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Abstract

Mobile multimedia is still at early stages of commialization,
and pioneering solutions are currently adopted hily @arly-
adopter-type of end-users. Accurate handset-basedetlevel
measurements have been implemented in several gtuies
taking place both in the U.S. and Europe (Francegldnhd,
Germany and Finland) in 2005-2006. These studies hecluded
more than 1 700 Symbian smartphone users, whosemrearly-
adopter subscribers. The results of these studmsde a lot of
insights on the current coverage of mobile multimeskrvices
among early-adopters. It seems that the camerdcapph and
various games are by far the most widely used mellia-
oriented mobile applications. The role of gamesleot$
particularly in the *§ party application scene. Various multimedia
players were also identified. Many of them dealhwiiffline
content (e.g. offline music/movies), but there wguée a number
of streaming applications evident in the data, t©8% of all
panelists had actually generated packet data witlitimedia
applications. People who utilize streaming packaadservices
usually generate the biggest chunk of their dat wih these
applications. In multimedia communications it wamirid that
video call usage was very infrequent in Europedwidalls need
3G infrastructure). However, both Bluetooth and MiM8ssaging
have attracted decent masses. Americans utilizélenetmailing
and instant messaging very actively. The on-goimgrgence of
instant messaging and other ways of multimedia conications
is an observation worth follow-up studies. This @mopl study
contributes to the current understanding of realyaspatterns of
mobile multimedia services and applications, at shene time
presenting a useful research platform in implenmenthis kind of
studies on end-customer behavior also in the future
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1. Introduction

In the past all mobile services were simple commaiion-
oriented network-based applications, such as ¢iswitched
voice calls or SMS messages. Already in the late @80wever,
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people started hyping after content-oriented sesvignd various
multimedia solutions. However, after the crash lué tdot-com
boom some widely promoted mobile multimedia service
solutions, such as WAP and MMS, provided nothingt bu
disappointments. At least this was the case in i18nd North-
America. Japanese and Koreans have, however, bgenta
commercialize these services and extend data artnmadia
offerings to various dimensions [Funk 2004 and Ve€&5].
Today we see more and more of these value-addetesrlso

in the developed Western mobile markets, as 3G arksvand
newer smartphones are finally reaching mass marketshe
future the all-IP ideology will further ease thepil@mentation and
commercialization of new multimedia services. Raitrly the
IMS (IP Multimedia Subsystem) platform, which isreantly
being deployed in some parts of the world, will\pde promise

in finally implementing cost-effective add-on muoitdia services
together with assured revenue streams [ZTE 200&nisSaw
2005]. It is widely understood that the emergentenoltimedia
services has profound implications in the mobildustry with
regards to the rise of IP-based mobile servicell#21003].

Multimedia services are also “complex goods” [sap Wlitchell
& Singh 1996], and therefore their management ishralifferent
from mere circuit-switched communications, for exden In
general we are talking about ubiquitous computmghie mobile
domain while referring to mobile multimedia sensceor
applications. This concept refers to a trend in clvhimobile
services integrate with the environment, improwving contextual
value through e.g. entertainment, information omoainication
[see e.g. Ojala et al. 2003 and Abowd et al. 198rjartphone
types of convergent devices are in many cases ddeden these
advanced services. Smartphones are defined in phper as
handheld devices capable of running add-on apitsitand
equipped with cellular and possibly other connéigtiwptions.
Smartphones are in an important position in delgr
implementing and agglomerating different kinds efvices and
content to the end-customer. As the processing poofe
smartphones increases, we are talking about adfhiftelligence
or functionality to the network edge [as in theehmet model,
Alahuhta et al. 2004]. The mobile Internet modedl @ssociated
overlay networks [see e.g. Clark et al. 2006] deely to emerge.
Smartphones can provide many applications and cervie.g.
navigation, games, music playback). Applications exen be
nowadays run in the mobile handset without the eotivity to
any centralized network servers. According to VEX205] new
service offerings become more complex all the tiared at the
same time also established business practices havée
reconsidered. Technical advancements incur shaleffagdts also
in the business domain. Also in measuring the usdgaodern
mobile services and applications we cannot simply on the
network side and equipment, as many services rtimeifandsets,
possibly not connecting to cellular access netwaaksall. A
handset-based monitoring technology is a suitab&had of
measurement [Verkasalo 2005 and Verkasalo & Hameniin
2007].



