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Abstract

This report discusses some of the challenges involved itisieg within an App Store for
in-car applications. It then explains how the paradignparfallel exploration was applied in
extended to create a testable demonstrator which addrémses challenges. The benefits of
the new functionality and interface features offered by tiémonstrator are illustrated with
concrete examples. A nonparallel variant of the demorwstiatings the advantages of the
parallel-exploration-based demonstrator (as well as domigtions) into focus.
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1 Background and Purpose of the Demonstrator

A general question that arises in connection with applicetifor cars is that of how drivers
can select an in-car application for a particular purpodes problem can be seen in part as a
specific instance of the more general problem of app selecfs is well known, app stores
typically feature hundreds of thousands of apps. Even if @gtrict attention to apps which
are especially well suited for in-car use, we typically h#veusands of apps. Here are two
challenges faced by a user who aims to select an app for higararan app store using a
conventional web-based user interface:

e A great variety of such apps exist, ranging from those thateaused to find a gas station
in a particular area to an app that allows the user to conthedaced functions in his car.
Because of the speed with which this type of app is develgpimye exist no standard
categories or taxonomies, and users may be unsure even bkeywvaords to use when
searching for such apps. Selecting in-car apps in an ape isttinerefore more a matter
of exploration than of well-informed search.

e Trial and error is a frequently used strategy by users whaseaaeching for new in-car
apps: They try out the app—perhaps in a demo version—andieide whether to use
it or try another app with similar functionality. This stegly is more problematic with
in-car apps than it is with other types, because in many dhsassefulness and usability
of an in-car app can be determined only during driving itéatfd not with a couple of
minutes of exploration of the app outside of a realistic egt)jt

Consequently, support is needed for users to examine thexierpe of people who al-
ready own the app and have used it, and it should be possitdertpare these experiences
S0 as to maximize from the start one’s chances of finding th&t swatable app.

2 Parallel Exploration asa Starting Point

In view of these considerations, a group at DFKI compriswg tesearchers (Anthony
Jameson and Catalin Barbu) and three student assistanserimatudents (Adrian Spirescu,
Tanja Schneeberger, and Edit Kapcari) applied the DFKIggna of parallel exploration to
the problem of selecting apps in an app store, developingameegtionality intended to address
the challenges just mentioned. Parallel exploration hezhdly been well received by the re-
search community and industry on the basis of prototypesldped in carrier projects, one of
which, for example, was demonstrated for four days at the82ZDdnference on Human Fac-
tors in Computing Systems (CHI 2013) in Paris (BuschbecK.ef@13; Jameson, Spirescu,
Schneeberger, Kapcari, & Buschbeck, 2013).

Parallel exploration can be viewed as a significant gereaiadin of the familiar paradigm
of faceted search/browsing (see, e.g., Tunkelang, 2009hich a user starts with a large set
of items in a repository (e.g., the apps in an app store) andessively applies filters (e.g.,
names of categories or price ranges) to zoom in on specifgessib(A variant of the APS FOR
Y oUR CAR demonstrator that supports direct comparison with this tyfdfaceted browsing is
discussed below.) One key innovation of parallel explorais that a user is enabled to formu-
late a number of interrelated queries in parallel and comtyeeir results, which are shown in a
tree-like hierarchy on the screen.

This basic principle in itself addresses one of the mainlehgks in search for apps: the
absence of familiar, well-defined categories. If a user doésmow which category or tag is
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Apps for Your Car
All Apps for Your Car
GG »
Category Title Developer Price Avg. Rating ¥ Ratings “
Busses and Trains  Offi - Fahrplanauskuntt Andreas Schildbach 0 46 42479 3
Police and Radar Trapster Reach Unlimited Corporation 0 41 27397
Busses and Trains  SeoulBus (HSH ) Seoulb.us 0 4.4 26267
Busses and Trains DB Mavigator Deutsche Bahn 0 4.4 23702
Miscellaneous KNYREE L Fa ENBFES KNY 0 47 23342
Police and Radar ABE - Avertisseur de radars Didier Girard 0 4.4 19467
Maps and Mavigation MNaviree: Kostenloses GPS MNavmii 0 38 19290
Miscellaneous Mein Auto (My Cars) Davag 0 46 17768
Driving Aids SpeedView: GPS Speedometer Code Sector 0 44 17407
Miscellaneous aCar - Car Management, Mileage ZoneWalker LLC 0 45 15865 i

x Category

I
Which category?

