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ABSTRACT

In this paper, we describe two interface desigmsifobile video
browsing on pen-based handheld devices. Both featifferent
interaction types, such as speed- and positiondbas&igation
which enable users to interactively skim a videmsitent along
the timeline at different granularity levels. Theasibility and
usefulness of the proposed designs is demonstratech
comparative user study.

Categories and Subject Descriptors

H.5.2 [Information Interfaces and Presentation (e.g. HCI):
User Interfaces -Graphical user interfaces (GUI), input devices
and strategies, interaction styles, screen design

General Terms
Design, Experimentation, Human Factors.

Keywords
Handheld devices, pen-based computing, mobile video
interaction modes, video browsing, interactive gation.

1. INTRODUCTION

Usage of video on handheld devices such as muliamed
cellphones and PDAs is usually quite different fraatching TV
at home. For example, while being “on the movey.(avhen
riding a train or waiting at a bus station) peopfien do not have
much time, can not or do not want to concentrater @longer
period, etc. and therefore sometimes tend to wedtter short
clips or only selected parts of longer files. Githe small size of
the display, people usually do not gather arouRDa in larger
groups to watch, for example, a TV show togeth@weler, that
doesn’'t mean that replaying mobile video is a pudividual
activity. For example, in a recent study O’Haralket(2007) also
identified several “cooperative” scenarios wherege used their
mobile devices, for example, to present new clip®ach other,
show their most favored scenes of a particular mogtc. One
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general observation with such mobile usages ispkaple often
do not passively watch video like they do at home donsume
the content rather interactively, for example, bglaying a short
clip several times to show it to different peopls; skipping

scenes to only watch selected parts of a videousecthey have
limited time, etc.

Despite the different viewing behavior, the integaof common
mobile media players is often designed in a tradél way,
enabling users to start, stop, and pause, fastafoivackward,
and sometimes scroll along the timeline using deslinterface
(cf. Fig. 1). Such a design can hardly fulfill gtle needs for the
interactive scenarios described above. For examplben
browsing a file’s content by modifying its replapezd $peed-
based browsing the optimum speed value depends on various
issues such as task (e.g. quick browsing to gedvanview vs.
slow browsing to closely examine a particular eyedata (e.g.
slower browsing speeds might be favorable if thsr@ lot of
activity going on), and last but not least indivadluser perception
(e.g. some people might prefer slower speeds whertgers are
able to process information faster). Hence, it seemore
appropriate to offer some sort of slider-like ifilee where a user
can easily select from a variety of replay speedtead of just a
few buttons with a fixed set of discrete speed eslu

Figure 1. Standard interface of a mobile video plagr.

A timeline-based slider is another a very poweifiteraction
element for navigation in a video: If visual feedkas provided
in real-time while the user moves the slider’s thuaiong the
timeline, users can, for example, pass larger arklasver interest
quickly, abruptly stop or go back if a part of irgst is found, etc.
(position-based navigatignOne problem with sliders is that they
do not scale to large documents: Since a slidegiggth is
restricted by size and resolution of the displayt, all parts of a
file can be accessed directly via the timeline. @am approaches
to solve this problem include adding additionaldsts with
different scales to the interface (e.g. Casares @002, Richter et
al. 1999) or providing some widgets to modify theale’s
resolution. However, these solutions are generaitysuitable for
handheld devices because the number of GUI elenevidb/ed
would take up too much space of the limited screze. In
addition, small widgets like a slider’s thumb aréen hard to



target with a pen (esp. if the thumb is moving dgrinormal
replay).

In this paper, we present two interface designs pfen-based
mobile video browsing each featuring two interactistyles:
speed-based navigation (i.e. browsing via manimradf replay
speed) and position-based skimming (i.e. browsiagnteractive
navigation along the timeline using a slider-likeerface). Both
designs get by without explicit widgets and useyJétle GUI
components thus being well suited for the smaleagrsizes of
common mobile devices. The first interface is ghtly modified
version of a design we recently introduced in Higtsal. 2007a
and 2007b, the second one is a completely new mlesigch
offers a similar functionality but in different way(Section 2).
After a short description of the actual implemeotaiSection 3),
we present a comparative evaluation of the twafates (Section
4) which confirms their usefulness, identifies auteges of the
particular designs, and provides directions forufet work
(Section 5).

2. THE TWO INTERFACE DESIGNS

Before introducing theScrollWheel designfor mobile video
browsing in Section 2.2, we first summarize ouwves work on
the MobileZoomSlidelin Section 2.1 insofar as it is required for
the evaluation presented in Section 4. For a @etalbscription of
the interface and the related evaluation we rajeHiirst et al.
2007a.

2.1 The MobileZoomSlider Design

Basic idea Instead of relying on explicit widgets and GUI
elements, with thélobileZoomSlider users can click anywhere
on the screen and scroll forwards and backwardsgalihe
timeline by moving the pen to the right and lefspectively. The
scale of this “virtual”, on-screen timeline depermsthe vertical
pen position: At the bottom, the same scale re®wlds with the
original slider is used. At the top, the finestleda used, i.e. each
pixel is mapped to a single frame in the videdbétween, a linear
interpolation is done (cf. Fig. 2). The main ademas of this
interface design are that users do not have tetagery small
widget (the slider's thumb) and that they can diye@access
different scales without the need for explicit adinents.
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Figure 2. MobileZzoomSlider: Position-based navigatn.

