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Abstract

Traditional ways of interacting with multimedia applications fail in a domestic setting because the
user inferaction devices typical of a desktop multimedia system (mouse, keyboard, joystick, high
resolution screen) are currently unavailable or are impractical, We have investigated, prototyped,
and evaluated an alternate interaction device based on a handheld touchpad device that we believe is
practical in a domestic environment where people interact with Multimedia content for education and
enfertainment in a lounge room like setting. We have evaluated the usability level of the device in
human trials and found that it performs better than keyboard-mouse combination, which is one of the

most widely used interaction device today.

1. Introduction

Human-computer interaction currently focuses
on the computer. Humans must adapt their
behaviour and skills to the computers
peculiarities to achieve a desired goal. In some
situations this is acceptable; in others,
particularly the domestic use of computing and
communications technology, it is not.

The emergence of the Cable Modem and
Asymmetric Digital Subscriber Line (ADSL)
technology  makes  interactive  domestic
entertainment and education services feasible [1,
2, 3, 4]. At home, Interactive Multimedia TV
{IMTYV) 1s likely to have a hypermedia interface
where the content and the interaction mechanism
are merged [5, 6] and links are supported within
and between text, images, video, audio, graphics
and dimensions by selecting links to follow.
They also needs to enter information for
searches and authentication for applications
such as electronic banking and shopping.
Current computer-focused interacton devices,
such as traditional TV and VCR remote control,
wireless keyboard and trackball combinations
[7], and others are inadequate for interaction
with hypertext and hypermedia based content in
a domestic setting typically because of their size
and cumbersome interaction without a firm
support based. A more sophisticated interaction
device is required; one that can specify location
or direction in two dimension, support text entry,
and operate in 2 lounge-room environment.

We have investigated and prototyped an
alternate  interaction device for domestic
environment. The device is based on a handheld
touchscreen (touchpad) Newton Personal Digital
Assistant (Newton PDA). The touchpad acts as
an uncommitted graphical remote control {8, 9,
10, 11, 12] and allows the user interface to a
particular piece of hypermedia or @n application
program to be separated from the program [13,
14] and loaded into the user interaction device
dynamically. The touchpad then presents only
the required interaction information to the user
in any particular situation.

Intgraction is provided by:

s pointing on the touchpad supporiing current
byperlink interaction

e moving the pointsr on the touchpad
supporting current mouse based interaction

s writing the touchpad supporting text entry
for queries and authentication

e gesturing with the touchpad pointer
supporting gesture based input and
interaction

Future work will couple the touchscreen to a

SmartBadge {15, 16, 17], a badge based [18,

19} location and environment sensor to allow

location based interaction and orientation

sensing further increasing the richness of the
domestic interaction device.

The hypothesis is that, by focusing on to how an
input device can be made to take advantage of
the human basic capabilities rather than the
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human lcarning on how to confirm with to the
device requircment, we have developed a usable
interaction device. The touchscreen function
employed in the interaction device is expected be
more likeable to the users than traditional mouse
for pointing tasks. In addition, the handwmting
recognition-based input exploited from the
Newton PDA feature is likely superior in some
aspects of usability to the traditional keyboard in
performing small amount text in data entry
tasks. The device is also believed to be more
appropriate for the domestic sefting than

competing interaction devices like wireless -

keyboard and fieldmouse.

2. Usability Issues

There are several key issues that must be
considered in the design of user interface device
for domcstic scttings.

The users. The users of domestic multimedia
entertainment are ranging from novices to
experts, The main problem with the varous
levels of uscr’s skill is how to design a user
interface that is not tedious for expert and is also
easy to use and understand for novices.

Choice of interaction device. The remote
interaction device plays a key role in the
usability of the interface. A report [1] pointed
out that in existing systems, many keys are not
used (e.g., colour and contrast), and key labels
are not understood. Some basic design mules,
revealed in the same report, are: it should have
as few keys as possible, including a pointing
device, and should have a key layout that is easy
to remember. In general, the choice of
interaction devicc depends upon the interaction
tasks will be supported and the environment
where present the interaction process; €.8.,
public or domestic environment.

Understanding of the system. The system should
be built to allow viewers holding accurate
mental representation, Otherwise, they are likely
to have problems to optimally, or easily, use the
system.

3. Design Considerations

With mobility as their rcasons, the new
generation of personal digital assistants (PDAs)
support two natural interaction techniques, i.e.
touchscreen and handwriting input with stylus.
Another feature is their programmable intelligent
cormmunicator part.

