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Abstract. This reports research on users' attitudes towards and use of
GSM devices and discusses the implications these have for the future
evolution of hand-held devices. It argues that current usage patterns
suggest that there is unlikely to be a widespread convergence of infor-
mation accessing devices and person to person communication devices.
It also argues that the latter devices and their associated applications
could provide much richer opportunities for communication behaviours
than is currently available, and that therefore design efforts within the
mobile HCI community should focus on this rather than on information
use applications.

1 Introduction

1.1 Mobile HCI

If one looks back at the history of mobile HCI, one can see that certain assumptions
have underscored the research undertaken within its auspices. Expressed very simply,
it has been the case that the research questions have to do with information usage.
This in turn has split into two main research topics: access to information when remote
and away from an office, and, on the other hand, interaction with information on the
hand held devices themselves. The one has to do with the constraints of interaction
over distance [e.g. 24], the other with constraints of interaction on small scale devices
[e.g., 14,23]. More recently, this basic dichotomy has been supplemented with a con-
cern for how interaction with people (or other users if you will) may be combined with
information access. This has taken many forms, ranging from location-based services
applications through to how different user groups bring themselves together with the
use of distinct types of information, such as provided by games and sports [2, 12].

Throughout the history of mobile HCI there have of course been various tangential
research activities that don't fit so easily within these basic assumptions and subse-
quent strands of research activity. My own early work on location-based services, for
example, was one such activity [9]. Here we had neither a clear idea of what informa-
tion may be interacted with nor how that might augment person to person communica-
tions. There are many other curios within the research literature. But these tangents
notwithstanding, mobile HCI has remained and is essentially about human-information
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interaction over devices that are remote and small, in varying degree. In this regard,
mobile HCI has been primarily concerned with what goes on inside the head and not,
if you like, with what goes on in the heart. It has been concerned what the mind thinks
rather than what the body feels.

Without wanting to suggest that this dichotomy between the heart and the mind is
the only one of note�though I shall come back to this�what I am wanting to argue is
that the information centric assumptions of mobile HCI are not the only ones that one
might wish to start with. One could easily start from a different set of assumptions,
and this would lead research in different directions. Now it seems to me that one might
not want to treat this problem in a carte blanche fashion, as if it did not matter which
set of assumptions research is built on. After all, a great deal of effort goes into build-
ing up the assumptions that underscores any discipline. Nonetheless, it is worth while
to occasionally revisit these assumptions and consider whether other disciplines, other
paradigms, have something to say about them that may justify their revision.

As a case in point, mobile communications engineering is a discipline that has, until
very recently, been quite separate form the HCI community, yet at the current time
seems to be moving into a similar space, albeit with a very different set of agendas and
research questions. This is because its assumptions are quite distinct. Though the
computing power that mobile communications researchers take for granted is equally
large to that in mobile HCI, the opportunities that this power is thought to afford, the
way that this is leveraged to offer new services and applications, and the model of
human needs that underscores examination of these issues, are all different. Instead of
interaction with information, it is emotional action with partners, instead of navigation
with information on hand held devices, it is navigation to one's friends and family that
is investigated; instead of speed of data entry and retrieval, it is the social cost of a
communication that is important.

These differences are not merely incidental. They have all sorts of implications for
evolution of the research questions that each programme of inquiry�or paradigm if
you will�undertakes. They also have implications for certain ideas and beliefs that
underscore both. For example, it is commonly believed in both the mobile HCI and
mobile communications paradigms that future devices will combine the properties of
each: the converged device, for want of a more suitable term, will offer both commu-
nications power and information access.

But it does not seem unreasonable to ask whether this will happen: after all, can the
design solutions of each satisfy both? Or will it be the case that one will win out over
the other? In other words, is convergence another name for the dominance of one
paradigm over another? Besides, are the two so different anyway that attempts to
satisfy what is understood to be the problems that each has to solve will inevitably
produce solutions that, in trying to please everyone, please no-one at all, least of all
the lowly user?

I want to reflect on the particular differences between mobile communications re-
search and mobile HCI not merely for the sake of it, but because now is an especially
opportune time to do so. For one thing, many commentators claim that convergence is
imminent; for another, and I think this is more important, there is an increasing
amount of data about human behaviour that indicates how the future might be shaped
by the user and not by the industry (or even for that matter the research community
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related to that industry). This is particularly the case in relation to the ways in which
people might want to optimize their use of mobile technology. This may force a revis-
iting of the idea of convergence.

I want to suggest, and bring a little bit of empirical evidence to show, that the future
of mobile devices will be first and foremost about offering users the ability to keep in
touch with friends, family and colleagues, and that this will take precedence over
technologies and applications that will offer information access and use. This is not to
say that the latter will have no role, but it is to say that their role will be of less signifi-
cance to the user. This will in turn have numerous implications for the kind of devices
people will want to carry around with them and, relatedly, the kinds of bundles of
services that they want these devices to provide. I will argue that they will want de-
vices that support communication above all else, and other services will be subordi-
nate to this. One consequence of this will be that some services will not find a place in
the bundles, and the reasons for this will have to do with what the hierarchy of user
preferences imply in terms of the interaction mode(s) that devices support. These
modes will constrain what is possible on devices, not in the sense that it might be
impossible to design some services and applications for certain of these modes, but
because users will find it too hard to do so. Doing so will be, to put it colloquially, too
much bother for them. In short, I will argue that to be in touch constantly and easily
will compromise the design of applications that offer information use. To satisfy the
former, user needs result in the usability requirements of the latter being cast aside.

This does not mean that the future will be a dull area to research. Just because
communications between people will take precedence over interaction with informa-
tion does not reduce the opportunities for insightful and creative design. The use of
information supporting devices will continue, I believe, and thus research will need to
continue apace�though these devices might not be so important as some researchers
currently think.

On the communications side, even more research is needed than has been under-
taken to date. After all, the user of mobile devices would find little different between
the devices they currently use and the fixed point telephone user of the 1930s and 40s.
The only difference perhaps is the short text messaging service. And yet the possibili-
ties for human contact are inordinately rich and diverse. I am convinced that the future
of communication will be as broad as we can design it to be, though as yet no-one has
stirred up the mobile communications community to produce any such insights. If the
mobile HCI community has been creatively barking up the wrong tree by focusing on
information use, the mobile communications community has not even discovered it
can bark.

1.2 The Research

I will make this argument on the basis of research I and my colleagues have been
undertaking for the mobile industry over a number of years [1,3,24,25,26,27].For
those who have been funded by the computer industry, this might hint at the possibil-
ity that what I am claiming simply reflects the paradigm of my paymasters. But this is
not the case. After all, and this is to restate what I have just mentioned, the idea of
convergence�the myth of it if you will�is held equally in the mobile industry as it is
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in the computer systems world. Both industries have much at stake when it comes to
convergence. Neither wants the future to unfold in the way the evidence suggests.
Besides, my view is based on evidence from studies of people using technology and
these studies have included looking at information use devices just as much as com-
munications devices. This research has been solely motivated by a concern with the
user, not with how I or anyone else thinks the future ought to be.

2 From Analogue, to GSM to UMTS

2.1 A Brief History

Mobile telephony is now omnipresent so it may be hard to realise how rapid and re-
cent has been its mergence, especially when compared to the slow pace of adoption
for office information systems. In the UK and the rest of Europe, for example, ana-
logue TACS/NMT mobile phone services became available in 1985 and the GSM
digital service in 1993 yet by the end of the decade GSM devices were an everyday
occurrence.

One also might forget that although people quickly became familiar with the con-
cept of mobile telephony, it was at the outset high priced and targeted at business
users. Yet oddly enough, organisational management were unpersuaded of the benefits
the technology might provide, and initial take-up of the technology within business
was essentially on an individual rather than corporate basis, where individual staff
adopted the technology and then gradually demonstrated to their colleagues the bene-
fits they derived. Eventually, business management as a whole began to recognise
these benefits and so began to be more willing to pay for and support mobile devices.
Despite a regulatory framework designed to reduce price, the products still remained
expensive and thus were expected to continue to be primarily for business use. Yet,
once businesses made the technology familiar to the public at large, there was an un-
expected and rapid growth in non-business, consumer demand. This became so strong
that, in less than a handful of years�by the mid to late nineties�a point had been
reached where owning a mobile became a social norm, particularly in Western Europe
and Japan.

In simple terms, the history of the mobile can then be described as, first of all, a pe-
riod of individual business people pulling the technology; second, their success lead-
ing to a period of business management pull, which resulted in a sufficient level of
familiarity with the general public for a third period during which the consumer at
large adopted the technology very rapidly; and fourth, this eventually resulted in the
situation we have now where having a mobile phone is virtually a social necessity.

In many respects, this path of evolution and in particular, the unexpected uptake of
mobile communications as a mass consumer product was a boon for the industry,
though the fact that this was a surprise is testament to how ineffective the mobile in-
dustry has been at understanding its market place. This is all the more surprising when
it is realised that the pattern of adoption of mobile devices is in fact common with the
introduction of other technologies, including the fixed line telephone at the start of the
last century and the introduction of televisual broadcasting technologies in the middle
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part of that century [3]. Whether a similar pattern will hold true with UMTS and other
so-called 3G standards, is, of course, part of the subject matter of the research re-
ported here.

2.2 The Social Shaping of the Mobile

In any event, if this is the general character of the take up, the actual impact of the
mobile phone itself is another matter. Initially the mobile phone did not displace other
communications devices, most especially the fixed line. Certainly there was continual
change in the technologies in the users' hands, but this had more to do with the cycle
of new mobile systems being introduced and replacing antiquated technologies than in
what the technology could do [3,27].

Overall however, mobile telephony created an addition to people's lives rather than
substitution of previously existing telephony and communications systems. The result
was that mobile phones expanded what is called in the literature the �ecology' of
communications technologies, and in so doing became as important to work, family
and personal life as the fixed phone and other communications systems [10].

There were nonetheless substantial differences in this ecology, according to culture,
social class and the myriad types of relationship consumers could have with providers
and manufacturers. This relationship was mediated through not only the devices them-
selves but also in such mechanisms as billing and payments methods. Differences
showed themselves in prepaid being a success in Europe and less so elsewhere, for
example, and in the brand acceptance of some terminal manufacturers over others
[27].

Research on these and other topics is quite extensive, and without wanting to go
into detail about it all, a number of main areas or topics of inquiry can be identified.
To begin with, there is a consensus that mobile phones had�and continue�to rein-
vigorate social relations through providing a voice or text mediated form of face-to-
face relations. Some commentators view this �virtual presence' as counterbalancing the
increasing social isolation created by other new digital media, such as interactive
digital TV, computer gaming and the Internet [7, 11]. This benefit made mobile com-
munications unlike other digital technologies and unique from the users' perspective.

It is also argued that with mobile communications, person to business relationships
could become much more personalised than before, with mobile communications
allowing more intimate and frequent contacts. In large part this is because mobile
networks provide much more fine grained, �particularised' information about user
behaviours than has been possible hitherto [21], though users did not�and still do
not�perceive this as a concern nor has business effectively leverage any opportunities
this provides. Much of this data has remained untapped (though new services are
likely to latch onto its possibilities � location services, spam text and so on)

Mobile phones also result in more private behaviours in public spaces than ever be-
fore, with gradually fewer boundaries to acceptance of where and when people can use
their mobile phones. This is a world wide phenomenon, though the extent to which it
occurs varies between different countries. This particular aspect of mobile devies is
perhaps the one that's been given the most attention, with research reporting the effects
of this in Finland [18], France [8], Italy [4,5], the Far East [17] and elsewhere.
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Lastly, and this returns us to the main theme of this paper, many commentators ar-
gue that the relationship between the user and the device itself has become much more
emotional than was hitherto the case with computer technologies. It is argued that this
is a function of the social connectivity that mobile phones afford and thus reflects a
relationship with the content more so than the device itself [4,16,19,20].

2.3 Explorations in the Emotional Dimension

Clearly, each of these dimensions are deserving of much attention. The one I am ex-
ploring here, though, the one about emotion, has I think, a number of important impli-
cations. To understand these though requires some careful thought, however.

For example, Fortunanti [4] suggests that mobile devices are treated in an emotion-
ally distinct way because they are, as she puts it, charismatic. This results in users
spending more on their mobiles than they would on any other technology, and being
covetous of the devices themselves, getting highly distressed when they are lost, and
making sure that they are always near them, like a child or a partner. Fortunati makes
no suggestions as to what the implications of this might be for future services but it
seems not unreasonable to assume that if this is the case, then they should be designed
to reflect this charisma, irrespective of how that might be done. Certainly, in human
factors and ergonomics and more recently even in HCI, the idea that emotional reac-
tions to an object, what one might call the lust of an aesthetic, has been gaining
prominence, whether it be in the work of Jordan in ergonomics [14] or Norman in
HCI.

Be that as it may, Fortunati's view suggests that it is simply the object itself that en-
genders emotional reaction, as if the need for a mobile phone is merely created by
marketing. But in contrast, most of the research on mobiles, including my own, takes a
different view and this holds that the emotional value is a result of what people do
with their phones. In this view, the shape or form of the device�those properties that
might reflect its charismatic nature�seem less important than its functions.

Some evidence by a project by Ericsson sums up the issue I and my colleagues
have begun to identify (though as it happens the Ericsson researchers do not take the
same lesson from it) [22]. Be that as it may, in their research, a young woman from
Singapore was presented with all the hand-held and portable devices she currently
used or could buy, including her mobile phone, PDA, Blackberry and Walkman, and
was then asked which she would like bundled together. Her response was to say that
she wanted everything to go into one object except the mobile phone. That was spe-
cial, she explained, and too important to be mixed up with other things. She did not
trust that if it were put in with other devices it would be capable of doing what she
wanted it to.

Of course, this begs the question of what exactly she did with her phone as well as
the question as to what she thought the Ericsson researchers in particular would do to
it�given their poor reputation for user friendly devices. That aside, her comments
allude to and resonate with the bulk of research into user behaviours that indicates that
something about the role of the mobile phone, something about its shape, form and
function, when combined, results in users finding that mobiles play an irreplaceable
role in their daily lives: not in the sense of bringing charisma to their existence, but in
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the sense that the phones become key tools in their lives, one of such importance that
mobile phones even appear to affect who they are.

2.4 A Methodological Approach to the Issue

Now, as we were gleaning various perspective on emotion in the literature and listen-
ing to presentations by Ericsson and others, we were not quite sure where the inkling
that something more was afoot might lead to, or even if it would lead us any where at
all. But the general swell of evidence recommended us to explore further. We had
already been undertaking extensive ethnographic studies, so we opted to compliment
these with a research approach that could be more focused. We also wanted to under-
take some international comparison. Therefore we decided to undertake focus groups
activities with colleagues in Germany (Erfurt) and in the UK (London and South
East). We also issued a fairly detailed questionnaire that was completed by 72 indi-
viduals in the UK and France. We then presented results from these activities to key
players in the mobile industry to test whether our evidence resonated with their in-
sights, and if not, whether it might be revised. The results made it clear that the view
of people like Fortunati, though certainly capturing some of the issues in question, did
not quite capture the full salience of them. It is to explore what they are that we now
turn.