In addition to this position-based navigation, ssesin browse a
video at different replay speeds by clicking on tight border of
the screen. Again, the second dimension is usednadify

granularity: The fastest possible replay speeccéessible at the
bottom of the screen. Slow motion is realized & thp. In
between, replay speed is interpolated (cf. FigA8gin, the main
advantage of this design is that users have dmecess to a
variety of different speed levels without the née@xplicitly grab
a very small icon which is hard to target. In aiddit both
interaction styles are realized without explicitdgets, thus
leaving more screen space for the actual contest, the
presentation of the video.
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Figure 3. MobileZzoomSlider: Speed-based navigation.

Initial implementation. Scale resolution and speed values in the
described design are selected to “horizontally”anatach other
(i.e. starting with a fine scale and slow replayttet top, values
continuously increase to coarser resolutions astkrfaspeeds) in
order to guarantee a smooth transition betweetwbénteraction

modes, i.e. position- and speed-based navigatiooweMer,

because of some problems with the initial impleragon, there is
a significant time delay when entering the righpe'sd area” of
the screen. The same problem prevented us fromemggiting

backwards skimming at the left side of the scremhfarced us to
restrict maximum replay speed to 4 times normabsep

Evaluation. In Hirst et al. 2007a we presented an evaluaifon
an initial implementation of the MobileZoomSliden @ PDA.
Participants were asked to evaluate the desigrdbasaisability
and intuition and had to solve two video browsiagks in order
to verify its usability. Generally, the results kabeen quite
satisfying since users gave very positive feedtmudk provided
useful information for further improvements. As egfed,
individual users preferred different interactiondas to solve the
two tasks, although we could observe a strong meée of
position- over speed-based navigation. One reasothis might
have been the limitations described above, whiclwhg we re-
implemented the internal processing of the plapémare for the
evaluation presented in Section 4.

Revised design used in the evaluation (Sect. Qompared to the
interface described above we did not make any ahamgthe
overall layout and basic design. However, as saidrb, we re-
implemented the internal processing in order tmvallfaster
speedups, avoid time delays when switching betwmsmsition-
and speed-based navigation, and enable backwanbrgrat the
left screen border. Figure 4 illustrates the fimahlementation of
the actual interface on a PDA (cf. Section 3).hibidd be noted
that on such a device, speed-manipulation can be dpite



easily and comfortable since users just have toemitre pen
along the salient border of the PDA'’s body (cf..FHY
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Figure 4. MobileZoomsSlider: Implementation on a PDA

Figure 5. MobileZoomsSlider: Modification of replay speed by
moving the pen along the salient border of the PDA’body.

2.2 The ScrollWheel Design

In the following we introduce a new interface desighich,
similarly to the MobileZoomSlider, gets by withaarty additional
widgets by using the whole screen as interactiea.ar

navigating (cf. Fig. 6). The resulting effect isitgusimilar to the
position-based interaction in the MobileZoomSlidgloving the

pen further away from the center of the circle @he original

slider, respectively, results in a finer scale. @magor advantage
of the circle is though, that the resulting “virtdigneline” is not

limited by the screen borders but could be infintdewever, for

continuous navigation along a very fine timelinealsc a

repositioning of the pen is required here as wedl tb the size of
the screen (cf. Fig. 7).
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Figure 6. Implicit scale manipulation with circular interfaces.
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Figure 7. Granularity modification with the

MobileZoomSlider and ScrollWheel interface, respedtely.

Alternative wheel versions Different options exist when
realizing such wheel-shaped interfaces for videmmsing. In the
following, we classify them into three categories.

1. Pure position-based approaches (cf. Fig. 8). The timeline of a
video is mapped onto a circle as described aboke.cEnter of

Basic idea Position and speed values are manipulated in thethe wheel is in the middle of the display. The iaitclicking

MobilezoomSlider by horizontal and vertical pen raments,
respectively. In contrast to this, tHecrollWheel desigruses
circular movements for the manipulation of valuésr example,
similar to a clock, positions of a video can be peponto a
“wheel” and navigation along the timeline is dong fmaking
circle-like movements on the screen. The associdtietween a
continuous, time-dependent media type such as \d@dda clock-
shaped interface seems quite natural. In additleerdware-
versions of circular interfaces are common and -wedtiwn. For
example, the so calle€lick Wheelfrom the Apple iPod (cf.

Apple iPod 2007) is not only used for volume cohbuat also to
scroll through longer lists of text such as albumsong titles.
Special, wheel-shaped hardware is often used ieovétliting to
enable better access to single frames. And some sVRdve
wheel-shaped controls for manipulation of a tapefday speed.
A software version, as it is realized here, has aallitional
advantage compared to a hardware installation: Beglifying the
radius of the circle-shaped movements, users caplicitly

manipulate the scale of the timeline along whicteythare

position on the screen is associated with the ntipesition in
the video. Depending on the length of the fileh@itthe whole
video or a fixed period of time (e.g. one minuteh ®e mapped to
a full rotation of the circle. In our implementatiowe have
chosen the latter version in order to be independem the
length of a video. Further options exist; for exéenphe scale of
the timeline can be adapted dynamically based ensfreed at
which a user is turning the virtual wheel or the@ll interaction
time. Such an approach is used, for example, ®@ghple iPod’s
Click Wheel if a users is scrolling in long texsts. In our initial
implementation, we decided to keep the scale akeal fvalue.
Experiments with dynamically changing resolutioms part of
our agenda for future work (cf. Section 5). The mokvious
advantage of such a pure position-based realiza@ms to be
that the wheel has “no end”, i.e. we can map adgwiof any
length onto this interface and still provide themsa scale
resolution. However, in practice, this advantageoahas a
negative side effect: If you want to skip a largert of the file,
for example in order to go from the beginning ®lést quarter,
users might need to do a lot of circles with thisdkof interface,



even if very small ones are made (i.e., a relatigelarse scale is
used). Faster navigation for skipping longer paftshe file can
normally be done much easier with linear sliders speed-based
navigation.