With the help of a newly developed handset-baseskareh
platform it is possible to arrange panel studies various
countries. A panel study is here defined as a éoared market
research undertaking including hundreds of voluitige
subscribers who let researchers to monitor theibilacservice
and application usage with a specialized piece aftwsre
installed in the subscriber's handset. A processluiting
recruitment, collection of data and ending of thened, and
associated management effort, is here called aanal project.
Test panels are also conducted in developing tloeess and
client further. Typically test panels include emgembers of the
research team. The process is being developed tkyaNmd
Helsinki University of Technology. The new reseamlatform
provides accurate data basically on all usage facidth the
mobile handset. By leveraging on 350 man-yearsnwriphone
usage data from five different mobile markets aid during
2005-2006, the goal of this paper is to share hisigon the
current state of the multimedia service and apptioadomain
emerging on the Symbian smartphone platform. A EBmp
typology is also suggested for the categorizatidnnmmbile
multimedia services and applications.

2. Mobile Multimedia Services

Many new mobile services and applications deal withtimedia.
Mobile services are here seen as solutions which inuthe
network and provide value-added to the customepréwiding a
service two parties are needed: a service prowaher service
user. Applications are seen either as network egtins
implementing the service, as interfaces to thesgcss or then as
stand-alone applications in the handset
network/service connectivity. Application is a motechnical
term referring to the solution itself, whereas &m¥vis better
associated with somé®parties (e.g. content provider or network-
based server) who provide some value-added torttteestomer.
In this paper all services and applications dealiiify graphics,
music and video are included in the scope. Alsomanication-
oriented functions which relate to multimedia caontare in the
scope of the paper. In general, the scope of theareh paper
therefore covers the following Symbian applicatioategories
discussed also earlier [see e.g. Verkasalo & Hamend2007 for
information about the"8party application scene]:

Music/audio players (both offline and streaming)
Movie/video players (both offline and streaming)
Photo/image viewers

Imaging functions (i.e. handset camera)

Blogging applications

Infotainment applications (clients providing acctass
online information/entertainment)

Games

Multimedia communication (MMS, Bluetooth, instant
messaging, email)

WEB/WAP browsing is excluded from the scope. Irsthiudy
only Symbian applications which relate directly nultimedia
usage are identified. Figure 1 illustrates the mainltimedia
application categories in two dimensions. The aibifline
distinction is to separate applications which taflic require
packet data interfaces or online connectivity framare offline
applications. Streaming multimedia applications aridtainment
content clients are typical of online multimedigobgations, but

requiring n

there are also a number of offline content playard camera
modules available. The other distinction is basednteractivity.
For example games require almost constant interadtom the
perspective of application user, while most multliaeplayers are
built for passive entertainment - the user is augposed to enjoy
the media stream without actively controlling thpplécation.
Communication-oriented multimedia services are nadju all
about interactivity. Some of the identified Symbia®60
applications are presented in the figure, too.

Many communication-oriented functions deal with timédia.
MMS messages, emails, instant messaging clierdepwalls and
Bluetooth messages are all used in distributingerdnto other
subscribers. While the focus in this research p#@p¢o discuss
the observations made on the application categpriesented in
Figure 1, the main findings of multimedia commutimas are
also presented to complement the perspective. Md&il and
Bluetooth messages can all include multimedia cuntimstant
messaging clients can also transmit content, butaimore
interactive manner. Video calls, finally, are trudgnversational
services with end-to-end video connectivity prodde addition
to mere voice. As will be later noted, however, t@d much
video call usage was identified in this study.

In this paper both built-in (preinstalled in thenbaet) and 8
party applications (which can be installed into trendset later
on) are studied. Some new applications are disreidiy nature,
providing an access to disruptive services. Disvepgervices are
generally considered as “...new services that crearificant
changes in a business model” [Barsi 2002]. Disugpservices
shake dominant business models by introducing newice
innovations and at the same time perhaps makingr aldrvices
and value-creation models obsolete. Although sofmthe new
communication services (such as instant messagidy/alP) can
be linked to the concept of “disruptive service”isiimportant to
understand that also variou$® Party multimedia players can
stream easily under WLAN bearer, therefore leavagjular
network operators totally without revenue from petctata point
of view. In this sense all kinds of multimedia sees definitely
should be understood as potential disruptive sesvépplication
from the point of view of an incumbent cellular ogter.

