messages for commionicahe server tracks the
locations of all users and notifies them when theirtacts or contacts’ contacts
are within a specified distance. The users can ¥iem information of the
nearby users or initiate communication with thengital gestures mean that the
users can send vibrations of various lengths terqiersons’ phones. It is a light
way of communication which does not require muahcemtration. It can be
seen to somewhat correspond to the physical woelmhsmunication of glancing
or tapping someone on the shoulder. Possible nskgle saying “hi” to a

friend, being flirtatious, or giving a virtual kiaknder the table. Location-based
messages are messages that are left in geograplaces for friends or groups
of friends. In Socialight these messages weremallyi called Sticky Shadows.
They are constructed of location, optional expimye, recipients, and content,
which can contain any multimedia elements. Wherrélsgients enter an area
where they have messages, they are immediatelfyenioéind given a possibility
to respond to the messages. Possible uses inded®bkmarks (e.g., “buy
milk” outside a grocery store), scavenger huntsgardes, touring an urban tour,
and personal restaurant reviews for friends. Sigtiais implemented using Java
programming language and it contains user intesfdogh for the web and for
the mobile device. Location is tracked using Blo#to GPS, or network
operator data. Nowadays, Socialight has develapedai commercially available
free service which concentrates only on locatioselddamessaging. The term
Sticky Notes instead of Sticky Shadows is nhow Usethe geo-tagged
messages. It also has some new features like clsamreere users can leave
location-based messages for other users intergstedertain topic. Example
user interface is presented in Figure 6.
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Figure 6. Socialight.
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3.6.7 Context Watcher

Context Watcher (Koolwaij et al., 2006) was buiittop of MobilLife (Floreen et
al., 2005), a generic framework enabling contegtalery, exchange and
reasoning. Context Watcher enables the sharingcation (based on GPS
and/or GSM cell), mood (based on user input), @gtibbased on reasoning),
heart rate (based on heart sensor), speed (badedt@ensor), weather
information (based on a location-inferred remotativer CP), and visual data
(pictures enhanced with contextual data). The gatheontext information can
be used in many ways including the following.

» To share awareness of each other’s contexts im todeep in touch
with others without having to approach them dinectl

* As input parameters for information services (dagal weather with one
click or easy public transportation info)

* Remote logging of activities and preferences aradlisg the information
with different services like Flickr.com or persofubgs

The mobile application runs on Nokia Series 60 gsoxample user interface
Is presented in Figure 7.

Meeting with henk.e..
Thu 15 Sep 0903 - Thu 15 5.

Meeting with henk.e..
Thu 15 Sep 0859 - Thu 15 5.

Office
Thu 15 Sep 0859

Options Exit
Figure 7. Context Watcher.

3.7 Conclusions of Related Research

The ways that context information can be used lmeoe communications have
been quite extensively recognised and examinedakeiptevious research. These
are shortly summarised in the following.

Determining the right medium and time for commutia@ahas been the topic of
many studies (Dabbish et al., 2004; Danninger.e805; Danninger et al.,
2006; Fogarty et al., 2005; Gross et al., 2006¢g &iral., 2005; Lei et al., 2004;
Malkin et al., 2006; Lei et al., 2002; Ranganatkaal., 2003; Schilit et al.,
2002). The issue has been studied both from theactan's and from the
contactee's viewpoint.
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Many researchers have also focused on locatiordlraseinders (Dey et al.,
2000; Ludford et al., 2006; Marmasse, 1999; Melirgieal., 2004; Rantanen et
al., 2004; Schilit et al., 2002; Zhou et al., 20@5)le reminders based on other
context information have mostly been studied inaerspecific environments
like medical applications (Miller et al. 2004; Pland, 2004). There is probably
more room for research left in these remindersutibze more context
information than just location. However, this isssienly briefly touched in this
thesis as sending reminder messages to onesd@fteorcsituations is one
scenario examined in the user survey.

Sharing awareness of one's context is probablynibstly used form of context-
aware communication nowadays as instant messeagec®mmonly used
communication tools and services like Jaiku (hityAv.jaiku.com/) are
becoming more and more popular. Many researchews foaused on what
information could be shared (Myles et al., 2003gé&lat al., 2001; Nakanish et
al., 2000; Ranganathan et al., 2002; Schilit e28i02 Schmidt et al., 2000;
Schmidt et al., 2001; Tamminen et al., 2004). Haavemot so much research
has gone on how the shared information is actugilized (Fogarty et al., 2004;
Paciga et al., 2005). Therefore, concentrating roarthis side of the issue might
be a fruitful starting point for further researdis topic is however not studied
in this thesis.

Finally, reducing ambiguity was the last recogniney to use context
information to enhance communication. (Rangana#étah., 2002; Mankoff et
al., 2005) It has not been as big of a researcieias the above-mentioned
topics, but nonetheless it can help the commuminaignificantly by making it
easier for people to understand each other.

The research on how to create context informatasirhainly focused on
automatic context recognition techniques (Dey e28l04; Intille et al., 2004;
Khalil et al., 2005). There may be some room fadging what would be the
best way to enter context information manually.sTthiesis tries to find out how
important the users actually consider the autontatntext recognition compared
to the manual input of context data.

Several notations have been suggested for repmegemtd logically combining
context information (Dey et al., 2000; Ranganatéiaal., 2002). Also,
researchers have focused on creating context @msléoo make application
development more efficient and coherent (Korpipé&a.e2003a; Strang et al.,
2003; Wang et al., 2004). The use of ready-madelagies is quite sensible
when creating more complicated context-aware agiptins. However, the
application framework developed in this thesis ardgs location and time as
context elements so it would overcomplicate thiteggse some kind of an
ontology in its development.

How changing contexts should be notified has atntstudied (De Guzman et
al., 2004). The biggest question is how to notify tisers without distracting
them too much. In this thesis the way that usenst weabe notified is examined
through the user survey.
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Privacy issues have been studied as regards toimfbanation users are willing
to reveal (Barkhuus et al., 2003; Beresford et28lQ3; Davis et al., 2005; Hong
et al., 2004; Khalil et al., 2006; Lederer et 2003b; Ludford, 2006; Raento et
al., 2005a) and how it should be taken into accad@n developing the
applications and their user interfaces (Hong e2804; Hull et al., 2004;
Lederer et al., 2003a; Patil et al., 2005). Thesth will not concentrate on the
privacy issues as there are already theses (R&#Q@) that focus merely on
them. However, the users' concerns on these matesomewhat inspected in
the user survey.