VERSION 1:
ONE TURN = WHOLE FILE

INITIAL CLICK
POSITION =
CURRENT POS.

LE

VERSION 2:
ONE TURN = ONE MINUTE

INITIAL CLICK
POSITION =
CURRENT POS.
IN FILE

END OF
FILE -

Figure 8. ScrollWheel: Purely position-based versio

2. Pure speed-based approaches (cf. Fig. 9). As said before, some
VCRs use wheel-shaped controls for manipulationreglay
speed. A software realization of such a controlllistrated in
Figure 9. Again, various options exist for such esign. For
example, if replay speed is restricted by a maxinameh minimum
value, the possible speed ranges can be mappedulb @rcle
turn with different parts for forward and backwaatolling. If no
maximum value exists or the speed range is ratheye] the
implementation can be done in a way that keepgasing replay
speed if the wheel is turned continuously.

INITIAL CLICK POSITION
= PAUSED (SPEED 0)

INCREASE REPLAY
SPEED (BACKWARD)

INCREASE REPLAY SPEED (FORWARD)

Figure 9. ScrollWheel: Purely speed-based version.

3. Combinations of both approaches (cf. Fig. 10). In order to
combine the advantages of position- and speed-haeédation
into one interface, we can also integrate bothraatéon styles
into one design. One possibility would be to digtiish between
speed- and position-based navigation dependingherdistance
of the pen from the center. For example, if thitatice is smaller

than a thresholdd, a speed-based navigation as illustrated in

Figure 9 is used. If it exceeds the threstd)lden movements are
interpreted as position-based navigation similatht® one shown
in Figure 8. Alternatively, speed-values can be peabto a
particular region of the circle whereas the resthsf wheel is
reserved for position-based navigation (cf. Fig). IDnce a user
leaves the speed-area, scrolling can switch back pwsition-
based navigation. Alternatively, the speed-basetjation region
can follow the pen and switching back to positiaséd
navigation is done by releasing the pen and togchie screen
again.
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Figure 10. ScrollWheel: Combination of both interation
styles.

Implementation for the initial evaluation. Because we think that
both interaction styles are equally important fateo browsing,
we decided to realize a combined version for ouitiain
implementation of this interface concept. After ewmenting
with different alternatives on the desktop, we iempénted a
variant similar to the one illustrated in Figure because it
appeared to be the most promising. Speed is maggpadsmall
area on the opposite side of the initial clickingsiton and
represents replay speeds from 0.5 to 4 times naepdy speed.
Once a user enters the speed-area, scrolling ®sitdhom
position- to speed based navigation. Again, thexe avsignificant
time delay here due to initial problems with ouplementation
(cf. Section 2.1). Replay speed increases if tleg kseps turning
the wheel. Once the end of the speed area is r@ath®ellows
the pen movements along the wheel. Switching bagbosition-
based navigation is done by releasing the pen anching the
screen again. Speed-based backwards navigation neds
implemented in the initial version. If a user reatlthe speed area
from the opposite side (i.e. while scrolling backssalong the
timeline in position-based navigation mode), theipon of the
speed area was adapted, i.e. moved with the wheetder to
guarantee a pure position-based backwards navigailapping
of frames from the file to positions on the wheelswdone in a
way that one full turn of the circle represente@ aminute in the
file. The functionality was visualized via a smathnsparent icon
which appeared in the middle of the screen (whidcks walso
considered as the center of the ScrollWheel).

Initial evaluation (heuristic study). In order to get a first idea of
the usefulness and feasibility of the proposed @ggr, we
performed an initial user study in form of a hetici®valuation
(Nielsen and Landauer, 1993). As proposed by Nie(2800), we
asked five user interface experts (3 males, 2 fesnages from
the early to late 20s) to participate in the stullyey were asked
to evaluate the interface design based on a gieenfgyuestions
related to functionality, intuition of the involvedteractions, and
possible problems and drawbacks. In addition, tisépuld
comment on the visualization and the particulanpeater settings
(e.g. accessible speed-ranges, scale-resolutiopdsition-based
navigation, etc.).

General feedback was very positive. The participaated the
interface design as intuitive, and easy to undedstnd operate.
For the evaluation, we used a common news showdigpwith

a total length of 15 minutes. Four participants swnted that the



mapping of one minute to a full circle turn was appropriate
one, whereas one user noted that it might be t@wseoif you

want to search in scenes with many cuts. Intemgigtiand a little

surprising for us, three users did not figure guthemselves that
they are able to implicitly modify the scale by rmay the pen

away from the wheel’'s center and hence, were vaptical if the

average user would be able to take advantage ©€htaracteristic
of the interface.