Mobile services are much different from other typéservices.

The key differences are related to the spatial #dporal

components of service usage. If you want to meleark teller,

you have to visit the bank (location) at a certappointment
(time). These restrictions are sometimes presegm &hen using
electronic services in the fixed Internet. Evenutjio the fixed

Internet provides e.g. online banking services @dré a day and
seven days a week (thus overcoming the problenmemfporal

availability), you still need a computer (which sas challenges
in the spatial domain). Mobile services, used witandheld

mobile devices, overcome in many cases both spatial

temporal constraints [Heinonen & Pura 2006], astiéathere is

network coverage available. Nowadays also offlippliaations,

such as music or movie playback, provide valuehiftisg many

media consumption patterns to the offline mobilendm. Mobile

services also provide better possibilities for peedization, as
mobile handsets are typically very personal dev[€darke and

Flaherty 2003]. These are extremely relevant ississ from the
multimedia point of view, as many people perhagdgurenjoying

some multimedia content only on their own. Mobileltimedia

services raise also new kinds of regulatory chghlen such as
mobile spam mail and customer privacy issues [gpeSegivastava
et al. 2006].
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Figure 1 - Symbian S60 Multimedia Application Categs

3. Handset-Based Research Platform

Hardware-based problems have challenged the atemapt
acquire subscriber-level usage data efficientlyndi$®ts have
lacked adequate capability of independently regiggeusage
events. Network servers, on the other hand, dofamlitate
subscriber-level data retrieval so fluently, altgbisome data
on e.g. voice call durations and traffic amountfiscourse
available — for operators. These same network-based
monitoring systems are needed in managing charding,
example. However, nowadays Symbian operating system
together with the Nokia S60 software platform, snipg
enhanced hardware-based processing performancadahdn
applications, provide technical capabilities to lempent more
complex background processes in the handset. Acplant
usage data monitoring client was developed on &66, this
technology is utilized in this study. The developinef the
monitoring software and the first test panels tqace in
2003, while the first academic results utilizinge teoftware
were introduced in Verkasalo [2005], Verkasalo &ntiédinen
[2007], Hammaéinen et al. [2006] and Kivi [2006]. ki@ and
Helsinki University of Technology are co-operatiiy the
development of this research process.

Figure 1 below illustrates the implementation ohges data
acquisition and retrieval. The information systdself is open
towards the public Internet, the subscriber regigin being
implemented as a simple WWW service. New subssibee
recruited by advertising in handset shipment bosesding
group SMS messages or promoting in the Interneti [RD06].
All subscribers must approve the contract provitigdpanel
organizers, making sure that panelists are awarthefdata
retrieval. The upper modules of the informationtsys deal
with the problem of registering the subscriber aiptbading
the monitoring software over a GPRS link to thessuiber’s
device. The subscriber will always be asked to iconthe
uploading process of the monitoring software wiih Handset.
Subscribers need to be over eighteen years old t@uegal

restrictions). Depending on the panel project ssoiescribers
have been compensated by participating in the sfligy trend

in the projects has, however, been to get rid dfitamhal
compensation policies, because they might affeceé th
subscriber’s usage patterns and therefore causecdrasults.

From the process point of view, subscribers aret fin
interaction with the WWW-based information systeafter
which they are then asked whether they want toqedavith
the panel study and whether they have really reactontract.
In the upper modules of the information system sribers are
provided with a subscriber identification numben. dll the
lower modules, subscribers and data are only majmgther
with these subscriber identification numbers. Tthesidea has
been to support anonymity and protect subscribees!
personality in the studies. After all, personabmfiation is not
really needed besides demographics, and thus namés
contact information are encrypted and excluded frtra
analysis process. The information system alsoifatgk some
automatic reporting during panel projects, but aremo
comprehensive handmade data analysis is utilizéioisrstudy.
At the lowest level of the system architecture tsasl finally
transmit data on usage factors through a GPRelihier on a
daily or weekly basis, depending on the usage fadtwolved.
The data goes to centralized database servers.

