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Introduction

Mobile phones have become ubiquitous and an integrated part of our everyday life. In
the last couple of years smart phones have received increased attention as app-li-cation
sto-res (e.g. Apple App Store, Android Market, and Nokia Ovi Store) have enabled easy
distribution of mobile ap-pli-cations. New smart phone features and sensors have
enabled a wide range of novel mobile applications, especially within games and media
consumption domains. In the area of music appli-ca-tions a number of different mobile
applications have been created. One example is mobile applications for the Internet
radio Last.fm, which enable recommendation of music si-mi--lar to the user’s favorites
based on social net-work-ing features. MoodAgent is an example of an app-li-ca-ti-on
that enables the user to navigate a music collection in terms of mood, rhythm, and style

of the music.

However, getting an understanding of actual behavior and use of such mobile
applications is difficult as the situations of use are inherently mobile. This makes it

relevant to observe music listening habits “in- the-wild”, as laboratory studies may


http://www.apple.com/iphone/apps-for-iphone/
http://www.android.com/market
http://www.ovi.com/
http://www.last.fm/
http://www.moodagent.com/
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prove insufficient for reproducing realistic sce-narios to capture and getting insights
into actual con-tex-tual user experience. Thus methods and techniques to ac-qui-re
in-formation about actual mobile use in context are needed to obtain a better

un-der-standing of the mobile user ex-pe-ri-ence.

In the study described in this paper we use a software framework we have developed,
which is capable of acquiring contextual data from embedded mobile phone sensors
during daily life use by a mobile phone user. Our software runs transparently in the
background on the mobile phone and is log-ging data from multiple em-bedded sensors.
This allows us to describe and understand information about surrounding people
(devices) and places (locations), as well as application and media usage. In the present
study our focus is on studying the use of the media player application on mobile phones,
and in particular to under-stan-d the context in which it is being used. We hypothesize
that contextual information obtained from embedded mo-bi-le phone sensors can offer
useful information in terms of understanding the situations of mobile use involving the
media player app-li-ca-ti-on. Fur-ther-more, we discuss how such contextual
information can pro-vide inspiration for new ty-pes of context-aware mobile user
interfaces and in-ter-ac-ti-on, such as in the present case user interfaces for music

recommendation applications.

Related Work

Field versus laboratory evaluation of mobile applications has been debated in the HCI
literature. Kjeldskov et al. [7] has shown that few additional usability problems were
found in field ex-pe--ri-ments compared to laboratory ex-pe-ri-ments and suggested

that establishing the right laboratory settings can provoke similar findings [6]. On
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con-trary Duh et al. [2] found that significantly more (and more severe) usa-bility
problems were iden-tified in field ex-pe-riments. This is supported by Bernard et al. [1]
that found that contextual changes had a strong impact on behavior and performance.
Roto and Olasvirta [12] studied mo-bile users on the move using web-browsers on
mobile pho-nes by employing mul-tiple cameras worn by the test par-ti-ci-pants and a

moderator stay-ing in proximity of the test par-ti-ci-pant to monitor the ex-pe-riment.

Shorter attention span was observed when using applications on the move com-pa-red
to use in la-bo-ra-to-ry settings [11]. Froehlich et al. [3] took an approach re-sem--bling
ours in combining quan-ti-ta-tive and qualitative me--thods for “in-the-wild”
col-lec-tion of data about usage, in--clu-ding device logging of app-lication use and
context using embedded sensors. In [], [] and [] this was con-si-dered in music
scenarios. Such studies under-line the im-por-tance of undertaking studies of observed
“ac-tu-al use” in con-text, instead of “learning to use” an un-fa-mi-li-ar app-li-ca-tion in
a controlled environment as described above. Such stu-dies ty--pi-cal-ly only cap-ture
use over a short period of time and re-veal little about actual use or use pat-terns over

an ex--ten-ded time pe-riod where learning and ha-bi-tu-a-tion has ta-ken place.

Mobile Context Logging

To observe test participants while using mobile phones and app-lications in real-world
settings, we have created a mobile con-text logging software framework for mobile
phones. The Mobile Context framework for mobile phones [8] allow us to carry out “in-
the-wild” experiments where acquiring data from mul-ti-ple em-bed-ded mobile phone
sensors is required in order to esta-blish information about the context of use. The

software fra--me--work installed on a mobile phone can obtain in-for-ma-ti-on from
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embedded sen-sors including accele-ro-meter, GPS, Blue--tooth, WLAN, micro-phone,
call logs, calendar, and ad-di--tional sensors can be added for specific experiments. An
overview of the software frame-work as used in the present study is shown in Fig. 1, and
illustrates the em-pha--sis on aggregating multiple sensor data into higher-level

con--text descriptions.
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Fig. 1. Mobile Context Framework taking raw sensor data, extracting features, and translating into
contextual labels describing people, places, and music

