Using Handheld Devices for Mobile Interaction

with Displays in Home Environments

Andreas Lorenz*, Clara Fernandez De Castro™?, Enrico Rukzio®
! Fraunhofer Institute for Applied Information Technology, St. Augustin, Germany,
Andreas.Lorenz@fit.fraunhofer.de
2 Deloitte SA, Lugano, Switzerland, cfernandezdecastro@deloitte.ch

® Computing Department, Lancaster University, UK, rukzio@comp.lancs.ac.uk

ABSTRACT

An increasing number of households are equippell wilarge
number of TV sets and more and more of them amgelhigh-
resolution displays. Furthermore, we see the iatégr of web
browsing and email functionalities in these deviocebich are
then often controlled via a wireless mouse and &eyth The
latter were rather designed for the usage on a, dasler then by
a person sitting on their sofa in a living room.€eféfore, this
paper investigates the usage of a PDA, as a rep&gewhich
can be used for controlling a remote cursor andext input. The
results of the experimental comparison of theseutingevices
show, as expected, the superiority of mouse antdayl (as the
study participants were very experienced with theByrprising
results were the task completion time and usabddagisfaction
when using the mobile device. These results show

applicability of using a mobile device for continf an

application on a remote screen. Using a mobile cdepirovides
the advantages that every person can e.g. usedeairmobile
phone or that these devices can be used in mdtiagenarios.

Categoriesand Subject Descriptors

H H.5.2 [Information Interfaces and Presentation]: User
Interfaces —Input devices and strategies; Prototyping.1.2
[Models and Principles]: User/Machine Systems -Human
Factors.

General Terms
Human Factors, Performance, Design, Experimentation

Keywords
Interaction with handheld devices, mobile intemacti with
displays, remote interaction in home environments.

1. INTRODUCTION

We currently see the emergence of more and mopdagis and
wireless Internet connections in normal househdfdg enable
family members to access the Internet at anytingeadow costs.
So far, this has predominately involved the usafea dixed

desktop PC which is increasingly becoming replaceth

portable laptops. A disadvantage of the lattehat they are still
very technical devices which are not really sugafdr a living
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room or kitchen. Furthermore, laptop displays dterooptimized
for low power consumption, and consequently, thgightness
and the angle of view is limited.

Moreover, we see the trend that the number of ayspdr TV sets
per household is increasing and sales of more Idrigh-

resolution displays have significantly increasedirtfrermore,
some already provide functionalities for accessimglinternet and
it is predicted that these additional functione8tiwill become
more popular in the future. One drawback is thasénhdevices
provide usually only a remote control which is wesigned for
controlling a remote cursor or for typing in tefXhis is needed
when considering tasks like web browsing, chattimgwriting

emails. When thinking about home multimedia anderimt

systems, they often provide a mouse and a keybwdnigh were
rather designed for the usage on a desk as opposegrs sitting
on their sofa in a living room.

Especially in home environments is the usabilityhef interaction
between users and computer systems of crucial iapce. In this
particular setting, designers of computer systemstnensure
usability of user interfaces, take care of comfirthe user, and
enable ad-hoc data transmission between remotecatevand
home services. The remote interaction device tbezefieeds to
have some specific attributes:

* The device is not associated with a fixed location.

e The device is equipped with communication capaédit
for local-area networking (Bluetooth, infrared, wireless
network).

»  The device offers powerful components availableufer-
device interaction.

e The device is popular to customers and its opegain
quite common to a large community.

This paper investigates whether a mobile deviceh s1s a mobile
phone or PDA, could be used instead of a mousekaylbloard.
The advantages of these devices are that most asefamiliar
with them and that they provide means for text tnpmd

controlling a cursor. The application has been igfigadesigned
for home environments, where we have envisionedsuse
perform multimedia tasks without being restrictegt their

location.

For our work, we selected a commercial variant dfamdheld
device with touch-sensitive display. We developethaal user
interface in Java ME which receives mouse and kaybalata
from the user. The data is transmitted to the h&@ethat is
connected with a large high-resolution display. Wlihe user is
sitting on the couch interacting with internet amullti-media



services, we compared the use of two differentraction styles
employing the handheld device with the use of wssl mouse
and keyboard in the traditional way.