Several prototypes that focused on some specibiecs) of context-aware
communication were also presented earlier (Kolaai.e 2004; Koolwaij et al.,
2006; Melinger et al., 2004; Nakanishi et al., 2004lasvirta et al., 2005;
Rantanen et al., 2004; Ter Hofte et al., 2004) s€h@ototypes implemented
some context-aware communication features and atetlithem with users to
find out their potential benefits and restrictiomke aspects that the above-
mentioned prototypes studied are summarized ineTAbl

Table 1. Context-aware communication prototypes anthe aspects of context-aware communication
that they concentrated on.

Prototype Aspect

Kontti Delivering of messages based on
recipients’ contexts

ContextContacts Sharing awareness of one’s context

ICAMS Choosing appropriate communication
medium based on context

InfoRadar Leaving messages on locations

Live Contacts Sharing calendar information

Socialight Digital gestures and location-based
messaging

Context Watcher Sharing awareness of one’s context

Although the development of an application framédwierpart of this thesis, the
main contribution that this thesis will providette already existing research
will be a thorough examination of users’ needs @snterns on context-aware
communication through the analysis of idea movetmaéteas and the user
survey. In addition to that, the application franoekvwill raise some issues that
the application developers should take into accedm@n creating context-aware
communication applications.



4. Research Focus

In this chapter the focus of this thesis is refibaded on the related research
presented in the previous chapter. At first commoatndn is categorized based
on different attributes and the attributes relexanmhy research are recognized.
These attributes are then used to adjust the @sgaestions. After that,
different context-aware communication scenarios ttha thesis focuses on are
extracted from the related research.

4.1. Concepts

42

| begin focusing my research by categorizing comication based on the
following attributes: form (vocal vs. textual), thece (remote vs. face-to-face),
electronicity (electronic vs. non-electronic), palhy (public vs. private), and
immediacy (instant vs. delayed). There are 5! =Wa@s of combining these
attributes and each of them defines some form wingconication. Although, it
can be said that a small number of combinationsiiatie the way people
usually communicate. Examples of typical combinagiare given in Table 2.

The focus of my research is also presented in esipirathe table.

Table 2. Different forms of communication.

Examples Form | Distance| Electronicity | Publicity | Immediacy
Electronic textual | remote electronic public delayed
message board,
mailing list
Text-based chat| textuaremote electronic public / | instant
private
E-mail, SMS, textual | remote electronic private delayed
MMS
Traditional textual | remote non- public delayed
message board electronic
Writing letters, | textual| remote non- private delayed
leaving notes at electronic
home for family
members
Nodding, textual| face-to- | non- private instant
shrugging, using face electronic
sign language
Videoconference| vocal| remote electronic public anst
Phone call vocal | remote electronic private instant
Yelling vocal | remote non- public/ | instant
electronic private
Conventional vocal | face-to- | non- public/ | instant
chat face electronic private
Whispering vocal | face-to-| non- private instant
face electronic
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It can be seen from the table that form, distaand,electronicity are the
common attributes for the focus of my researchréfoee, the focus of my
research can be narrowed¢atual, remote, and electronic communications
Examples of such communication are electronic ngesbaards, mailing lists,
text-based chats, e-mails, and SMS and MMS messages

Furthermore, I will only concentrate on those cahtdements that am@irrently
supportedoy mobile devices either automatically or manualljese context
elements include the most important context elemavitich were defined by
Dey et al. (2000) as location, time, activity addntities of nearby people.
Location can be specified for example through G&®ivers either as
interconnected or integrated devices or using ndtwperator’s positioning
service, or WLAN positioning. Specifying time idfsevident. Activity can be
specified at least manually. For example Bluetaath be utilized to recognize
the identities of nearby people.

4.2. Refined Research Questions

Based on the focusing described above, the resgasadtions introduced earlier
can be adjusted to the following.

* How can currently supported context informatiorused in a textual,
remote, and electronic communications scope?

« What advantages and concerns there are in usingntiyrsupported
context information in a textual, remote, and el@utc communications
scope?

Therefore, the refined research questions are sesalb the original research
guestions as only currently supported context mfdron is considered and
instead of all mobile communications the scopexsual, remote and electronic
communications.

The first research question covers both technigcssipilities as well as users’
needs. However, the emphasis is on the technma¢ssand the question is
therefore answered mostly based on the relatedndselhe second question
concentrates more on users’ viewpoints and is amslveainly based on the
empirical research.

4.3. Scenarios

In general, scenarios are descriptions of how tesyss used. They are exploited
in various purposes, like requirements gatheringrketing, or testing. The
related research presented in the previous chepteained several implicit
scenarios that are essential in context-aware conwation. In the following, |
will formulate these scenarios explicitly as featiof a context-aware system. In
my research, | will focus on these scenarios arangxe their possibilities,
advantages and concerns with users.
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* Seeing other person’s current context informat®a.@ Sharing
Awareness of One’s Contextd3.6 Implemented Context-Aware
Communication Applications

» Restricting what context information about you otpersons are allowed
to see in different situation8.6.1 The Four Aspects of Privacy

* Seeing what context information about you has lseer to others and
when @.5.1 The Four Aspects of Privacy

* Automatic activation of your own context informatiostead of having
to manually change them every time your contexhgka 8.2 Creating
Context Informatioh

* Notification as a sound, small icon etc. every tyoar automatically
activated context change34 Obtaining Context Informatipn

* Notification as a sound, small icon etc. every tangertain person’s
context changes3(4 Obtaining Context Informatipn

« Sending of messages so that they are deliverdwteetipient only after
the sender is in a certain conte3tl(1 Right Message at the Right Time
and3.6.1 Kontt)

« Sending of messages so that they are deliverdwteetipient only after
the recipient is in a certain contegt1.1 Right Message at the Right
Timeand3.6.1 Kontt)

e Cancelling or modifying messages before sendemamétipient have
been in such contexts that the messages coulddemresent3.1.1 Right
Message at the Right Tine

e Automatic sending of messages repeatedly everyttimsender and/or
recipient arrive at certain situatiorss 1.1 Right Message at the Right
Timeand3.6.1 Kontt)

* Seeing whether the message has already been ddliscethe recipient
and whether the recipient has already read theage€s1.1 Right
Message at the Right Tine

* Sending messages to oneself to certain situat@gs,as reminders
(3.1.2 Reminders Only when They Are Actually Retgvan

* Leaving messages to certain places for anyonathaes at the same
place to read3.6.4 InfoRadaand3.6.6 Socialight

In the development of the application frameworkdontext-aware messaging |
will concentrate on investigating the scenarioeaing messages to certain
places for anyone that arrives at the same placeath
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5. Results

This chapter presents the results of the analytlseddea movement's ideas, the
web questionnaire, and the creation of an apptingtamework for mobile
context-based messaging.