Some participants had reserved feelings for theedspased
navigation. Although all of them considered thispey of
interaction as important, some noted that the atrre
implementation might be a little confusing. Thesmaerns are
best described by the comment of one user who theit the
“circle-shape animates you to keep turriinglowever, in our
implementation, users are actually expected to kieepen still at
the position representing the desired speed vatge they are in
the speed area. As a consequence, users madd kternative
comments on how to better integrate speed-basedyatin
which influenced the final interface design we presbelow. Two
participants also explicitly noticed that it migh¢ confusing for
the average user to combine both interaction typesa single
interface and that it might be better to keep thstmictly
separated. As said before, there was a small, dtiteable delay
before speed-based navigation started when enténegpeed
area. This was also considered to be a signifiass#bility
problem by most users.

Because of its small size and transparent appearaatt
participants considered the visualization as nostudbing
although it appeared directly in the middle of #ween. Three
users however criticized the visualization of theed area as not
very intuitive and some noted that it might bet#éliirritating that
it appears at different positions of the wheel delieg on the
initial clicking position of the user.

Revised design used in the final evaluatioriThe main positive
result from the previous evaluation is that the tipgrants

approved the overall design of a circle-shapedfexte for video

browsing on small, pen-based devices. On the negatde,

combining speed- and position-based navigation imioe

interface seems to be critical and might not bdulise practice.

Hence, we present a re-design which strictly sepsrtnese two
kinds of interactions. In addition, we completed¢implemented
the internal frame processing because the timeydelhaen

switching to speed-based navigation and the lackpetd-based
backwards skimming turned out to be more criticalpractice

than we initially expected.

In the new interface design (cf. Fig. 11), theleilis only used for
pure position-based navigation. Once a user clickshe screen,
an icon appears in the center of the display. Ifimeraction
follows this initial click for five seconds, theadn disappears
again. Making clockwise or counterclockwise movetsearound
the center results in a position-based navigationgthe timeline
(forwards and backwards, respectively). The scat®lution of
this round, “virtual timeline” is similar to the e@vious
implementation, i.e. one minute from the video &ped to a full
turn of the circle. In addition to making circulpen movements,
users can grab the icon and modify replay speethdwing the
pen horizontally: Moving the pen to the right ingses replay
speed. The speed value is proportional to thermisthetween the
pen and the icon, i.e. replay increases the mageptn moves

away from the center of the screen. Backward snmplk realized

in a similar way if the pen is moved on the lefiesiof the icon.
Once the pen is released, the player switches toaitk previous
state (i.e. normal replay or pause mode). With this
implementation, both navigation styles are strictgparated by
different interaction modes (circular vs. horizdntgpen
movements for position- and speed-based navigation,
respectively). Yet, both functionalities are logatllose to each
other so users can easily switch between the rtteramodes.
Figure 12 shows the actual implementation on thé RBed for
the evaluation presented in Section 4. In thisizatbn, the icon
followed the horizontal position of the pen aftée tuser was
grabbing it, and the distance to the center wastithted with a
red line.

AN INICIAL CLICK ANYWHERE ON
THE DISPLAY MAKES AN ICON
APPEAR IN THE SCREEN’'S CENTER

THE ICON DISAPPEARS AGAIN
AFTER 5 SECS OF NO INTERACTION

POSITION-BASED NAVIGATION

CIRCULAR MOVEMENTS AROUND
THE CENTER / ICON ENABLE USERS
TO SKIM THE VIDEO ALONG THE
TIMELINE

SPEED-BASED NAVIGATION

ALTERNATIVELY, USERS CAN GRAB THE ICON AND
EVOKE SPEED-BASED FORWARD OR BACKWARD
SCROLLING BY MOVING THE PEN TO THE RIGHT
AND LEFT, RESPECTIVELY

REPLAY SPEED IS PROPORTIONAL TO THE DISTANCE d BETWEEN

PEN AND ICON
SMALL d: LARGER d:
SLOW MOTION FAST FORWARD

Figure 11. ScrollWheel: lllustration of the final design.

3. IMPLEMENTATION DETAILS

The two proposed interface designs can only bazeshlif the
system features real-time visual feedback, i.e. tbspective
content of the video is displayed instantly while uaer is
navigating along the timeline or skimming the fdé different
replay speeds. Hence, performance is one of theormaj
requirements for the actual implementation of treseepts.

Therefore, we ran a couple of performance evaloatiith
several player toolkits for mobile video. Availablglayers
included Microsoft's Media Player, the VideoLAN VLEledia
Player, Kinoma Player 4, as well as The Core Podketlia
Player (TCPMP 2007). We tested several of them,tljnan a
PDA using a 15 minutes long video with a resolud640x480.
The file size of such a video is approximately 30B when using
MPEG-1 and MP3 for video and audio compressiomaetvely,
and a frame rate of 25 frames per second. Dues filétsize, the



video was stored on an external storage card oPth&. MPEG-
1 encoding was done with the ffmpeg encoder program

Figure 12. ScrollWheel: implementation on a PDA. (®p:
position-based navigation via circular pen-movemeist around
the screen’'s center. Bottom: speed-based navigationia
horizontal pen-movements after grabbing the icon.)