The project can be considered as a part of thedangentation
towards more intelligent network edge software, which

handsets can process a large amount of informa@onthe
network edge one extracts very interesting datawbscriber
usage patterns, as it is the locus of convergeri@ee should
take into account that the care for privacy andusgc are
some of the issues which are constantly discusaethe path
towards future technologies [IVA et al. 2000], alecthe case
of more and more intelligent handset-based resesoftivare.
The utilization of such research software as inicedi here
asks not only technological understanding, but digal,

business and marketing capabilities.



Figure 2 - The process of capturing and archivirgssriber data

4. Empirical Findings

The new research platform was used in various pstodies
throughout 2005-2006. The dataset used in thisarese
paper covers five countries (the U.S., Germanynéea
England and Finland). With the threshold of twaectisage
weeks (which excludes inactive users from the @tdkere
were 1 726 active Symbian S60 smartphone users/lafse
usage was then measured and collected for a canfple
months. All subscribers were randomly recruitedotigh
handset shipment box leaflets, group SMS messagds a
online promotion. Of course local operators whopmyated

in the recruitment process in different parts & torld had
some differences in the implementation part of the
recruitment, but a lot of effort was put on therhanization

of the recruitment process. Males (88%) and 25&s old
(42%) dominated the panel structure. These pasetist
probably more interested in new technologies thearame
mobile subscribers, and therefore these resultsiatahe
generalized to the mass market yet. The structutieeqpanel
was, however, similar in each of the involved mé&skand
therefore demographic differences should not bissare. All

in all, the whole dataset includes almost 350 meary of
accurate smartphone usage data. No subjective elsrase
involved, and all panelists are treated similarythe data
capturing. A typical panelist spent more than twonths in
the panel. So far this is the biggest unique studge based
on handset-based smartphone service usage meastseme
In this study new Symbian S60 application categions
were also utilized, which currently include morearth6 000
games and applications developed for the S60 phatfo

Figure 3 presents usage coverage numbers relatgbeto
multimedia application categories mentioned earlier
Coverage numbers reflect the share of all panelibts have
tried/explored the service category at least odaeording

to the results it seems that almost all subscribave at least
tried the internal camera module. 97% have takergshand

66% have recorded videos. Gaming is the next mestl u
multimedia usage category. As many as 71% of psiseli
have tried mobile gaming. With other measurementsas
possible to identify that 34% of panelists haveoals
downloaded/transferred and installed games on émeldet.
All in all 1 070 different games were identified ich were
installed by 594 subscribers. Therefore t# party game
market is really pushing forward. In the futurésitikely that
we see an increasing number of online shops whéitivet
tailored mobile content and applications.

As discussed earlier, multimedia players can beal use
offline or online players. On the one hand, it asgible to
play back music or video which is stored on memoayds
and/or transmitted to the handset through USB attivity.
Online multimedia usage, on the other hand, refershe
utilization of cellular/WLAN connectivity in streang
music or video (first mobile TV broadcast netwolbaing
launched not until next year). As Figure 3 indisatboth
music and video multimedia streaming (online) usage
included in the same category because of theitivelg low
usage coverage. All in all, only 13% of panelisisdat least
once tried multimedia streaming. It remains to fe®ns
whether streaming packet data services emerge witer
scale with the mass-market introduction of 3G smwi

The three multimedia application categories eagresent
(either online of offline) usage generated by taspective
applications. In these numbers the utilization atket data
interfaces were not required, and actually theg#iagions
mostly represent offline multimedia usage. It se¢mas 51%
of panelists have used music or video playbackiegpins,
whereas 48% have used specialized image viewirgliting
applications. Gallery application, which is thenstard Nokia
S60 built-in image/video/music management applicatis
excluded from these numbers. Therefore these number
represent “focused” multimedia usage, typicallyetakwvith
specialized ¥ party applications or specialized built-
in/preinstalled multimedia applications.