5.1 Analysis of the Idea Movement’s Ideas

In spring 2006 VTT Technical Research Centre ofdfid collected 35 000
ideas for new mobile services from people in adl ggoups using a number of
brainstorming workshops around Finland (Alahuhtal £t2006). | inspected
4000 of these ideas to find those that relateeddhus of my research. Half of
the analyzed ideas were from the University of Qard the other half from the
adult/occupational upper secondary school of R@raniAll the ideas were
originally written in Finnish. Table 3 presents hdifferent context elements
were present in the ideas. The context elements alersen based on what kind
of ideas there seemed to be. Therefore, emotiarods also included in
addition to location, time, activity, and identgief nearby people.

Table 3. The presence of different context elements the idea movement's ideas.

Category Description Example Share
Location Location of the user| Locating the nearest 25 %
or some object. restaurant.
Time Time that is relevant| Retrieving the weather 4,7 %
in a non-trivial way. | forecast for a specific
moment.
Activity What the user is Searching for services 1,8 %
doing. based on the current
activity.
Identities of | Identities of people | Recognizing likeminded | 1,8 %
nearby people that are close-by. people that are near the
user.
Emotion / How the user or someA vigour state analysator | 1,6 %
mood other parties feel. that alerts if the user starts
to become tired.

The following sections describe in more detail plssibilities that were found
regarding the use of context information in a comivations scope.

5.1.1 Retrieving Personal Context Information

Being able to see the contacts’ locations is aa tat repeats often. Mostly
people want to see their friends’ and family memsblecations. Children are
also often explicitly mentioned. The privacy issaes frequently taken into
account in a way that it is mentioned that theofwd party has to agree to the
location tracking. The needs for the accuracy efititation tracking vary from a
rough description (at home or out on the town) toemprecise information (in
which room at home). It is also mentioned that lbthinitiator and the recipient
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of the communication need to see each other’'sitotatEspecially, the called
should also be enabled to see the caller’s location

Another interesting context information seems tavbat the contacts are
currently doing and especially whether they cuillyenit in the near future have
spare time. People also want to know if their coisthave similar intentions
than they have (e.g., go to a cafe, bar, restausamovie theatre) and if they
could join them. Also, a few ideas are about beiblg to see the contacts’
calendar information.

The ability to see in which mood their contactsas® comes up a few times.
For example, if one sees that his buddy is depdesse could try to cheer him
up. Other various context information that are noergd include sizes of
clothes, current clothing, allergies, etc.

5.1.2 Context-Aware Messaging

The possibility to send messages that get transdnith specified times is
suggested a couple of times. These ideas include:

* Automatic notification to the boss if one is laterh work

* Automatic notification if one is late from a meefin

* Automatic notification to home if one has to workedime

« Automatic notification in a workplace if someonekesa coffee

* Automatic notification to certain persons when abome and available

* Automatic reminders of important matters to fanmgmbers

* Automatic notification to parents if children leatle house or some
defined border

e Automatic notification if a friend is close by

e Automatic reminder when one needs to go some place

e Automatic reminder when school assignments neée t@turned

5.1.3 Context-Aware Chatting

Enriching chatting with context information alsawes up. Some suggest
directly a MSN Messenger type application whilespthsuggest more advanced
enhancements. For example, seeing the visual aap=a(clothing, hair style,
etc.) of the communications partner is suggestigieihrough virtual reality or
through videoconference. The idea of simultanentespreter is also proposed.
It could be applied to both written and spoken taage. The implementations of
these ideas would demand advanced technical fedhaorma the mobile device.

5.1.4 Context-Aware Message Board

There are also a lot of ideas for a message bgpeddpplication. The suggested
ideas are basically chatting were the messagedmatored for a period of time
and the attendees may be chosen based on cowieati¢h) instead of an
existing relationship. Suggested ideas include:
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* A shopping list that is shared between family mersbe

» A ift list for a person that is shared betweenfhiends and family
members

A message board for the residents of a building

* Aridesharing message board where people who ttavbe same
direction can find each other and share a car

e Offering services in a neighbourhood, e.g., lawmwmng, taking a dog
for a walk, or childminding

* Arranging play dates between families who liveha same area and
have children of the same age

« Searching for jogging, sports, dating, etc. comparthe neighbourhood

e Sharing user experiences of a certain productjcerplace, etc.

« Communicating the presence of a TV licence inspemt@olice radar in
the neighbourhood

5.2 Web Questionnaire

The thirteen different scenarios of context-awam@mmunication that arose from
the literary research were studied with 48 userthbyuse of a web questionnaire
(see Appendix A). The purpose was to examine hafulithese different
scenarios are considered by the users and whatceand advantages users
see in them. Web questionnaire was chosen asgbaroh method since
feedback was wanted efficiently from a relativelyge number of people before
any prototypes had been implemented. The questi@was designed to collect
both quantitative data (as the usefulness of thaats was evaluated on a scale
of 1-4) and qualitative data (as respondents cauilig their comments on each
scenario). Research methods and results of thgsamalke presented in more
detail in Paper I. As a summary, the results indicser preferences and provide
many practical examples of utilizing the scenartagthermore, the results are
summed up in the paper to provide practical gumdslifor the creation of
context-aware communication applications.

The usefulness of the scenarios is further exantieee based on age, gender,
text messaging activeness, multimedia messagiigeaetss, and messaging
activeness in general. In order to simplify the panson, age and messaging
activeness groups are combined in the following.wae is divided into
groups: “Under 30” (N=27) and “Over 30" (N=21), teressaging activeness is
divided into groups: “Sends text messages weekiyiane rarely” (N=20) and
“Sends text messages daily” (N=28), multimedia rags®) activeness is divided
into groups: “Sends multimedia messages neverelyigdN=36) and “Sends
multimedia messages once a week or more often” 2N=slhd messaging
activeness is divided into groups: “Sends messaglgssometimes” (N=22) and
“Sends messages often” (N=26). The grouping ofteesaging activeness is
achieved by taking the average of the text mesgaagstiveness and multimedia
messaging activeness and using the middle as visaoah point. The comparison
figures are shown in Appendix B.

