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ABSTRACT

In this chapter, we present existing and ongoing research within the Human-Computer
Interaction group at the University of Bath into the development of novel interaction
techniques. With our research, we aim to improve the way in which users interact with mobile
and pervasive systems. More specifically, we present work in three broad categories of
interaction: stroke interaction, kinaesthetic interaction, and text entry. Finally, we describe
some of our currently ongoing work as well as planned future work.

INTRODUCTION

One of the most exciting developmentsin cur-
rent human-computer interaction research is
theshiftinfocusfrom computing onthedesktop
to computinginthewider world. Computational
power and the interfaces to that power are
moving rapidly intoour streets, our vehicles, our
buildings, and our pockets. The combination of
mobile/wearablecomputing and pervasive/ubig-
uitous computing is generating great expecta-
tions.

We face, however, many challengesin de-
signing humaninteractionwith mobileand per-

vasivetechnologies. In particular, theinput and
output devices and methods of using them that
work (at | east someof thetime!) with deskbound
computers are often inappropriate for interac-
tion on the street.

Physically shrinkingeverythingincludingthe
input and output devices does not create a
usablemobilecomputer. Instead, weneed radi-
cal changesin our interaction techniques, com-
parable to the sea change in the 1980s from
command line to graphical user interfaces. As
with that development, the breakthrough we
need in interaction techniques will most likely
come not from relatively minor adjustmentsto
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existing interface hardware and software but
from a less predictable mixture of inspiration
and experimentation. For example, Brewster
and colleagues have investigated overcoming
thelimitationsof tiny screenson mobiledevices
by utilising sound and gesture to augment or to
replace conventional mobile device interfaces
(Brewster, 2002; Brewster, Lumsden, Bell,
Hall, & Tasker, 2003).

In this chapter, we present existing and
ongoing research within the Human-Computer
Interaction group at the University of Bathinto
thedevel opment of novel interactiontechniques.
With our research, we aim to improve the way
in which usersinteract with mobile and perva-
sive systems. More specifically, we present
work in three broad categories of interaction:

o Strokeinteraction
o Kinaestheticinteraction
. Text entry

Finally, we describe some of our currently
ongoing work as well as planned future work.
Before we discuss our research, we present
some existing work in the areas mentioned
above.

RELATED WORK

Oneof thefirst applicationstoimplement stroke
recognitionwas Sutherland’ ssketchpad (1963).
Strokes-based interactioninvolvestherecogni-
tion of pre-defined movement patterns of an
input device (typically mouse or touch screen).
The idea of mouse strokes as gestures dates
back to the 1970s and pie menus (Callahan,
Hopkins, Weiser, & Shneiderman, 1998). Since
then, numerous applications have used similar
techniquesfor allowing usersto perform com-
plex actions using an input device. For in-
stance, design programs like (Zhao, 1993) al-
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low users to perform actions on objects by
performing mouse or pen strokes on the object.
Recently, Web browsing applications, like Op-
era and Mozilla Firefox,? have incorporated
similar capabilities. There are numerous open
sourceprojectswhichinvolvethe devel opment
of stroke recognition, including Mozilla,
Libstroke,® X Scribble,* and WayV .5

Furthermore, a number of pervasive sys-
tems have been developed to date, and most
have been designed for, and deployed in, spe-
cific physical locations and social situations
(Harrison & Dourish, 1996) such as smart
homesand living rooms, cars, labs, and offices.
As each project was faced with the challenges
of itsown particular situation, new technologies
and interaction techniques were devel oped, or
new ways of combining existing ones. Thishas
led to anumber of technol ogical developments,
such as tracking via sensing equipment and
ultra sound (Hightower & Borriello, 2001), or
even motion and object tracking using cameras
(Brumitt & Shafer, 2001). Furthermore, vari-
ous input and output technologies have been
developed including speech, gesture, tactile
feedback, and kinaesthetic input (Rekimoto,
2001). Additionally, environmental parameters
have been used with the help of environmental
sensors, and toolkits have been developed to-
wardsthisend (Dey, Abowd, & Salber, 2001).
Another strand of research has focused on
historical data analysis, which is not directly
related to pervasive systems but has found
practical applicationsinthisarea. Finally, many
attempts have been made to provide an inter-
face to these systems using tangible interfaces
(Rekimoto, Ullmer, & Oba, 2001), or a meta-
phoric relationship between atoms and bits
(I'shii & Ullmer, 1997).