The presented research focuses on two differemtasios: web
browsing and writing an email using a remote digplBhrough
this it was analyzed how effective a mobile devisewhen

controlling a remote cursor and when using it et tinput when
compared with a conventional keyboard and mougegefTwo

different input modes using the mobile device wanalyzed: a
combination of virtual keyboard and stylus, and tisage of the
built-in joystick and the keypad. Performance wasasured in
terms of user acceptance, task completion timeyr eate and
usability satisfaction.

After setting the background and describing thelémgntation
phase, we will show the results of a study evahgathe use of
handheld devices to overcome the problem of cagr{ivireless)
mouse and keyboard when interacting with remoteices in
home environments

2. RELATED WORK

In home environments, the selection of items casuiéicient if
the state of the device is just alternated, fomgda to switch a
device on or off; for non-binary states it is noffiient. The zoo
of remote controls indicates high relevance of retyexpressing
specific input to environmental devices. Excludingpuse and
keyboard input of a PC, the type of remote inpuh dze
categorized with rapidly decreasing percentagesef u

1. Action events like On/Off, Up/Down, Play/Stop. Such

control commands are present at almost all remote

controls.

2. Numbers and short texts, for example to operate the
phone, switch TV channels, name movie recordings on

a DVD Recorder, or short message service.
3. Almost no usage of longer text and pointer controls

In our work we will analyze if smarter devices arsable to
perform smarter tasks in home environments. Becalute usual
distance to the object, the application of wired us® and
keyboard in home environments is not possible. Agpected
outcome of our work, we will show that carrying aeless mouse
and keyboard is not a desirable option either.

Many studies in smart home environments have provadusers
can easily interact with their context using handhdevices.

Nichols [14] presented positive results after perfiog an

exhaustive study of the efficiency of users usiagdheld devices
to remotely control a stereo and a telephone/digiteswering

machine. Some authors introduce the mobile phondeasiser's
favorite device for remote controlling [13]. Othedrave already
presented software solutions for PDAs that simukateemote
control, certifying that from the user's point aéw the handheld
interfaces are easier and clearer to use than eenwttrols or
complex buttons panels [18]. A survey of differénteraction

technigues that use mobile phones as input dewicebiquitous
computing environments is available in [4].

Already in 1999 Eustice et al. detailed the requeats that a
wearable device must meet in order to become alpioto the
user context such as input and output mechanisoesl data
storage and network communication [6]. As a conclusany
wearable device with the minimum functionality abuhct as

remote control for all appliances. They alreadyisiomed that
users should have the freedom to select from a wadge of
devices depending on the situation or preference.

Sweep [5] lets users move a camera-phone alongdéseed

direction of the cursor motion. By comparing conge® frames
of the camera, it offers indirect control of thersar position.

Direct Pointer [8] allows direct manipulation ofetltursor with

continuous visual feedback, closely resemblingl#iser pointer.
It enables to use cameras equipped on handheldedesuch as
mobile phones and Personal Digital Assistant (PD¥¥Japtures a
view of the screen with the handheld camera. If ¢hesor is

identified at a different location in the frames position should
be updated so that it will move back to the cenfethe camera
frame. The primary advantage of this techniquehat it only

requires equipment that is readily available: attebnic display,
a handheld digital camera, and a connection betwkentwo.

Comparable systems use a pre-calibrated, fixed i@atoeisually

track the bright dot on the display [15][17]. Hemaeker solutions
like [10] are designed to work with gestures foplaging

traditional pointing devices. Using a webcam, lbwbk users to
point and click by simply aiming their face.

All these systems have the advantages of natutalaiction and
immediate feedback. Depending on the depth of tbjet the
camera images, short-distance motions may genelifferent
distances for the cursor to move, making contrdfiadilt.
Additional effort is required for the implementatiof key strokes
and text input. A combination of pointer positiondakeystroke
input device is described in [2], using miniatuidep cameras
that track finger position where the user can tgpgoint in the
air.

Iftode et al. [7] identified the need for a simplmiversal solution
to control different applications in the environmeri the user,
which end-users are likely to accept easily. Thmate device
should be programmable and support dynamic softegt@nsion
for interaction with additional embedded services.

For controlling the service, many approaches allegers to
design their own remote control by creating newpbeal
interfaces that are downloaded to the remote devwfter
compilation. Beside these haptic input capabilitigsis also
possible to use speech recorded by a mobile déeicentrol a
remote system. Using e.g. the Personal UniversaitrGiter
(PUC) as described in [13], users are able to s&l@n different
interaction styles and devices, such as GUI onnaligld device,
and interactive Braille or headset that supporéesp recognition.
The PUC communicates with the appliance to be obett,
downloads a specification of its functions, andegates a remote-
control interface. The focus here is on automatéation of the
user interface from a service description language.