It seems that young people appreciate their prigacgnarios 2,3) more while
older people are more interested in seeing oth@plpes context information
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(scenario 8). Young people also seem to have nppeeaiation for the
automatic activation of their context informati@ténario 4). Other than that,
there are no noticeable differences between theatyeagroups.

The sample size for women is only 13, which putsedoubts in the

comparison of genders. However, it would indicatg tvomen are more
concerned about restricting who can see their gntormation (scenario 2)
while men are more interested in making the ugbefpplication as easy as
possible (scenarios 4, 7, 11, 13). Women also sedimd more use for the
cancellation or modification of messages (scer@yiand to the sending of
messages after the recipient is in a certain cogéernario 6) whereas men have
more appreciation for delivery reports (scenariardd seeing what context
information about them has been sent (scenario 3).

The messaging activeness seems to affect thegakaltnost. In general, those
that send a lot of messages also found these seemaore useful. The most
distinguished cases are automatic activation ofecarnformation (scenario 4),
cancelling or modifying messages (scenario 5),ssamtling of messages after
the recipient and/or sender are in a certain coriseenarios 6, 10).

5.3 Application Framework

Application framework for mobile context-based nsggag applications was
constructed to implement the scenario of leavingsages to certain places for
anyone that arrives at the same place to readfraheework provides a way to
create messaging applications easily and effigidntlallowing applications to
be defined via XML documents. The application framagk was implemented
using Java programming language. It supports agijpics that have different
categories from which users can search messaged baglifferent context and
content criteria and to which users can send messagntaining any multimedia
elements. Currently supported context criterialecation and time, and the only
currently supported content criterion is the wardetained in the messages. The
architecture of the application framework is ilhaséd in Figure 8.

Application Contents
configu- hound

rations with
contexts

Eet application configuration
)

Send application
canfiguration

A J

Get contents hased on
context and cantent criteria
<

)

——— & | Send contents
[s]
L oo matching given criter‘if

- Upload content
bound with context
<

12EE Server J12ME Client
Figure 8. Architecture of the application framework.
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The architecture consists of J2ME clients and &J&tver where the
application configurations and contents bound wahtexts are stored. These
communicate using XML over HTTP. The figure showabite clients’ typical
requests together with the server’s typical respsns

Possible applications include reporting and disagsgroblems of public spaces,
rating public services, and selling second-handycts. The main benefit for
the users is that it is easy to switch betweeniegpbns that use the same
framework since the applications share a similakland feel. The framework is
presented in more detail in Paper Il. An exampldiagtion that uses the
framework is illustrated in Appendix C.
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6. Analysis

In this chapter the results of the different reslkanethods are analysed to find
out how they link together and what issues theseraegarding the scope of the
research.

Analysis of the idea movement’s ideas showed thataasiest to invent
location-based services, but there are also pdiistbifor utilizing other context
information. The importance of location informatialso showed up in the
comments on the user survey and in the developgcapon framework, which
implemented location-based messaging. These redrétsgthen the impression
of location being the most important context infatran.

While seeing other person’s context informatiorpéesally location, activity,
and mood) was present in many of the idea movem@aidas, it was not
considered amongst the most useful scenarios ing&esurvey as seeing other
person's current context information was rankeg 8filout of the 13 scenarios.
The seven scenarios ranked higher in the userypwiere mostly about
protecting privacy by restricting what context inf@tion was shown and
making the use of the application as comfortablpassible by automatically
activating contexts and getting notifications oht&xt changes. Therefore, it
seems that it is not enough for the applicatioprtvide ways to view other
persons' context information if privacy and usapilssues are not dealt with

properly.

One interesting finding is that not only the comtekormation of the person that
is called should be displayed to the caller, bsb @he called person should be
allowed to see the caller’s context. This turnedath in the idea movement’s
ideas as well as in the questionnaire. Howeverpthposes for the caller to see
the callee’s context and for the callee to seedfler's context are somewhat
different. The caller typically wants to see th#éesds context to be able to
determine, whether the callee is available for camigation. On the other hand,
as the caller is the one making the decision oftiadreto initiate communication,
s/he most likely is already situated in an appedprcontext. The reasons for the
callee to see the caller's context have therefayeerto do with determining
whether the caller can answer certain questionghatt kind of discussion topics
are socially acceptable.

Several reasons for seeing the other person’s xonfermation came up both
in the idea movement’s ideas and in the questioandiowever, whether it was
determining if the other person was reachable, kngWwow far the other person
was from an agreed meeting place or knowing falagewhere one’s children
were, the general goal was almost always removegainty. Only one other
generic goal could be recognised as finding outdhHauddy was depressed and
cheering him/her up was more about helping othli&as temoving one’s own
uncertainties.

The idea movement’s ideas also included severabsios where the messages
were sent automatically on specified times. Exaspfehese were automatic
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notifications to the boss if one was late from warlkd automatic notifications to
home if one had to work overtime. However, in tkernssurvey the scenario of
automatically sending messages repeatedly evegyttimmsender and/or
recipient arrived at certain situations was congidehe least important. This
may be because the concept of context-based automessaging is not that
self-explanatory at first. If the user survey haduded an example of such a
scenario, perhaps the users would have valuedré.nim the other hand, an
example scenario could have steered the userssiadding of the scenario,
which was not desired either. Nonetheless, it @odncluded that automatic
context-based messaging is not an easy concephiprehend and although it
was not valuated highly in the user survey, it retil{y have some potential which
deserves further studying.

Several suggestions for a message board type apptiavere also present in the
idea movement’s ideas although leaving messagesrtain places for anyone
that arrives at the same place to read was rankigd8 in the user survey. The
same reasoning that was given earlier applieshes® The scenarios ranked
higher in the user survey where mostly about ptotggrivacy and easing the
use of the application which users seemed to ajgesthe most. The developed
application framework could be utilized to implerhamany of the suggestions
for a message board type application includinga(frjessage board for the
residents of a building, (2) a ridesharing mesdsiged where people who travel
to the same direction can find each other and shaee, (3) offering services in
a neighbourhood, e.g., lawn mowing, taking a dogfwalk, or childminding,

(4) arranging play dates between families who iivehe same area and have
children of the same age, (5) searching for joggiy@gne, sports, dating, etc.
company in the neighbourhood, (6) sharing useee&pces of a certain
product, service, place, etc., and (7) communigdtie presence of a TV licence
inspector or police radar in the neighbourhood. &ofthese (3, 4, 5, 6, 7),
could use predefined categories while others (inight take advantage of
dynamic, user-specified categories. Most of thés@ 3, 4, 5, 7) could take
advantage of location information and time inforim@twould be relevant in all
of them. A possibility to leave the messages oalyaf certain short period of
time and letting the messages get automaticallgteélafter that could be
implemented in the application framework and ugitizn some of the scenarios
(2, 3,4, 7). Also, in some of the scenarios ()3t would be useful to
implement a functionality of pushing the most t@bimessages forward at
regular intervals.