2.5 The Language of Users

Findings from different data sources obviously need to made tractable in various sorts
of ways. In our ethnographic research for example, we had discovered that many of
the texting activities of the people we studied could be thought of as kinds of gift
giving, though many of our subjects would not use that term themselves [25,26]. In
contrast, one of the tasks we set ourselves in the focus group endeavour was to address
the very issue of language and understanding, and to try and capture users' own ways
of formulating and describing their experience.

What we found is that in some of the focus groups, particularly in the UK, few
people use the term emotion to describe their relationship with mobiles: �It's a funny
way of putting it� being a common response to the proposition. Elsewhere, in Ger-
many for example, the term seemed to accurately capture what users though them-
selves.

Beyond these differences in the initial formulation of language terms, what we did
find is that most of our subjects, wherever they were and irrespective of their age,
gender or income, use emotional language categories to explain their mobile usage.
These categories could be listed and categorized in ways that reflect the complexity of
the term emotion. We found that there appeared to be six main types or dimensions of
emotional language category used to account for ownership and use.

Strangeness This is perhaps the most interesting term since it is suggestive of how
fundamental mobile ownership has become. The term was used to label those who
don't have mobile phones. They were viewed as strange not in the sense that �these
days everyone has a mobile� and that these people were merely unfashionable. The
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term strange was used to intimate the idea that those people who do have a mobile
phone must live in a world that is quite unlike the world of everyone else. In light of
the above account of panic, those who exist without a mobile must be, according to
this view, attenuated from society at large. In other words, non-owners could not be
normal in a profound sense.

Panic Here the term was used to describe the feelings that absence from the device
created. Now, though users of PC's might also feel a sense of panic when their ma-
chines break or perhaps are removed from their desktops for one reason or another,
the tenor of the panic produced by the loss of the mobile is quite distinct. Here the
panic is not for the loss of money or value in the device itself, it is panic for the loss of
being in touch that resulted. To put this boldly: what the focus groups suggested is that
to loose one's mobile means to loose one's connection to society. T loose one's PC is
to not be able to work for a while or undertake some leisure activity.

Irrationality One negative consequence of ownership and use is the fact that people
recognize that often they cannot control their behaviour with mobiles. In this sense
their actions really are emotional, insofar as it is sometimes the heart that exerts con-
trol over the mind, rather than the other way round. The best example of this is when
people use their mobile while driving, despite the fact that they �know' it's dangerous.

Thrill Another obvious manifestations of emotion comes from the excitement that is
induced by using mobile devices in particular ways: there is the novelty of use for
example, though this pales with familiarity. More permanently, thrill comes from the
ability to transcend the borders of public and private behaviours: receiving intimate
texts in public places is one such activity.

Anxiety One consequence of having a mobile and knowing that others do too, is the
realisation that people might have personal reasons not to be in contact with one an-
other. It is no longer technology that thwarts them. If this is so, then people get anx-
ious because they want to know what are the reasons why some one might not be
willing to call. Is it because they are angry? Have they forgotten to? Are they ill? Not
knowing the answer to these questions makes people worry. Conversely, if one can
always be in touch, when has one been in touch enough? How much more could one
know? What is the right balance?

2.6 The Actions of Users

So, these are the language categories that people use to explain and account for their
relationship with mobile phones. Certainly, these would seem to confirm the idea that
there is a distinctly emotional flavour to this experience, and moreover suggest that
this is potentially powerful: those who do not own a mobile are viewed as existing in
an almost different world to �normal people', one where being in touch does not mat-
ter. According to this, it would appear that having a mobile is not a perk of the 21st

century but a prerequisite of living.
Ideas and modes of expression are not sufficient to fully understand what is the

character of the mobile in modern society, of course. There is also the question of
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what people do with their mobiles. Again, from the focus groups, what became clear is
that the primary goals relate to achieving emotional ends.

Perhaps the most obvious and most commonly reported has to do with setting up
social arrangements: �I call my friends �stupid calls�I'm meeting them in half an
hour and I'll call them, speak to them� until I meet them�. Another has to do with
avoiding making set appointment times - just arrange to call when you get there:
�meeting in a big park of people�. And a third (though there are more) has to do with
making or breaking relationships: �You can be silly on texting, you're too embar-
rassed to phone�; �If I want to speak to my girlfriend any time of the day I know that
I can & it kind of takes the fun out of it when I'm seeing her.�

In addition to emotional goals, users also behave �emotionally' in the sense of be-
have in irrational ways, as alluded to above in the discussion of language terms. They
constantly call their partner/spouse, for example, even when they are in the same
house: �I just feel the need to�. They use the mobile impetuously: �I just had to call
someone�. And even though they know they should not, they use it in places that
creates danger: �Even when I am driving and I go over those mini roundabouts in 4th

[gear].�

2.7 Interviews with Experts

Before we began trying to explore what these findings meant in terms of the future
evolution of services and products, we tested them against what the industry as whole
knew about users. The response of various industry experts to these materials, in mar-
keting, in product design and in strategy departments, was generally confirming,
though the extent to which the relationship with mobiles could be described as emo-
tional varied according to cultural differences, as we found in our own focus groups.
In Israel and Germany, it appeared that there was a widespread recognition of these
values, while in the UK this was not so clear. In other countries, Sweden, Italy and
Ireland, the view seemed to be somewhere in the middle.

All concurred, however, in believing such things as the personalisation of GSM de-
vices (colour, directories, ring tones) was less a reflection of the normal pattern of the
evolution of consumer products (where personalisation to some degree is used to
differentiate products) as an indication of the particularly emotional character of users'
attitudes toward mobile devices. Some even remarked on the way mobile devices are
held and touched to affirm their own understanding that the users relationship with
mobiles is indeed different from their relationship with other products, cultural differ-
ences of expression notwithstanding.

Looking toward the future, the expert panel commented that, in the first instance,
they would be attempting to leverage emotional values to identify and sell new prod-
ucts. Key to this will be using emotional relationships between friends as a route to
offer services and products that augment those relationships. In the longer term, the
panel explained that they would introduce products and services that would be less
and less emotional, thus leading themselves out of the confines of satisfying purely
emotional needs. Their view was that they need to start developing 3G services
through leveraging person to person emotional needs, and then, step by step, introduce
more person to information-like services.
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3 Implications

Using emotion in the way described by these industry experts to maximise the poten-
tial of products and services would appear to mechallenging not least because it de-
mands a level of understanding of customers�existing and potential�that has kot,
historically, at least, been known by the mobile industry. It demands knowledge of the
purpose of the user's communications, for example, of how those purposes deliver
particular kinds of emotional value, and so forth, that is at a level of granularity that
does not seem to fit the typically high level modeling of user needs deployed in the
industry.

For instance, the use of SIM card readers by some service providers to collect and
store information held on mobiles�phone numbers in particular�is a present day
example of a service that responds to users' fear of losing data but goes only a small
way to addressing how to do so in a way that reflects the emotional value given to
some of the information stored on their phone. Much more needs to be understood
about how emotional values are delivered and preserved before designers can identify
ways of leveraging opportunities related to emotion. After all, these SIM card readers
cannot distinguish between numbers that the users thought they had deleted and those
that they �really want'; between those numbers that link them to people that matter on
an emotional level and those that were put in there temporarily for a short trip or such
like. The latter can be forgotten; the former are too precious and may even be kept
when the relationship in question has finished. SIM card readers treat stored informa-
tion as much of a muchness (i.e., as all the same). For this to change, of course, not
only will the reader technology have to change, since one would imagine that there
would also need to be changes in the design of the virtual address book so that appli-
cation that relied upon in it, like the SIM card reader, would be instructed as to types
of information stored on it. One can imagine an address book for temporary numbers
for example, the stuff that does not need to be copied over, and a book for personal
and permanent numbers, that should be.

This is but one prosaic example illustrating the general point that a failure to under-
stand the emotional aspects of the �mobile experience' could lead not just to failure to
offer everything users might want, but even to undermining their needs. New services
could fail if they replace or impinge upon services to which the user ascribes an emo-
tional attachment. For example, the threat of losing text messaging and having it re-
placed by new technologically better services may create considerable resistance from
users. For not only is texting now a key tool in sustaining emotional lives, but storing
personal text messages is now a highly valuable element to people's emotional arsenal
[1,25,26]. SMS may be thought of as simply a communicative technique from the
supplier's point of view, but to the user it has values over and above this [11].

Relatedly, the adoption of new form factors may affect these emotional values. For
instance, the current size of GSM devices supports constant carrying around: �it never
leaves you�, as one of our subjects put it. This means that users are never forced to
relinquish contact with those they need to be in contact with. Now, it should be clear
that before GSM they would have had to be out of reach for certain times of the day
and in certain places. The point is that with GSM they have come to expect this con-
stant access. Future devices must not threaten this. Many information delivering serv-
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ices and products, for example, require larger screens than most current GSM devices
do, and this may lead to expanding the form factor to a level that makes constant car-
rying difficult or at least irritating and burdensome. It does not matter whether these
new devices are provided by UMTS providers or the Wire-fee community, each re-
flecting the two distinct domains of mobile research mentioned earlier, the outcome
from the perspective of the user would be the same.

Similarly, one-handed input means that it can be used at almost any time �even
when driving�. Many 3G devices, particularly those which combine the PDA form
factor with soft keyboards for dialing and so forth, require two handed in-put. This
inhibits the places in which they can be used. Clearly in some respects this could be
advantage: stopping people using the mobile while driving may be viewed by some as
a way of increasing safety on the road, for instance. But for many users it is precisely
the ability to be in touch at any time that provides the value that has made the GSM
phone distinct. Assault these values with new products, even if it is only at the edge,
and the overall value may be diminished.

Beyond these specificities of form factor and service change inertia, a further and
perhaps more significant implication is that demand for services that sustain emotional
lives may be highly inelastic: people may pay �whatever it costs� to have and use a
mobile phone (though the cheapest will do). This may drive out other devices simply
because the user may have to choose what to spend their disposable income on. Thus,
it may be that users will always choose a communications device first, even though
this might leave no budget for information access and use devices. This may be de-
spite the fact that the user may recognise that some value would be provided by own-
ing such a device. Their predicament however, relates to the fact that their communi-
cations needs, their desire to be in touch and to satisfy their emotional lives, swallows
up all the cash they have.

4 Conclusion

What has been argued then has to do with how user needs and patterns of behaviour
might shape future demand for services and products. At one level, the argument has
been that users place a different value on what one might call information, on the one
hand, and words, on the other. The former may be thought of as the kind of content
that, let us say, the Web provides, the latter as the kind of content that GSM devices
provide (though the latter includes both the spoken and the written word). The claim is
that�person to person' connectivity services engender emotion and that in so doing
create considerable value. In contrast, �person to information' connectivity does not
achieve the same emotional value. The result is that when it comes to the crunch,
when it comes to having to choose between spending on one rather than the other, it
would appear that emotion will win out over information.

Now, of course, it may be that in the future the cost of either kind of service will
not force a choice between one or the other, though at the current time this looks like
being unlikely. But irrespective of economics and the kinds of disposable incomes
people may have in the not too distant future, there is also an ergonomic argument that
leads to the same conclusion. For the evidence also suggests that the capacity to be �in
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touch' any time and place, irrespective of the danger and irrational behaviours that
results, is a key added value for the mobile user. The form factor of the current GSM
devices, then, may satisfy a need that new form factors more ideally suited to other
needs, such as information use, might not satisfy so well.

Underscoring this is what is sometimes called the appliance argument. This holds
that interactive devices need to be designed to offer �radical ease of use' through
placing the primary function at the top of the level of functions[13]. In so doing the
ideal design for usability is optimized for the application that is most sought after by
the user. One byproduct of this is that all other applications have their usability needs
compromised. As I said at the outset, though this may result in devices that can be
used for a host of applications, in practice, this may lead users to only use one or two
applications, primarily the communications ones as I suggest, because the others are
too much bother. The users may feel that they just take too long to use, or are simply
too difficult. Needless to say, it might be possible to create designs that optimise a
multiplicity of applications so that such compromises need not occur. Sadly, if one
looks at the efforts of mobile HCI and the mobile communications research commu-
nity, the likelihood of this occurring is very slim indeed.

But in any case it might be that trying to solve this particularly obdurate problem is
not an area that research should focus on. If one thinks about human communication in
the general, one will note that exchanges between people are not all the same, as if a
hello were the same as a summons, as if a whisper from a lover is the same as a bellow
from a boss. Yet if one looks at current communications applications and protocols
one will see there are few alternatives made available to the user, and people cannot
vary the ways they call their friends, partners, or colleagues, except perhaps through
the use of text. Indeed, perhaps this is precisely why texting has been so popular.
There are beginning to appear some design ideas that explore this space but as yet
these are too few and too limited in imagination. This need not be so. I urge mobile
HCI and the communications industry to take up the challenge.
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Abstract

The chance encounter with a colleague in the corridor; the discussion around a table
or whiteboard in a meeting room; the interactions over sketches on table napkins in a
restaurant: those are all examples of spontaneity in the absence of electronic devices.
In ubiquitous computing, where there are �hundreds of computers per room� [7]; per-
sonal devices carried or worn by the humans; and computational services associated
even with non-electronic entities  people places and things [4]  the opportunities
for spontaneous sharing of ideas and media should multiply [3,5].  In this talk I shall
take spontaneity, like mobility, to be a basic human desideratum.  While some might
prefer the routine, in general we stand to benefit from the serendipitous availability of
other people and computational resources as we move around in our everyday lives.

At first sight, there is room for optimism about realising that vision.  For example,
cash machines are a reasonably successful example of the design of �walk up and
use� devices: in a foreign city, we happen upon one and successfully withdraw cash
with little chance of error.  But spontaneity in ubiquitous computing is far more chal-
lenging.  First, it encompasses multi-device, multi-human interaction.  For example,
one user shows the other a document from their mobile personal server [6] on a con-
venient nearby screen; a group of friends play their media to one another using what-
ever devices there are between them in a bedroom or living-room [1].  Second, the in-
visibility of wireless associations can be as much of a hindrance as an aid to
spontaneity [2].