Considering the usability issues for domestic

hypermedia, the following factors should be
considered. :

Domestic Setting. The charactenstic of domestic
sethng is similar to public environment. Noises
are unavoided. Viewers are not likely to watch
while sitting on the desk [7]. Therefore
traditional keyboard and mouse are not
appropriate. The interaction device for such an
environment should be a hand-held device which
does not require an additional hard flat surface.

Human Basic Capabilities. The device was
designed by taking into account human basic
capabilitiecs. Amongst the interaction device
technologies that patural to human are voice,
hand-gestures, touchscreen. For pointing tasks
touchscreen is the most patural one. Despite its
natural form of interaction, hand-gesture input is
lack of comfort and non self-revealing. It
requires wearing a glove and being linked to the
computer, or, in a video-based hand-gesture
tracking case, users must stay firm in one
position to get their hand-gestures tracked
properly by the system. User also must know the
set of gestures that the system recognises. For
data entry tasks, voice recognition input is out of
selection because of the noise sensitive nature of
the technology. Although not as natural as the
technologies mentioned earlier, handwriting
recognition is more natural than typing. People
learn to write earlier than type.

The user of Imterface Metaphors. Mgtaphor
philosophy is to express the unknown in terms of
the kmown. It exploits the wusers’ current
knowledge in order to help to form their mental
model correctly. The use of related terms or title
can also help. The display of the mteraction
device is comprised of a screen metaphor with
“SCREEN?" title for touchscreen functior and a
paper metaphor with “TEXT INPUT™ title for
handwriting-based input.

4. Prototype

The touchpad has been comstructed from a
Newton PDA and a HTML. viewer. The HTML
viewer runs on a computer in the network and
renders HTML pages. A proxy program takes
the rendered pages {Figure 1), converts them
and sends them to the touchpad for display
{Figure 2}..
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User actions (current pointer position and text
entered through the handwriting recognition
capability of the Newton) are transmitted to the
proxy which then converts coordinate system
and text, and forwards the messages to the
HTML viewer (Figure 3). The user-interface to
the application or media stream is presented as a
serics of HTML pages. User actions are
implemented as a collection of CGI programd
(remote procedure calls) attached to links the
HTML pages. :
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Figure 3 System Architecture

The touchpad-based interaction device acts as a

remote touchscreen. As a result, it removes at

least three of the traditional touchscreen (ie.

pointing directly to the TV/PC screen)

disadvantages:

¢ The requirement to stand or sit within hand-
reach distance.

o The risks to human eyes (related to the
distance from the screen).

¢ The lack of mobility.

A symple example is presenting an interactive
movie guide. The guide page contains the text
names of the movies on offer as hyperlinks, The
guide page is rendered and displayed on the
touchpad. When a user selects a link the
selection event is relayed back to the HTML
viewer through the proxy. The link in the HTML
page is then followed causing a CGI program to
start the movie playing the users’ IMTV
connection. An HTML based data siream
associated with the movie can then be displayed
on the touchpad to give the user interactive
control of the movie playback and potentially
non-linear access to the movie content.

5. Evaluation Result

The device is compared with several competing
device to identify the potential advantages and
disadvamtages of the device in a domestic
setting. The result are summarised below:

Newton-based Interaction Device (bandwriting
and touchsecreen)

Advantages

e support select-and- point and text
entry
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& climinatc the need for uscr learning

o handwnting is morc natural than
typing

o can be used as virtual wircless
keyboard

Disadvantages

s heavicr - introducing fatigue

¢ delay for image transfer

Filed Mouse

Advantages

e light - Icss fatigue

Disadvantages

e support only select-and-pont

e requires hand and eye co-ordination

e requires visual accuity

Wireless Keyboard with Integrated Trackball

Advantages

s support select-and-point and text
cntry

Disadvantages

o large and heavy, leading to fatigue

» inconvenient to store

® requires hand and eye co-ordination
(trackball)

e presumes typing skills

5.1 User-involved Usability Experiment

The experiment is used to measure the user
acceptance level of the Newton-based interaction
device in the light of several usability factors
such as: comfort, ease of use, less error prone,
naturalness, accuracy in pointing objects or
selecting menus, ease of correcting mistakes and
speed of entering data;

The experiment was divided into two generic
tasks:

Select-and-Point Tasks: The aim of this task is
to compare the Newton and the mouse in
performing  sclect-and-point  function. The
subjects were free to do whatever they want.
They navigate and browse the hypermedia
interface, reading or watching whatever they
want. In a multimedia setting, all viewers are
likely to want to entertain themselves by
watching movies or reading newspapers or
magazines. Therefore they may have no specific

task in mind when they start ‘surfing’ the
interactive TV.