The application framework also highlighted the peafb of deciding the moment
at which to bind the context to the message,if.there are many content
elements in the message should the context be bowath element
individually or only once to the whole message ke latter, at which
moment should the binding be done. This would hbsee to be considered in
many of the idea movement’s ideas, especially tabseit context-aware
message boards. It would not be easy to find anbalaetween the accuracy of
the context and the amount of data generated. €éunttre, mobile devices
would pose significant limitations for generatinggle amounts of data as they
have limited memory and processing capabilitieswaned to, e.g., desktop
computers and laptops. Also, displaying the dataerelatively small user
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interface of a mobile device in a usable way wdaddh challenging task. In
addition to that, privacy issues should be takém account, if the context was to
be tracked continuously. One would also have teiclem how the context was
defined if the application allowed messages todrestucted through a web
interface at a desktop computer as in that casedhixt at which the message
was sent would not probably be the best choidecihuld be defined at all.
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7. Conclusions

In this thesis, a literature study on context-aw@m@munication was presented.
Different ideas that relate to that scope wereaexéd and analysed from the
idea movement’s ideas. Also, the thirteen contexdra communication
scenarios that were recognized from the study weaéuated with users using a
guestionnaire. In addition to that, a mobile coteased messaging application
framework was developed.

7.1 Discussion
Next, the used research methods are discussedhsdpar
7.1.1 Idea Movement's Ideas

Analysis of the idea movement’s ideas revealedra¢ugeresting ideas related
to context-aware communication. Location informatieas by far the most
needed feature for actually being able to implentlemideas. Also, there were
some ideas that could utilize Bluetooth or NFC. ideas themselves were not
that different from the ideas that arose from thestgionnaire. For example,
location-based message boards were suggestedhinTihig indicates that there
really is need for these kinds of applications.

As only 4000 out of 35 000 ideas were inspected,anuld question whether the
results would have been different had more ideas b&amined. There is of
course no definite answer. However, the generalgoates (retrieving personal
context information, context-aware messaging, cdardae/are chatting, and
context-aware message board) were formed very eargnd the rest of the
analysed ideas fitted to them quite well. Therefares very probable that also
rest of the ideas could fit into these categoi&sl, new ideas inside these
categories would have probably been found.

7.1.2 Questionnaire

The questionnaire results indicate that users aslynconcerned about their
privacy, but do also see the added value that xbateareness brings to
messaging. The evaluation also shows that the autineely people send text
and multimedia messages the more interested theytéebe in the features
provided by context-awareness. Reason for thisoist fikely that people, who
send messages actively, probably have more pengpéatsee the potential
benefits of these scenarios. However, it indicttasit would probably be a
good idea to target context-aware communicatiotniegins first to these kinds
of users.

All things considered, using a web questionnaira essearch method appeared
to suit quite well for a quick evaluation of a @ntconcept. Although it must be
said, that a larger number of participants woubldehgiven more credibility for
the results. Also, one typical problem with quastiaires is that one cannot be
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sure whether the respondents have understood #stigus and really
considered their answers. In this questionnaieefdht that 25 of all the 48
participants took their time to write meaningfuhwments about the scenarios
shows that at least most of the respondents agtuiadlerstood the questions and
gave their answers with thought.

The participants were given a chance to take patlottery of two movie
tickets, but only 31 of all the 48 participantskdbis opportunity. This decision
did not seem to have much effect on the qualitthefanswers. The effort put
into answering varied considerably within both gle®ple that participated in the
lottery and within the people that did not. It seeimat if people find the topic
interesting they may participate and share theugihts broadly even without a
reward.

7.1.3 Application Framework

The application framework brought up many issuksed to the development of
context-aware applications. Most importantly, theice of which context and
content elements to include into the applicatiopestels on the purpose of the
application. If a general framework is being depeld, it should support as
many context and content elements as possibleu&ts she application
framework is not that novel as it only supportsibasntext elements location
and time and a simple text-based search. Howdwegjplication framework’s
general architecture and user interface designastgpe addition of more
context elements.

7.2 Answers to Research Questions
The answers to the research questions are sumoharitiee following.

7.2.1 How can currently supported context informaton be used in a textual,
remote, and electronic communications scope?

Context information can be used in all phases efchmmunication. First, it can
be used to decide which people to include in thmroanication and to
determine the appropriate device and preferred aamgation method. The
sender may use the recipient’s context informatiiodetermine whether to
approach him/her and the recipient may use theesencbntext information to
decide whether to accept the communication attelmgiome cases just seeing
another person’s context change, may result imanoanication attempt.

After the communication has been started, contértination can be used to
determine whether to continue the communicationnndentexts change and in
case of instant communication to determine whethepther person is paying
full attention to the communication.

Messages can also be sent so that they are delibased on contexts, which
makes it possible to modify or cancel unsent messddhey become obsolete
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before delivery. Reminder messages sent to releramtions are a special case
of messages delivered based on contexts.

Communication can also be completely based on xbrittost typical case
would be location-based message boards.

7.2.2 What advantages and concerns there are in agi currently supported
context information in a textual, remote, and elecbnic communications
scope?

The main advantage of using context informatiotiad it makes the
communication more efficient and productive. Esaléginteresting context
elements are location, current and future actwjtéd mood. Context
information can also reduce misunderstandings katwyeople from different
contexts.

One concern relates to the delivering of messagssdon contexts. It cannot be
the only option, but urgent messages must be atldlw®ugh anyway.

An important question is that since all contexiadathard to get automatically
will the users have the time and effort to entgureed context data manually or
to train the system to recognize different contekte implemented user
interface should be very simple and usable. Alse a@utomatically collected
context data and especially the data manually edtey users may be quite
ambiguous.

However, without a doubt the biggest concern iggmy. Users must be able to
control and see what context information about thes been sent and to whom.
The value that the users gain from revealing tfamation must also be clearly
visible.