I will examine the opportunities and the challenges for spontaneous interaction,
using case studies to make a progress report for the research community.
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Abstract. Mobile urban environments present a challenge for context-
aware computers, because they differ from static indoor contexts such as
offices, meeting rooms, and lecture halls in many important ways. Inter-
nal factors such as task goals are different�external factors such as so-
cial resources are dynamic and unpredictable. An empirical, user-
centered approach is needed to understand mobile contexts. For these
ends, we present insights from an ethnomethodologically inspired study.
The data consist of travel episodes of 25 adult urbanites (incl. elderly,
single mothers, adolescents) in Helsinki. We present how situational and
planned acts intermesh in navigation, how people create personal spaces
while waiting, and how temporal tensions develop and dissolve. Fur-
thermore, we provide examples of social solutions to navigation prob-
lems, examine aspects of multitasking, and consider design implications
for context-aware mobile computing.

1 Introduction

Mobile technologies can be seen as new resources for accomplishing various everyday
activities that are carried out on the move. People seem to have tremendous capabili-
ties for utilizing mobile devices in innovative ways for social and cognitive activities.
For example, mobile phones are nowadays used not only for talking but also for ar-
ranging ad hoc face-to-face meetings with friends, finding driving directions, fixing
blind dates, and even chatting with unknown people. People seem to have vast re-
sources for mobile lifestyle.

In its complexity, mobile lifestyle presents a challenge for context-aware comput-
ing. Context-aware devices are supposed to monitor the changing contexts of the user
and to adapt in an appropriate way through interpreters, aggregators, and services [5].
Sensitivity to user’s situation is necessary. For this end, mobile computers need
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�awareness� of several contextual factors: social, psychological, physical etc. What
factors, and how they should be interpreted and acted upon, is the million-dollar ques-
tion. The majority of the research in context-awareness cannot help us much in ad-
dressing this question, because it has concerned mainly what we call static, or fixed,
indoor contexts�e.g., offices, meeting rooms, and lecture halls. Maybe because of the
static nature of such contexts, it has tried to create rigid taxonomies and general �all-
embracing� definitions of context�with a negligible success (see e.g. [3]).

Because of having deep social roots and involving dynamically changing environ-
ment, mobile context seems to be even tougher concept to be �defined�. Therefore,
deciding, from an armchair, which attributes are relevant is problematic. We believe
that in order to be socially acceptable and useful, context-aware technology must be
based on empirical knowledge of context, analysed from the perspective of social and
human sciences. In this paper we describe such study. We will show how different
aspects of mobile contexts are created and maintained by situated actions in everyday
life. Furthermore, we will draw implications for the design of context-aware comput-
ing.

2 Our Approach

What goes into a context is a widely debated and controversial issue. There is a wide
body of literature with a slight philosophical flavor concerning the issue [2, 6, 7, 12,
20, 22]. Attempts to standardize a definition of context have been made (e.g. ISO
13407 [13]). However, some researchers consider these conceptualizations too vague
and general to be adapted to any specific design processes. The common objection is
the following [12, 7]: Because context is tightly intertwined with users’ internal and
social�continuously changing�interpretations, it seems very difficult to capture
context in any general sense that would support practical designers. Consequently,
there have been doubts if the concept of context is of any use [21,12]. The demand for
new approaches to tackle the problem is imminent.

This demand has been noted. For example, Dourish [7] has distinguished two
strands of context-aware computing research. The first is informed by the research on
physically based interaction and augmented environments. The second attempts �to
develop interactive systems around understandings of the generally operative social
processes surrounding everyday interaction� [7, p.231]. The study presented here falls
under the second line of research. We hypothesize that situated actions vary richly in
mobile contexts. Many actions and routines are performed simultaneously while being
on the move. For these reasons, we believe, mobile contexts do not lend themselves to
rigid general definitions or static taxonomies. Importantly, however, actions per-
formed while moving and their contexts also have regularities that can be captured by
context-aware devices. Regularities in mobile contexts presumably differ from those
in static contexts.

Our starting point is that important contextual attributes are always determined by
the specific use situation in loaded with different action resources: motives, plans,
other people, mobile computers etc. To understand what is relevant for adaptive inter-
action, the use situation must be studied with user-centred methods. This paper con-
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tributes to empirical attempts in trying to understand how context-aware computing
might make its place in mobile activities, especially in the rapid change of the contexts
in everyday urban navigation. Our aim is to understand important characteristics of
mobile contexts. How are different mobile contexts constructed and upheld by peo-
ple’s interactions with other people, available technology and the outer surroundings
of action? What kind of resources do present technologies, such as mobile phones or
Internet cafØs, provide for rendering people’s everyday activities contextually account-
able and by that way culturally meaningful?

In addition to the user-centered empirical approach, two points are emphasized in
this study. First, our interest is confined specifically to context-changes occurring on
the move in urban public and semi-public places (typically somewhere between home,
leisure activities, and work). In contrast to previous work that has involved restricted
areas such as museums, offices or university campuses, we are interested in the inter-
play between dynamic context-changes, moving people, and their actions. Another
point of departure to previous research is that we are specifically interested in the
majority of consumers�the elderly, single mothers, and youngsters in this study�
instead of, say, businessmen or researchers.

Finally, this study is an analysis of activities taking place in present-day urban envi-
ronments. We do not try to predict the future on the basis of present-day technology.
Instead, we believe that an understanding of present-day activities is necessary for
gaining an insight on how future devices and applications could support or even chal-
lenge the present interactions in mobile contexts1.

3 Method and Data

The data was gathered using the principles of ethnographic participant observation
and analyzed with an ethomethodological focus (see e.g. [10, 18, 25]). Twenty-five
adults (names changed in the following) were observed in moving from one place to
another during their normal days in the Helsinki Metropolitan Area. The amount of
subjects resulted in a saturated observational data.

The study took place during the summer 2001. However, the data is still valid two
years later, in 2003, for two reasons: 1) Obviously, people still do those kinds of eve-
ryday activities (commuting, shopping, parenting) we observed and 2) no widely
adopted mobile services, that could have changed urbanites’ moving patterns, have yet
been launched.

Five researchers spent 1 to 3 days with each participant. Video, still camera, and
field notes were used as tools of documentation during observations. The focus of our
observations was on subjects’ everyday activities, especially activities related to their
urban everyday journeys. Our method has been near participant observation because
we have been part of those social settings. However, we have been there as purely
researchers, not as participants. A broader description of our data collection method is
given in [14].

                                                          
1 Discussions about the usefulness of this kind of �Technomethodology� can be found in [8].
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For the analysis of mobile context, observations were transcribed and represented
in a notepad-like format. Photographs were presented on the left side of the notepad,
and explanation of pictures and storyline were beside. Storylines were in the form of
thick descriptions, that is, including all the details we could observe and document.
These documents were then divided to travel episodes. A travel episode consists of
temporally organized (i.e., it has a beginning, middle, and end) action patterns de-
picting a meaningful journey between two places. �Meaningfulness� here means that
actions were performed in sequences in order to fulfil a need. A special emphasis was
given to finding nodal events (e.g., see [19]), that is, events where an action trans-
formed the present context into another recognizable context. A good example of such
nodal event is the space claiming act (see Section 4.2). These nodal events, if they
were reoccurring throughout the data and carried out on the move by our subjects,
were analysed further. Specifically, we tried to identify means and resources by which
these contexts are situationally contructed and upheld.

4 Characteristics of Mobile Contexts

We here describe five characteristics of mobile contexts. The characteristics can be
seen as the sum of different resources and actions, by which the mobile contexts are
situationally contructed and upheld, and which are utilized to render actions account-
able. Characteristics presented here are 1) diagnostic of mobile contexts, but not so
much of static contexts, and 2) recurring in many travel episodes. We present the
characteristics closely linked to the constituting activities and give illustrating exam-
ples. Discussion of design implications is postponed to the last section.

4.1 Situational Acts within Planned Ones

When moving, people usually have a mental plan that represents how to navigate from
place A to place B and what actions must be performed on the way in order to fulfill
the plan. However, several actions can be performed in a situational, ad hoc manner
during the journeys. One important aspect of mobile navigation seems to be that un-
planned context changes lead to unplanned situational acts. Our participants often
dropped or popped in somewhere or to somebody on their way to their primary desti-
nation, as our field observations indicated (see Fig. 1 and 2).

Lucy Suchman’s [21] notion that plans do not simply determine action but provide
resources through which individuals organize their own actions and interpret the ac-
tions of others in certain situations seems to be valid also in our observations. People
keep their main target in mind while simultaneously acting on �oncoming� opportuni-
ties, such as interesting boutiques or cafØs. Thus, in that sense the pattern of the mod-
ern urban journey can be similar to those of native Polynesian navigators who do not
forget their final target although they are constantly reacting to their immediate envi-
ronment, such as waves and winds of the ocean [11].
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Fig. 1. Semi-planned sidestepping. Jane was on her way to a cafØ to meet with her friend. She
got off her tram in front of another cafØ that provided an Internet access. She dropped in there
to read her e-mails and then carried on to meet her friend

Fig. 2. Popping in to a store. After missing her bus, Anne was walking from work to home.
She noticed nice postcards in the bookstore window and decided to go in the store to have a
closer look at the cards. She realized that she needed to buy one, since she was going to a party
tomorrow

Certain contexts enable people to perform actions that are significant only at that
specific moment. These actions do not necessarily replace the "main" plan; rather they
are little side-steps on the way to the goal. However, the threshold for doing these
side-steps has to be low if they are to be performed while still adhering to the main
plan�otherwise the sidestep could become the main plan.

Another point we want to make here is that unplanned acts are often social in na-
ture. From time to time, people may unexpectedly run into acquaintances�for exam-
ple, people they know but have not seen for a while. Sometimes it takes time for peo-
ple to recognize each other from a crowd. But since they’ve done that, they usually
stop to chat about latest happenings�it would be impolite to act otherwise (Fig.3).
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4.2 Claiming Personal Space

People need space for themselves and for the action they are about to make. Accord-
ing to many psychosocial studies, the upholding of personal space is a universal
need�only the dimensions of this space are culturally dependent.  Public and semi-
public spaces, a cafØ for example, shape the use of space rather strongly. In some
mobile situations, for example in the tram, the space must be claimed more actively by
certain socially recognized actions.

Transformation to the private space triggers activities characteristic to that context.
For example, space claiming in a bus is often followed by reading newspaper, watch-
ing out of the window, talking to a mobile phone etc. According to our field observa-
tions free newspapers are read when travelling alone. Using the newspaper, the reader
claims a personal space [4]�a sphere of privacy in the middle of other passengers.

Another example from our data is a group of friends sitting around a table and
sharing a newspaper, turning their backs to other people, and that way isolating from
them. The number of people in the group seems to be an important factor affecting
how spaces are claimed and actions carried out in the created context. People walk or
ride alone, with or among other people. In that situation, a �territorial space�, i.e. a
socio-spatial space that is slightly larger than a mere personal space, is claimed [4].
The group takes the needed space for example by indicating that it will not yield oth-
ers while roaming ahead, or by setting objects (e.g. when having picnic in the park)
belonging to them around them, widening thus their personal space to territorial one.

Fig. 3. Ad hoc, unplanned side-stepping triggered by social context. Jane was riding in a tram
in order to visit to her friend. While talking on the phone, she noticed her another friend, Al-
bert, stepping in. Jane finished the phone call and went to Albert. They started to chat. Jane told
him about her moving together with her boyfriend, about her new job, and about quitting her
old job. Albert told her that he got out the civilian service, that he had moved to Helsinki, and
that he was going to get a job
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Fig. 4. Marking a boundary  of personal space with newspapers. Jane was riding alone on a
bus. All the passengers were reading a similar free newspaper. So did Jane. There were no
discussions among the passengers

Fig. 5. Gathering in a circle as a sign of claiming group space. Anne and Maija met Jaana at a
metro station. They got together in a circle to talk about the clothes that Jaana had bought. They
share a territorial space

What is apparent here is the way spaces are transformed to one’s own places by
using available situational resources. In trams the free newsletters, and in groups the
circling act provide physical resources to socially mark the place.

By these situational actions the actor(s) manifests herself from an outsider to a par-
ticipant of a certain social activity. Many of the markers of changes in personal/group
space, such as picking up the newsletter or forming a circle with friends, could be used
as starting points in the recognition of transformation to new contexts.

4.3 Social Solutions to Problems in Navigation

Navigation in urban spaces is difficult for a number of reasons. Maps are complicated
and hard to remember, streets and buildings resemble each other, exact addresses are
difficult to keep in mind, and complicated bus routes are difficult to envision. These
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problems are usually solved in interaction with other people. When persons on the
move come up against obstacles or are simply feeling unable to estimate their routes
correctly, they often seek help via their social channels.
In our data, navigation problems were solved with the help of mobile phone. For ex-
ample, when people realize that a bus has already gone, mobile phones are quickly
picked up from pockets. Telephone connection is invoked mainly for two reasons: for
announcing that the schedule has changed, and for negotiating what to do next.
From the point of view of context recognition, phone calls to important persons re-
lated to the activity in the middle of moving could be one predictor (i.e., a nodal
event) of being lost in navigation.

4.4 Temporal Tensions

Time plays a crucial role in moving through urban areas. It has been argued that mo-
bile devices free people from limitations of time and place. Our data, however, in
agreement with previous work [15], firmly disagree with this. In fact, time and place
are overemphasized in mobile contexts. Fluctuations of importance of time and space
as contextual factors are here called temporal tensions. Temporal tensions are
(loosely) analyzed to four stages: acceleration, normal (anticipated) proceeding,
slowing down, and stopping. Some situations get accelerated so that many tasks
should be done more or less simultaneously, and some prepared tasks may become
impossible at the very moment. They can be carried out only if events unfold as an-
ticipated. Sometimes everyday life gets �slower�, or even �stops�; for example be-
cause of a suddenly cancelled appointment, misunderstood timetable of a public trans-
port vehicle.

Fig. 6. Missing a bus triggers social activity. Kaarina was on her way with her children to meet
a friend. They missed the bus they planned to take and she called her friend in order to ask
when the next bus is going. She preferred to call even though the timetable was in front of her.
In spite of this, she made an assumption that her friend had time to speak with her before her
visit
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Fig. 7. Hurrying. Kaarina needed to run with her children because they needed to catch a bus.
Before running they were in a fast-food restaurant, and the children didn’t enjoy their meals fast
enough

The two temporal tensions emerging from our data are hurrying and waiting. When
moving in a hurry, physical and social surroundings change rapidly but attention is
directed mainly to space (e.g., shortest route) and time (e.g., monitoring time). In the
middle of human and inhuman moving actors, finding the fastest route becomes im-
portantand co-ordinating the hastening requires all the attention of the person. Activi-
ties that need constant monitoring involve route selection, checking time schedules,
informing related persons, and anticipating changes in the surrounding environment.

Sometimes people simply hurry too much, which results in waiting. Waiting can be
then utilized, for example, by calling somebody as in our data (Fig. 8). Physical and
social environments restrict what people can do while waiting. Talking on the mobile
phone in public places has become socially acceptable during the last five or six years
(in the Nordic counties), whereas projecting one’s slides onto the wall with a laptop
and portable video projector, for example, would be inappropriate in public places.
The issues surrounding the problem of �waiting� are central for mobile computing and
should be explored more by the future work.