Some projects have incorporated a wide
range of suchtechnol ogiesinto onesystem. For
instance, Microsoft’s EasyLiving project
(Brumitt, Meyers, Krumm, Kern, & Shafer,
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2000; Brumitt & Shafer, 2001) utilized smart
card readers, video cameratracking, and voice
input/output in order to set up a home with a
pervasive computing environment. Inthisenvi-
ronment, users would be able to interact with
each other, as well as have casual access to
digital devices and resources.

Additionally, text entry onsmall deviceshas
taken a number of different approaches. One
approachisto recognisenormal handwritingon
the device screen, which will allow users to
enter text naturally. The Microsoft PocketPC8
operating system, for instance, supports this
feature. Another approach aiming to minimise
the required screen space is the Graffitti” sys-
tem used by Palm PDAs, which allows usersto
enter text one character at a time. Text entry
happens on a specific part of the screen, there-
foreonly asmall areaisrequired for text entry.
An extension of this approach is provided by
Boukreev,®who hasimplemented stroke recog-
nition using neural networks. This approach
allowsfor asystem that learnsfrom user input,
thus becoming more accurate. A third ap-
proach is to display a virtual keyboard on-
screen, and allow the users to enter text using
astylus.

The work we report in the section Stroke
I nter action presentsatechniquefor recognising
input strokeswhich can beused successfully on
devices with very low processing capabilities
and very limited space for the input area(i.e.,
small touch-screens). The technique is based
ontheuser’ sdenoting adirectionrather thanan
actual shape and has the twin benefits of com-
putational efficiency and a very small input
area requirement. We have demonstrated the
technique with mouse input on a desktop com-
puter, stylus, and touch-screeninput onawear-
able computer and hand movement input using
real-time video capture.

Furthermore, the work on kinaesthetic user
input we present in the section Kinaesthetic

Interaction provides valuable insight into dif-
ferent application domains. Thefirst prototype
we present givesreal -time feedback to athletes
performingweight lifting exercises. Althougha
number of commercial software packages are
available to help athletes with their training
programme, most of them are designed to be
used after the exercises have been carried out
and thedatacollected. Our system, on the other
hand providesinstant feedback, both visual and
audio, in order to improve the accuracy and
timing of theathl etes. The second prototypewe
present is a mixed reality game. We present a
pilot study we carried out with three different
version of our game, effectively comparing
traditional mouse input with abstract, token-
based kinaestheticinput and mixed-reality kin-
aestheticinput.

Finally, thetext-entry prototypeswe present
inthe section Text Entry provide novel ways of
entering text in small and embedded devices.
An additional design constraint has been the
assumption that the users will be attending to
other tasks simultaneously (such as driving a
car) and that they will only be able to use one
handto carry out text entry. Thetwo prototypes
we present address this issue in two distinct
ways. The first prototype utilises only three
hardwarebuttons, similar tothetraditional but-
tonsused in car stereos. Our second prototype
makes the best use of asmall touch screen and
utilisesthe users' peripheral vision and aware-
ness in order to enhance users’ performance.
By maximising thesizeof buttonson the screen,
usersaregivenalarger targettoaimfor, aswell
asalarger target to noticewith their peripheral
vision.