Ve letters | matcnes anyt

Miscellaneous (3197) =
Busses and Trains (973)

Maps and Mavigation (306

Taxis (285

Driving Aids (199

Parking (192

Fuel (167

Traffic (152)

Police and Radar (54)

License Plates {12) -

Figure 1: A user begins his exploration by selecting a categtth which to filter the complete
set of apps in the database.

most relevant to his need, he can specify two or more in myaldbmpare the results directly
with each other, and then decide which (if any) of the regolexplore further.

In the following,we illustrate the features of the demoasir using examples and screen-
shots. Interested readers are invited to try the demonstoatt themselves at the following
URL:

http://apps-for-your-car.com.

For example, Figure 1 shows how the user has begun to filt¢éothleset of available apps in
the demonstrator using the predefined categories. Evegliitbese categories were defined by
the designers of the demonstrator (in terms of keywordsaghaear in the titles and descriptions
of the apps) with a view to maximizing clarity and relevangeiser may not see which of the
available categories is most relevant to his search neeg-fisding an app that will help him
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All Apps for Your Car

I

x Gategory ‘m

Maps and Navigation x Driving Aids
IRETNS ‘o NENNNE

Title Developer Price ¥ Avg. Rating Ratings “ Title Developer Price ¥ Avg. Rating Ratings *
Mapon Idea Bits 0 5.0 9 3 Speedometer Terens 0 5.0 10 3
Trip and GPS Tracker Mobile Token 0 50 6 Meter Jam Insignia Dev Team 0 50 10
BimNav HTL Grieskirchen 0 5.0 6 SpeedLo99er SCELTA 0 5.0 7
Open Aviation Map EU Edge LLC 0 50 6 Roadfred Steadymeter Trendfire Technologies GmbH 0 50 5
Dragonhap Koh, Banin, and Wiley 0 50 5 Speed Detector - USA HyXen Technology 0 5.0 5
Rotas e Mapas PetMetrologiaAutomacao 0 50 4 Speedy Pra Oskari Anttalainen 06 50 5
GPSOH — FHELATLTOOU— 0 50 4 Speed Position & Location AndroNirvana 0 50 5
GPS Gadget Lite androfr3ak com 0 50 4 Track your ward's Speed MobileDeveloperz 0 50 4
Quickmap WiFiSLAM 0 50 3 Speedo Spinzer Embedded Solutions 0 5.0 4

0 3 0 3

GPS Easy Car 3.1 PRO PartyPowered 99 50 SpeeduH Free - GPS Speed HUD EUKATA 50

Figure 2: The user can compare the apps in two categoriesewheaning is not immediately
clear.

notice when he is exceeding the speed limit. Should he lodleutMaps and Navigation” or
“Driving Aids” (not to mention “Miscellaneous”, which inables apps that are hard to classify
automatically)?

As is shown in Figure 2, parallel exploration allows the useselect two or more categories
at once and compare the apps contained in them. Within eaefarg of results, the user can
sort the results by any of the attributes shown in the columadings, and he can inspect
individual applications by clicking on the magnifying gkagons on the left (see below for
examples). In this case, he may notice the relevant-locdqomogcalled “Speed Detector — USA’
in the category “Driving Aids”, which suggests that additab relevant apps can be found in
this category (though the user can continue to attend tottiex category he wishes to).