7.3. Future Work

The questionnaire results raised some interes$siges about context-aware
communication applications. However, questionnaagesuch are not sufficient
for extracting users’ needs and concerns, sinseoiten relatively easy to say
something, but a completely different matter tawally do it. Therefore, these
issues should be verified by creating more protesygnd evaluating them with
users.

The already created framework for mobile contexddolamessaging applications
should be validated by creating example applicatemd evaluating them with
users. The creation of different applications waalkb stress the question of
how much effort does the framework actually savenfthe application
developers.

Possible scientific forums for publishing the figuesults on this topic include
the following conferences and journals.
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Conferences:

Computer/Human Interaction (CHI) (http://www.chiBorg/)

The Ninth Workshop on Mobile Computing Systems Apglications
(HotMobile 2008) (http://prisms.cs.umass.edu/hotile@008/)

The 10th International Conference on Human-Computeraction with
Mobile Devices and Services (MobileHCI 2008)
(http://mobilehci2008.telin.nl/)

The Sixth International Conference on Mobile SysteApplications,
and Services (MobiSys 2008) (http://www.sigmobitg/mobisys/2008/)
The 9th International Conference on Ubiquitous Cotimg (UbiComp
2007) (http://www.ubicomp2007.org/)

3rd IEEE International Conference on Wireless arabilé Computing,
Networking and Communications (WiMob 2007)
(http://www.gel.usherbrooke.ca/WiMob2007/)

The 5th Annual International Conference on Mobild &biquitous
Systems: Computing, Networking and Services (MOBIQQUS 2008)
(http://www.mobiquitous.org/)

Journals:

ACM Transactions on Computer-Human Interaction
IEEE Pervasive Computing

IEEE Wireless Communications

Journal of Ubiquitous Computing and Intelligence
Personal and Ubiquitous Computing

Ubiquitous Computing And Communication Journal

The question that especially deserves further stigdg could other context
information than location, time, activity, and idi¢ies of nearby people be
utilized in mobile communications scope and whatlkof new possibilities and
concerns that would create.
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Appendix A: Web Questionnaire

Note, that this is a translated version. The orajiguestionnaire that the users
answered was in Finnish.

At first, give some background information.

Age:
o Under 18
o 18-21 years
o 22-25 years
o 26-30 years
o Over 30 years

Gender:
o Male
oFemale

How often do you send text messages?
o Never
o Rarely
o Once a week
o Several times a week
o Once a day
o Several times a day

How often do you send multimedia messages?
o Never
o Rarely
o Once a week
o Several times a week
o Once a day
o Several times a day

In general, context information means any infororathat is typical for a
certain situation. In this questionnaire contexdvimation can be understood to
be composed of the following elements:

* Location information (e.g., at home)

* Time (e.g., 08:00-16:00)

» Activity (e.g., having dinner)

e Surrounding persons (e.g., Matt and Mary)

Context information may consist of a single elen{erd., at home) or from a
combination of multiple elements (e.g., at homeitgdinner with Matt and
Mary). Context information could be utilized in nyaways when
communicating with mobile phones, like when sendexg or multimedia
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messages. In the following several possibilitiet tielate to the utilization of
context information are presented. Using the migitglhoices evaluate each
possibility based on how useful you find it. If ybod the possibility at least
somewhat useful, please write to the comments fireWhich situations for
example the possibility would be useful to you. Yaun also freely write other
comments about the possibilities.

1. Seeing other person’s current context infornmatio
o Nouse o Little use o Some useo Much use
Comments:

2. Restricting what context information about ydher persons are allowed to
see in different situations

o Nouse o Little use o Some useo Much use

Comments:

3. Seeing what context information about you hanisent to others and when
o Nouse o Little use o Some useo Much use
Comments:

4. Automatic activation of your own context infortioe instead of having to
manually change them every time your context change
o Nouse o Little use o Some useo Much use
Comments:

5. Notification as a sound, small icon etc. evanetyour automatically
activated context changes
o Nouse o Little use o Some useo Much use
Comments:

6. Notification as a sound, small icon etc. evéneta certain person’s context
changes

o Nouse o Little use o Some useo Much use

Comments:

7. Sending of messages so that they are deliveréigétrecipient only after the
sender is in a certain context

o Nouse o Little use o Some useo Much use

Comments:

8. Sending of messages so that they are deliveréigbtrecipient only after the
recipient is in a certain context

o Nouse o Little use o Some useo Much use

Comments:

9. Cancelling or modifying messages before senad@foa recipient have been in
such contexts that the messages could have been sen

o Nouse o Little use o Some useo Much use

Comments:
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10. Automatic sending of messages repeatedly éwaeythe sender and/or
recipient arrive at certain situations
o Nouse o Little use o Some useo Much use
Comments:

11. Seeing whether the message has already beeerddlto the recipient and
whether the recipient has already read the message

o Nouse o Little use o Some useo Much use

Comments:

12. Sending messages to oneself to certain sihsgteog., as reminders
o Nouse o Little use o Some useo Much use
Comments:

13. Leaving messages to certain places for anymatetrives at the same place

to read
o Nouse o Little use o Some useo Much use

Comments:
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Appendix B: Questionnaire
Charts

Usefulness Grouped by Age

1. Seeing w hether the message has already been
delivered to the recipient and w hether the
recipient has already read the message
2. Restricting w hat context information about you
other persons are allow ed to see in different
situations

|

3. Seeing w hat context information about you has
been sent to others and w hen

4. Automatic activation of your ow n context
information instead of having to manually change
them every time your context changes
5. Cancelling or modifying messages before
sender and/or recipient have been in such
contexts that the messages could have been sent

6. Sending of messages so that they are
delivered to the recipient only after the recipient is
in a certain context

7. Notification as a sound, small icon etc. every
time your automatically activated context changes

8. Seeing other person's current context
information

9. Leaving messages to certain places for
anyone that arrives at the same place to read

10. Sending of messages so that they are
delivered to the recipient only after the sender is
in a certain context

11. Notification as a sound, small icon etc. every
time a certain person's context changes

W

12. Sending messages to oneself to certain
situations i.e. as reminders

13. Automatic sending of messages repeatedly
every time the sender and/or recipient arrive at
certain situations

o
o
ol
=
P
ol
N
N
ol
w
w
ol
IN

O Under 30 (N=27) m Over 30 (N=21)

Figure 9. How useful different scenarios are conséted by the users grouped by age on a scale of 1-4,
where 1 = no use, 2 = little use, 3 = some use ahd much use.
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Usefulness Grouped by Gender