STROKE INTERACTION

Inour recent work (Kostakos& O’ Neill, 2003)
we have devel oped atechniquefor recognising
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input strokes. This technique can be used suc-
cessfully on a wide range of devices right
across this scale. Previously, we have demon-
strated the technique with mouse input on a
desktop computer, stylus, and touch screen
input on awearable computer and hand move-
ment input using real-time video capture. We
have termed our technique directional stroke
recognition (DSR). Asitsnameimplies, it uses
strokes as a means of accepting input and
commands from the user. In this section we
give a brief synopsis of how our technique
worksand inwhich situationsit can be utilised.
A fuller description of thetechniqueisavailable
in (Kostakos & O’ Neill, 2003).

The technique is based exclusively on the
direction of strokes and discards other charac-
teristics such as the position of a stroke or the
relative positions of many strokes. The algo-
rithmisgiven an ordered set of coordinates (X,
y) that describes the path of the performed
stroke. These coordinates may be generated in
anumber of different ways, including conven-
tional pointing devices such as mice and touch

Figure 1. The recognition algorithm allows
a signature to be accessed via different
strokes
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screens, but also smart cards, smart rings, and
visual object tracking. Thecoordinatesarethen
translated into a “signature” which is a sym-
bolicrepresentation of the stroke. For instance,
an L-shaped stroke could have a signature of
“South, East.” Thissignature canthen belooked
up against a table of pre-defined commands,
much as a mouse button double-click has a
different resultindifferent contexts. Anadvan-
tage of using only thedirection of thestrokesis
that acomplex stroke may be broken downinto
a series of simpler strokes that can be per-
formed in situations with very limited input
space (Figure 1).

Theflexibility of our method allowsswitch-
ing between input devicesand methodswith no
need to learn a new interaction technique. For
example, someone may at one moment wish to
interact with their PDA using a common set of
gestures and in the next moment move
seamlessly to interacting with a wall display
using the same set of gestures. At one moment,
the PDA providestheinteractionareaonwhich
the gesturesare made using astylus; in the next
moment, the PDA itself becomes the “ stylus”
asisit waved in the air during the interaction
withthewall display. Any object or devicethat
can provide a meaningful way of generating
coordinatesand directions can provideinput to
the gesture recognition algorithm (Figure 2).

Someimportant characteristics of thistech-
niqueincludetheability for usersto choosethe
scale and nature of the interaction space they
create (Kostakos, 2005; Kostakos & O’ Neill,
2005), thus influencing the privacy of their
interaction and others' awareness of it. In
addition, the physical manifestation of our inter-
action technique can be tailored according to
the situation’s requirements. As a result, the
technique also allowsfor easy access, literally
justwalkinguptoasystemandusingit, withno
need for special equipment on the part of the
users. This makes the technique very suitable
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Figure 2. Using various techniques with the
stroke recognition engine
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for use in domains such as the hospital A&E
department’ s waiting area.

Thedirectional strokerecognitiontechnique
is flexible enough to accommodate a range of
technologies (and their physical forms) yet
provide the same functionality wherever used.
Thus, issues concerning physical form may be
addressed independently. In contrast, standard
GUI-based interaction techniques are closely
tied to physical form: mouse, keyboard, and
monitor. The technique we have described
goes along way towards the separation of the
physical form and interaction technique.

As aproof of principle, we implemented a
real-time object tracking technique that we
then used along with our stroke recognition
algorithm asan input technique. For our proto-
type, we implemented an algorithm that per-
forms real-time object tracking on live input
from a Web camera. The user can select a
specific object by sampling its colour, and the
algorithmtracksthisobjectin order to generate
a series of coordinates that describe the posi-
tion of the object onthe screen, or to be precise,

theposition of theobject relativetothecamera’s
view. We then pass these generated coordi-
natesto our strokerecognitionalgorithm, which
proceeds with the recognition of the strokes.
Due to the characteristics of our stroke recog-
nition method, the coordi natesmay be supplied
at any rate. So long as thisrate is kept steady,
the strokerecognitionisvery successful. Thus,
despite the fact that our object-tracking algo-
rithm is not optimal, it still provides us with a
useful prototype.