4.5 Multitasking

The fact that navigating through an urban environment requires constantly paying
attention to surroundings means that attentional resources available for e.g. interacting
with a device are limited. We noticed that moving and waiting pose somewhat differ-
ent demands on how the environment on the one hand and the task itself on the other
are attended.

Navigation while moving obviously restricts multitasking. As discussed in Section
4.1, people seem to have a longer-term plan of navigation (e.g., �to go and visit par-
ents�) divided into sub-goals (e.g., �turn left in the next corner�). Therefore, monitor-
ing the environment so as to notice if a sub-goal has been reached requires attentional
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resources away from other tasks. The requirement for attention is higher in situations
involving more uncertainty, such as when getting more and more closer to a signal that
indicates the fulfillment of a sub-goal (e.g., �the corner of the street�). Another atten-
tion demanding task is manipulating or creating sub-goals �on the fly� (e.g. inferring
the shortest route when coming to a street-crossing). These are likely reasons why our
participants tended to have less multitasking while moving than while waiting. How-
ever, when the route is familiar and navigation more automatic, more multitasking can
be carried out.

While waiting, people tend to engage only in such multitasking that does not hinder
them from noticing the signal in the environment that indicates the end of waiting.
This signal constitutes a nodal event that must not go unnoticed. For example, making
a call with a mobile phone while waiting for a bus does not interfere with the demand
of seeing and waving a hand to the bus coming closer. In contrast, writing an SMS
message or email would (since it requires eye gaze and hands) interfere with capturing
this nodal event.   

Fig. 8. Waiting. Maikku was swimming with her grandson. She rushed to the bus stop in order
to go home in time, but after checking the timetable she noticed that she would need to wait a
while. She decided to call her son (the father of the grandson) to let him know that everything
went well in the swimming hall
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Fig. 9. Mobile multitasking. After her work shift, Jane took a tram to visit to her friend. In the
tram she received several phone calls. She continued talking while stepping out from the tram,
crossing the street, walking to a kiosk, grabbing some money out from her bag, actually buying
the tobacco and trying to manipulate malfunctioning door bell buttons

5 Design Implications

Empirical studies of mobile contexts offer a rich source for innovation of new context-
aware services and for the design of underlying context recognition mechanisms. We
conclude the paper by proposing what kind of context-aware functionality would be
useful for devices aiming to cater mobility. These suggestions fall into three broad
categories: navigation, social awareness, and user interface. The purpose of these
suggestions is not to advocate certain specific technological platform or infrastructure
but to direct designers’ attention to higher-level issues in mobility. If designers con-
sciously take into consideration viewpoints from social and human science, context-
aware devices can be made more useful, meaningful, enjoyable and socially accept-
able. To support this point, we provide examples of applications (see also [14]).
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5.1 Navigation

1. Monitoring Side Steps. The phenomenon of occasional side steps, for example
reading one’s email in an Internet cafØ on a way to meeting friends (see Fig. 1),
creates a challenge for route-guidance systems. Route-guidance systems could
monitor and learn information about recurring side-step destinations (and activi-
ties performed there). This information could be utilized, for example, in a busy-
alerting service that watched person’s timetable and warned if the ongoing process
might make him or her busy in the next phase. Understanding temporal tensions
caused by side-stepping would be the key in creating this kind of service. This is
also relevant from the viewpoint of affective computing [13], because temporal
tensions are usually accompanied by changes in the emotional moods of the users
(e.g. frustration about having missed the bus).

2. Adapting to Side Steps. The notion of situational acts within planned acts im-
plies that it is important to allow users to choose or create a route that is not nec-
essarily the most shortest or fastest but is otherwise lucrative. Understanding side-
stepping is relevant because travelling should not be just about moving from place
A to B. Suggested routes should not be too rigid and optimised based on mini-
mizing distance. Collected information about side steps could be used to support
more flexible, customized routes. Ideally, routes would represent possibilities for
beneficial side-steps such as stopping to chat for a while with suddenly appeared
friends.

3. Predicting Navigation Problems. When coming up against an obstacle, for
example not finding the way to a meeting place or missing a bus, people tend to
find a social solution. In our data, this was achieved by calling to the friend (see
Fig. 6). This could implicate a need for a supporting digital or live agent as in
route-guide services (direct social navigation), or having available a representa-
tion of history of solutions other people have made in the same situation (indirect
social navigation). For example, proactive agents are already in use in some car
navigating devices that create a direct connection to a live person who advise the
driver about the route, or even give advice and mental support in the case of a car
accident. It would be important that agents could benefit from observations of
common and frequently repeated problems in certain mobile contexts. An exam-
ple illustrating this kind of service could be a mobile agent available for people
that missed their bus triggered by a bus station.

4. Enhanced Awareness of Navigation-Related Changes in Remote Contexts.
To address the problems of waiting for environmental signals (see Fig. 8) that in-
dicate an important forthcoming context change, we suggest considering devices
that "boost" these signals. For example, a vibration of a mobile device could indi-
cate that one’s bus is approaching the bus stop. This could work also in two steps.
First alert might come about 3 minutes before the vehicle arrives, and the final
alert just before it really arrives. This service would free resources for other, po-
tentially more interesting, activities. Our analysis in Section 4.5 implies that it is
important that interacting with the device does not interfere with the noticing the
signal in the environment that indicates the transformation from one (e.g., waiting)
to another context (e.g., going to bus).
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5.2 Social Awareness

5. Communication of Context Information. At the beginning of mobile phone
conversations, it is very common to both ask about and describe one’s own con-
textual situation [4, 16, 24]. During the temporal tensions of hurrying (see Fig. 7),
contextual information would be useful to prevent unnecessary waste of time in
calling to a person too busy or unavailable for communication. Context-aware
technology could provide additional representational tools of the present or re-
mote environment (e.g., what resources are present in the present or remote con-
text or in what availability state other social contacts are or how likely they are to
know an answer to the problem).

6. Recognition of Personal Spaces. The observation that people need to create
one’s personal space, or place, or, "bubble" (Figs. 4 and 5) points out that issues
of privacy are important in mobile context maybe even more central than inwork
environments where people usually know each other. A somewhat trivial user in-
terface design implication is that on the one hand to services should be provided
efficiently to all group members, but on the other hand privacy of the participants
of the territorial space should be maintained. For example, the display’s visibility
angle should be easily changed from single user to a group use. Group spaces also
pose challenges for auditory user interface design, because they should adapt to
the need of personal space and possibly extending this personal space in the future
to a private virtual space as well (compare this idea e.g. to �Geonotes� [9]). It
could be fruitful to consider in more detail what the ad hoc groups’ virtual space
claiming would mean in future services and how could it be technically achieved.
There already are prototype services that can be used to overlap the physical and
virtual worlds and to turn the virtual space into a location-dependent social place.
This can be done for example posting interactive virtual post-it notes on a physi-
cal place (see e.g. �Geonotes�[9]).  It could be fruitful to consider services that
would extent the claiming of individual or group space out to the virtual space as
well.
Personal spaces are more, however, than just a user interface issue. Personal
spaces are important indicators of user’s activity and willingness for different
types of services. We propose here that context-aware devices could try recog-
nizing acts of space claiming because they are indicators of these context trans-
formations.

7. Representation of Nearby Associates. Ad hoc meetings among persons who
know each other (see Fig. 3) might be arranged easily (also in virtual space) if
persons on the same route, or on the routes near each other, would be aware of
each other’s movements.

5.3 User Interfaces

8. Adapting Interaction Modalities. Our participants rarely just �walked� or
�waited� but instead engaged in multiple activities simultaneously (Fig.  9). Mul-
titasking naturally gives rise to multi-modal interfaces. Traditional PDAs, for ex-
ample, require both hands and visual attention to operate, which is clearly inap-
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propriate for mobile contexts in which some modalities are preserved for other
tasks. On the other hand, nomadic user interfaces (designed for interaction while
walking) might be too clumsy and awkward for situations where all modalities are
available such as when waiting for a longer period. Context-aware adaptation in
the selection of input/output modalities and interaction styles is thus needed.

We want to point out that all of the five characteristics discussed in the previous
section involve some �marker� of context change that context-aware computing might
be able to recognize and act upon, and all of these context-transformations lead to
contexts that presume different modalities. We propose that recognizing user’s tempo-
ral tensions (e.g., waiting vs. hurrying), side-stepping off the route, acts of space
claiming, and social solutions to navigation problems, might offer valuable indicators
of what modalities are needed in monitoring significant signals in the environment
(e.g., seeing the bus coming while waiting), because they all mark changes between
context where different tasks, modalities, and goals are prominent.
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Abstract. We have performed an ethnographic study that reveals the
importance of social interaction, and especially traffic encounters, for
the enjoyment of biking. We summarized these findings into a set of
design requirements for a service supporting mobile interaction among
motorcyclists. The Hocman prototype is designed to meet these re-
quirements. It is an application for handheld devices equipped with
wireless ad hoc networking interfaces. It uses a peer-to-peer architec-
ture to accomplish sharing of HTML documents with peers in the im-
mediate proximity. The aim of sharing is to spark social interaction
among motorcyclists during brief encounters. We report a field trial on
the prototype service in its naturalistic setting. Despite the unmanage-
able setting, e.g. the vast area, the speed, and unacquainted users, we
demonstrate field trials as an effective approach to get feedback on how
well a prototype service fulfils the design requirements. The results in-
dicate that the conceptual idea of Hocman was appreciated, which sug-
gest that the focus on interaction in traffic encounters fit with current
practice of motorcycling.

1 Introduction

Motorcycling is a popular and highly mobile activity where people spend a con-
siderable amount of time on the roads mostly to enjoy themselves. The activity is
highly social seeing that the bikers appreciate riding in the presence of other bikers.
There are several forms of social interaction. We argue that encountering bikers
briefly and unexpectedly along the vast road network is what bikers appreciate most.
This is obvious, for instance, in how they make effort in saluting. They give a quick
nod, or wave, as they pass each other. Moreover, they often appreciate looking at
modifications on other bikes or even show-off a quick stunt. However, these encoun-
ters are too brief and often occur too sparingly. Therefore, to get more out biking,
they are eager to organize it, for instance regularly meeting at specific locations, as
well as using new technologies, such as intercoms, or even web chats. This suggests



Motorcyclists Using Hocman � Field Trials on Mobile Interaction      33

that biking is an interesting activity to consider when innovating new services that
exploit the benefits of the mobile life [3].

We performed an ethnographic study on bikers during the summer 2001 [5]. We
used the analysis of the fieldwork to inform the design of a prototype service to add
value to biking. Hocman [6] is an application for a handheld computer capable of
wireless networking. It makes use of ad hoc networking [9] to accomplish automatic
sharing of HTML documents, images and audio clips, during brief meetings. It is
designed to support encounters in traffic between unacquainted bikers. First, it aims at
being useful in situations that are contingent and very brief, i.e. two bikers passing
each other in opposite direction. Second, it increases the likeliness of these meetings.

We report on field trials with the prototype. The purpose was to learn about the us-
ers’ experience of the Hocman prototype. We wanted to know both if the Hocman
prototype fulfils the requirements, as well as to get indications whether the require-
ments are valid i.e. that the analysis of the fieldwork was sensible. However, the gen-
eral characteristics of bikers’ interaction provide a challenge for evaluation. Bikers’
meetings are distributed over a vast network of roads, and may occur anytime. How is
the use of such service evaluated and observed? What data should be collected? By
employing field trials, we were successful in giving the bikers enough experience to
give valuable comments on usage. In general, they expressed that Hocman is able to
add value to biking as it prolongs and enriches the brief meetings among them. They
also gave comments on how to further improve the concept.

In the following section we present an overview of the biking study that informed
the design. We continue in section 3 by presenting an outline of the Hocman imple-
mentation. We give an overview of the related work in section 4. In section 5 we give
a detailed account of the set-up of the field trial. Finally, we present the results of the
field trial, and conclude with a summary.

2 Design Requirements

Out of a field study on motorcyclists we generated a set of design requirement for a
mobile service, which should increase the pleasure of biking [6]. Bikers take interest
in encountering other bikers in traffic. However, these stray meetings are brief and the
social interaction is often scant, e.g. a quick nod or wave. In order to get more out of
encounters, biking is often organized e.g. they travel in groups, or meet other bikers at
specific locations. In turn, these efforts naturally increase the likeliness of actually
meeting somebody on the road; however, they can fail to give the same experience as
such attempts often concern acquainted people. We argue there is room for some kind
of further support for social interaction, seeing that one way of increasing interaction
among unacquainted bikers would be to aid setting up future joint rides with bikers
which have a history of meetings. This would include the stray encounters they cher-
ish. Accordingly, we identified the following set of requirements on such mobile
services.

• Enjoyment of driving: Motorcyclists drive their bikes to enjoy themselves. The
service should augment the experience of driving or get them to drive even more,
rather than rationalizing their movement in order to decrease travel time.
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• Enrich traffic encounters: Motorcycling would be more fun if moments of visual
interaction between fast moving bikers were enriched.

• Elaborate expression of identity: Currently, bikers express their personality by
the way they drive, as well as with the bike itself and their clothes. Biking would
be more rewarding if there was better means of acquiring knowledge about other
bikers, and if there was more means of expressing personal identity.

• Increase likeliness of interaction: Motorcycling would be more fun if the likeli-
ness of social interaction increased. It would be easier and more interesting to set
up physical meetings, through other prevalent electronic media such as the web
or mobile phones, if the people invited to negotiate joint biking where selected
among those that had a history of previous encounters.

• Simultaneous activities: The ergonomics of the service must accommodate vari-
ability in attention, since driving a bike is demanding.

3 The Hocman Prototype

Hocman (Figure 1) is a prototype service designed to meet the previous requirements
[6]. It is a HTTP peer-to-peer application for handheld computers capable of wireless
ad hoc networking. It works as an automatic HTTP client to be used in the back-
ground of the user’s attention. Upon detecting a new peer entering the ad hoc network,
it plays a sound icon and downloads the index page of the main directory on the
newly discovered peer.

HTML is a flexible format that may contain various media formats other than
tagged text, such as embedded audio clips, and images. By letting the user be in con-
trol of the authoring he or she is in control of both content and format, which allows
the service to mediate a personal expression accurately among semi-anonymous users.
Users are identified by the content of the title tag of his or her index page.