3 Extensionsto Parallel Exploration Introduced for This
Demonstr ator

In Figure 3, the user has decided to focus on “Driving Aidsid &ie wants to filter the 199
apps in this category further to focus on those most likelylidl his need. There exist no pre-
defined subcategories, but he can use flexible keyword saanothding wildcards, to filter in
an ad hoc way—for example, looking for all apps that have tbhedWwdetector” somewhere in
the title (see Figure 4). The ability to filter in this way istmmrmally found in faceted browsing
systems; it was introduced in the present demonstratordeead exactly the problem encoun-
tered in this example, which is typical of novel domains sastthat of in-car applications. It
appears to have considerable potential for many otheragijmn domains.

Of course the user can also not be sure which keyword-basay tgimost appropriate;
but here again the parallelism of parallel exploration cerntethe rescue: The user can try
the alternative search for the keyword “watcher” withousitg the results of his search for
“detector” (see Figure 5). The user sees that both sets oftseasults include promising apps
with average user ratings greater than 4.0.

The question for the user now becomes that of which of theratgd apps is the most
promising one. The user would like to compare “Speed Detdew®” with both versions of
“Speed Watcher"—in the latter case, to see exactly what dvargtages of the “Pro” version
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x Category “m [
Driving Aids
&
HNEIE »
Title Developer Price «Avg. Rating Ratings
5.0 10
50 10
5.0
50

Speedometer Terens

Meter Jam Insignia Dev Team
SpeedlLo99er SCELTA

Roadfred Steadymeter Trendfire Technologies GmbH
Speed Detector - USA HyXen Technology 50
50
5.0

50

Speedy Pro Oskari Anttalainen
Speed Position & Location AndroMirvana
Track your ward's Speed MobileDeveloperz
5.0
50

Speedo Spinzer Embedded Solutions
SpeeduH Free - GPS Speed HUD EUKATA

=T = R = N = R = D = R = A = R = R = |

% Title

I
Which title?

Fype letters (*° matches
Tachometer (2
Speedometer (2)

Fuel Meter (2)

SpeedAlert (2)
Car Performance Meter (2)

SpeedView: GPS Speedometer (1)

BluTorg Speedometer (1

Skopje Taximeter (1)

Figure 3: The user can drill down further by specifying a keysvbased query.

are over the “Free” version. As can be seen in Figure 6, the age have these three apps
displayed side by side, so that he can directly compare nigttbeir objective features but

also their ratings and reviews. Scrolling down as in Figur¢h@ user can see not only the
fundamental differences between the user interfaces diirffteand second apps but also the
subtle difference between the Free and the Pro versionshwscrucial for the choice between
those two versions.
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*detector]

everything starting with “*detector”

EfCam Speed Camera Detector (1)

SpeedCam Detector Worldwide (1)

Speed Detector - Canada (1)

1

Speed Detector - Singapore (1)

SpeedCam Detector New fealand (1)
Speed Detector - USA (1)
Speed Detector - UK (1)

Figure 4: A query that includes wildcards can serve as a pfoxg category of interest that
has not been defined within the system.

*watcher...

B

Title Developer Price Avg. Rating ¥ Ratings “ Developer Price Avg. Rating ¥ Ratings
Speed Detector EVO HyXen Technology 0 42 665 Speed Watcher Free jefferybond 0 43 291
EZCam Speed Camera Detector  Whitecat Software 354 42 30 Speed Watcher Pro  jefferybond 176 45 21
SpeedCam Detector FREE Reception IT 0 37 76 3

Speed Detector(@LEF) - & HyXen Technology 0 36 32

Speed Detector - Singapore HyXen Technology 0 38 2

Speed Detector(1FF) - RE) HyXen Technology 0 35 14

Speed Detector - USA HyXen Technology 0 50 5

SpeedCam Detector Europe Reception IT 118 42 5

Speed Detector - UK HyXen Technology 0 38 4

SpeedCam Detector Australia Reception IT 4

Figure 5: Parallelism is helpful when two or more keywordrebas seem equally promising.
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x *watcher...
B e
[

x Individual App “m

x *detector...
19 VI
[

x Individual App “m

com_hyxen_ app.SpeedDetectorEvo com.bondfamilynet speedwatcherfree com_bondfamilynet speedwatcherpro