Experimental Evaluation

Our concernsto test the usability of interaction
techniquesintheabsence of visual displaysled
usto develop a prototype system for providing
information to A& E patients through a combi-
nation of gesture input and audio output. We
used our DSR technique for the gesture input
and speech synthesis for the audio output. We
ran an experimental eval uation of thisprototype
system. The main question addressed by the
evaluation was: if we move away from the
standard desktop GUI paradigm and its focus
onthevisual display, do we decrease usability
by losingthemajor benefit that the GUI brought
(i.e., being able to see the currently available
functionality and how to invokeit)?
Theexperiment itself (screenshotsshownin
Figure 3) is extensively reported in (O’ Neill,
Kaenampornpan, K ostakos, Warr, & Woodgate,
to be published). The results of our evaluation
may be interpreted as good news for those
developersof multimodal interactionwho want
to mitigate our reliance on the increasingly
unsuitable visual displays of small maobile and
wearable devices and ubiquitous systems. We
found no significant evidence that usability
suffered in the absence of one of the major
benefits of the GUI paradigm: avisual display
of available services and how to access them.
However, we must sound anote of caution. Our
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Figure 3. Our prototype system for object tracking used with DSR

An control object isidentified by clicking on it (top left), and then this object is tracked across the image to generate

coordinates (top right). The same object can betracked in different setups (bottomeft). By obscuring the object (bottom
right) the stroke recognition algorithmisinitiated.

Figure 4. Our experimental setup shown on the left and a sample stroke as entered by a user
shown on the right
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study suggeststhat with particular constraints,
the effects of losing the cognitive support pro-
vided by a standard GUI visual display are
mitigated. These constraints include having a
small set of available functions, a small set of
simple input gestures in a memorable pattern
(e.g., the points of the compass), a tightly
constrained user context, and semantically very
distinct functions.

Our initial concernremainsfor thedevelop-
ment of non-visual interaction techniques for
general usein amobile and pervasive comput-
ing world. Our DSR technique for gestural
input can handle arbitrarily complex gestures
comprised of multiple strokes. There is no
requirement for it to be confined to simple
single strokes to compass points. Its potential
for much richer syntax (similar to a type of
alphabet) coincides with the requirement for
much richer semanticsin general purpose mo-
bile devices.

KINAESTHETIC INTERACTION

Another focus of our research ison devel oping
interaction techniquesthat utiliseimplicit user
input. More specifically, the prototypes we
describe here utilise kinaesthetic user input as
a means of interaction. The two prototypes
were developed by undergraduate students at
theUniversity of Bath and utilise motion-track-
ingtechnology (XSensMT9 XBussystem®with
Bluetooth) to sense user movements. The first
prototypewedescribeisatraining assistant for
weight lifting and provides real -time feedback
to athletes about their posture and timing. The
second prototype described here is a game
application which turns a Tablet PC into a
mixed-reality mazegameinwhich playersmust
navigate a virtual ball through atrapped maze
by means of tilting the Tablet PC.

Weight Lifting Trainer

For our first prototype we utilised our motion
sensors to build an interactive weight lifting
trainer application. Our system is designed to
be used by athletes whilst they are actually
performing an exercise. Thesystem givesfeed-
back as to how well the exercise is being
performed (i.e., if the user has the correct
posture and timing). The prototype system is
shown in Figure 5.

To use the system, users need to attach the
motion sensors to specific parts of the body.
The system itself provided guidance on how to
dothis(topleftimageinFigure5). The sensors
we used are self-powered and communicate
via Bluetooth with a laptop or desktop com-
puter. Therefore, the athlete only has some
wiring from eachindividual sensortoahub. The
hub is placed on the athlete’ slower back. This
allows users for complete freedom of move-
ment in relation to the computer.