1. Seeing w hether the message has already been
delivered to the recipient and w hether the
recipient has already read the message
2. Restricting w hat context information about you

other persons are allow ed to see in different
situations

3. Seeing w hat context information about you has
been sent to others and w hen

4. Automatic activation of your ow n context
information instead of having to manually change
them every time your context changes
5. Cancelling or modifying messages before
sender and/or recipient have been in such
contexts that the messages could have been sent

6. Sending of messages so that they are
delivered to the recipient only after the recipient is
in a certain context

7. Notification as a sound, small icon etc. every
time your automatically activated context changes

8. Seeing other person's current context
information

9. Leaving messages to certain places for
anyone that arrives at the same place to read

10. Sending of messages so that they are
delivered to the recipient only after the sender is
in a certain context

11. Notification as a sound, small icon etc. every
time a certain person's context changes

12. Sending messages to oneself to certain
situations i.e. as reminders

13. Automatic sending of messages repeatedly 1
every time the sender and/or recipient arrive at
certain situations ] ]

O Men (N=35) m Women (N=13)

Figure 10. How useful different scenarios are condéered by the users grouped by gender on a scale of
1-4, where 1 = no use, 2 = little use, 3 = some asel 4 = much use.
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Usefulness Grouped by Text Messaging Activeness

1. Seeing w hether the message has already been
delivered to the recipient and w hether the
recipient has already read the message
2. Restricting w hat context information about you

other persons are allow ed to see in different
situations

3. Seeing w hat context information about you has
been sent to others and w hen

4. Automatic activation of your ow n context
information instead of having to manually change
them every time your context changes
5. Cancelling or modifying messages before
sender and/or recipient have been in such
contexts that the messages could have been sent
6. Sending of messages so that they are
delivered to the recipient only after the recipient is
in a certain context

7. Notification as a sound, small icon etc. every
time your automatically activated context changes

8. Seeing other person's current context
information

9. Leaving messages to certain places for anyone
that arrives at the same place to read

10. Sending of messages so that they are
delivered to the recipient only after the sender is
in a certain context

11. Notification as a sound, small icon etc. every
time a certain person's context changes ]

12. Sending messages to oneself to certain
situations i.e. as reminders

13. Automatic sending of messages repeatedly
every time the sender and/or recipient arrive at
certain situations ] ]

o

05 1 15 2 25 3 35 4

O Sends text messages w eekly or more rarely (N=20) B Sends text messages daily (N=28)

Figure 11. How useful different scenarios are condered by the users grouped by text messaging
activeness on a scale of 1-4, where 1 = no use, IRtke use, 3 = some use and 4 = much use.
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Usefulness Grouped by Multimedia Messaging Activene ss

1. Seeing w hether the message has already been
delivered to the recipient and w hether the *
recipient has already read the message
2. Restricting w hat context information about you 1

other persons are allow ed to see in different
situations

3. Seeing w hat context information about you has
been sent to others and w hen

4. Automatic activation of your ow n context
information instead of having to manually change
them every time your context changes

5. Cancelling or modifying messages before
sender and/or recipient have been in such
contexts that the messages could have been sent
6. Sending of messages so that they are 1
delivered to the recipient only after the recipient is
in a certain context

7. Notification as a sound, small icon etc. every
time your automatically activated context changes

8. Seeing other person's current context
information

9. Leaving messages to certain places for anyone
that arrives at the same place to read

10. Sending of messages so that they are
delivered to the recipient only after the sender is
in a certain context

11. Notification as a sound, small icon etc. every
time a certain person's context changes

12. Sending messages to oneself to certain
situations i.e. as reminders

13. Automatic sending of messages repeatedly 1
every time the sender and/or recipient arrive at
certain situations T T

o
o
3
=
L
ol
N
N
ol
w
w
wl
D

B Sends multimedia messages once a w eek or more often (N=12)

O Sends multimedia messages never or rarely (N=36)

Figure 12. How useful different scenarios are corndered by the users grouped by multimedia
messaging activeness on a scale of 1-4, where Jo=uge, 2 = little use, 3 = some use and 4 = muclkeus
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1. Seeing w hether the message has already been
delivered to the recipient and w hether the
recipient has already read the message

other persons are allow ed to see in different
situations

3. Seeing w hat context information about you has
been sent to others and w hen

4. Automatic activation of your ow n context
information instead of having to manually change

them every time your context changes
5. Cancelling or modifying messages before

sender and/or recipient have been in such

6. Sending of messages so that they are
delivered to the recipient only after the recipient is
in a certain context

7. Notification as a sound, small icon etc. every
time your automatically activated context changes

8. Seeing other person's current context
information

9. Leaving messages to certain places for
anyone that arrives at the same place to read

10. Sending of messages so that they are
delivered to the recipient only after the sender is
in a certain context

11. Notification as a sound, small icon etc. every
time a certain person's context changes

12. Sending messages to oneself to certain
situations i.e. as reminders

13. Automatic sending of messages repeatedly
every time the sender and/or recipient arrive at
certain situations

Usefulness Grouped by Messaging Activeness

2. Restricting w hat context information about you |

contexts that the messages could have been sent |

|

o

05 1 15 2 25 3

O Sends messages only sometimes (N=22) B Sends messages often (N=26)

3,5

4

Figure 13. How useful different scenarios are cordéred by the users grouped by messaging

activeness on a scale of 1-4, where 1 = no use, IRtke use, 3 = some use and 4 = much use.
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Appendix C: Example Application

This appendix presents an example applicationubes the application
framework described in Paper Il. The presentediegipdn is the same as in the
paper and its purpose is to report and discusdegmrsbof public spaces.

| Liogin |

| isi |

| Fegister |

Exit application

To Better World

First name
John

Last name
Doe

Emnail

Ugername
john

Password
EREEREEER

Password again

t*t*t*t1 |

Exit application Menul

Figure 14. The start page of the application
allows the user to login, visit or register to the
service. A visitor can browse the messages left
to the service, but cannot comment them or
send new messages. In the server it can be
configured whether visitors are allowed at all.

If they are not allowed, this page will only
display login and register actions.

Figure 15. In the registration page the
necessary information is asked from the user.
Which information is asked and which are
mandatory can be configured in the server.



To Better World

Uszername =100m =

oh =Last 10 days =

Jann Mo exclusion based on search terms
Password ots of garbage Iving around

RREERRRR 8.2007 11:57:19 (0 comments)

_ _ ore benches! (000

Save information ?

e |

DND
Exit application hlenu Eack hlenu
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Figure 16. After the registration, the user gets
to the main page. However, next time the user
can login using the login page. If so desired
the username and password can be stored to
the mobile device’s memory so they do not
have to be entered every time.