The research in projects like IBM's “Universal Infiaation
Appliance” (UIA, [6]) or XWeb [16] results in theefinition of a
set of incompatible description languages like MaD@an XML-
based language used by UIA) and UIML [1]. These ewer
frequently referred to as “model-based”, where phegrammer
provides a specification (model) of the applicatitime display,
and the user.

The iStuff Mobile architecture [2] is a platform rabining
(physical) sensor enhanced mobile phones and atieaspaces.
The platform uses an Event-Heap [9] for distribgtiiStuff-
Events of a specific type with specific fields. Timebile phone is



then capable of sensing (local) user activity (kay. pressed) that
is posted as events on the heap.

3. IMPLEMENTATION OF THE
PROTOTYPE

This section describes the implementation of a sehice based
approach for integrating the mouse and keyboardtevfeom any

mobile device into the local system queue on theice host.

During the implementation phase of the prototype defined the
challenges to be achieved, which are mainly indlareas:

Adaptable and portable client user interface: Clients can have
variations in display and support different intedaparadigms,
such as touch, pen, or keypad.

Communication middleware: A client-server model that must
provide fast communication and efficient synchration
between the handheld and the remote device.

Input-event driver: Design and implement a driver that handles

the user input addressed to windows-based aplicati

3.1 Device Requirements

The prototype consists of distributed componentshe T
components must meet three essential requiremg@ntsnaximal
portability, (2) wireless communication, and (3)stfanetwork
communication.

From a hardware perspective, the prototype isibigid into two

devices: a handheld device (client) and a remotedembedded
in the environment (application host). The minimuweguired

functions for a handheld device to work with thetptype are:

3.2 System Architecture

The prototype serves as a user’s portal into thedews-based
application domain. It has been built in a cliesty®r framework
and is component-based.

Apache

Tomcat

6.0 @re| Zlavar
(73

....ﬁ..-.}.

Service
Interface

S

Servlet
Container

H T E
i Poptcatonll s
2VER - S TYTTYY

User Interface

User Input Driver

Figure 1. System architecture.

Figure 1 illustrates the system architecture. Adsirg the
requirements previously stated and from a softwaespective,
the prototype requires four major components.

A handheld application that builds the client user interface,
collects the input events, and communicates with slervice
interface. This application consists of a Java mogfor mobile
devices, suitable for the Java ME platform for $masource-
limited, wireless-connected mobile information aded (MIDlet)
and a Java module that manages a communicationssacro
HyperText Transfer Protocol (HTTP) with the remdewice.

1. A mechanism to receive input from the user, such as A service interface application, which acts as a middleware

touch screen, buttons, or a keypad

2. A mechanism to render output to the user, such as a

display

communicator between the handheld application ded user
input driver. Basically, the application receiveseguest from the
client, forwards the request to the user inputedtionitors the
driver for any meaningful events, and generatesspanse for the

3. Wireless support of network communication for data client. To implement this module we have developedava

exchange.

The requirements (2) and (3) do also concern thaote
application host.

servlet.

A servlet container, currently available at the time of the
implementation, is responsible of the communicatietween the
handheld application and the service interface.

A user input driver, a C++ application that sends the input event
to the windows-application on the PC and waitsafioy change in
the state of the system.
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3.3 Event Flow / Behavior of the System

The basic flow of events starts with thser interfacecollecting
user input events from the handheld device. Inpehts are sent
to theservice interfacewhich has two main functions: command
the user input driverto simulate the input events, and send
feedback on the windows-based application to thedheld
device. The overall information flow in the systeillustrated in
Figure 2.

The basic functionality needed to control windoveséxd
applications is grouped into two categories: mouseents
(clicking, scrolling, and moving the cursor) and/lieard events
(entering text and pressing enter or tab).

Accordingly, our handheld application implement tdifferent
modes to enable the two categories of input eveahts:mouse
mode for handling mouse events, and the text modédndling
text events. Transitions between modes depend enettent
triggered and the feedback sent back to the haddaipgdlication.