Once the user selects an exercise to be
performed, the system loadsthe hard-coded set
of data for the “correct” way of carrying out
the exercise. This data was produced by re-
cording aprofessional athlete carrying out the
exercise. The skeleton image on the left pro-
vided indications for the main stages of an
exercise (suchas“Lift”, “Hold,” “Drop”). The
right stick-man diagram (top right image in
Figure 5) demonstrates the correct posture and
timing for performing the exercise, whilst the
stick-mantoitsleft representsthe user’ sactual
position. Thereis also a bar meter on the right
which describes the degree of match between
optimal and actual positionandtiming. All these
diagrams were updated in real-time and in
reaction to user movement. Furthermore, the
system provided speech feedback with prede-
termined cuesin order to hel ptheuserswiththe
exercise.
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Figure 5. The weight lifting trainer prototype
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Thetwoimagesat thetop show screenshotsof the system. Thetwo images bel ow wer etaken during our eval uation session.

Toevaluatethisprototypewe carried out an
initial cooperativeevaluation (Wright & Monk,
1991) with five participants (bottom left and
bottom right in Figure 5). Our evaluation re-
vealed that users found it difficult to strap on
the sensors, due to the ineffective strapping
mechanism we provided. Additionally, wedis-
covered that the sensors didn’t always stay in
exactly the same positions. Both of these prob-
lems can be addressed by providing a more
secure strapping mechanism and smaller mo-
tion sensors. These problems, however, caused
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some users to believe that the system was not
functioning properly. The usersthought that the
bar meter feedback was useful and easy to
understand. Some of the users found that the
skeleton didn’t help them. Finally, some users
found the voice annoying, while others found
that the voice helped them to keep up with the
exercise. Most users, however, agreed that
moremotivational comments(such asthecom-
mentsthat areal lifetrainer makes) would have
been appropriate.
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Figure 6.

At the top we see the system being used by means of a paper cardboard acting as a control token. At the bottom left we
see the condition with the PC and mouse, and at the bottom right we see the condition with a Tablet PC acting both asa

screen and a control token.

Tilt the Maze

With this prototype we explored the use of
motion sensors in a mixed-reality game of tilt
the maze. Utilising motion sensors we build
three different versions of the game. The
objectivewasto navigate aball through amaze
by tilting the mazein different directions. This
tilt was achieved though the use of:

* A mouse connected to atypical desktop
PC. The maze was displayed on atypical
desktop monitor

e A lightweight board fitted with motion
sensors. The maze was displayed on a
large plasma screen

e A Tablet PC fitted with motion sensors.
Themazewasdisplayed on the Tablet PC
itself sothat tilting thetabl et woul d appear
to betilting the virtual mazeitself

We carried out a pilot study to compare
performance and user preference for all three
conditions. Duringthisstudy wecollected quali-
tativedataintheformof questionnaires, aswell
asquantitative date by recording the number of
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aborts, errors, and time to completion. The
three experimental conditions are shown in
Figure 6.

Each participant wasgiven thechancetotry
all systems. Theorder inwhich each participant
tried each of the systems was determined at
random. The interaction technique of using
motion sensors to move the board was well
received by the participants. Thiswas not only
showninthehigh numbersof participantswhich
“preferred” the Tablet PC (78%) but alsointhe
very low number of participants who “pre-
ferred” the standard and most commonly used
interaction technique of a mouse (3%). This
was also comparatively low to the percentage
of people who preferred the plasma screen
(19%), which also used the motion sensors to
tilt the board. The questionnaires showed that
participants found the Tablet PC the least dif-
ficult, then the plasma screen and found the
mouse the hardest way of interacting with the
system. Using Tablet PC participants took on
average 79 seconds using than the plasma
screen 91 seconds, and with the mouse 154
seconds. The mouse on average took almost
twiceaslong asthe Tablet PC to complete. The
number of aborted games was also |east on the
Tablet PC (1) and most by the mouse (9), while
the plasma screen had four aborts. It should be
noted however, that the average number of
errors made was greatest on the mouse (160),
but the plasma screen seemed to produce on
average less errors (94) than the Tablet PC
(104), athough the difference was relatively
small.