We designed Hocman to be used as in the following scenario. Before heading out
on the roads, the biker activates the device and then tucks it away, e.g. in a pocket.
Thus the service is designed to operate and provide added value to biking even when
being on the move. However, it will not disturb driving. Whenever encountering an-
other Hocman-user he or she hears the sound icon telling that he is about to meet a
biker who will be sharing web pages. This increases the experience of the encounter,
which they cherished. The service will automatically download a page through the
background downloading mechanism. Later on, for instance, when at home, the biker
can browse these pages. Being able to share HTML documents containing embedded
sounds, pictures or texts, adds to the short experience during an encounter. For exam-
ple, when browsing the shared material, a biker may enjoy increasing his knowledge
of some other biker. By sharing images, a user may communicate his personal identity
with a wide range of representations e.g. acceleration graphs or pictures of modifica-
tions. Audio clips, that contain engines roar, ambient sounds, conversations, music,
also add value to this experience. Finally, the biker can take contact through other
prevalent media to set up future rides with the bikers he or she met. The contents of
their pages may provide contact information such as phone numbers, ICQ number, e-
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mail address, that may be helpful in planning and organizing biking. Thus, this will
increase the likeliness of future encounters along the roads.

4 Related Work

There are several research projects that propose badges and devices providing inter-
personal awareness or supporting various other aspects of mobile ad hoc collabora-
tion. The principal systems, all relying on personal technologies and wireless commu-
nication, are the Hummingbird device [7], GroupWear Tag [2], the MemeTags Sys-
tem [1], and Proxy Lady [4]. Below we will give a brief introduction to each project
and summarize how they were tested or evaluated.

The Hummingbird is a device used to monitor presence of other Hummingbirds in
the close proximity. The presence of other devices is displayed as a continuous
"humming" sound. The Hummingbird device have been studied through a set of usage
experience cases [7, 10]. First, the researchers themselves tried their prototype at their
lab, at a rock festival and at an academic conference. The Hummingbird device was
also evaluated at a larger scope and setting. Six devices were handed out to ski in-
structors, who used them during a five-day trip. The researcher observed them using
the devices in their daily activities. Two focus groups were arranged after the trip to
complement the studies.

The GroupWear is an active badge system that lets user share and compare an-
swers to a set of multiple-choice questions. The GroupWear badge was tested during
an annual gathering of researchers, students and business people. A badge was given
to all participants, and the usage of the tags was then observed.

The MemeTags System provides mechanisms to monitor other user’s presence, but
at a shorter range than the Hummingbird device. In addition to the awareness mecha-
nism, the Meme Tags System also offers a simple way for personal expression,
through short sentences. The MemeTags system was tested in a similar fashion as the
GroupWear system. Some data on usage, such as who met and which sentences were
exchanged was displayed on large screens with the purpose of giving feedback to the
participants.

  
Fig. 1. The hardware used (left). A typical biker’s page (middle). Screenshot of the log (right)
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Proxy Lady is a system making use of handheld computers, with radio transceivers,
to initiate face-to-face communication in workplaces. The design was informed
through workshops. At a later stage, a user study was arranged in an office, involving
four subjects, during a three-week period.

Summing up, the Hummingbird was evaluated with a limited a group of acquainted
people in several different environments. The tests were performed within a well-
defined area in order to make meetings probable and observable. The size of the area
varied however, from very limited as in the lab case, to large, as in the ski slope case.
The GroupWear tags and the MemeTags system are both intended as co-operative
tools to be used at conferences. Consequently, they are both tested in such settings.
Both tests are characterized by a large implementations, with hundreds of simultane-
ous users and, since the tests are performed during a conference, a limit in time and
area. Proxy Lady is designed to leverage on the many meetings that happen in, hall-
ways, cafeterias etc. of an office. The area of an office is quite small and the test in-
volved four acquainted users.

5 Field Trials

The related prototypes have been developed for a different context of use than Ho-
cman. They support or spur interaction occurring face-to-face and among often ac-
quainted users. Consequently they also differ in their design, most prominently in
terms of user interface, but also in networking, software architecture, and hardware
platform. Moreover, they are tested in environments where the social interaction is
governed by other principles than the interaction happening on the roads. Roads are
public places, the people crowding them are usually unacquainted and the time for
interaction is brief.

We designed Hocman to be used on the roads among unacquainted bikers. Some of
the situations it has to react on are very brief i.e. occurring during chance encounters
on the road. Moreover, the encounters may take place anywhere along the road net-
work. Taken together these factors constitute a challenge when studying the user
experience. The likeliness for a traffic encounter in a small set of unconstrained users
is very low. However, similar to the related work, we can increase it by setting re-
strictions on when and where the devices are used. We argue it is possible to over-
come these challenges with a realistic, although constrained, approach. The study
presented here provides early feedback on the user experiences of Hocman as well as
the users’ ideas for improvement of the service. Both types of user feedback will be
beneficial when determining the validity of the design requirements.

We decided to conduct a field trial, where the subjects use the prototype during a
limited period of time in its intended setting i.e. on the roads. We argue this approach
gives an opportunity to obtain holistic data on usage. However, we found it very diffi-
cult to observe the actual meetings as they take place. Instead we settled for a semi-
structured interview [8] of each user performed immediately after the trial. The inter-
views were performed in parallel with different investigators. The investigators had a
common list of topics to cover; however each individual investigator also had the
opportunity to examine other issues the respondent felt important. We opted out focus
groups although we would in such case be able to pose a coherent set of questions. In
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a focus group we would also gain from participants stimulating each other in the dis-
cussion [11]. However, we felt it was more important to keep the bikers apart and stay
unacquainted making their comments to the point.

5.1 Participants

We sought subjects to our field trial by posting to mailing lists for employees inter-
ested in biking at various companies. We got in contact with twelve people willing to
undergo the trial. Out of these, we selected eight participants on a first-come-first-
serve basis, with finally six people performing the trial. All subjects were males,
about thirty years of age, working in a range of professions, mainly technical as engi-
neers, web designers, etc. They had a solid knowledge in using information technol-
ogy, e.g. desktop computers, and web browsers. They also had experience of mobile
devices, e.g. mobile phones, and pagers. They drove different kinds of bikes such as
off-road bikes e.g. Honda Transalp; sports bikes e.g. Suzuki GSX 600; and cruise
bikes e.g. Yamaha Virago.

A few days prior to the experiment, we asked the test subjects to fill in a form with
information we could use to prepare their respective personal pages. The information
we asked for was the make and model of their bike and a picture of it. We asked them
if they hade made any modifications to it or whether they used any fancy equipment
they would like to tell other bikers. We also asked if they used any special web fo-
rums and in that case, which one and what nick name they used. In the form they
could also specify the URL to a personal homepage, their e-mail address, mobile
phone number etc. Moreover, they could specify if they had something to advertise.
We prepared a personal handheld for each user based on this data. A typical page is
shown in Figure 1. We selected the name of the biker or the model of their bike as the
title of the page. This title labels an item in the log.

5.2 Setting

The trial was situated to a route circulating around a recreational area in downtown
Stockholm. The traffic along this route is varied. In the northeast corner is a harbour
and occasional heavy trucks appear. In the South and southwest there are a number of
museums and embassies and the traffic is sparse. In the west we find the national
radio and TV offices and many traffic lights and roundabouts to regulate the inner-
city traffic flow happening there. The official speed limit along the route is 50 km/h,
and driving a lap at this speed takes about 7 to 8 minutes.

5.3 Procedure

We conducted two separate trials, which engaged three test subjects each time. We set
up rendezvous locations along the route at suitable parking lots. The participants
should stay unacquainted during the trial, and only meet during traffic encounters to
best represent realistic situations. The numbered dots in Figure 2 display each biker’s
initial position for both trials. The dot labeled with an A shows the position of one
researcher, who remained stationary, equipped with a Hocman unit. After some moti-
vations, instructions and rigging the equipment, i.e. tucking away the handheld com-
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puter in their pockets and plugging in the earphones, we had them to drive two laps at
the speed limit. The arrows of Figure 2 tell in what directions they drove off and the
numbers show in what order they left to guarantee some encounters. When the bikers
returned, we watched them use the prototype and asked them about their experiences.
All interviews were taped and later transcribed.

Fig. 2. Schematic view of the first (left) and second trial (right)

6 Results

Most of our questions concerned experiences from the trial. However, we also fol-
lowed up on their comments on improvements and suggestions for alterative designs.
Finally we encouraged them to comment on some of the functionality that was not
included in the field trial, e.g. the use of Hocman to organise and plan future rides.

6.1 Hearing the Sound Icon

A central aspect of the Hocman prototype is the sound icon. Besides informing that a
meeting is evident, it also signals there is more to the situation, i.e. a page has been
downloaded. Three users gave detailed account for where the signal was heard. They
used distinct and easily recognised landmarks i.e. the watchtower, museums, but also
traffic lights, roundabouts etc. to specify the situations, such as in:

at the watchtower. When arriving to the watchtower the
first time. Then I heard the beep down by the museum,
and at the roundabout. On the second lap I was a bit
ahead of him, so I passed the watchtower the second
time

All users recognized the situations where the mechanism was activated, and conse-
quently where the encounter took place. They commented upon the timing of the
signal, which most often was played in advance of the encounter, i.e. prior to becom-
ing co-located with other bikers. Such as in:

then I met a bike, and it was like 50 meter before we
met
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Five bikers noted that after hearing the signal, they had plenty of time to look for
the approaching biker. Three of them found this time intriguing. This is illustrated by
the following comment:

I didn't expect this long time span. In some way it was
amusing, seeing that you had time to react and think:
Look!

Furthermore, one biker was even a little disappointed when he realised he met a
biker without hearing the sound icon, consequently a biker not part of the test. An-
other biker found it slightly confusing when being alerted and thus expecting meeting
someone on the road, when the cause for it was someone equipped with a Hocman-
unit standing by the road. Finally, one biker found the sound icon negative and
somewhat stressful. He expressed some concern of being interrupted by the sound
while being concentrated on driving, as he felt he was compelled to look for the up-
coming biker.

Three users said that after having heard the signal, they waved to the approaching
biker. They also stated that this is what they would normally do in such situations.
However, they felt a tendency to wave even more than usual, as Hocman made them
feel more akin to each other.

you wave even more while hearing this beep, so to
speak. Then you realized, you were a bit curious on the
others who drove with this thing

Another biker felt extremely strong about the affinity Hocman use introduced, even
claiming that hearing the signal would replace the need to wave entirely.

6.2 Sound Icon Design

Seeing that the prototype is used in the background of user attention, the design of the
sound icon plays a central role in the user experience. Five out of six found the sound
icon being comfortable and having an appropriate design, however two respondents
were stunned by the loud volume. Nevertheless, both of them agreed that they would
quickly get used to it. At the same time, three users found the high volume justified,
since noise from the engine and the headwind easily would have drown the alert oth-
erwise.

the volume was loud enough for these speeds and circum-
stances

However, all users had some suggestions on how this awareness signal might be
improved or re-designed. The alternatives were divided into three categories. The first
concerns improvements on the use of audio. Two users suggested ways of personal-
izing the sound icon. The first wanted to be able to record voice messages and have
them sent over instantly, like an open-invitation audio-conference. The other wanted
to be able to select among a variety of signals that the other biker would hear when he
met them. The second category of proposals comes from bikers who preferred visual
feedback to audio. Two bikers suggested that a lamp on the handlebars should indi-
cate the meetings.

I preferred a lamp or something similar
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One user suggested that the handheld computer should be mounted on the handle-
bars and the screen should display the name of the meeting biker in large letters. The
last category suggested tactile feedback instead. Two bikers proposed devices that
would vibrate rather than sound to indicate an upcoming meeting.

6.3 The Handheld Computer

Apart from the sound icon, our choice on the tangible properties, such as the hard-
ware, influenced the user experience. All users found it acceptable to carry a handheld
computer in their pocket. However, some were concerned with the bulkiness of the
particular device used in the test. They needed their jackets to wear many other
things:

the problem is the size, it is a bit big. In this shape
it takes to much place, when having it in the pocket.
Seeing that I use a quite thin leather suite, I can't
have too much in my pockets. I already have my wallet
and my mobile phone, while driving. It becomes too
tight with these clothes

Three bikers suggested that instead of carrying the handheld, it should be either
mounted on the handlebar or placed in their rucksack or in the top-case. Finally, four
bikers expressed some disappointments with the earphones. Wearing earphones was
not comfortable, i.e. they would fall out or squeeze the ear. Moreover, two users
stated they normally wore other things in their ears, such as intercom earphones or ear
defenders, which would make no room for the kind of earphones we provided. On the
other hand, the peer discovery signal could easily be integrated with the existing in-
tercom earphones.

6.4 Remembering Encounters

The system is intended to reinforce the encounters with other bikers, but also to sus-
tain them a bit longer. By examining the entries in the log, five out of six users could
easily refer back to the meetings they had experienced on the road. By looking at the
list they could tell where and when most of the meetings took place and which bike
they had seen. For instance:

Honda hornet, I suppose that is Mattias own bike, if
I'm not mistaken. GSXR 750 is the sport-bike, and the
Tiger, wasn't it parked by the road the last time I
passed here. It must be that one. Ehhh, or if I caught
up with him by the traffic light, at some occasion? I
heard the beep by the traffic light, but if I caught up
with him, or if I met him, I leave unsaid

A single biker expressed that he could not make a connection only by looking at
the log. Despite that the meetings took place recently, he could not associate them
with the log items.

One encounter involved two bikers that happened to be acquainted: Eric and Pat-
rick. They found it more relevant to think about whom they met, instead of where the
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encounter took place. However, the actual meeting was to brief for them to recognize
each other properly. While looking through the log Eric commented this:

was it… do you know who… was it Patrick I met on the
road?

Later he was able to confirm that it actually was Patrick he met when locating the
corresponding entry. Patrick expressed a similar concern, as he was examining the
items in his log, he said:

ok, this one, which I suspect is Eric… which it was

Four respondents expressed positive attitudes to having a downloaded picture to
look at, when recalling a particular meeting. However, further questioning also re-
vealed that some users found that the picture was not helpful when remembering a
specific meeting, as it did not resemble the actual situation that they experienced.
Some users said, on the road, they notice the colour of the other bikers’ suites and
helmets rather than the model and colour of the bikes. They also found it hard to dis-
tinguish bikes as they often are used in their standard make without any modifica-
tions. Finally, one user found the picture of limited value. Most pictures used in the
trial portrayed the bike straight from the side, but during the encounters he only saw
the front of it.

6.5 Sharing HTML Pages

HTML is a flexible document standard, and may encompass a wide variety of infor-
mation interesting to bikers. Five bikers found it intriguing to read about other bikers
on the downloaded pages we supplied them with. They liked the brief presentations:

to get a feeling of who it is. Name, phone number and
something more

One user said he did not find general information as presented here very interest-
ing. Some user also followed up their claims on how they perceived the pages and
talked about in which situations they would be useful.

One user said that he wanted the information when he engaged in other off-road
activities, i.e. visiting web forums where biking is discussed. Being logged on, he
wanted to know which other forum users he had met physically. Another user said he
would find it very useful when going to places where many bikers got together. He
also imagined contact information useful if he saw another biker doing something he
wanted to rebuke. On the other end of this spectra, a third biker would like to know
more about the people he had engaged in �mischief� with i.e. performing stunts, such
as, going on one wheel.