Category Driving Aids Category Driving Aids Category Driving Aids
Developer Hy¥en Technology Developer jefferybond Developer jefferybond
Price 0 Price 0 Price 1.76
Downloads 100.000 - 500.000 Downloads 100.000 - 500.000 Downloads 500 - 1.000
Avg. Rating 42 Avg. Rating 43 Avg. Rating 4.5
Ratings 665 Ratings 291 Ratings 21
Filesize 3.395.670 Bytes Filesize 241.385 Bytes Filesize 237.775 Bytes
App Version 3.0.8 App Version 11.7 App Version 11.7
Created 07.10.2011 Created 26.01.201 Created 26.01.201
Updated 2013-05-31 Updated 2013-06-14 Updated 2013-03-09

Operating System Android 2.2 oder hdher
Reviews
5 Stars 17.04 2012 06:44:12
Droid¥2\tReally great app shows every
cop | come up on

1 Stars 17.04.2012 00:19:29
Samsung galaxy\tlt doesnt get GPS.
Plz fix asap

1 Stars 23.02.2012 21:32:57
Doesn't do anything\tHorrible waste of
time wish | could give 0 stars will be

Show more reviews

Operating System Android 1.6 oder héher

Reviews
5 Stars 30.06.2013 14:23:29
Excellent App\tJust what | was looking
for. 1st class user interface - A work of
art and it works well. _ | have lots of
apps installed (Samsung Note) but this
is the best! Congrats - Hope this does
well for you.

4 Stars 16.06.2013 17:00:06

ExcellenttBut the application work in

nutside not work inside the
Show more reviews

Operating System Android 1.6 oder héher

Reviews
1 Stars 19.02.2012 17:52:07
Google Connectivity vs Licence
Check\tThis feature really makes the
application suck, Jeffery, if you want my
maney that's fine for the product but not
for this crap. License is verified when
my money is taken and should not have
to be verified week by week. before |
knew this | uninstalled the program and
android market says | have already paid

Show more reviews

Figure 6: In particular, comparing reviews carefully isgfal because of the impracticality of
trying each app out separately in the car.

4 Comparison With Normal Faceted Browsing

The benefits of the parallelism offered by parallel explioracan perhaps be seen most
clearly if we compare this type of interaction with the mdstitar type of interaction that can
be achieved using currently widespread interaction styfes this purpose, we developed a
variant of the app exploration demonstrator that sticksellpto the familiar and widely used
paradigm of faceted search/browsing (see, e.g., Tunkeki9; Hearst, 2009). This “faceted
browsing” interface (Figure 8) includes all of the usefudtigres of the main interface that are
not necessarily tied to the idea of parallel exploration€hsas the ability to filter by keyword
search using wildcards—so as to ensure that all differeimcédse usability and usefulness of
the two interfaces are due as far as possible to the preseraiesence of parallelism. This
alternative interface can accessed at the following URL:
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Show full description Show full description o " Sk

Screenshots Screenshots Screenshots

® Driving Mode

Auto monitoring your speed, red

signal camera, cop and traffic jam.

100 4
L 100 g

v,

Speed trap POI
become green, gs

28 if you are close to
the Speed trap.

Auto monitoring

Detected in front of speed camera.