=100 m =
=Last 10 days =
Mo exclusion bazed on zearch terms

I»]

reet maintenance (00

reet lighting (0

raffic design (0

raffic zafety (0

raffic control (00

arking (17

emporary traffic arrangements (07
icycle and pedestrian traffic (0
rivate roads (0]

rvironment and tratfic (00

potts areas (00

ealth services (0

aste management (0

arks and green spaces (2)
hopping services (00

Loogott hEnu

|

Figure 17. The main page lists different
categories to which messages can be sent. The
numbers in brackets indicate how many
messages there are in each category with the
given location, date and search term
specifications.

Figure 18. By choosing a certain category, one
can see a list of all the messages that it
contains. The list shows messages'’ titles, times
when the messages have been sent, and the
number of comments left to the messages.
Also, if the message has been sent as a poll,
one can see the number of people that have
voted for and against.

Ald title
= Add text =

hEni
_

Figure 19. New message is constructed by
giving it a title and some content. Possible
content elements are texts, images and
audios.



Figure 20. An image is added by taking a
picture with the mobile device’s camera.

It iz really botherzome to wake up every time a
plane takes off

Figure 21. Similarly, one can add a text
element to the message.
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= Add text =

= A ted =
iz really batherszome to wake up every time a
plane takes off.
= Add audio =

hlenu
_

Figure 22. The captured image and added text
are shown in the message. They can be
removed through the menu if so desired. New
content elements can also further be added all
around the message.

Figure 23. An audio element is added by
recording it using the mobile device’s
microphone.
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4 Menu
PR el pemove selected audio

plane takes off. 2 Sgve to zervice

3 =end as poll

4 Save as draft

5 Exit application

Cancel hlenu

Figure 24. The recording can be paused every
now and then and finished by selecting the
appropriate command from the menu.

= Al texd =
iz really bathersome to wake up every time a
plane takes off.

= &dd fext =
Play audio
28 =
=Add text = ¥
hlenu
_

Figure 25. The recorded audio is added to the
message where it can be removed through the
menu or played back by selecting it..

Figure 26. Other menu commands allow

saving the message to the service, sending it as
a poll, or saving it as a draft. In the server, it
can be configured whether polls are allowed.

If not, the action to send the message as a poll
is not displayed in the menu.

=100 m =
=Last 10 days =
Mo exclusion based on search terms

lanes make too much noise
82007 121514 (0 comments)
otz of garbage lying around
8.2007 11:57:19 (0 comments)
ore benches! (00
8.2007 11:96:21 (0 comments)

Eack hlenu

Figure 27. The sent message is displayed in
the list. The list is arranged based on time so
that the newest message is on top.



Planes make too much noise

Menu

iz really botherso
plane takes off.

[

il Leave a comnent
2 Exit application

0=
Sent by fohn (9.8.2 greed. Something should be done about that.
Sent by john (0908 2007 12:17:54) d
Eiack hlEru Eiack hlEru
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iz really batherszome to wake up every time a
plane takes off.

| Play audia

0= 28 s
Sent by johy (3.8 2007 12:48:14)

Figure 28. The message can be viewed by
selecting it. One can also leave a comment to
the message. The message sender’'s name
leads to a page that displays information
about the user.

Agread. Something should be done about that

Figure 30. Added comments are shown below
the message. Comment senders’ names also
lead to pages that display information about
them.

ent mezsages: 4

ommernts received from ather: 0
ommerts sent to others: 0
nayvered polls: 0

Back Exit application

Figure 29. A comment can be added by
writing the desired comment as a text.

Figure 31. The information shown about the
user includes number of sent messages,
number of received and sent comments, and
number of answered polls. What information
is shown can be configured in the server.



=100 m =
=Last 10 days =
Mo exclusion based on search terms

lanes make too much noise
82007 121514 (1 comment)
otz of garbage lying around
8.2007 11:57:19 (0 comments)
ore benches! (00
82007 11:56:21 (0 comments)

Eack hlenu
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0 against
More benches!
ore henches are needed to the park.
Sent by jobn (982007 11:56:21)

Menu

il Leave a comnent
2 “Wote against

3 Cancel vate

4 Exit application

Eack hlenu

Figure 32. A message sent as a poll can also be
chosen from the list.

0 against
More benches!
ore henches are needed to the park.
Sent by jobn (982007 11:56:21)

Menu

il Leave a comnent
2 “ote for

3 Yote against

4 Exit application

Eack hlenu

Figure 34. If one votes for, one can see his
vote marked with *. The menu then offers a
possibility to change one’s mind and vote
against or cancel the vote. By selecting the
for/against field on top of the message, one
can see a list of users who have voted like that.

Eack Exit application

Figure 33. On top of a message sent as a poll
are displayed the number of users that have
voted for and against the poll. The menu
offers the commands for voting.

Figure 35. By selecting the for field, a list of
users that have voted for is shown. Individual
user’s information can further be viewed in

the same way as in the message and comment
senders’ case.



'How beautiful!
= Acd texd =

Menu

1 Remove zelected image
2 Savetozervice

3 =end as poll
LN Save as draft
5 Exit application

Cancel heniL I
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=100 m =
=Last 10 days =
Mo exclusion based on search terms
atks and green spaces: How besutifull
82007 122230

Menu

i Renove
2 Exit application

Eack hlenu

Figure 36. A message can also be saved as
draft.

=100 m =
=Last 10 days =
Mo exclusion bazed on search terms
Oraits (F)

I»]

reet maintenance (07
reet lighting (00
raffic design (00
raffic zafety (0
raffic control (0
arking (12
emporary traffic arrangements (00
icycle and pedestrian traffic (00
rivate roads (0]
nvironment and tratfic (0]
potts areas (00
ealth zervices (0

-]

Loogott hEnu

Figure 38. The drafts are shown as a list in the
same way as sent messages. The user can
remove the draft or modify it by selecting it.

‘How beautiful!
= Add text =

Menu

il Save to service
2 Send as poll

3 Savedraft

4 Exit application

Cancel hanu

Figure 37. Drafts are shown in the main page
same way as other categories. However, only
the logged in user sees his/her own drafts.
Same location, date and search term
specifications can be used to restrict the
shown drafts.

Figure 39. The draft can be modified as
regular messages. It can be saved to the
service, sent as a poll or further saved as
draft.