Figure 3 - Multimedia Application Usage Coverage

Only 13% have used blogging applications. This dpes
represent too high a share of all panelists. Tisaga was
mainly generated by Nokia Lifeblog, a tailored hjow
application for smartphones. Even less usage isrged by
infotainment applications, which are specializedents
provided by operators or%party content providers. These
applications include e.g. weather forecast clier@®ogle
Maps, Financial Times news portal, Vodafone Live €@nly
2% of all panelists have explored and generatettgtadata
with infotainment applications. Therefore no siggaht usage
of operator portals usable through independent S&mb
infotainment clients was identified. It seems, heere that
the utilization of infotainment clients is more comn in
markets such as the U.S. or U.K., in which opestmve a
lot of possibilities in tailoring and distributingnfotainment
content clients to subscribers’ handsets thoughdsein
bundling. In Finland, in contrast, people typicalypught
handsets separately from the subscription [Ves&]20thich
naturally makes it more difficult to preinstall spaized
infotainment clients. This, however, has changedpril 1,
2006, as nowadays 3G phones can be bundled imHinla

Figure 4 presents data on usage intensities. Usagesity
numbers reflect the mean number of monthly actions
(application sessions or captured photos/videasgr. As can
be seen, it is photo capturing which really drivesitimedia
usage, followed by gaming. Interestingly also iafoiment
applications generate a lot of usage. One shoudieter,
remember that the number of infotainment applicatisers
was not that high. Therefore it can be concludeat those
few people who use infotainment clients use themy ve
actively. Market-wise it can be said that Finland i
significantly lagging other markets in mobile molgdia
usage.

In general it seems that multimedia applicationges still
quite infrequent if the numbers above are compéoedther
smartphone usage. For example, on average pamab&is 80
voice calls / month and send 92 SMS messages /hmaren

if all multimedia usage actions are summed up, a@ot get
even close to these activity levels. Based on nredsu
multimedia usage numbers it can nevertheless ik thai
people have explored many different multimedia @ppibns,
and particularly gaming and imaging have attracteldt of
people. In Verkasalo [2006] some handset-based idfinn
service usage measurements were compared to Dbfficia
statistics of the Finnish market, and the numberhé panel
report were pretty close to the official ones. Thhere is
definitely potential for generalizing many of thesesults,
though in advanced application or service usage ffiot that
typical use) differences with the mass market mightarger.

Measurements on the usage of multimedia communitati
applications were carried out, too. Video calle aaturally
one of the most interesting services emerging étntlbment
in 3G. In the panel studies, however, only 15% afedists
were identified who had made any circuit-switchediadcalls
(to which video calls also belong). Some of thealtscare
pure circuit-switched data calls. The rest are @idalls made
on 3G networks, but it seems that most of the viclbusage
is currently mere exploration. That is, no consisteatterns
or repetitive usage was identified. Therefore vidadls are
probably a service which is worth follow-up studiesthe
future, as 3G networks and two-camera handsets maie
ground. The focus will be now changed on MMS, Bbah,
email and instant messaging usage.



Figure 4 - Multimedia Application Usage Intensity

Figure 5 provides details on the most importanttimaldia
communication services. All in all, it seems thaerestingly
Bluetooth messages have attracted the most subscnitith
usage coverage of 60%. Bluetooth usage here raéers
Bluetooth messaging, in which subscribers actussdlyd some
content to other subscribers. Therefore e.g. Batatbeadset
usage is not included. In terms of usage coverad¢SM
multimedia messaging follows right after Bluetooth
messaging. 57% of panelists have sent MMS messiages
other subscribers.

About 27% of panelists have at least tried mobiteaié
messaging. Also instant messaging is explored katively
many subscribers (usage coverage being 11%), thiogtgmt
messaging clients need often to be installed bysthescriber
himself. AgileMessenger was identified as the mostely
used instant messaging client. It is interestingsé® that
particularly in mobile email and instant messagimgpge
Americans were very active in comparison to Eurogea
Email and IM are services which probably benefinirthe
widely established user community in the U.S. Té¢uftens
the shift of these services to the mobile domam (he spill-
over effects of FMC; Fixed Mobile Convergence). Aitans
seem to dominate other markets currently in muliie
communications.