Figure 7: Being able to examine screenshots of apps in paialhelpful both when the apps
are very different and when they are very similar.

http://apps-for-your-car.com/fb

Figure 8 shows the state of the faceted browsing interfaee thfe user has filtered to “Driv-
ing Aids” and titles containing the word “watcher”. Note thi get to this point, the user may
have had to examine other categories and keyword searches artime, keeping the results in
his mind while backtracking so as to remember which direcse@emed most promising. At the
same time, it must be granted that the traditional interfeaea more orderly, less cluttered ap-
pearance, and it can show the filtering criteria continupaslthe left-hand side of the screen.
Both of these advantages are due to the fact that the ingediaes not need to display multiple
interrelated queries and search result sets.

Similarly, when the user zooms in on a particular app in otdegad its reviews, the reviews
are displayed using a large proportion of the screen reatieestwhich has the benefit of making
the reviews easier to scan. The drawback, of course, isltbatder will have to click back and
forth between the apps of interest if he wants to compare taeiews.

In sum, the parallel exploration interface offers a numifesgparent advantages that ad-
dress the challenges that are typical of search for in-qas,dqut it is quite possible that at least
in some situations users will do better with a conventioaeéted browsing interface. A follow-
up user study that is being conducted in 2014 using thesAFORY OUR CAR demonstrator
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Apps for Your Car - Faceted Browsing

Cat: Driving Aids %  starts with: *watcher %

Categories Title

e
[] Miscellaneous

[] Fuel

Results (2)

Price
App title Avg. Rating # Ratingsv

more than
Speed Watcher Free

BT Driving Aids = 21

Speed Watcher Pro
Driving Aids

4.5 21

Avg. ratings
10 results per page El
at least

less than

Number of ratings a

at least ratings

less than ratings

Developer

[] jefferybond

Figure 8: The nonparallel variant of the demonstrator reaslithe familiar interface style of
faceted browsing.

aims to shed light on this question. A possible ultimate thofuis to offer both interface styles
and allow users to switch back and forth between them or stieksingle style if they have a
strong general preference for it.

The APPS FORYOUR CAR demonstrator is serving during the year 2014 as a startiig po
for the implementation of the “Exploration Showcase Appthan the high-impact EIT ICT
Labs activity IxTY. Consequently, all of the advances and lessons learnedtfrercurrent
demonstrator will be exploited and expanded upon, and & desd of new user feedback will
be acquired.

5 Practical Aspects of the Demonstrator

5.1 Acquiring Information About Apps

The main challenge in initializing the system was to find disigintly comprehensive store
with in-car apps that allowed all of the information aboupspo be extracted for use in the
APPS FORYOUR CAR demonstrator. The main Android store does not allow crayyliout the
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Speed Watcher Free

Driving Aids

Developer

Jjefferybond

Price 0
Downloads 100.000 - 500.000
Avg. Rating 4.3
Number of Ratings 201
Filesize 241.385 Bytes
App Version 117
Created 26.01.2011
Updated 2013-06-14
Operating System Android

This application provides an analog speedometer and odometer that gives audible and
visible warning / alert when a set speed limit is exceeded.

Features:

* Large, easy to read analog speedometer dial with speed limit indicator.
* Average speed measurement

* Odometer

* Compass heading dial

* Landscape and portrait modes

* Supports imperial/metric units

* US or UK style speed limit signs

* 3D shaded speedometer bezel

* Configurable maximum speed

* Configurable speed limits

The paid 'pro’ version of this application allows you to save the location and direction of

any speed limits with a single keypress, and automatically switches the speed limit
warning when you pass the saved location on your next journey.

Figure 9: In the nonparallel interface, details concerrangndividual app can be displayed
with more screen space than in the parallel version.

website AndroidPIT does.

Over 5500 Android applications have been preloaded intdéneonstrator’s database, com-
plete with descriptions, price information, and user reg@nd ratings.

Any app that seems especially relevant for car drivers isidex, even if it is not specifically
designed for cars (e.g., apps for searching for restayrante reason for this inclusiveness is
that the system offers users enough possibilities to natinew focus by themselves, so it does
not have to be narrowed for them in advance.