Based on these tests, we decided to use TCPMP dor o
implementation because it delivered a very satigfyi
performance. In addition, TCPMP is an open sourogept, thus
giving us full control over the code and all neeggsaccess and
APIs we needed to implement our interfaces on toihe actual
player software.

TCPMP is written in plain C and provides many cotleraries.

Hence, most audio and video formats can be repldyedn be
compiled for several platforms including multimediallphones
and Pocket PCs featuring the Windows Mobile platfas well
PDAs with Palm OS. So far, we tested our implem@nraon a
Palm Treo smartphone (cf. Fig. 13) and a Dell AMnX51v

PDA (cf. Fig. 4 and Fig. 12). Both systems are ingnthe

Windows Mobile platform. The evaluations preseriefore and
in the next section have been done with the DelAR#&hich

features an Intel XScale PXA 270 processor with lackc
frequency of 624 MHz and 64 Mbytes of SDRAM. Thagtinal
size of its display is 3.7” with a resolution of@480 pixels and
a color depth of 16 bits.

In order to create a new front end for the player,implemented
our own skinnable user interface in C++ which pdeg standard

components such as labels, buttons and sliders. cl&ss library
is based on the Win32 API using GDI (Graphics Deviterface)
for rendering the graphics. Hence, the source caaeains
portable among different versions of Windows inahgdmobile
devices running Windows Mobile. In addition, contiveg our
newly implemented interfaces with TCPMP was ratleasy
because they are both based on the same basic APIs.

Figure 13. Implementation on
(running Windows Mobile).

the Palm Treo smartphoe

4. COMPARATIVE EVALUATION

Many advanced browsing and search tasks can nenlised with

standard interfaces such as the one depicted iord-ig, for
example because of the scaling problem discussedhén
introduction. In contrast, the two designs desctibe Section 2
are more powerful and offer a much larger rangé&upétionality

than regular interfaces. The critical questionifithis advanced
functionality is intuitive and can be handled by thsers in an
easy, manageable way. Hence, instead of compahagnew
design with a common, traditional interface, weided to set up
a comparative user study of the MobileZoomSlidethwihe

ScrollWheel design in order to evaluate their usgbiand

usefulness and identify potential problems and tesks.

4.1 Setup and Procedure

Setup We asked 16 users to participate in our studmné®es at
ages from 20 to 35, 7 females at ages from 15 f@@drage age
of all users: 26.25 years). Only few of them hag aerperience
with pen-based handheld devices or video browsgignificant
differences between experienced and inexperienaes as well as
between male and female ones could not be obsefgedevice,
we used the Dell Axim PDA described in the lasttisec Two
interfaces were used: The MobileZoomSlider and3twlIWheel
design described at the end of Subsection 2.1 a®i 2
respectively, and depicted in Figure 4 and 12. @eaeral
problem with these designs is that the currenttipssin the file
is not clearly indicated. Hence, we believe thas itmportant to
represent the timeline as well. Therefore, the @mbinterface (cf.
Fig. 1) also appeared on the screen during theuatiah.
However, users were asked not to use it but saldly on the
newly introduced features for this study.

Tasks For the evaluation, we took two recordings of\arlews
show (one for each interface) and set up three asimen and



related search and browsing tasks that had to eddby the
users with each interface design:

1st task (overview): Skim the content of this news show from the
beginning to its end. The goal is to get an ovevvigf the
different news messages covered in this show.

Scenario Assume, for example, the following situation: Yare
waiting at the bus stop and want to get a quicknoge of the
different news messages in order to watch the nmistesting
ones while riding the bus. The bus ride is not l@mpugh to
watch all of them, so you have to do an indiviqual-selection.

2nd task (scene search): You are at the end of the file now. Try to
go back and find the news message about XY, wisithcated in
the first third of this news show.

Scenario Assume you are on the bus now and this is thesages
you want to watch first because it is the mostregtng one.
(Note: XY was the second message in each show atilll inage

of its initial scene was presented to the participauring the test.
Users were not required to position the file exacit the

beginning of this scene but to roughly find a posittrom where

they would begin watching in such a situation.)

3rd task (exact positioning): From the position that you found in
task 2, go as quickly as possible to the weathecést at the end
of the show and find any frame showing a map wite t
temperatures of the next day.

Scenario You are close to your destination and before lgawe
the bus you want to have a quick look at the wealtwecast.
Since you do not have much time left, you just wanhave a
look at the expected temperatures. (Note: A stilage of the
respective map was shown to the users during g te

Data. The files used in the evaluation were two diffiere
recordings of the most popular evening news showenmany.

Each file had a length of 15:40 and 15:45 minutespectively.

The scene described in the second task began amdrlites in

the first file and at 2:47 minutes in the second ©he scenes’
lengths were 2:04 and 2:11 minutes, respectivelsames

featuring the temperature map requested in thel taisk were

shown for 4 seconds (= 100 frames) starting at ZL4nfutes in

the first file and for 8 seconds (= 200 frames)tstg at 14:58

minutes in the second one. It should be notedithabuld have

been very hard to solve this last task with a ragtiieline slider

interface (cf. Fig. 1) due to the short duratioritafse scenes.

