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Introduction

e Characterize how apps are used
e Little data exists so far
e Results can inform

Research
App design




Related Work

e Location and time important to mobile web search
[6]

e Web sessions brief unless using WiFi [7]

e Context directs types of mobile service used [18]

e Collecting data on phones [10]

e Data on usage/interaction to inform design [8]

e App store deployment research [12,16]

e Aggregate installs of apps [11]



Methodology

e Collect data on app usage (AppSensor)

e Deploy AppSensor through appazaar, an app
recommendation app through Android market

e Categorized apps

e Collected data from 4,125 users from Aug 16t 2010
to Jan 25t 2011



AppSensor

e Detect currently used
app

e Monitors app lifecycle

e For any time t detect
which if any app is in
use

e Collects every 500 ms
when screen is on

[ being used J

close

open

not being used
® install [ & Juninstall @

update

Figure 1. The lifecycle of a mobile app on a user’s device according to
different states and events.



Sample Size

e 4,125 users

e Aug 16t 2010 - Jan
25th 2011

e 22,626 different
apps

e 4.92 million values
for app usage
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Figure 2. The geographic distribution of our users. Data classes deter-
mined via ESRI ArcMap’s ‘natural breaks’ algorithm, a well-known
standard in cartography and geovisualization that is helpful in accu-
rately displaying the underlying distribution of the data.



Average App Usage Time

Category Apps |Avg. usagel Examplary Apps

unknown 4,823| 36.37 sec|-

Finance 307| 37.01 sec Mint.con:1 Persor?al Finance, Bank of America,
Google Finance, iStockManager

Travel 782 44.72 sec|Google Maps, Yelp, Waze

Communication 881| 46.92 sec|Google Mail, Handcent SMS, K-9 Mail

Productivity 1,062| 61.49 sec|Calendar, Evernote, GTasks

Shopping 326| 61.71 sec|Market, Barcode Scanner, Craigslist

Social 538| 62.69 sec|Facebook for Android, Twitter, TweetDeck
Yahoo! Fantasy Football '10, ESPN ScoreCenter,

Sports 385| 65.98 sec| 10 1 Y

News 784| 68.11 sec|NewsRob, reddit is fun, BBC News

Settings 1| 68.71 sec|Default Settings App

Browser 10| 74.01 sec Default Browser, Skyfire Browser, Dolphin
Browser

Entertainment 84| 76.90 sec|IMDb Movies & TV, TV Guide Mobile, PhotoFunia

Multimedia 130| 82.79 sec|Pandora Radio, Music, Camera

Comics 3,242 91.33 sec|DailyStrip, XkcdViewer, Dilbert Mobile

Games 2,8221114.25 sec|Angry Birds, Wordfeud FREE, Solitaire

Health 4241153.80 sec|CardioTrainer, Sleep Bot Tracker Log, Baby ESP

Lifestyle 956|167.77 sec|DailyHoroscope, Gentle Alarm, Epicurious Recipe

Reference 7641176.28 sec|Kindle for Android, Aldiko Book Reader, Audible

Tools 3,004|206.26 sec AppBrain App Market, Apps Organizer, Google
Goggles

Themes 1,061|258.28 sec Zune Home, Fingerprint Screensaver,
HomeChange

Libraries & Google Services Framework, default Updater,

Dermos 240|274.23 sec|Motorola Updater, Bubbles Demo, Ride Logger

Demo, ES Task Manager

Table 2. Number of apps investigated in our study and average usage
time of every categories’ apps from opening to closing.



Usage Over Time
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Figure 3. Total number of recorded app utilizations during a day.



Usage Duration
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Figure 4. Daily average usage duration of opened apps per launch in

minutes.



Hourly Relative App Usage :
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Figure 5. Hourly relative app usage by category in terms of launches. Each cell value refers to the percentage of app launches done by our users
within each hour for each category. Colors are normalized by row, with green indicating each category’s maximum percentage of application time,
and white indicating each category’s minimum. For example, games reach their peak in the evening (green) and trough in the morning (white).
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Figure 6. Number of apps used in a session. We aggregated sessions
longer than 40 apps since the graph flattens out and scarcity increases.

Maximum length is 237.



Unique Apps per Chain
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Figure 7. Occurrences of sessions according to number of unique apps

used within a session.
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Figure 8. Categories of first used app within a session.

First App Used in Session
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Figure 9. Transition probabilities in app chains. The transitions are from categories in a row to categories in a column. The diagonal indicates
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Usage by Location

e In US airports
2.78 times more likely to use browser
Games, tools and reference apps less likely

e Traveling faster than 25kph
2.26 times more likely to use multimedia app
0.83 less likely to use travel apps

e Nationality usage
European users 1.21 times more likely to use browser
Americans use sports, health and reference more



Usage Throughout Day
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Figure 10. Application usage time throughout the day. Within each row (i.e., for each app) low usage is indicated by white, increasing through yellow
and reaching a peak at red. Percentages indicate the usage time of each app and are normalized within each row.



Discussion

e Improve app and OS design

Change app icon location based on time

Link apps

Design Ul based on context (eg used mostly in car)
Support better inter-app navigation

e Use AppSensor in context-aware apps
App use focus context guess



Limitations

e General purpose apps

Browsers used for many contexts
e Can’t detect background apps (music) or widgets
e Test group probably more app savvy than general
e App in use does not mean an active user
e Only active when using phone apps
e Sample frequency
e Current designh only works on Android



Conclusions

e Deployment based research through app store
combined with fine-grained data collection for app
usage

e Developed virtual sensor for app activity
e Users spend 1 hour a day using apps

e Less than 72 seconds with app at a time (varies
between categories)

e Phone used mostly for communication
e Some apps have spikes in usage



Conclusions continued

e Active users spend less time per app
e Short sessions with one app more frequent

e In multi app sessions communication is usually the
first app

e Traveling users more likely to use multimedia



Future Work

e Make whole data set available to community
e Inform design of appazaar recommender system
e Develop models to predict next-to-be-used app

e Better understand location-based results with
detailed spatial analysis
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