The matter of what they wanted to know about other bikers and what they wanted
to tell was divided into two themes. The first concerned the social habits of biking.
One biker wanted to know other bikers’ where-to-go tips. He also wanted to know
other biker groups’ hangouts, such as cafØs. Another biker even wanted to know
whether the biker he met was of the opposite sex, as he was looking for dates. The
other theme concerned the motorbikes. The bikers expressed that they wanted to
know more if they met someone using the same model or having interesting extra
equipment or modifications.
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6.6 Distributing the Pages

The response on the matter of with whom the pages should be shared, concerned two
extremes: the pages should be distributed to all bikers, or kept within members of a
certain group. The fact that they potentially would spread contact information with
unacquainted people intimidated one biker. However, two others found that a positive
experience of the concept require widespread usage in the general public.

to have a reason for using it, the system has to be
widespread

At the same time, being able to single out a group as the target of your page ap-
pealed to two bikers. Two bikers suggested that the user should specify what he or she
wanted to show to whom. Finally, one biker was concerned that some authority, such
as police or insurance companies, would use the service to monitor biking activities.

Even if the group that the user is sharing is delimited it might still be very large.
Three bikers stated they would like to filter out some log entries on reception.

perhaps you could talk about that you want a Honda Hor-
net, or that kind of bike, or say that you want… use it
for advertising. Its easy to use a tag, which it reacts
on… so it will receive everything, but then throwing
the irrelevant stuff. Like when you are going to the
yellow café, you would like a filter

Two other bikers also stated a similar idea. They suggested a mechanism to sort
entries, however receiving them all.

6.7 Contacting Other Bikers

Finally, would Hocman be useful when contacting other bikers? Four bikers were
positive to the idea of using the information on the pages as a starting point to contact
other bikers.

it you are interested in buying or selling, or if you
formulate that you want a bike like the one I have

One of these users elaborated the idea and found many plausible reasons for doing
it in order to get company on the roads. For example:

or if you looking for company on your rides, or why not
a dating functionality

A second user found it more appropriate to supply an URL or email address. He
thought that following up a joint meeting through postings to web chats or sending
email messages would be an unaffected way of approaching somebody. Finally, one
user did not think he would contact somebody on the basis of having a persons’ page
only.

6.8 Summary

The field trial indicates that Hocman is able to add to the enjoyment of driving. It was
evident that the bikers did not think that using Hocman would rationalize overly bik-
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ing; however hearing the sound icon, inspecting logs and browsing contact informa-
tion etc. would add something positive. Moreover, the feedback we received also
indicates that the requirements we derived are complete i.e. there were no other im-
portant issues that we overlooked, and valid i.e. they made sense to bikers.

Fundamentally, all bikers recognized that the sound icon alerted co-location of
other Hocman users i.e. motor bikers. About half of the subjects could also account
for where and when it was heard, which indicates they had plenty of time to react,
look around, and let the experience sink in. More importantly, almost all of the bikers
enjoyed hearing the sound icon to an extent that was surprising to us. For instance,
some bikers changed their driving behaviour, i.e. waving more or less as what is cus-
tom when otherwise passing a biker. Besides remembering where they heard the
sound icon, most users were also able to associate a particular log entry to it. In one
case an entry and the associated web page was helpful when recognizing an acquain-
tance. The feedback we got on hearing the sound icon and being able to inspect the
log, indicates Hocman was able to enrich traffic encounters.

The users found it interesting to read the information on the downloaded pages we
prepared for them. Collectively they also had many suggestions on what other data
the pages could contain, which acknowledges that Hocman provides ways for bikers
to express identity. On the other hand, there was no consensus on the matter of shar-
ing pages with all users or a limited group. However, all agreed that some sort of user
defined filtering or sorting mechanism would improve the concept.

Most bikers we interviewed claimed that they took interest in which bikers they
ride together with. They found it plausible that they could contact somebody on the
premise of reading a page someone shared. Moreover, a few users recognized that
Hocman also could be used for a variety of other purposes, such as ads or dating. This
tells us that Hocman may increase the likeliness of interaction among bikers.

Finally, we are confident that Hocman meets the requirement of simultaneous ac-
tivities, however some details could be improved. Lowering the volume of the sound
icon playback, a less bulky device, and more comfortable earphones perhaps inte-
grated with the helmets, would have been better appreciated.

7 Conclusion

We have demonstrated that field trials are an effective approach to get feedback on
how well a prototype service fulfils the design requirements derived from an ethno-
graphically informed study of motor bikers. The field trial was performed in two runs
with a total of six bikers. The bikers used Hocman, a HTTP peer-to-peer application
for handheld computer capable of wireless ad hoc networking, in a constrained how-
ever naturalistic setting. We gathered the feedback through parallel interviews. Our
results indicate that we could improve on our choice of hardware. However, Hocman
was appreciated, especially hearing the sound icon when encountering another biker.
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Abstract. We present a case of mobile and tangible computing proto-
types developed for architecture design. We have carried out extensive
observation of how architecture students visit places, collect material
and manipulate it in design projects. The direct implications we inferred
analyzing the field work material were the need of mobile support to
link contextual information and the collected material. Moreover we en-
visioned the opportunity to create a tool to navigate and manipulate
material from visits. Finally we identified the need of integrating and
linking digital media from visits, with the physical environment in the
atelier. We have concretized the user needs in a scenario and we de-
scribe a set of prototypes: a mobile application to create a media path of
the visits, a visualizing tool to navigate and manipulate it, and an infra-
structure in the atelier environment to share and access media objects
and links between them. In the discussion we analyze challenges in inte-
grating two design spaces of architects with computational support: the
remote sites and visits on one hand, the atelier environment with design
representations on the other.

1 Introduction

The Atelier project is exploring ways in which pervasive and mobile technologies can
be used in creating "inspirational" learning environments - environments not only for
learning about predefined contents, but environments which would help in activities
where data and other materials is explored and novel connections and new contents
generated. Design is one characteristic form of such activities, and the experiments
presented in this paper come from an attempt to support a particular design activity,
that of architects. One of the testing grounds of the project is a master class in archi-
tecture at the Academy of Fine Arts in Vienna, and one of the purposes of the project
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is to construct an environment to support the master class students in their project
work during the final year. This paper describes an experiment focusing on a "slice" of
that environment - using mobility to connect students' two spaces of design. It is char-
acteristic to work in architecture that the work is divided between two places and
spaces: between the design office (atelier) and the site to be designed. Architects con-
stantly travel between these two places, and, in a way, try to connect the places by
transporting different materials related to design between these places. This slice of
design work, the creation of a "virtual design space" by moving between places and
transferring materials is the target of our experimental system.

Methodologically our work is based on iterative prototyping based on an extensive
fieldwork and participatory sessions [10, 11]. The initial user needs have been col-
lected by means of the fieldwork, and then initial prototype ideas have been experi-
mented with by the users, experiences fed back in the prototype design, and so on.

Even such a relatively narrow slice of a support system presents a number of con-
ceptual, human-computer interaction and technological challenges, some of which are
not yet solved properly at this stage of the development of our prototype. We think,
however, that some interesting issues found during our work are worth of a broader
audience and discussion. In particular the challenge of connecting the atelier with the
remote sites has brought us to envision three aspects of computational support: a mo-
bile application to collect material and create a multimedia path of the visits, and a
tool to navigate and edit the path, and an infrastructure in the environment to share
multimedia objects and related information in other applications.

In the next paragraph we describe the setting of our field study, provide selected
episodes to exemplify current practices, and we present what we analyzed as require-
ments. We then present the concept behind our prototypes by providing a brief sce-
nario and a description of a test with an early prototype, along with detailed descrip-
tion of the technical implementation.

2 Current Practices and Requirements

2.1 The Setting

The case we present is part of a design project to develop a ubiquitous and mixed
media environment for inspirational learning. One of the application sites is the archi-
tecture department at the Academy of fine Arts in Vienna. We have observed seven
student projects in the first half of 2002. In the second half we introduced and ob-
served the use of several tangible computing prototypes [11]. In the projects, groups
of students have to work out designs of interventions for remote physical locations.
During the project they concretize solutions experimenting with several representation
techniques. Visit at sites are frequent and there are weekly feedback meetings with
staff and external reviewers. The goal of the students is to be creative in getting ideas
and develop them into a convincing solution.

The diversity of material and media is an important characteristic that is exploited
in the handicrafts they produce. Students work with and produce text, diagrams, com-
ics, video, sketches, screenshots, virtual models, and prototypes � material of different
degrees of abstraction, different scale and materiality.
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We used participant observation to study current practices and the use of proto-
types. We set out to observe the students not only in topical events as presentations or
meetings but also in everyday work. Inspired by interaction analysis we used a digital
still camera and a video camera to record audiovisual material to analyze selected
episodes. In the next paragraph we provide brief episodes that describe ways in which
students currently manipulate materials from visits.

2.2 Selected Episodes

A Diagram, Audio and Pictures of Interviews for the Design of an Inner Court-
yard. Built into their work are excursions to the outside world, e.g. the site of a proj-
ect, where they collect video and audio material, pictures, sketches, and objects, such
as in the case of this project, which deals with redesigning an inner courtyard.

In the first phase of the project the student interviewed people living in the area.
She represented each person with a list of keywords and symbols around a map. Each
list had a pin and a thread connected to another pin in the map showing where the
person lives. When presenting the model she used electronic devices to augment her
diagram, a digital camera and an audio recorder playing parts of the interview
(Figure 1).

Fig. 1. Digital pictures and recorded audio around a diagram

Fig. 2. Photos on the wall and the physical model, showing where they were taken
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Fig. 3. a) Some of the photos of the visit to the stadium are arranged during storytelling; b) a
diary is used to navigate pictures of the visit with a barcode reader

Photographs and Models from a Visit in the Alps. A group of 8 students is working
on one project where the aim is to design an intervention in a valley in the Alps near
the Italian-Swiss border. A general concept was developed within the group then indi-
vidual student chose particular interventions like buildings or paths in the valley.
While visiting the valley, a student has taken photographs on top of a small mountain
and has built a physical model of it. When telling about his project and about the visit,
he shows in which location the pictures were taken and in which direction on the
model of the mountain. The pictures where taken from a particular place at specific
time of the day for the different light effects. The pictures were attached on the wall
near drawings of the mountain (Figure 2).

Visits around Stadiums. During the development of prototypes a visit was organized.
This was a very important moment of reflection for envisioning technological support.
The visit was carried out thinking that students would have produced a multimedia
presentation of the visit. The teaching staff used additional �constraints' � roles, obser-
vational techniques, timing � to facilitate the collecting of material. It was an excur-
sion to excursion London-Lille-Paris where students had the opportunity to visit
eleven different stadiums. Different roles had been assigned to the students. Each of
them belonged to one of four groups � context, construction, hybrid, and conversion.
They also assumed specific roles � from recording all kinds of liquids and machines
and focusing on the penalty shooter, to recording guiding systems and colors and
looking at seats+smallness. This helped them focus on particular aspects of the stadi-
ums and their environments. Another instruction students got was to use a particular
rhythm such as e.g. taking a picture every 30 sec from the moment they stepped out of
the underground until they arrived at the stadium.

The tools that were used during the visit where: Different types of cameras, digital,
analog, camcorders; MD sound recorders; diaries, note book with records of the jour-
ney and to which objects where attached;  background material, e.g. maps. Pictures
where taken in the part of the city surrounding the stadium. Inside the Stadium, pic-
tures were taken from different points (it was important to have different perspectives,
player or observer). Pictures where taken in a particular temporal sequence as ap-
proaching the stadium or documenting the stadium filling up (Figure 3a pictures are
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arranged on the table while they are explained to other group member). Also the re-
cording of sound was tied to particular moments as for example a dedicated �one
minute of silent�.  In presenting the visit in the Atelier environment media was inte-
grated with existing material using computational support: an application with a bar-
code scanner (animating bAR code links barcodes and digital media), a tool to paint
objects with a projector (texture brush developed at IMAGINATION Computer
Services, Vienna).

For example, pictures were projected on existing physical models of stadiums (As
in Figure 4). A diary of the visit was used to navigate pictures using a barcode reader.
Barcodes were attached to several points in the diary linking the page to pictures.
Barcodes were used also to attach pictures to large diagrams and physical models.

Fig. 4. Parts of physical models are painted with projections of the pictures

2.3 Requirements for Computational Support

The analysis of the fieldwork and observations pointed to several requirements for
technological support:

Experiencing Places, and Collecting Material. Visiting and Collecting material is a
crucial activity in architecture design. Not only pictures are taken, or other objects are
carried back to the studio, but places are experienced. Moreover students and archi-
tects might visit several sites in one project for comparison or inspiration.

Contextual Information. Important in the manipulation is the place where the media
and objects have been collected. Along with the place, other information is important
like the direction of the picture, the time of the day. Or in other case information of
people that were interviewed etc. More importantly pictures carry a meaning for the
person who has taken them. We observed many storytelling around pictures of visits
and other objects. The students or architects narrate important impression of the situa-
tion and the relevancy for the design project.

Manipulating, Linking, Integrating the visit material with other material. In the
studio the material from the visits were linked, integrated with other representations,
like diagrams, plans, and physical models.
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Sharing of Experience, Multiple Traveling. The need to share the experience of the
visit is an essential part of the group work in the architecture design project we ob-
served. This facilitates creating a shared understanding of problems and reflections.
Moreover the same person that conducted the visits uses the material to travel again
to re-experience the situation with its richness.

The direct implications we inferred in our prototyping efforts were the need of mo-
bile support to link contextual information and the collected material. Moreover we
envisioned the opportunity to create a tool to navigate and manipulate material from
visits. Finally it became clear there is a need for providing ways to integrate and link
digital media from visits, with the environment in the atelier.

2.4 The Concept in a Scenario

After having analyzed the observation material we developed a video-scenario that
explained the use of the support for the visit (we reproduce here a shortened version).
Danielle is visiting a square for which she is designing a temporary exhibition with
tends and stands. She starts her visit by wearing the Jacket (a wearable application to
collect material from visits) that helps her in recording aspects of the environment
(Figure 5,6). The Jacket can take pictures and sounds, is location aware and can rec-
ord walking paths.

While walking, Danielle takes pictures along the path (Figure 3,4,5) by touching
one of the pockets of the Jacket. She takes pictures of the playground and of the city
walls from one side of the square. She records soundtracks for pictures and positions.
It is important for her to know from which position and in which direction the photo-
graph was taken.

Fig. 5. Danielle wearing the jacket, interviewing and recording sound, taking pictures
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Fig. 6. Danielle creates a media path

The pictures and sounds (for example the meaning of the picture) are stored along
with additional information, position, direction, and time. Out of these, the Jacket
creates a media-path of the visit. When Danielle returns to the Atelier, the documents
of the visits are stored in a database in the environment. In the environment Danielle
can navigate and re-experience the visit, or can use media objects collected during the
visit in different applications, for example linking them to existing material.