Method and Experiment

In our experiment 7 participants (4 male and 3 female, ages 18-29) were provided with a
Nokia N95 mobile phone with our software framework installed. They were instructed
to carry and use the mobile phone as they would normally use their own mobile phone
for a two-week duration. In addition they were told to use the mobile phone as their
MP3 player device and en-cou-ra-ged to upload their own music collection to the mobile
phone. Thereby encouraging them to listen to the music that they liked and they would
typically listen to on a daily basis. The software was run-ning silently and con-ti-nuously
acquiring data from the em-bed-ded mobile phone sensors for the duration of the
expe-riment. The framework included a virtual sensor component capable of ac-qui-ring
data from the embedded media player application on the mobile device. The component
obtained data about music tracks being played, the duration of the song, and current
playback po-si-ti-on. In addition ID3 meta-data from each song including artist and title
information was retrieved. As shown in Fig. 1, in-for-ma-tion was ob-tai-ned from the
Blue-tooth sensor and phone logs in order to extract features describing the user’s
so-cial re-lations. Features describing places were extracted from in-formation
acqui-red from Wi-Fi and GSM cel-lu-lar net-work in-formation. Each of these features

was trans-lated in-to la-bels describing people and places.

Results
The data acquired during the two-week duration for the 7 par-ticipants in the
experiment is shown in Table 1. The par-ti-cipants were fairly active using the media

player listening to 94-292 songs in total, meaning 7-21 songs on a daily basis on average.
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The played tracks indicate the number of tracks that were started on the media player,
but we only denote a track as listened to when more than 50% of the track has been
played. The number of unique music tracks in-di-ca-tes that some participants listened
to a smaller set of tracks repeatedly. Each track played was logged with a time-stamp

meaning that the time of day where the media player was being used could be analyzed.

Partici- Tracks | Listened | Unique | Known
Gender | Age
pant played | tracks | tracks  places
1 M 25 337 160 85 7
2 M 26 474 153 100 11
3 M 26 375 190 48 5
4 F 18 524 | 292 68 6
5 M 29 173 110 58 7
6 F 23 742 167 124 6
7 F 24 198 94 65 7

Table 1. Overview of music listening for the 7 test participants

The information on music listening was coupled with the analysis of the contextual
labels acquired from the logs of em-bedded sensor data. The GSM cellular information

and Wi-Fi access points were analyzed in order to determine lo-ca---tions. Based on the
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analysis it was possible to determine the places in which the participants spend the most
time. Thus it was possible to determine if a participant was at “ho-me”, in a “known
place” (a place where time was spent re-peatedly), an “unknown place”, or “in a
transition” bet-ween places (continuous changes in GSM and Wi-Fi data in mi-nu-te size
time windows). As an example Fig. 2 illustrates 7 known pla-ces discovered for a
participant by analyzing the co-occur-rences of Wi-Fi access points. Each node
re-pre-sents a Wi-Fi access point and edges denote access points dis-covered
concurrently. In this example access points seen below a threshold has been excluded
for clarity. Using this method an average of 7 known places were identified for the
participants, as shown in Table 1. The time where most time was spent was assumed to

be the “home” place.

Fig. 2. Seven known places P1-P7 discovered for a participant by analyzing the co-occurrences of Wi-Fi
access points over two weeks. Each node represents a unique Wi-Fi access point.

The social relations were mapped based on the data ac-qui-red from correspondence
logs (phone calls and SMS mes-sa-ges) in terms of who was calling and sending
mes-sages to whom. Based on Bluetooth device discoveries (of par-ti-ci-pant mo-bile
phones) it was possible to map out when the par-ti-ci-pants were in physical proximity

of each other or in proximity of other people. The social relations of the par-ti-ci-pants
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based on the mapping of the Bluetooth data are shown in Fig. 3. The numbers on the
edges denote the num-ber of Bluetooth dis-co-ve-ries indicating the time spent in

proximity and the number of correspondences (calls and SMS messages).

Fig. 3. Social relations of the 7 participants mapped based on Bluetooth-based proximity (left) and call/SMS logs (right)

Based on this data it was possible to establish the context of use of the mobile media
player on the mobile phone de-scri-bed as time, places, and people. It was possible to
de-ter-mi-ne the time and places in which the music was being played and it was
possible to determine the people pre-sent when the media player was being used for

music play-back.