5.2 Implementation Notes

The ApPPs FORYOUR CAR demonstrator consists of the five components shown in Fig-
ure 11. This section describes the purpose and functigralieach component and explains
briefly how the components were implemented.

5.21 Parallel Exploration User Interface

This interface is accessible via the following link: httppps-for-your-car.com.
It is an HTML-based website that was implemented watnECRIPT, using the framework
JQUERY. It was tested primarily with the Firefox browser, but it popts all major browsers.

“wwy. andr oi dpi t . de
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The paid 'pro’ version of this application allows you to save the location and direction of
any speed limits with a single keypress, and automatically switches the speed limit
warning when you pass the saved location on your next journey.

Reviews

5 stars 30.06.2013 14:23:29
Excellent App\tJust what I was looking for, 1st class user interface - A work of art and
it works well. . I have lots of apps installed (Samsung Mote) but this is the best!
Congrats - Hope this does well for you.

4 stars 16.06.2013 17:00:06
xcellentitBut the application work in outside not work inside the vehicle..otherwise I
will give 5 star
S stars 09.06.2013 16:47:06

Great\tGood App

4 stars 27.05.2013 14:12:29
Galaxy s3\tMuito bom mede a velocidade correta e em tempo real. Unica coisa que
falta & marcar a velocidade maxima e poder colocar de velocidade maxima mais que
250 até 400 e menos que 30 até 10 e seria legal tambem se tivesse marcagio de rpm

5 stars 25.05.2013 22:50:22
Hmmm..\tMice simple 2 use

4 stars 20.04.2013 07:02:40
Meed settings button\tCan you add a settings button as I don't have dedicated menu
key. Also option if digital Speedo would be good.

5 stars 02.04.2013 16:06:39
Superty...

5 stars 27.03.2013 20:20:17
BEST SPEED APP ON MARKET\tThis app is definitely the best on the market! It would
be even better if you added a trip bar or skinsl*™**

5 stars 27.03.2015 16:31:09

Add other gauge designsitlt would be great to see a new gauge design. Maybe a

Figure 10: The additional screen space may be especialtyut@hen long textual reviews are
available, though it comes at the price of an inability to mdkect comparisons between sets
of reviews.

5.2.2 Faceted Browsing User Interface

This traditional interface is accessible via the followitigk: http://apps-for-your-
car.com/fb . In terms of implementation, the same techrigsefor the “Parallel Exploration
User Interface” were used for this interface, and it is cateet to the same backend.

5.2.3 Backend

The backend was implemented in PHP. It accesses a MY SQL ataatvhich stores both
the data about the domain entities (in this case, the apioiitsg and data about users’ actions,
which are provided by the logging system. It returns, on & dof the AJAX POST-Requests
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Parallel Faceted
Exploration User Browsing User
Interface Interface

Logging System Backend

MYSQL Database

App Crawler

Figure 11: Components of the app exploration demonstrgararrow fromA to B means that
data flows fromA to B.)

from the two user interfaces, JSOMNCODED data that is interpreted by the user interfaces.

524 App Crawler

This component crawls the data froonAROIDPIT (http://www.androidpit.com) and stores
the results in the MYSQL database. This component is alséeimgnted in PHP.

5.25 Logging System

Every action taken by a user of one of the user interfaces, (@tgcting an option from
a menu) is sent to this component as a record with a numberld$ fseich as User ID, time
stamp, type of action, objects involved in the action. The@ponent simply stores each record
as it comes in. A user can query the MYSQL database inteedgtissing MYSQL queries. A
program can send queries to the component and use the answerspute statistics or draw
graphics. In a combination of these two cases, the useifagteto this component offers a
menu of standard queries which can be selected by a human user

This component helps the programmers to test the functtgradithe user interfaces, and
it helps the interaction designers to understand the ushile amplemented functions by the
users and to detect usability problems, including missingai-needed functionality. More
generally, it makes it possible to conduct user studiesiivatve fine-grained logging of users’
actions.
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