There are three input events that can potentiddinge the mode
of the handheld application: click, enter, and taéiter the
corresponding input event messages have been serhet
windows-based application, the user input driveifies the state
of the system caret. The user input driver wilstfisearch for the
caret on the active windows-application running ahe
foreground. If the caret is active, the handhelgliaption will
switch to text mode enabling text input and editiighe active
text box already contains text, the state of thetoaill be sent to
the handheld application along with the text apipgainside the
text box so that the user can edit it. From thda terde, the
application can be directly switched to mouse meatdany time.

3.4 Web-Service Implementation: The Service
Interface

3.4.1 The Servlet

The service interface is actually a servlet apfibcathat handles
requests from the client (the handheld applicatisent across
HTTP and forms the corresponding responses. Weecliasa
servlets technology over the Common Gateway InterfgCGl)

programming because servlets are more efficierarétlis only
one copy of the servlet loaded into memory andwa tigead is
created for every new request), easier to use, porerful (they
can communicate directly with the Web server), amdre

portable (as they are written in Java).

The handheld application initiates an HTTP cliemguest

containing predefined parameters that describeirthet event.

Those parameters are represented by a value imgdj¢he type of
event, the character inserted, and the x-y movewfettite cursor.
The servlet reads the parameters from the HTTPestcand calls
the user input driver, responsible of insertinguingvents into the
system input streams. Because small response tichenaimum

transit delay are crucial requirements, the serwleits for the

driver's feedback on the state of the caret onlyemvithe input
events simulated in the system could provoke a ghan the

handheld application mode. The servlet's respoogbe client is

a simple string that indicates the state of theetcar text if the

simulated event was a click-action inside a tegdahat contained
text already.

3.4.2 The User Input Driver

We have developed a C++ application that uses tieosbft
Windows XP Software Development Kit (SDK) to insextents
serially into the keyboard or mouse input streanthdvaw the
system’s caret state, and if necessary, copy texn fthe
windows-based application.



3.5 TheUser Interface

For the handheld device, we have developed a Mi@petication
that implements the user interface for the mousg the text
mode, as Figure 3 shows.
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Figure 3. Mouse mode (left) and text mode (right) screens

The interface enables interaction through touchdogtact or
button navigation depending on the device’s profiler example,
it is possible to move the cursor dragging theustyben over a
touch sensitive surface or using the navigatioridoutSimilarly,
click events can be initiated using “tap and cliok’ the screen or

just pressing the corresponding button.

For our prototype we developed three different petdor
interacting with a remote display:

*  Wireless mouse and keyboard (Figure 4, left)

»  PDA, stylus pen, and virtual keyboard (Figure ght)

» PDA, joystick, and real keypad (Figure 4, center).

Figure 4. Thethreeinteraction styles

Every setup supported the same functionality, bifferéd in
execution. Table 1 shows the three actions that werformed
differently depending on the modality of the expeent.

Wireless PDA, Stylus PDA,
Action Mouse and Pen, Virtual Joystick,
Keyboard Keyboard Keypad
Move Wireless Stvlus pen Joystick
pointer Mouse yius p button
Input Wireless Virtual Physical
text Keyboard keyboard keypad
“tap and click” | Fire button
Click Mouse-Button|  Fire button Select
Select button button

Table 1. Input mappings

4. EVALUATION

In order to measure the user acceptance of thécapph, we ran
a controlled experiment over 11 participants, wheeeused an
adapted IBM Post-Study questionnaire to collectrtheores for
three different interaction conditions.

The study was conducted in the library of our tug#i in order to
simulate a living room, with a big screen projectedone of the
walls. During the experiment, participants testdwke tthree
modalities to interact with the projected screen

4.1 Hypotheses

For the proposed scenario, we predict that theufeat of
handheld devices are more suitable than those fhenwireless
mouse and keyboard. Theses devices are not weanathleeed a
supportive surface to ease their interaction. Haltilevices,
besides being wearable, can be hand held. We expeskrs to
feel more comfortable using handheld devices is $seenario and
feel free to change their location and posture.

Visibility plays an important role for the interam with remote
displays. Using our prototype, participants areeafol edit text
directly on the handheld screen. Thus, the distanesveen
participants and the edited text is reduced, apcetbre visibility
is enhanced. Regarding this matter, we conjectthrat subjects
would prefer the interaction with handheld devices.