Data Entry Tasks: This part of the experiment
compares the keyboard and the Newton in
performing data entry task. The subjects were
asked to write down or fype their names,
occupatons and comments about the Newton-
based interaction device in a fillin form
interface. Data entry tasks require small amount
of typing or handwriting. This task is necessary
as it anficipates that the applications supported
by an imnteractive TV may include electronic
home shopping and banking. This may mean
customers are required to fill in their names,
account, amount of money to withdraw or save,
¢le.

5.1.1 Subjects

Forty-three volunteers served as subjects in the
first experiment. Fourty of them were using
keyboard-integrated pointing device daily. There
were three novices amongst them. None of
subjects had used Newton before.

5.1.2 Equipment

Two kinds of input devices were used in the
experiment: keyboard-mouse combination and
Newton PDA as Multipurpose Input Device. All
input devices are connected to the PC running
linux.

5.1.3 Procedure

At the beginning of the experiment, the observer
gave each participant a tutorial on how to use
the Newton and keyboard-mouse combination
(important for nowvices). Using each of input
devices (i.e, Newton and keyboard-integrated
pointing device), each subject interacted with the
TV screen emulator user interface, locating any
information or entertainment they wanted to see.
In the second task, the subjects wrote their
personal information and comments on the
Newton user interface and send the data to the
remote screen,

After completing each of these tasks, the
subjects were requested to fill in a questionnaire
with responses on a five-point Lickert scalc,
containing 11 questions about the input devices
just tested. The users’ preferences to the newton
were compared to their preferences to the mouse
and keyboard. The subjective fecling is gauged
by their responses to particular questions.
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5.2 Resulfs and Discussion

During the data analysis stage, the preferences
were detected using Wilcoxon-Mann-Whitney
confidence interval and test [20, 21, 22, 23].
MINITAB [22] statistic program was used to
perform the calculation. The first hypothesis
(Ho) was that users have no preferences between
the Newton and the mouse or keyboard. The
alternate hypothesis (H,) was that the users
preferred one device over the other (depends on
their median value). The confidence interval of
95% and level of significant & = 0.05 and a =
0.01 were used. The differences found with @ =
0.01 is more significant than with & = 0.05. By
using a = 0.01, the probability of type 1 error
(rejecting the null hypothesis falsely) is made
smaller.

Table 1 and Table 2 summarise the results.
The hypothesis were:

Hy: py=py, Users have no preferences, the
medians are equal.

Hi:p #p,,  Uscrs prefer one device, which
has a greater median, than the
other.

H, constitutes the assertion of hypothesis that is
accepted if

H, is rejected. However, the decision depends on
whether

the difference is significant or not.
Table 1 Result for select-and-point tasks

Usability N |Significant| Significant | Preference
Faclors at Level

Comfort 43 | 0.0001 g Newton
Ease of Use | 43 | (.000]1 — Newton
Less 43 | 0.0002 wE Newton
Mistakes

Naturalness | 43 | 0.0004 > Newton
Accuracy 43 | 0.0001 e Newton

* significant if & = 0.05; ** significant if o« = 0.01; NS:
Nol Signilicant at either a’s

Newton vs Mouse: From five usability aspects
observed, the test showed that significant
differences exist in five aspects. (Table 1).

The Wilcoxon-Mann-Whitney U test shows that
the device leads Mouse in all five usability
aspects {Figure 4}. Another important fact of
this experiment is that none of the subject had
complaint about the performance of the Newton-
based inferaction device, in particular the
transfer speed (which had been a major
complaint in the earlier design).