Figure 6 presents usage intensity numbers for thiéimedia
communication functions discussed above. One shbeld
careful with the mean numbers, as some servicegoass
(emailing and instant messaging) have a relativielyw
number of service users in certain markets, ancetbes the
role of “outlier cases” is bigger. In these marké&tsach as
Germany and Finland) even a couple of outlier useight
significantly affect the averaged figures. All ith @ couple of
conclusions can be, however, made on Figure 6t, Riie
U.S. market seems to dominate other markets algeriins of

multimedia communication usage intensity. Secotmhse
who seem to use email or instant messaging, alsahem
very actively. Although there is lower usage cogeraof
instant messaging and mobile emailing (in compariso
MMS or Bluetooth usage), the ones who actually tese
services use them heavily. For example multimedia
communication usage intensity numbers in the U a
already comparable with other means of communicagach

as voice or SMS. Thus it definitely has to be agréeat
multimedia-oriented communication services havedtaed a
completely new era of doing mobile communications.
Multimedia messaging is probably used in speciaiasions,

in which e.g. some content has to be transferresthers or
e.g. accompanying images are important in commtinga
the main message. It was identified that most Blott and
email attachment files are actually jpg photos,chhieflects
that user-created content is commonly transmittadugh
multimedia communications.

In general multimedia communication provides prongs
measurement results. Certain services (such astdBline
messaging) attract a lot of usage from a wide donui

smartphone subscribers. In the future the reseplatfiorm

will be further developed, thus providing possiigé to

tackle deeper-level research topics related tokits of

communication usage. Also new emerging servicesh s
DVB-H, are constantly assessed from the perspeative
empirical studies.

It is important to do follow-up studies on multiniedusage,
as it is gradually becoming one of the key function
smartphones, potentially weakly substituting tiadil voice
calls. With the newly developed handset-based relsea
platform, coordinated panel studies in developedbilao
markets, and the averaged figures of the kind ptedehere,
it is possible to analyze multimedia usage and ity
behavior in great detail.



Figure 5 - Multimedia Communication Usage Coverage

5. Conclusion

All in all, multimedia has really moved to the migbdomain.

Based on the international panel studies includnoge than 1
700 Symbian S60 smartphone subscribers it was ifieht
that particularly imaging and camera are used daintys
everybody. Also gaming usage is well representeaigg

users on average having 18 gaming sessions / month.

Multimedia players are also coming, but they seerhé still
used predominantly as offline multimedia playerslyOL3%
of panelists had actually tried some sort of mudiima
streaming services. The future will further drivdet
convergence of multimedia services, broadcastiragket
data, radio access technologies and mobile handsets

In multimedia communications it is MMS and Bluetoot
which attract the most subscribers currently. Havethere is
strong evidence that e.g. instant messaging andilenob
emailing are emerging. Instant messaging and madilail
are actually used very actively among their respectiser
groups. Video calls were used very infrequentiptRbly the
lack of 3G networks and/or handset capability gtitvents a
wide-scale emergence of video calls. It was vetgrasting to
also realize that instant messaging and mobile legaare

very actively used particularly in the U.S., whitee European
market still lags the U.S. in the utilization ofee most
advanced mobile multimedia communication services.

The kind of framework and empirical usage studissussed
in this research paper will be important in prorglinsights
on the actual emergence of mobile multimedia sesviand
applications in the future. In addition, the resudan also be
utilized in improving the user experience of mukili|a
services. On a deeper technical level the platfeupports
e.g. the analysis of individual usage sessions, &
supporting questionnaires (embedded in the research
platform) provide useful insights on subscribersivno
thoughts of service or application usage. Accurate
assessments with regards to the effect of age andeg in
this dataset are provided in Verkasalo [2006]. anfework
attempting to explain many of the observed crosgketa
differences is under preparation. The good perfanaaf the
U.S. and U.K. markets might have something to dih wie
more networked and innovative strategies operatmes
pursuing there, whereas e.g. the Finnish markitsegms to
suffer from the old handset base, lack of advanuedile
services, and legacy business practices from th@festrong
horizontal price competition. The key differencetligmt the
Finnish market was under regulatory prevention df. e
handset bundling for long.



Figure 6 - Multimedia Communication Usage Intensity
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