In order to predict the outcome of the experimevd, also took
into account factors like specific characteristiésthe handheld
device employed during the study, a MDA Vario IheTdevice
lacked a proper joystick and we used instead ittraknavigation
button that allowed only up-down-right-left moverntenThereby,
we expected that participants would rather use stiyhis pen
interaction since they can freely move the cumsalli directions.

Assuming that participants would have a greateesBgpce using
the wireless keyboard and mouse, we expected thdra slightly
faster performing the tasks in this modality.

4.2 Experiment Design

We conducted a repeated-measures experiment, winersame
subjects were used for each condition. Only onespeddent
variable, i.e. the type of interaction, was margped. The
following dependent variables were measured:

User Acceptance: Analyze which type of interaction meets the
most requirements for this particular setting.

Task Completion Time: For each task, measure the time
participants need to complete it.

Error rate Measure the number of errors made by each
participant when using the different types of iat¢ion. An error

is considered to be any failed attempt to hit dectean intended
target.

4.3 Participants

11 graduate and PhD Computer Science studentsn&ldeand 8
male, volunteered to participate as subjects. ¢paints were
between 20-35 years old and were all right hand#cad from
high to expert experience with computers and ownebile
phones at the time of the study. 9 out of 11 dbedritheir
experience with mobile phones as medium or highst\dabjects
sent less than 20 messages per week using theenpdtzihe; only
two send more. Only one subject owned a PDA, aondt8f 11



subjects claimed to have poor experience with sudevice, and
just had some exposure occasionally through friends

4.4 Tasks

Participants were given two different tasks preseérinh written
form under each condition. Both tasks were relatedweb
browsing activity which requires complex and richrbination of
mouse and keyboard input. In the first task, pgdicts were
asked to browse a video sharing website and séarchspecific
title. Thus, we focused on the mouse movement &okl actions.
The second task consisted in writing an email uaimgock email
account, which allowed users to experience a lomggrtion of
text. They were asked to log in, write the bodythaf email (50
characters), add the receiver address, and serairthié

45 Questionnaires

In the style of the IBM Post-Study questionnaire2][lwe
developed a questionnaire consisting of 10 itemeesponding to
the system usefulness. The items were 7-point gragtales,
anchored at the end points with the terms "Stroagiyee" for 1,
"Strongly disagree" for 7, and a "Not applicabl&l/4) point
outside the scale. Some space was left at the dénthe
guestionnaires for positive and negative aspead, far further
comments.

4.6 Interviews

At the end of the experiment, participants wererviewed. They
were asked about their age, occupation, and experiavith
computers and handheld devices. In order to meathgi
familiarity with text input in handheld devices weted the
approximate number of text messages that subjents fger week.

4.7 Captures

Every session was video-taped and audio-recordethaowe

could observe the body language and study the atisotitude

towards the three interaction techniques. A scredao capture
tool was used to record the user input in the rersoteen. Thus,
we could trace the cursor and detect any errorsoaphing and
selecting targets.

4.8 Procedure

Participants were first introduced to the coursé¢hef experiment
and encouraged to make themselves comfortable mmagthey
were sitting in their living room rather than inetitold library.
Participants had no prior exposure to the deviat \sere given
only a basic introduction and a few minutes to plagh the
device.

Under each condition, participants were given twiiten tasks
and left some time to go through the tasks andgasistions. To
prevent an order effect systematically affecting thependent
variables, we randomized the order in which condgi were
presented to participants, as well as the taskdimwitach
condition. If participants were unfamiliar with theebsites
interface, they were introduced to them before tisigrthe
experiment. After completing the tasks, particigafiled in a
condition-adapted questionnaire. When they had gomeigh the
three conditions, participants were shortly intevwéd.

4.9 Results

For every dependent variable, we calculated desezigtatistics.
Because of the relatively low number of particigante did not
run sophisticated statistic analysis. lllustratedhie bar-charts in

the next sections we will derive indicators for lead the criteria
mentioned above.

4.9.1 User Acceptance

The results of the study indicate that user acoegtavas highest
for wireless mouse and keyboard (Figure 5). On ageer this
combination was marginal higher accepted than thedheld
devices. Mutually contradictory, the maximum vaisdower for
the PDA with pen and virtual keyboard than for thieless
peripherals. We therefore calculated standard tewmiaand
standard error, which are both lower for the PDAhwien and
virtual keyboard (std. deviation 1,3, std. errod)Othan for
wireless mouse/keyboard (std. deviation 1,9, stot €,6)

For the interaction with the PDA, user acceptanas \Wigher
using it with pen and virtual keyboard than withygick and
keypad.
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Figure5. User acceptance

4.9.2 Task Completion Time

Task 1 (Browsing a website). Using the wireless mouse and
keyboard, subjects were fastest completing task(dakle 2). On
average, they needed 0:46 minutes to browse theiteeind start
the video, which is even faster than the minimurueaf both
variants of the handheld device. The best absaiune was 0:22
minutes set with the wireless peripherals.