Accurac b

b

@ Naturelh SO

B

b E new ton
E [] mouse
a

3

=

Medlan

Figure 4 Usability Factors: Newton vs Mouse

Table 2 Result for data entry

Usability N [Significant| Signilicant | Preferemces
Factors at Level

Comfort 43 0.002 - Newton
Ease of Use 43 0.014 . Newton
Less 43 0.074 NS

Mislekes
Naturalness 43 0.001 b Newlon
Ease of | 43 0.001 ks Newton
Cormecling

Speed of | 43 0.601 NS _—
Data Eniry

* significant if o = 0.05; ** significant if oo = 0.01; NS : Not
Significant at either at's

Newton vs Keyboard: Table 1 shows the
calculation for the text entry tasks. The
Wilcoxon-Mann-Whitney U test indicates that
the Newton-based interaction device is now
superior to keyboard in four of six usabiity
aspects observed {Figure 5}. Then Newton-
based interaction device is more comfort, easier
to use, more natural, and more easy for
correcting mistakes. No sipnificant differences
found in less likelihood of making mistakes, and
speed of enmtering data. Although the median
comparison shows that the Newton-based
interaction device offers less likelihood of
making mistakes than keyboard, the Wilcoxon-
Mann-Whitney U test (Table 5.7) recommends
not to reject the null hypothesis. Therefore, for
this usability aspect, we consider The Newton-
based interaction shares the same preferences
with keyboard.

General comment expressed by the most of the
subjects about the two usability aspects in which
the device cannot lead the keyboard is that they
are used to keyboard because they use keyboard
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for text cntrv or word processor daily. They are
more familiar with kevboard. Virtual keyboard
is also quite stow for them because they can only
touch one key per time compared to ten-keys for
the fast typist. In addition, The Newton needs an
amount time to recognise their handwriting.
Last, They expressed that the Newton’s
handwriting recognition errors affect their score
to the device,

Comiot  Escaofie  Lets Miisba Haturmnesn Comscfion  Dain Speed
‘Emsp Envy

Uaahility
Figure 5 Usabilily Factors: Newton vs Keyboard

5.3 Notes on Learning Effect

The human trials was performed two times. The
last was performed afier several improvements
to the system. Twenty-three of the fourty-three
participants of the second test are first test
participants. They have only used the Newton
once before and, therefore, have gained a
learning experience from the first tmal. This
approach leads to question whether the user
interface of the Newton-based device is easy to
learn and easy to remember. The latter is the
matter of retaining ‘how to use the device’ in the
users’ memory or how long this knowledge is
retained in the users” memory.

In the Newton versus Mouse experiment, the
improvement on the result of the usability testing
is due to two dominant factors:

1. The specd of data transfer directly influences
comfort and indirectly affects ease of use,
less mistakes, and naturalness (i.e., once the
user feel the device is too slow then they are
not likely to give high score for the rest of
usability factors). This fact is collected from
the additional comments the users wrote on
the questionnaire.

2. The human leaming capability affects the
ease of use, number of mistakes, and
naturalness.

3. Accuracy is affected by the directness of the
interaction. That is, touchscrecn is a direct
device whereas the mouse is an indirect
device.

In the Newton versus the Keyboard experiment,
the improvement on the result of the usabihity
testing is caused by two dominant factors:

. The speed of data transfer directly
influences comfort and data entry speed,
and indirectly affects the case of use, less
number of mistakes, and naturalness.
That is, once the user feel the device is too
slow then they arc not likely to give high
score for the rest of usability factors)

2.  The buman leamning capability affects
case of use and naturalness.

There are several additional notes for lesscning
the number of mistakes and the ecase of
correcting mistakes factors. Correcting writing
mistakes in the Newton device is as easy as
scrubbing out the words or sentences. It is easier
than correcting mistakes using ‘delete’” or ‘€’
keys in the keyboard. However, the accuracy of
the handwriting recognition of this device is the
problem for the ‘less of mistakes® factor,
particularly when the guest mode is wsed. The
latter affects the speed of entering data (many
word mistakes and correction might occur before
sending the text).

6. Conclusions and Future Works

In almost all usability factors examined, it
appears that a handheld touchpad based a non-
committed user interaction device provides
higher level of usability to currently available
wireless keyboard/trackball, air-mouse/ficld-
mouse or dedicated remote-control systems in a
domestic Multimedia setting. Three novices
gxpressed that they feel the touchpad is more
natural and easier for them.

The higher level of user acceptance can be
considered since almost all participants used the
touchpad for the first time while they are
keyboard and mouse users.

The usability experiments used traditional
keyboard-mouse combination as comparison
devices. Further practical observation can be
made to examine the prototype against the field
mouse and wireless keyboard. The prototype has
been developed and examined using a wired
cable. It is referred to as a wircless non-
committed communication. Actually the Newton
PDA has the infra red communication features
that enables a fully wireless communication.
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Further investipations are needed to check
whether similar results are obtained when the
latter mode is used. Further work could also
include other application arecas such as games
interfaces and other mobile interaction systems.
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