The analysis of the music used the track metadata that was ac-qui-red from the media
player during playback. This was enhanced by social tags, which offer a large-scale
source of descriptive labels about music exceeding the information available in typical
track meta-data. Based on the artist and song title (ID3 tag) metadata the
col-la-bo-ra-tive tagging of mu-sic tracks available from Last.fm was used to enhance
and capture the underlying semantic aspects of the music. Based on a latent semantic
analysis of co-occurring tags Levy and Sandler [] have described a method to enrich the
original metadata with ad-di-tio-nal descriptions of related genres that facilitate a
com-pa-ri-son of the songs. The model involves 90 specific semantic aspects describing

the music based on social tags. For each aspect the ratio of tags present was calculated
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and com-bi-ned to obtain a track signature. Subsequently we collected tracks into
sessions if the participant has been listening to at least 3 tracks in a row. Thereby
combining the above track signature into a session signature constituting an average of
the ratios of tag co-occurrences defined in the track sig-na-tu-re. For clarity we
generalized the tag co-occurrences into 8 broa-der categories of musical style, which

allows us to ob-ser-ve the chan-ging genre characteristics over time [], as il-lustrated in

Fig. 4.
Alemative / Reggae /
Alternative / Electronic / RnB / Alternative /
Blactronic / Pop / Electronic / Hip Hop /Pop / Electronic / RnB /
Rock Pop Rock Hip Hop / Pop Pop
= = e - ~

3

Track1 >  Track2 >  Track3 > Trackd >  Track5

Fig. 4. Example five track sequence profile derived by enhancing the track metadata with Last.fm tags.
Each color represents a music genre, as annotated at the top.

This approach introduces a way to describe the music being listened to in terms of a few
generalized genres. This allows us to consider and compare which genres of music are
being played over time by the participants and the particular contextual settings in

which it is being played.

Our analysis of the data on music listening behavior indicated inte-res-ting patterns.
First of all, the genres of mu-sic that were lis-te-ned to over time highly depended on the
context of the user. In some places one set of genres were typically played, whereas in

transition bet-ween places a dif-ferent set of genres were being played. The level of
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inter-ac-tion (e.g. skipping songs) also depended on the context of use. Transitions
between places were cha-racterized by fre-qu-ent interaction (skipping and choosing
tracks), whereas in known places the interaction was less frequent. The time of day also

had an influence on the music lis-te-ning behavior.

Discussion

Our initial findings have indicated an inter-play of time, con-text (places), so-ci-al
relations, and the media (music) being played. Based on these initial findings we
propose that me-dia play-er user interfaces could benefit from involving para-me-ters
including time, places, people, music genre as mul-tiple dimensions along which the
user could navigate the avail-able music in a music collection. This means that the
mobile context could potentially play a much more pro-mi-nent role in mobile
applications, such as the media player. In this case, an obvious example is
re-com-men-dation sys-tems that not only recommend music based on music
si-mi-la-ri-ty, but also contextual similarity. Current music recom--men--dation
interfaces typically rely mostly on music si-mi-la-ri-ty, but for instance Last.fm partly
involve the social di-men-sion enabling the user to discover music that similar users
have listened to. We find the po-ten-tial of involving mo--re contextual parameters
discussed in this study in-tri-gu-ing and suggest that these findings could inform
designers and inspire new kinds of context-aware music navigation in-ter-faces for

navigating and discovering content in the media player.
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Fig. 5. Illustration of the 4-dimensional feature space that could shape novel context-aware music
navigation interfaces

Fig. 5 outlines a feature space that could be considered to capture the four contextual
parameters identified as shaping the music listening behavior in the study. Next
generation interfaces designed along these lines, could allow users to browse playlists
purely based on the similarity of tracks, incorporate listening habits found within
similar contexts or alternatively take into account what other relevant users are listening
to based on contextually derived social graphs. Thereby allowing the user to discover

music based on si-mi-la-rity along multiple dimensions.

The initial findings in this study indicated the importance of studying the “actual use” of
mobile app-li-cations “in-the-wild” over labo-ratory studies should be em-pha-sized.
Studying the mobile user experience in con-text could potentially be a valuable source of
inspiration for de-signers. This study has provided valuable insights on how the context
of use had im-pli-ca-tions for the in-ter-action with and the content chosen in the media
player application. Since our study is based on two weeks of data acquired from 7
participants, it has pro-vi-ded some initial indications on the potential for alternative
con-text-aware music inter-fa-ces. Future work could involve lar-ger-scale studies with
mo-re par-ti-ci-pants, as well as ex-plore novel context-aware mu-sic navi-ga-tion
interfaces. It would also be relevant to ap-ply these methods in the study of other

application domains.
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Conclusions

We have ob-ser-ved 7 mobile phone users using a mobile pho-ne application in real-
world set-tings. Based on logged information from multiple embedded mobile phone
sensors we have been able to establish information about the time and context of use of
a media player application on mobile phones and we have been able to identify how the
context has implications for music listening behavior and the use of the application. We
conclude that contextual information can offer valuable insights to the where and when
of mobile use and provide valuable insights forming input for new approaches to mobile

context-aware applications and user interfaces.
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