Regarding the handheld device, they were sliglabyefr using the
PDA with pen and virtual keyboard (average of lrhiutes)
than using it with joystick and keypad (averagd @4 minutes).

Min | Average | Max
Wireless mouse and 22 46,00 96
keyboard
PDA with pen and virtual | 52 70,45 112
keyboard
PDA with joystick and 63 83,55 115
keypad

Table2. Completion timein secondsfor task 1 (Browsing)



Task 2 (Writing an email). As for task 1, participants were

fastest using the wireless mouse and keyboard tforpe the

second task (Table 3). On average, they needednii@Stes to

log in, write the text and send the email. Agawverethe average
was lower than the best attempt with the handheldce. The

best absolute value, set with the wireless pergdhewas 0:50
minutes.

Like for the first task, subjects completed thisktalightly faster
using the PDA with pen and virtual keyboard (averag 3:11
minutes) than using it with joystick and keypaddage of 3:23
minutes). For both, the slowest person needed rtloae 5
minutes to complete the task of entering a tex@mletters.

distance dramatically decreased precise usage.r&uist is also
supported from the interviews and our observatibrihe body
language (see below).
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ereless mouse and 50 99'18 212 ° Wireless Mouse and PDA Pen + Virtual Keypad PDA Joystick + Keypad
keyboard Keyboard
PDA with pen and virtual | 114 191,36 313 Figure6. Error rate
keyboard s § H

— 4.9.4 Results from the questionnaires
PDA with joystick and 138 203,18 305 The next paragraphs show the preferred interaétiosome items
keypad of the questionnaire, i.e., the condition with thevest average.

Table 3. Completion timein secondsfor task 2 (Writing)

In total, both tasks were fastest performed witheless mouse
and keyboard. Beside the assumption that users nzoee
experienced in operating mouse and keyboard, bDW &tyles
revealed conceptual limitation:

*  With the pen, users had to move the pen acrosgittueal
keypad to reach one letter after the other. Withiktbypad,
the low number of physical keys required intensige of
shift- and meta-keys. Both styles slowing down rgpi
speed tremendously.

* Sharing the touch-sensitive surface of the PDAMoth
controlling the cursor and clicking required ta-lifp the
pen from the surface, perform click, and put-doha pen
back on the touchpad for moving. Moving the mouita w
a four direction joystick slowed down the movemefithe
cursor.

Looking at the error rate we were quite surprideat the input
with wireless mouse and keyboard was fast — buefiimient.

4.9.3 Error Rate

The obtained results reveal that users made sutatgmore
errors using the wireless mouse and keyboard ttsng uthe
handheld device during the interaction with the omdisplay.
Subjects made fewer mistakes using the PDA withgmehvirtual
keyboard than using it with joystick and keypady(Fe 6).

On average, users made 10 times more mistakes ubking
wireless mouse and keyboard than using the PDA péth and
virtual keyboard! The minimum number of errors withe
wireless peripherals (6 errors) was equal to theimmam with
PDA and pen — nobody did more errors using PDA wi¢th and
virtual keyboard than the best user was able tdopar with
wireless mouse and keyboard.

This results show that the usage of mouse and keglbeas clear
to be applied quickly, but transferring it to theesial setup of
operating the graphical pointer on the display framlarger

The scale used in the questionnaires ranked fréar71l where the
lower values represent the higher agreement witstatement of
the question.

4.9.4.1 User Satisfaction

With the first question, we evaluated the usersfattion. Most
people strongly or moderately agreed on the satisfa of the
combination PDA with pen and virtual keyboard. Fibis
combination, no user moderately disagreed or stdieok
applicable”. Nobody strongly agreed on the satigfacof the
PDA with joystick and keypad, which is on average.(3,6)
clearly behind the others. The first column of Fgu7
summarizes the answers of the users.