These results show that on average the
participantsliked using the Tablet PC themost,
made slightly more errors on it than on the
plasmascreen but finished in afaster time. The
lab experiment has given some confirmation
that the novel interaction technique of using
mation detectors to manipulate a maze (and
hopefully an indication that similar tasks will
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behavein asimilar manner) was received well
andthat it outclassed themost commoninterac-
tion technique of using a mouse.

TEXT ENTRY

In our earlier work on gestural interaction we
noted that the DSR may be utilised to commu-
nicate complex strokes, essentially acting as a
kind of alphabet with eight distinct tokens.
Althoughthisallowsfor complexinteractions, it
does not address the perennial issue of text
entry in mobile and pervasive systems. In this
section we describe two prototype systems for
text entry in embedded devices. These proto-
types were developed by undergraduate stu-
dentsat the University of Bath. Thefirst proto-
type makes use of two keys and adial to enter
text. The second prototypeallowsfor text entry
on a small size touch screen. Both prototypes
addressthe entry of text on embedded devices.
The application domain for both prototypes
weredesigned isembedded digital music play-
ers. We designed these systems so that users
can interact with them using only one had and
situationswerethe usershaveto attend to other
tasks simultaneously (such as driving a car).

Key and Dial Text Entry

The first prototype we present allows for text
entry on an embedded digital music player. We
envision this system to be used in cars, an
application domain in which traditionally all
interaction takes place via a minimum number
of hardware keys. One of the main purposes of
this approach isto minimisethe cognitiveload
on drivers who are concurrently interacting
with the steering controls as well as the music
player.

In Figure 7 we can see our first prototype.
Thetop of thefigureisamock-up of the actual
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Figure 7. Our mock-up prototype shown on top
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the edited character in the word.

hardware facade that would bevisiblein acar.
The main aspects of thisfacade wefocusonis
thecircular dial ontheleft, theleft/right arrows
below it, aswell asthe grey areawhich denotes
asimple LCD screen. At the bottom of Figure
7 we see the screenshots of our functional
prototype’ s screen. Bottom left depicts normal
operation, whilebottomright depictsedit mode.

When the user enters text edit mode, the
system greys everything on the screen except
thecurrent line of text being edited. InFigure7,
thetext being edited isthetitle of asong called
“Get back.” Text entry with this system takes
place as follows. The user uses the left/right
buttons to select the character they wish to
change. The character to be changed is placed
in the middle of acolumn of charactersmaking
up the alphabet. For example, in the bottom
right part of Figure 7 we can see that character
“k” isabout to be changed. To actually change
the character, the user turnsthe dial clockwise

or anti-clockwise, which hastheeffect of scroll-
ing up and down the column of characters.
When the user has selected the desired charac-
ter, they can move on to the next character in
the word using the left/right buttons.

We have carried out an initial set of coop-
erative evaluation sessions with 10 partici-
pants. The evaluation itself was carried out on
the whole spectrum of the prototype’s func-
tionality, which included playing music tracks
from a database, adding/deleting tracks and
tuning to radio stations. We received very
positivefeedback inrelationto text entry inter-
action. Some users were able to pick up the
interaction technique without any prompt or
instructionsfrom us. A few users, on the other
hand asked for instruction on how text entry
worked. Generally, however, towards the end
of the evaluation sessions all users felt happy
and comfortable with entering text using the
dial and keys.
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Figure 8.
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The prototype’s main playing screen is shown in the top left. The volume control screen is shown in the top right. The
keyboard screenisshowninthebottomleft. Onceakey ispressed, thefour optionscome up, asshown inthe bottomright.

Text Entry on Small Touch Screens

The second prototype we have developed and
evaluated utilisessmall-sized touch screensfor
text entry. Once more, this prototype was
developed for text entry in environments was
the users are distracted or must be focused on
various tasks. For this prototype we wished to
take advantage of user’s peripheral vision and
awareness. For thisreason, the prototypeutilises
the whole of the touch screen for text entry.
This enables usersto aim for bigger targets on
the screen while entering text. Furthermore,
thisprototypewasdesignedto allow for single-
handed interaction. The prototype is shown in
Figure 8.