Procedure Since there were two designs and two differdastfi
we split the participants into four equally sizedups where each
group tested the interfaces in a different ordet emterface-file
association. At the beginning of the evaluatioerssvere given a
short introduction into the first interface and @saracteristics.
Then the device was handed to them to try it camielves for
two minutes. After this time, they had to solve thsks for this
interface in the given order. Following that, thegre asked to
give ratings about their overall impression, thdeliface’s
intuitiveness and the offered functionality. Thetlawo questions
were split into two separate ratings — one forgpeed- and one
for the position-based navigation. Then the sanoeqaure was
repeated with the second interface. When makingatiegs for
this second design, users were allowed to lookdtraodify their
former ratings for the first interface in ordergoarantee that the

ratings given for both designs are comparable. &haluation
closed with an informal interview where users was&ed some
questions related to general issues, particulagrghtons during
the tests, etc. The overall duration was about 40utes per
participant.

During the study, another person sat next to théicgzant and
took notes about what the user was doing, inter@sti
observations, comments given during the testsGriginally, we
wanted to implement a logging mechanism to be @ble-track
all interactions. However, since this would havesuieed in
performance problems during video browsing, we gapethis
idea. For the same reason, the time to solve thenseand third
task was not logged but taken with a stopwatchbyiriterviewer.

4.2 Evaluation Results

Both tested interface designs provide a similarcfiomality. In
both cases, position-based navigation is offeredvatous
granularity levels (cf. Fig. 7). Similarly, diffenespeed levels can
be picked in both interfaces by moving the pen betwthe center
of the screen and its left and right side or aldrgleft and right
border, respectively. In case of the MobileZoom&ljdsingle
speed values can be addressed directly whereaasi af the
ScrollWheel users always have to “speed up” in otdeget to
any particular value. However, since our implemgotareacts
instantly to any speed change, we did not expasttthbe very
critical in practice. The similar functionalitiesqvided by both
systems are evoked by different user interactibtwsizontal and
vertical pen movements for position- and speed-basigation,
in case of the MobileZzoomSilider vs. circular andifantal pen
movements for position- and speed-based navigatiorase of
the ScrollWheel design.

Task 1 Since the first task was the easiest one, weatagdhat
most users would use just one interaction modeditker speed-
or position-based navigation). The two entries letbewith

“TASK 1" in the two diagrams in Figure 14 show hawmany

participants used each interaction with the respeaterfaces. It
was interesting for us to observe that with theoBaheel, most
users preferred position- over speed-based naeigath contrast
to this, with the MobileZoomSlider an almost ideatiamount of
participants used one of the two options. One ptsseason is
that people might have figured the implementatiorthie latter
case to be more intuitive. A further issue mightthe fact that
speed modification is done at the border of the/grlavindow,

thus being the interaction mode which interferesléast with the
actual video content. However, this characteristfgparently
seemed to have limited impact: Only two users ndted you

might be blocking your view when doing large cisclwith the

ScrollWheel, but no one mentioned a similar negatiencern in
relation to the implementation of the ScrollWheedjzeed-based
manipulation feature. Another interesting obseprais that with

the MobileZoomSlider, five people used both modesdive this
task, whereas in case of the ScrollWheel, only peeson took
advantage of both navigation styles. A possiblesaramight be
that switching between horizontal and vertical peavements
was considered easier than between circular anddmbal ones
as required by the ScrollWheel. In addition, witle ScrollWheel,
both interactions are centered around the middthescreen. We
thought that this local closeness would actuallyivate people to
switch more often between different interaction emdHowever,
it might also be the case that having two differgrteraction



modes so close to each other confused the usersactodlly
prevented some participants from using them intaigkably.
Since the task here was just to “get an overviewhefcontent”,
success was hard to quantify, which is why we dit measure
the time to solve this task.

12

10 4

TASK 2 TASK 3
SCROLLWHEEL

TASK 1 TASK 2 TASK 3 TASK 1

MOBILEZOOMSLIDER

Figure 14. Interaction modes used for the differentasks.

Task 2 When looking at the used interaction modes (Eif.
entries labeled “TASK 2”), again, we can obsenratear tendency
towards position-based navigation in case of theol8&heel.
However, more people used both interaction modess kéich is
not much surprising given the higher complexitytiod task. For
position-based navigation with the ScrollWheel, soeld clearly
observe in five cases that the participants werkingasmaller
circles at the beginning (in order to quickly getthe scene) and
larger ones at the end (in order to find the begimrof this
particular scene). This is particularly importaitey the skeptical
remarks of the experts in the initial heuristic leasion presented
in Section 2.2. The average time to solve this tadth the
ScrollWheel was 19.4 sec (max. 46 sec, min. 9 stamdard
deviation 9.8) and 25.3 sec for the MobileZoomSliftaax. 45
sec, min. 12 sec, standard deviation 11.3). Despéerelatively
large difference of the average search times, rissilt did not
turn out to be significant (t-test, p = 0.13). Antdresting
observation is that users could recover easily frermple
mistakes such as accidentally skipping the scergoimg too far
backwards, etc. In general, they did not considehshings as
erroneous input but as natural part of their seprobess.