Because the difference in the average between ther awo
interactions is minimal (2,9 for PDA with pen; 3@ wireless
peripherals), we looked at the standard deviatihth for mouse
and keyboard; 1,5 for PDA with pen and virtual kestd), which
also supports the conclusion that the PDA with ped virtual
keyboard have highest user satisfaction.
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to use in this email this setting ~ productive
setting using itin
this setting

Figure 7. Averages for selected questions



4.9.4.2 Navigation

With the next questions, we evaluated how efficitme users
were able to use the devices for navigation. Wedske users to
navigate with the mouse pointer to find the videw atart the
playback.

In the questionnaire, we differentiated betweereghcriteria:
Simple to find the video, able to find it quicklgnd personal
statement about efficiency. The first was most edjri@ favor of
the PDA with pen and virtual keyboard, whereas Itiger two
most were in favor of the wireless mouse and kegthoklost
people (8 out of 11) strongly or at least slighdlgreed for the
wireless mouse and keyboard. The average of Zasly lower
than for the PDA with pen (3,4) and PDA with jogkti(4,1) (cf.
second column of Figure 7).

Comparing the PDA styles, 7 out of 11 persons astlslightly
agreed that the pen is efficient. On average, émeip clearly seen
to be more efficient than the joystick.

4.9.4.3 Text Input

With the next questions we did the same to analyeaise of the
devices for text input. In summary, the mouse-keybsetup was
seen as the most simple, fastest and efficientodeth

The personal impression of efficiency was only rsglg agreed

for the wireless keyboard. In summary, most pecgieleast

slightly agreed for this setup (7 out of 11); mpsbple disagreed
for the keypad of the PDA (3 strongly disagreedt feast slightly

disagreed). Looking at the average values in thrd tolumn of

Figure 7 puts the devices in clear order: 2,9 foeless keyboard,
4,1 for PDA with pen, and 4,9 for PDA with keypad.

4.9.4.4 Most comfortable

Beside the efficient use, the comfort is a majahilgy factor in
home environments. The configuration yielding highesults for
comfortable navigation and text input was the PDi#hwen, and
virtual keyboard (8 out of 11, though never strgnglgreed,
average of 3,1; shown in fourth column of Figure ThHe other
two have the same amount of nominations for agraeeffeout of
11), but the distribution to only slightly agreemh@uts the PDA
with joystick and keypad (average of 3,6) behind thireless
mouse and keyboard (average of 3,4).

4.9.4.5 User Habituation

In the last question, we evaluated the personahimgabout the
ability of getting familiar with each setting. Thaverage is
illustrated in the last column of Figure 7.

In summary, most users agreed that they believejuickly

become productive with the PDA with pen and virtkayboard
(10 out of 11, none disagreed, with an average,®f 2Vith the
highest amount of strong agreements (5 out of idrage of 3,0),
the wireless mouse and keyboard was put in the lmiofdthe two
PDA versions. The PDA with joystick and keypad veeen to
represent the combination most difficult to apgydrage of 3,8).

4.9.5 Body Language

Video records were extremely useful to observe bladguage.
Figure 8 represents three video-captures fromaheegarticipant
using the three interactions during the experimémtthe first
capture the subject is holding the wireless mouskkayboard on

her lap. The second capture corresponds to theaaiien with the
PDA and stylus pen, and it can be observed howp#ngcipant
changes her posture crossing her legs and puttiragra over the
backrest of the chair. For the last interactiore shmaintains her
legs crossed.

Most participants adopted the lap-approach to ceipe the lack
of a hard flat surface. Figure 9 shows how somgestd had
difficulties using the mouse on their lap and triesing their
hands, the chair, or the undersurface of the esair surface.

Figure9. Participant using the wireless mouse

4.9.6 Comments from the interviews

Questionnaires asked participants for positive amepative
feedback, as well as further comments or suggestidable 4
contains feedback collected for each interactione @articipant
expressed for instance his comfort when using tB& Rnd
joystick “It was the most comfortable way to intefayou can
also relax in your chair”; whereas a different mipant valued
negatively the difficulty of using the same methdt:would

prefer a touchpad rather than a joystick”. In fabis free-text
section emphasizes the importance of comfort in ptesented
scenarios. Participants dedicated further commanthe end of
the experiment to express their satisfaction imgeof comfort.