To enabletext entry, the system bringsup a
keyboard screen, shown in the bottom left in
Figure 8. This design closely resembles the
layout of text used in traditional phones and
mobile phones. At this stage, the background
functionality of the system has been disabled.
When a user presses a button, a new screen is
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displayedwithfour optionsfromwhichtheuser
may choose (bottom right in Figure 8). Notice
that the user can only enter text, and no other
functionality is accessible. This decision was
made in order to accommodate for clumsy
targetingresultingintheuseof afinger, instead
of a stylus, to touch the screen.

Weevaluated thisprototypeby carrying out
six cooperative evaluation sessions. Theinitial
phase of our evaluation was used to gauge the
skill level of the user. The co-operative evalu-
ation was then carried out following a brief
introduction to the system. During the evalua-
tion, breakdowns and critical incidents were
noted either viauser prompting or by theevalu-
ator noticing user problems. After the evalua-
tion was complete, the user was queried on
these breakdowns and instances. A brief quali-
tative questionnaire was given followed by a
longer quantitative questionnaire. These gave
us both feedback on user opinions, and sugges-
tions about the overall system.
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According to our questionnaire data, users
foundthetext entry functionality quiteintuitive.
Specifically, onascaleof 0 (very difficult) to9
(very easy), the text entry functionality was
rated 8 on average. Based on the qualitative
data collected, we believe that the design em-
ployed, that of the simul ation of amobile phone
keyboard, workedwell andwashighly intuitive.

ONGOING AND FUTURE WORK

Inour research we are currently exploring new
waysof interacting with bigand small displays.
One of the systems we are currently develop-
ingisusedfor exploring high-resol utionimages
onsmall displays. Thissystem, showninFigure
7, provides an overview of theimage, and then
proceeds to zoom into hot spots, or areas of
interest within theimage. The feedback area at
thetop providesinformation about the progress
of the task (progress bar), the current zoom
level (circle), and the location of the next hot
spot to be shown (arrow).

Another research strand we are currently
exploring is the use of both large screen and

small screen devicesin situations were public
and privateinformationisto beshared between
groups of people. We are exploring the use of
small-screen devices as a private portal, and
are devel oping interaction techniques for con-
trolling where and how public and private in-
formation is displayed. Our overall am is to
develop interaction techniques that match our
theoretical work on the design of pervasive
systems (K ostakos, 2005), the presentation and
delivery of public and private information
(O'Neill, Woodgate, & Kostakos, 2004), and
making use of physical and interaction spaces
for delivering such information (Kostakos &
O’ Neill, 2005).
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KEY TERMS

cooperative evaluation: The process by
which a computer system developer observes

users using the system. The purpose of this
process is for the developer to identify prob-
lems with the system.

gesture interaction: Interacting with a com-
puter using movements (not restricted to
strokes) performed by a token object.

Kinaestetic interaction: Interacting with a
computer viabody movement (i.e., hand, arm,
leg movement).

pilot study: Aninitial, small-scale evaluation
of a system.

stroke interaction: Interacting with a com-
puter using strokes. To perform the strokes a
user needs a token object, such as the mouse,
their hand, or atennis ball.

strokes: Straight lines of movement.

text entry: Entering alphanumeric characters
into a computer system.

ENDNOTES

. See http://www.opera.com

2 Seehttp://www.mozilla.org/

8 See http://www.etla.net/libstroke/
libstroke.pdf

4 See http://www.handhelds.org/projects/

xscribble.html

http://www.stressbunny.com/wayv/

See http://www.pocketpc.com

See http://www.palm.com

See  http://www.generation5.org/

ai sol utions/gestureapp.shtml

o See http://www.xsens.com
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