The sounds and pictures she collected are organized in a virtual 3D environment
showing the path of the visit. Danielle navigates the visit in a group discussion with
her colleagues on a wall screen using an Infrared remote control. She can now ma-
nipulate the path and link the audiovisual files to physical tags that can she attaches to
her physical models of the exhibition. In this way she can navigate through the mate-
rial interacting with her model.

3 The Current Prototype

3.1 Related Applications

Location based applications have been object of research mostly as touring guides.
Davies et al. [4, 5] developed GUIDE, where the systems obtain information through a
high-speed wireless network deployed throughout the target city. GPS has also been
used for touring guides and other playful applications [9,12,14]. In [16] the �Shopping
Jacket' � uses two positioning devices, GPS and �Pingers' (used to signal the presence
of a shop, and to indicate the type of shop and it's website). The system uses this in-
formation �to determine whether the wearer needs to be alerted that they are passing
an interesting shop, or to direct the wearer around a shopping mall. The shopping
jacket integrates a wearable CardPC; GPS and Pinger receivers; a near-field radio
link; hand-held display; GSM data telephone; and a speech interface into a conven-
tional sports blazer.� In [15] infrared beacons, radio frequency ID tags, or bar codes
are attached to people, places, and things to create a hyperlink between a physical
entity and a Web resource, these hyperlinks rely on commonly available wireless
mobile devices to help users automatically access services associated with physical
objects.

Less frequent are systems like the one we propose to collect multimedia material
from visit. In the following we will present a collection of prototypes to collect multi-
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media media material and information from sensors to create a media path that can be
manipulated in an augmented environment.

3.2 The Mobile Support

The Jacket is our vision of a wearable component that supports designers during visits.
Our prototype for the iPAQ pocket PC is an application to support visitors in organ-
izing media material created during visits. Users can log the path of a visit through
GPS, log position and direction (with SoapBox) for recorded media like photographs
and sounds, and create a hyperdocument of the visit that can be used to store the me-
dia files and information of the visit in Database. An external stereo microphone can
be connected to the iPAQ and users can set the sound quality of the recording in the
iPAQ system settings. The application makes use of two accessories: a GPS receiver
and SoapBox, which is a sensor box developed at VTT Electronics, Finland.

The Pretec Compact Flash GPS-card is inserted in a Dual-Slot PC Card Expansion
Pack with a CF-slot (Compact Flash). The GPS receiver is used to read the current
latitude and longitude every 5 seconds. Although it does not provide always the right
accuracy it has been selected for being the easiest and cheapest way to implement our
concept in early stages.

VTT Electronics has developed a general-purpose SoapBox module (Sensing, Op-
erating and Activating Peripheral Box, [17]). It is a light, matchbox-size device with a
processor, a set of sensors, and wireless and wired data communications. It was devel-
oped as a research tool as well as to be utilized as a generic prototype for experi-
menting with product ideas and developing prototypes for them. The basic sensor
board of SoapBox includes acceleration sensors (3-axis), illumination sensor, mag-
netic sensor (2-axis), optical proximity sensor, and as an option, a temperature sensor.
The application uses the magnetic sensor as a compass to determine the current direc-
tion. The SoapBox is connected to iPAQ by RS-232 serial port.

The user interface (Figure 7) has a simple menu to test the connection to peripher-
als (the GPS reader and SoapBox) and to save the visit in an XML document. There
are four buttons, Start (to start the visit), Stop (to stop the visit), Photo (to be pressed
when a photograph has been taken), Voice (to be pressed when audio is recorded).
The display shows the information that is stored in the document of the visit. Every
five seconds the longitude and latitude are stored along with the time. When the Photo
button is pushed, the time of the number and time of the photograph are stored, and
the information from sensors is recorded. The direction is inferred from the data re-
ceived from the SoapBox magnetic sensor (e.g. East 88°). The location is provided by
the GPS receiver.
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Fig.7. a) the interface of the mobile application, b) the prototype

3.3 The IT Infrastructure in the Environment

The Infrastructure software in the Atelier environment is a platform that enables dif-
ferent kinds of components to be added to the Atelier Inspirational learning space,
thus extending and also changing the functionality of the space. The platform is open
in a sense that different kinds of input technologies, display systems and, for example,
mobile devices (that may themselves contain advanced functionalities) can be brought
into the space, as long as the technologies conform to specified (programming and
messaging) interfaces of the environment. The architecture of the system is based on
the Micro Kernel architecture [2].

The current implementation has been developed using Java 1.4 SE. Components
and the Infrastructure and services within communicate with each other using XML
messages. Because of the messaging based model of cooperation, it is also possible to
create components with other programming languages than Java.
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Fig . 8. The Atelier Infrastructure (example instantiation of the components; two lower layers)
contains External services, as well as internal services (Kernel services) for managing the ele-
ments in a learning environment

The role of the Infrastructure is to act as a mediator between the components that
provide the separate functionalities that the components enclose. The main advantage
of the Infrastructure is flexibility and configurability; it is possible to replace a posi-
tioning (tagging) technology, display or a mobile device with another kind, without
losing the interoperability of the Atelier environment. This allows the Atelier project
to build more than just one implementation of a specific component or application,
that is usable in a specific context, but an environment that is reconfigurable and also
extensible in future experiments utilizing different technologies. The Figure 8 illus-
trates the Atelier Infrastructure in relation to the other system elements in the Atelier
learning space. Elements in the two lower layers are included in the Infrastructure, as
the elements (components, component assemblies and applications, build by compos-
ing components and component assemblies) in the upper part register to the Infra-
structure and can use the services in it.

The example instantiation in the Figure 8 shows a situation where the Jacket has
registered itself as a component of the atelier environment. The information about
Jacket is then stored in the Name service under Kernel's control. Now, Jacket can
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query the Kernel for the existence of the Hypermedia database (registry information is
stored with the Internal service called Name service), and then connect directly to it to
store the path with attached multimedia information. Later, the Visualization tool can
connect similarly to the Hypermedia database to access and display the stored path
information. All interaction between the components happens by sending messages in
XML, using TCP/IP sockets.

3.4 The Database and the Visualization Tool

The design processes of architects are based on representation and manipulation of
multimedia information that is associatively linked and location-based. Therefore the
information management solution of the system must be capable of handling large
multimedia objects, relationships between them, and adapt to constantly changing
content. We store the recorded multimedia files and the path in a special hypermedia
database. It is a major service included in the Atelier Infrastructure that provides vari-
ous hypermedia services for client applications to use. The main purpose is to enable
the associative linking of different kinds of multimedia objects. The Jacket constructs
a special hyperdocument during an environment recoding session. It is constructed
from different multimedia objects taken during the visit and their meta-information
such as GPS location, date and time, and direction of the recorded item (see figure 9).
The multimedia objects along with meta-information are called hyperobjects in the
hypermedia system and users are later able to link them to other hyperobjects with
specific tools. The path of the user's visit is modelled using hypernodes. They are
containers for hyperobjects and have the GPS coordinate of the recording spot as their
meta-information. The hypernodes are created periodically as the user wanders in the
environment and each recorded multimedia element is attached to a hypernode located
at the user's location. Several nodes therefore form a model of the user's path wan-
dered in the environment. The nodes are then attached to a hyperdocument that mod-
els the whole visit. The hypermedia information recorded during visits must be visu-
alized to users in a way that is effective and inspirational. The two tools provided by
the Atelier system are the environment browser and the hyperobject manager.

The purpose of the environment browser is to enable users revisit the environments
they have recorded with the Jacket. It displays users the wandered path over a map
and the lets users freely navigate in a three dimensional world that models the re-
corded material of the visit (see figure 10). The hyperobject manager enables users to
view various hyperobjects, create associations between them, and edit their meta-
information.

The main task of the application is to enable users to view different types of multi-
media information and create associations between different parts in the multimedia
element. Users might for example find a specific part of an image interesting and add
a textual note to it. Also, certain parts of video clips may be linked to still images and
textual descriptions. The hypermedia system is able to handle all types of multimedia
objects but currently only the most common formats are supported by client applica-
tions. Currently, the first running version of the Infrastructure Kernel has been imple-
mented. It is possible to create Atelier components and External services and register
them to the Infrastructure Kernel. The Infrastructure supports XML based communi-
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cation, and includes various supportive elements for easier integration of components
and services into the Infrastructure. The visualization components are also functional,
as well as the Hypermedia database. In the near future, we will complete the integra-
tion of these system services and components into the Infrastructure so that they can
be used in the context of the Atelier learning environment. One significant benefit of
this integration is the possibility of any Atelier component to use the Hypermedia
database for storing and retrieving hyperlinked multimedia data.

Fig. 9. The Jacket creates a media document out of the visits containing information and media
objects that can be reused in the Atelier environment

Fig. 10. The recorded path is visualized over a map and in a separate 3D view

3.5 Test with an Early Prototype

Andreas and Dieter (two Architects) used the mobile support application while visit-
ing a small harbour in Sweden. They walked around the harbour taking pictures and
recording sound (for example the sound of walking on the sand, two person talking on
a small boat, sound of the waves, etc. Figure 11). Every time they took a picture with
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the digital camera or a sound with the MD recorder they were entering this informa-
tion through the interface on the iPAQ. In this way the Jacket stored information about
the position (from a GPS receiver) in which picture or sound where recorded.

The current version of the mobile application supports the recording of sounds with
the iPAQ, and the logging of the files in the document of the visit. As at that time the
visualization application was not completed, we developed an interactive picture
showing the path on a map (Figure 12). Although we collected GPS information the
walked path was corrected manually to have a more precise path and better test the
concept behind the prototype. Clicking the red points on the map user could view
images or play sounds that were recorded in that position. When using this prototype,
users perform a walking path and actions (taking pictures and sounds in particular
positions) to create a multimedia track. There are narrative elements that can be cre-
ated for example, the particular way taken by the users and sequences of actions that
are recorded. An architect, after having used the Jacket and navigated the media path,
to explain the advantages of the Jacket cited Michel De Certeau [3] with these words:
�it's hard to be down when you're up�. That explains the problem of architects of de-
signing with this bird-eye view on plan models and drawings, loosing the particularity
of the 1:1 life. According to the users the prototype in its simplicity, was able to com-
bine in a new way the two views.

Fig. 11. Two architects testing an early prototype in a harbor

Fig. 12. a) the architects during the visit, b) the interactive picture of the walked path, c) some
of pictures taken during the visits
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4 Discussion and Conclusions

Using virtual space in design or even combining real and virtual spaces is nothing new
in architecture. In Drewe [7] the focus has been in the expansion of CAD-modeling to
navigable spaces while maintaining the accuracy and completeness of CAD-models
(for example see Bowman [1]) or connecting several design offices together by means
of a virtual space (for example see [13]), or our own related work [8]). Our approach
differs from these in that we explicitly address the mobility aspect of design work, and
that instead of accuracy and completeness of models we aim at sufficient material to
evoke necessary experience and meanings � use computers as �thinking support� tools
[18].  As we have seen in our fieldwork, architects have a well-developed practice to
reconstruct the design site in the design office. Material is collected and different
representations are created and linked. Conceptually our major challenge has been
how to record aspects of the visits (the remote design space) so that the record is
meaningful for the purposes of design in the atelier. According to our limited experi-
mentations, we have been successful in providing mobile computational tools that
offer new valuable ways for architects to re-travel in their material. For example, we
provide ways of combining the bird-eye perspective of the architect with the 1:1 expe-
rience of the visitor. We can consider the technological components individually.

The Mobile Application. The main human-computer interaction challenge is to
achieve an artful integration of devices and applications with the social and physical
environment. The aim is to provide technologies that integrate seamlessly in the eve-
ryday practices of people. The prototype we presented need to be handheld to be op-
erated, while a more wishful solution would be wearable or integrated with operations
as taking a picture.

The Navigation Tool. Although we started thinking of a virtual navigation tool, we
are recognizing that computation should be integrated with the existing environment
(as with the animating bAR code, and the texture brush). We have implemented an
infrared remote control component to navigate the visit away from the desktop com-
puter. We are now concentrating on other tangible interfaces as sensors, tags, and
barcodes to navigate and manipulate the path. As tangible computing artifacts partici-
pate in a radical way in user's social and physical environment, it is harder to design
applications compared to desktop software (where designer have a more controllable
environment). As Dourish [6] points out �the precise way in which the artifact will be
used to accomplish the work will be determined by the user, rather than by the de-
signer.� So that �the designer's attention is now focused on the resources that a design
should provide to users in order for them to appropriate the artifacts and incorporate it
into their practice.� [6, p 173] We maintain that we (and generally the rest of the HCI
field) are still at the beginning in learning how to accomplish this.

The Infrastructure. In heterogeneous technical environments with tagging systems,
mobile devices, bar code readers, PC:s, servers, etc., it still should be possible to inte-
grate different kinds of devices to and through the Infrastructure, using as much com-
mon implementation base as possible. For example, the software components used to
hide the details of the communications and creating and handling XML messages
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should work as well in iPAQs and other mobile devices as in PCs. Also, the require-
ment to be able to use any type of physical input device to control virtually any type of
functionality in the environment will be challenging to meet. For example, the bar
code reader or the tagging devices, or a mobile phone, could be used to control the
navigation of the 3D multimedia path, recorded during a visit. Moreover we have until
now not addressed group aware feature in the system. For example, we have not ad-
dressed solutions to deal with multi-user hyperlinked multimedia data. Should all
users see each other's links? What if the user changes a multimedia content? Should
this change be reflected in all the other users' view of the data, or should a new, modi-
fied multimedia object be created for this user?

Reconsidering the Requirements. The mobile tool with its primitive functionality
makes it possible for users to collect and organized material of visits while Experi-
encing places (Recording of sounds and paths that can be later combined with pic-
tures). The material is made available in a document, which is stored in a database and
can be navigated and shared. The material of the visit can be linked with other objects
in the multimedia database. The integration with physical artifacts can be achieved
using barcodes and scanners, tag-readers, and sensors. We are currently investigating
ways to manipulate the path (e.g. changing the form of it by dragging nodes), and
interact with it using tangible interfaces.

Acknowledgements

We are grateful to our co-researchers in the Atelier project, which is funded by the EU
IST Disappearing Computer program. We wish to acknowledge in particular the con-
tributions of Michael Gervautz, Heimo Kramer (Imagination Computer Services),
Rüdiger Lainer, Kresimir Matcovic, Thomas Psik, Andreas Rumpfhuber, Dieter
Spath, Virtu Halttunen (University of Oulu), and students at the Academy of fine Arts
in Vienna. Finally we would like to acknowledge Infotech Oulu for supporting this
research at the University of Oulu.