Wireless mouse and keyboard PDA with pen and virtual keyboard PDA with joystick and keypad
« Itis a well known interface » A bit more comfortable because | did't* Mouse-Keyboard in one device
have to carry so many things
2 | « The best among the three methopis. y y g » Very easy to use and to type the
g_ Quite easy my lap to use thhee Mouse function is good, fun to play with message
mouse
g » Easy to use, intuitive  High accuracy
> | ¢ It is almost the same as workifjg )
-‘é with my desktop * Handy device
o * More flexibility, not only restricted by
keyboard

o |+ Mouse very hard to use in thlss Need more practice to get used to PDA Joystick of PDA hard to use
8 setting and to the stylus pen .
% * The mouse sometimes was too fast

* Ver uncomfortable due tg e+ Typing is not as easy, virtual keypad
o kgyboard size yping Y yp « | would prefer a touchpad rather thar] a
= * Movement limited by PDA screen’s sizg¢ joystick
2| Very uncomfortable if not suppoft
=z surface available, tiresome.

¢ At home, in my living room, || «+ Once you get used to the PDA and the It was the most comfortable way {o
a would not use the big keyboayd stylus, it is a nice method to use interact; you can also relax in yofir
o) and the mouse on my legs . chair
e  Better, but need to practice more.
g ¢ The email task is more difficuk il d i e Easy to learn but difficult to usp
'S than the video task ° | SFt)'C prefer to send an email from nfy  eficiently

Table 4. Comments from theinterviews

5. SUMMARY AND CONCLUSIONS

In this paper, we illustrated our developments ofreanote
interaction device for home environments. Basedhentwo user
scenarios and the requirements to such a systerdeseibed the
implementation of the first prototype based on wsebsice
technology. Using the prototype we conducted a Isusar study
employing handheld devices to overcome the protdeparrying
mouse and keyboard for remote interaction with lgicg) user
interfaces.

The results provide as expected clear evidencadvantages of

keyboard and mouse as most study participants a&my v

experienced in their usage. Surprisingly perforhe mobile
device just slightly worse when it comes to taskptetion time,
has comparable results when considering usabdiigfaction and
performs much better when considering the erra. rat

With the prototype presented in this paper, useevguccessful
in their use of handheld devices to control interaed multi-
media services from the distance. Handheld dewdaceseady for
use in home environments, in particular when moasel
keyboard are not usable because of the missingacurfor
operation. So far, the study indicates potential feleasing
computer input from its current close associatidti vinouse and
keyboard.

Considering these results, one can argue that ealelvices
should be considered as a replacement for mous&eytbard in
a home scenario context, that they are applicaiamulti-user
scenarios such as collaborate web browsing andttiestare in
general an interesting option for the interactioithwemote

displays, such as the ones installed in publicrenments such as
airports and office buildings.

Overall, the usage of mouse/keyboard and PDA wih pnd

virtual keyboard are on a similar level regardirsgruacceptance,
satisfaction, and comfort; mouse/keyboard outsctnedthers in

terms of speed and (personal meaning of) efficiehtyact, the

error rate was dramatically increased with mousd&ard in

comparison with the other approaches. From the cemsnwe

conclude, that the PDA with pen was most fun ars) ¢a use,

but precisely operating a computer application \@outed more
practice.

Comparing the two PDA-styles we conclude, that gighe pen
and virtual keyboard were more accepted, satisfyafficient,
error-free, comfortable and easy to learn thangufie joystick
and keypad. There was no indicator where the lattercould be
preferred.

For writing emails it is remarkable that the (plogd) keypad of
the PDA were even behind the virtual keyboard om BDA's
display. From completion times for entering 50 eluéers of an
email-body we can say that entering larger texdtii an issue.
Obviously, there is more effort needed in develgpirew entry
techniques, like the EdgeWrite text entry [19], ambre
sophisticated keyboards and joysticks are conirigutto
enormously decrease the disadvantages that hasdheid
comparing to common keyboards in terms of speedease to
learn.

Based on the outcome of the first prototype, weaaméng at two
major improvements in the near future: (1) we wadlikd to add
more mobile input methods, and (2) we would likectmduct a



larger user study. In case of the former aim, wit add other

mobile devices to be integrated. The goal is twigea platform

integrating as different input devices and modaditas available
today. For the future, we will work on the goalafercoming the
problem of carrying any device by integrating gestiecognition

or speech control. For evaluation, we plan to cehdu more
sophisticated user-study, specifically with largeer groups, to
reveal the benefits for users of different ages g@hysical

capabilities.
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