Task 3. This was the most complex task resulting in highe
average search times of 33.0 and 34.7 sec forat@\®heel and
the MobileZoomSlider, respectively. Again, this uksdid not
turn out to be significant (t-test, p = 0.8). lrufacases we could
observe that people used smaller circles for fasd®igation and
larger circles for fine tuning in case of the Shidieel. With the
MobileZoomSlider, it was clearly observable thabple also took
advantage of the different granularity levels afteby the system
by modifying the vertical position of their pen neswents. For
example, for the people who purely used positioseda
interaction, one frequent interaction pattern wasfitst use a
coarse scale to get to the weather forecast and ¢hatinue
navigating in the upper part of the screen in ondefind the
temperature map with a finer scale. Consideringitieraction
type (cf. Fig. 14, “TASK 3"), it is noteworthy thamore
participants have used both modes to solve this fEss might
be due to its high complexity requiring people tocigly skim the
file (in order to get to the scene at the end) thvedh do a detailed
search and exact positioning to one of the requirathes.
Generally, we would have expected people to usedspased
navigation first and then switch to position-baseigation for

fine tuning and exact positioning. However, a cleardency in
the order of used interaction modes could not l=ented in any
of the three tasks.

If we compare all usages presented in Figure 14;ameobserve a
general trend that with increasing complexity oé ttask, pure
speed-based navigation is used less often and peo@e tend to
use a mixture of interaction modes. We interpretftitt that more
participants took advantages of the various funetiities offered
by the user interface as a good argument for thativeness and
good usability of the proposed design and its iraegn of
different interaction modes.

Users’ ratings. After solving the tasks, users were asked to give
ratings for the interface on a scale from “-2” (&runtill “2”
(best) for different categories. When asked abbeirtgeneral
impression, there was a significant differenceeft:tp < 0.1) in
the average ratings for the MobileZoomSlider (&¥@) and the
ScrollWheel (avg. 1.4). However, both interfaces @ated rather
high, supporting the claim that users were ablbadle both of
them equally well. The detailed results are shownTable 1
which illustrates the number of users who pickee particular
rating. Looking at the individual users, nine peoghve a better
rating for the ScrollWheel (one user “1” vs. “-Bhe user “1” vs.
“0”, seven users “2" vs. “1"), two rated the MokdleomSlider
higher (both “1” vs. “0"), and five users gave ebtatings (three
users “1”, two users “2"). The participant who htehe
MobileZoomSlider with “-1" claimed that he fountltning to be
more intuitivé than the position-based scrolling in the
MobileZoomSlider. One of the two users who gave ltheest
ratings (“0”) for the ScrollWheel argued in the ogfie way, i.e.
that she did not like the circular input mode reedihere. The
second user actually preferred this interactiore tygut motivated
her low rating with the different implementation tife speed-
based navigation.

Table 1. Ratings of the overall impression (no. afsers).

Overall impression  (significant, p<0.1)

Ratings -2 -1 0 1 2
MobileZoomSlider 0 1 1 12 2
ScrollWheel 0 0 2 5 9

This illustrates, that it is also important to loakthe individual
features, which is why we asked the participantate the speed-
and position-based navigation mode of each interfaased on
their intuitiveness (from “-2” = not intuitive to2* = very
intuitive) as well as offered functionality (from2"” = insufficient
to “2” = completely sufficient). Whereas the resuftbr the speed-
based navigation turned out not to be signific&egt, p > 0.1),
there was a significant difference in the ratings the position-
based approaches. The results are presented ia Zabid 3. For
speed-based navigation, the few low ratings foritheitiveness
(“-1" for the MobilezoomSlider and “-2” for the SaitWheel)
and the functionality (“-1” of the ScrollWheel) veemotivated by
the general dislike of this kind of interaction Hye respective
users rather than being directly related to theuadct
implementation. The same is true for the two negatatings (“-
1") for the intuitiveness of position-based navigat with the
MobileZoomSlider, i.e. these two users generallgfer speed-



over position-based navigation. Even if we ignrese users with
individual preferences, the ratings for positiorsdxh navigation
with the ScrollWheel tend to be generally higheor Rhe

intuitiveness, we somehow expected this resultatise of the
association between a clock and the “round timéldedined by

the ScrollWheel. However, we were surprised by rditengs for

the functionality, since both interfaces are quitenparable to
some degree (cf. Fig. 7). Possible reasons foratasthat users
either found the involved interaction mode eascerhandle or
made subjective judgments which have been influgrgetheir

assessment of the intuitiveness.

Table 2. Ratings for intuitiveness (no. of users).

Intuitiveness:  Position-based navig. (significant, p<0.1)

Ratings -2 -1 0 1 2
MobileZoomSlider 0 2 5 5 4
ScrollWheel 0 0 1 6 9

Intuitiveness: Speed-based navig. (p > 0.1)

Ratings -2 -1 0 1 2
MobileZoomSlider 0 1 2 6 7
ScrollWheel 1 0 3 7 5

Table 3. Ratings for functionality (no. of users).

Functionality:  Position-based navig. (significant, p<0.1)

Ratings -2 -1 0 1 2
MobileZoomSlider 0 1 6 7 2
Scrollwheel 0 0 1 4 11

Functionality: Speed-based navig. (p > 0.1)

Ratings -2 -1 0 1 2
MobileZoomSlider 0 0 2 9 5
ScrollWheel 0 1 3 4 8

General remarks. Overall, feedback was very positive for both
interfaces. The observations reflected in the gataented above
were generally confirmed by the additional commendsie by the
users. All extremely negative remarks were motivdig general
dislikes of certain interaction modes (i.e. spemdposition-based
navigation) but not by the interface. Preferenaas dfarticular
implementations existed but in general both intafaersions
received a positive feedback. However, users alsdemsome
critical comments which gave hints for future deyshents. One
user noted that it would be very useful to haveiadededback
during scrolling. Another one said that the inteef lack the
possibility to jump directly to a particular positi on the timeline.
We consider this as a critical issue as well aedeffore argue that
a final implementation should feature both: onetoé new
interfaces discussed here as well as the origlitdrgcf. Fig. 1)
for direct access of the timeline. Another useeddbat she liked

it that she could just move the pen along the digpborders to
modify speed in the MobileZoomSlider (cf. Fig. 5).

4.3 Discussion and Conclusion

The most important result is that both designsddd evaluated
successfully in terms of usability and user acaegga Although
they had just two minutes to make themselves familith the
interfaces, all participants had no problems indiag them,
were able to solve the tasks in a reasonable anafuimhe, and
generally gave very positive feedback. Comparinth btesigns
with each other, there is a small trend towardsStrellWheel for
position based navigation and the “speed border” tlé
MobileZoomSlider for speed-based scrolling. Tworsszctually
proposed such a combination after the evaluatiawe¥er, the
difference between the varying interaction typesaither small
and there are inconsistent, conflicting user statém For
example, one user said that she thinks it is hargitk an
appropriate scale with the MobileZoomSlider whereaing it
with the ScrollWheel comes in very naturdlith the ScrollWheel
“l don't have to think about granularity first” bufust start
turning). In contrast to this, another one mentioned ‘ttahing”
is rather unfamiliar for her and therefdliés hard to estimate
how fast | have to turn”Obviously, there is no optimum solution
here, because of the significant influence of imdiial
preferences. Such personal biases are also antanpargument
why common interfaces should support different rextdon
styles: In the evaluation, there were several uséis generally
preferred one interaction mode over the other diditeon, a large
amount of users liked to switch between differeppes of
interaction, especially when working on a more clicaped task.

5. SUMMARY AND FUTURE WORK

We presented two interface designs for video bnogvsin pen-
based, mobile devices and evaluated them in a cmtiya user
study. Although no “best” approach could be idesdif the study
gave valuable information, for example, about tefulness of
different interaction styles. The most importansetvation is that
both interfaces can be handled quite well and areglly well
received by the users. Despite the small screem ey offer
much more browsing functionalities than common rebideo
player interfaces while at the same time still beintuitive and
easy to handle. In addition, they nicely integriate the overall
interface design of the player software. Users vibel less
attracted to any particular interaction mode cas jgnore it and
are not limited or constricted in their normal @plor browsing
behavior in any way.

Based on the current data, we would recommend eulair
interface for position-based navigation togethethvihe “speed
border” featured in the MobileZoomSlider as final
implementation. However, further evaluations aredeel. One
important aspect is that so far, all of our evabrat have been
done in a laboratory setting where users werengittin a desk
while testing the systems. Evaluations in a mobkienario as
proposed by Kjeldskov and Stage (2004) are padunfagenda
for future research. As said before, dynamic modifon of the
mapping between timeline and ScrollWheel is a psongi feature
we want to investigate in the nearer future as.vikeladdition, we
are planning to add audio feedback to video brogvsising some
pitch-preserving signal processing approach anduate its
relevance for mobile video browsing. Finally, we niato



investigate how automatic scene segmentation aadebulting
structure information can be incorporated into oser interface
in order to improve the overall browsing performanc

6. REFERENCES
Apple iPod (2007) http://www.apple.com/ipod/ipoahit

Casares, J., Myers, B.A., Long, C.A., Bhatnagar SRevens,
S.M., Dabbish, L., Yocum, D., Corbett, A. (2002)mpiifying
Video Editing Using Metadat®roceedings of Designing
Interactive System®IS 2002), London, UK.

Hirst, W., Goétz, G., Welte, M. (2007a) InteractWieleo
Browsing on Mobile Devicedroceedings of the 15
International Conference on Multimed{aACM MM 2007),
Augsburg, Germany, 247-256.

Hurst, W., G6tz, G., Welte, M. (2007b) A New Intesé for
Video Browsing on PDAsProceedings of the®™international
Conference on Human Computer Interaction with M®bil
Devices and ServicéMobileHCI 2007), Singapore.

Kjeldskov, J. and Stage, J. (2004) New Technigae®/sability
Evaluation of Mobile Systeménternational Journal of
Human-Computer Studi€®, 599-620.

Nielsen, J., Landauer, T.K. (1993) A mathematicatiei of the
finding of usability problemsProceedings of the Conference on
Human Factors in Computing Syste(tSTERCHI'93),
Amsterdam, The Netherlands.

Nielsen, J. (2000)Jakob Nielsen's Alertboarch 19, 2000:
Why You Only Need to Test With 5 Users,
http://www.useit.com/alertbox/20000319.html

O'Hara, K., Mitchell, A.S., Vorbau, A. (2007) Cormsing video
on mobile devicesProceedings of the SIGCHI conference on
Human factors in computing syster(@GHI 2007), San Jose,
CA, USA, 857-866

Richter, H., Brotherton, J., Abowd, G.D., Truong,(K999) A
Multi-Scale Timeline Slider for Stream Visualizatiand
Control.GVU Technical Report GIT-GVU-99-2Georgia
Institute of Technology, Georgia, USA.

TCPMP (2007)he Core Pocket Media Playesee
http://tcpmp.corecodec.org