References

[1] Bowman, D., "Conceptual Design Space - Beyond Walk-through to Immersive
Design," in Bertol, D., Designing Digital Space, John Wiley & Sons, New York,
1996

[2] Buschmann, F., Meunier, R., Rohnert, H., Sommerlad, P., Stal, M. Pattern-
Oriented Software Architecture A System of Patterns. John Wiley and Sons Ltd,
Chichester, UK, 1996.

[3] Certeau, M. de, Kunst des Handelns, Merve Verlag Berlin 1988.
[4] Cheverst, K.,  Mitchell, K., Davies N., The role of adaptive hypermedia in a

context-aware tourist GUIDE. CACM 45(5): 47-51 (2002)
[5] Davies, N., Cheverst, K., Mitchell, K., Efrat, K.,  Using and Determining Loca-

tion in a Context-Sensitive Tour Guide. IEEE Computer 34(8): 35-41 (2001)



60      Giulio Iacucci et al.

[6] Dourish, P. (2001) Where the action is: the foundations of embodied interaction.
MIT Press.

[7] Drewe, P. (2001) Physical and Virtual Space. How to Deal with Their Interac-
tion? The Journal of Design Research, Volume 1, Issue 1, 2001

[8] Durstewitz, M., Kiefner,B., Kueke, R., Putkonen, H., Repo, P., Tuikka, T.
(2002) Virtual Collaboration Environment for Aircraft Design, in Proceedings of
6th International Confer-ence ofInformation Visualization, Information Visuali-
sation Society, London.

[9] Gaver, B., Martin, H. 2000. Alternatives Exploring Information Appliances
through Conceptual Desing Proposals. ACM CHI 2000 Vol. 2 issue 1.

[10] Iacucci, G., Kuutti, K., Everyday life as a stage in creating and performing sce-
narios for wireless devices. In: Personal and Ubiquitous Computing Journal Vol
6, Springer Verlag, 2002, pp. 209-306.

[11] Iacucci, G., Wagner, I., Supporting Collaboration Ubiquitously: An augmented
learning environment for architecture students, In: the Proceedings of the 8th
European Conference of Computer-supported Cooperative Work, 14.-18. Sep-
tember 2003, Helsinki, Finland, in press.

[12] Izadi, S., Fraser, M., Benford, S., Flintham, M., Greenhalgh, C., Rodden, T. and
Schnädelbach, H., Citywide: supporting interactive digital experiences across
physical space. Journal of Personal and Ubiquitous Computing 6(3): 2002.

[13] Maher, M.L. et al (1996) The potential and current limitations in a virtual design
studio, 16 pages http://www.arch.su.edu.au/~mary/
VDSjournal/index.html (18-02-03)

[14] Persson, P., Espinoza, F., Fagerberg, P., Sandin, A. & Cöster, R (forthcoming)
GeoNotes: A Location-based Information System for Public Spaces, in Kristina
Höök, David Benyon and Alan Munro (eds) Readings in Social Navigation of
Information Space, Springer.

[15] Pradhan, S., Brignone, C., Cui, J.H., McReynolds, A., Smith T, M., �Websigns:
Hyperlinking Physical Locations to the Web�, IEEE Computer, August 2001
(Vol. 34, No. 8), pp. 42-48.

[16] Randell C., Muller, H., The Shopping Jacket: Wearable Computing for the Con-
sumer In Personal Technologies vol.4 no.4, pages 241--244. Springer, Septem-
ber 2000.

[17] Tuulari, Esa; Ylisaukko-oja, Arto, SoapBox: A Platform for Ubiquitous Com-
puting Research and Applications. Lecture Notes in Computer Sc. 2414: Perva-
sive Computing. Zürich, CH, August 26-28, 2002. Mattern, F. Naghshineh,M.
(eds.). Springer (2002), pp. 125 � 138.

[18] Watanabe, M.S. (1995) Induction city, in search of a free order:
how to guide, not design, the city, InterCommunication, No.12
http://www.ntticc.or.jp/pub/ic_mag/ic012/watanabe/
induction_e.html (18-02-03)



Everyday Wearable Computer Use:

A Case Study of an Expert User

Kent Lyons

College of Computing and GVU Center, Georgia Institute of Technology
Atlanta, GA 30332-0280 USA

kent@cc.gatech.edu

Abstract. Wearable computers are a unique point in the mobile com-
puting design space. In this paper, we examine the use of a wearable in
everyday situations. Specifically, we discuss findings from a case study of
an expert wearable computer user in an academic research setting over
an interval of five weeks. We examine the use of the computer by col-
lecting periodic screen shots of the wearable’s display and utilize these
screen shots in interview sessions to create a retrospective account of the
machine’s use and the user’s context. This data reveals that the user
employs the computer to augment his memory in various ways. We also
found evidence of the wearable’s use while engaged in another primary
task. Furthermore, we discuss the intricate strategies developed by the
participant that enable him to utilize the wearable in these roles.

1 Introduction

A wearable computer is a computer worn on the body as clothing and is highly
personal. While the technology is still novel, a few researchers and hobbyists
have adopted wearable computers into their everyday lives. These users are often
seen wearing their head–up displays or typing on one handed keyboards in a wide
variety of situations. Anecdotally, these users report that they often take notes or
retrieve information in a large variety of everyday situations. However, we do not
have a firm understanding of exactly what tasks the computers are supporting
or in what situations. Likewise, we know little about how these users employ the
wearable to accomplish those tasks.

We are interested in researching how early adopters take advantage of wear-
able computing technology. In this paper, we present a formative study designed
to uncover wearable user practices. Specifically, we present data collected from
a case study of an expert wearable computer user during the course of his normal
daily activities over a period of five weeks. Our participant is in an academic
research environment where he uses the machine routinely in a large variety of
situations and has been doing so for over eight years.

Sample size is an issue when studying wearable computer use especially given
our particular interest in everyday use. There are only a handful of people in
the world who have adopted wearables into their lives and have continued to use
the computers daily. Obviously, with such a small user population one could not
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hope to span the possible space of wearable computer use. The small number of
current users may not be representative; however, they are using their computers
while doing typical everyday tasks working with information and managing their
daily lives. As a result, instead of attempting to generalize across a very small
number of users, we are seeking to understand the practices developed by a single
successful wearable computer user. This is an attempt to lay the foundation for
future work such as designing explicitly for wearable computers or comparing
the wearable computer’s unique features and usage to those of other mobile
technologies.

In this paper, we detail the findings from our case study. We describe the
technology our study participant employs as well as general characteristics of the
machine’s usage. We discuss our technique for capturing data on the wearable
computer and our interview methods used to assist in the qualitative interpre-
tation of that data. Next, we present detailed examples of interaction with the
wearable computer in everyday situations from our collected data. Using these
examples, we discuss trends in the data showing how the computer is used to
augment the user’s memory and in situations where the wearable is not the
primary focus of the user’s attention.

2 The Wearable Computer

The participant in our study has been using a wearable computer daily for over
eight years. The computer is a derivative of the Lizzy design [10] and is housed
in a bag worn over the shoulder and rests on the user’s left side by his hip.
This arrangement allows the user to continually wear the machine throughout
the day. The Twiddler2, a one handed chording keyboard, is the input device
(Figure 1). It serves as a combination of keyboard and mouse; however, the par-
ticipant only utilized the keyboard functionality during our study. The display is
a MicroOptical CO-3 VGA head–up display designed to mount on a pair of eye-
glasses (Figure 2). The user modified the mount so he could quickly attach and
remove the display as needed. Finally, the wearable is designed for low power
consumption so that it can be powered throughout the day. The user reports
he typically gets ten to twelve hours of use from a set of batteries and swaps
out batteries as needed to get a longer runtime. Together, these design features
allow the user to call the machine to action quickly at any time by snapping the
display to the user’s glasses and grabbing the Twiddler from his side.

Our participant’s wearable computer runs Linux and the X Windowing Sys-
tem. Emacs is the primary application used, and the vast majority of interaction
with the machine happens within this versatile text editor. For the few occasions
where the user did not directly interact through Emacs, an xterm was opened
and used temporarily. This occurred when the built–in Emacs shell was not suf-
ficient at displaying the needed application. It is interesting to note that the user
did not run any software explicitly designed for wearable use during this study.
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Fig. 1. The Twiddler2 one handed chording keyboard with mouse

Fig. 2. An example of the MicroOptical head–up display mounted on eyeglasses

Figures 3 through 6 show typical screen shots of the user interacting with the
machine.1 Emacs fills most of the user’s display. Xclock runs in the bottom right
corner of the screen but is partially covered by the Emacs window. As a result,
only half of the clock is visible. The user indicated that when he recently changed
the font for Emacs it covered up the clock, and he had not yet fixed it.

Within Emacs, the line of text at the bottom of the screen in inverse video
is the mode line. This line shows various status information such as attributes
about the current state of the file (modified, saved or read–only), the name of
the file being edited, the time, and the CPU load of the machine. In parentheses,
information about the current mode is displayed. The last two items show the
current line number and the percentage from the top of the file.
1 The figures have been altered for anonymity and readability.
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3 Related Work

While our focus is on general everyday use, other research has been conducted
examining the use of wearable computers to support industrial tasks. These
applications are designed to aid the user in accomplishing a specific job such as
vehicle inspection [5] [9] or oil rig maintenance [4]. The wearables used in these
situations tend to be worn only to accomplish a very specific function. Ross and
Blasch developed a wearable application to support the specific everyday task
of wayfinding for the visually impaired[8]. Despite these efforts, little work has
been done on exploring how wearable computers can be used to support more
general everyday activities beyond a single task.

The Remembrance Agent (RA) [7] is one program designed for everyday
wearable use. This application enables retrieval by performing a continuous
search on the user’s archive of information stored on the computer. The RA
utilizes the text on the user’s screen as the key for the search and proactively
shows one line summaries of the best few matches. While the participant in our
study has used the RA in the past, we did not find any usage during our study.

Want et al. investigated the use of the ParcTab, a mobile palm–sized com-
puting device, in a work setting and characterized its usage after deployment to
several users [11]. While both the users in this study and our participant uti-
lizes mobile devices to support their work, there are significant differences in the
computational capabilities and the interface. We found much less variety in the
number and types of applications used by our participant; however, we found
a rich variety of computer usage centered on the user’s information practices.

Perry et al. [6] examined mobile workers’ management practices of infor-
mation through documents and mobile technology. Some aspects of this work
relate to the availability of infrastructure at remote work sites and the ability
of a user to access her information and devices. For instance, they found that
laptops might be carried to a remote site but not from meeting to meeting in
one location. They noted that “the physical form of these objects does not fa-
cilitate ‘casual’ carrying and prevents them from being ubiquitously available to
the mobile worker”. The wearable computer our participant uses helps compen-
sate for these aspects. Even though infrastructure in a mobile setting might be
questionable, we found that the user always has the support from his wearable.
Unlike the laptops in this study, the user wears the machine and tends to always
carry it with him.

Kidd explored characteristics of knowledge workers and revealed some of
their information practices: “This study suggests that knowledge workers may be
uncomfortable with these [mobile] devices as note–takers except for non primary
aspects for their work such as noting a telephone number, a diary date or a short
message for a colleague” [2]. As we will show, we did find the use of the wearable
to store these types of facts; however, the computer was also employed to store
information about primary tasks of interest to the user.
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4 Method

We developed a method to accommodate the everyday nature of our partici-
pant’s wearable computer use. Our data consists of screen shots captured on
the wearable computer augmented with interviews of the participant. We chose
this method because it is difficult to directly observe the interaction between
the machine and user. Capture on the wearable enables us to gather information
directly about the interaction with the computer [3]. Furthermore, the user op-
erates in a wide range of environments making representative direct observation
of wearable use logistically impractical.

Our participant’s existing wearable computer was augmented to capture
screen shots to the hard drive approximately every five seconds. After some
initial experimentation, five seconds was chosen to minimize the impact on the
user’s machine while still maintaining a high rate of capture. The screen shots
were later used in interview sessions to create a retrospective account of the
machine’s use [1]. During these sessions, we played back the captured log to the
user as a movie while often stopping and revisiting portions of an interaction.
The user detailed how the machine was being used and the interviewer asked
questions about general context such as who was around, his location, and the
current activities. We believe the screen shots played an invaluable role during
the interview sessions because everyday tasks become tacit. The screen shots
serve as a cue to remind the user of what he was doing instead of needing the
user to try and recall what happened. The recorded log provides an objective
record of what happened and how often.

Because the wearable is a very personal device, potential access of private
information in the course of daily use such as passwords, sensitive email, and
medical records is an issue. Our solution to censoring this private information
was to give the user the ability to control the capture software. The user could
pause the logging if he was working on private information for an extended
period of time. Additionally, the user could also black out screen shots already
logged if he realized sensitive information was recorded.

5 Case Study Findings

During the course of our five week study, we collected 68 hours of interaction
with the machine from 15 different days. This was approximately 15,000 screen
shots. The wearable was used in a large variety of situations, and after exploring
the data, it became clear that the situation influenced how the machine was
used. In addition to being used while alone, the wearable was often used while
engaged with other people. This could be in the form of one–on–one meetings,
small groups, talks, demos, or impromptu gatherings.

Most of the usage of the machine occurred in the user’s academic work set-
ting. The machine was used in the user’s office, the hallway, the social area near
his office, the lab, and conference rooms. The user also spent some time working
in another building across campus using the machine in classrooms and around
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the building. During our study, the user also went on two trips to visit other
research institutions, one in a foreign country. The machine was used to prepare
for these trips and for support during the trip. In the interviews, the user also
indicated that he used the machine while riding on a train, as a passenger in
a car, and while walking. The wearable contains a wide variety of information
including notes, email, to do lists, contact information, and personal records. It
was also used as a scratch pad, and on a few occasions for writing and editing
articles.

We next introduce the data collected through examples. Some of these are
common activities for this user, while others are more rare but demonstrate the
range and richness of the situations in which the wearable is used. These cate-
gories of examples emerged upon analysis of the data. They reflect the patterns
in his information and in turn the patterns of wearable use in different everyday
situations.

5.1 “Today”

Our first example of a typical interaction with the wearable centers on the “to-
day” file. This file acts as a very flexible to do list that is instantiated as a free
form text file and contains short term important activities that have little mean-
ing long term. This file is not intended for archiving; items are deleted as they
are completed or become irrelevant.

The “today” file is one of the most commonly used files as we captured its
usage on 11 of the 15 days that we obtained data. The interactions take place
in a wide variety of situations and tend to be brief with intermittent usage
throughout the day. In the midst of other tasks, the user will quickly switch
to this file to jot down an item or check the list. Likewise, he will occasionally
browse the file to review the list more thoroughly and clear out old items.

The contents of this file are terse notes to the user that serve as reminders.
These are often simple and can be as short as a one word prompt such as “tax”
shown on the second line in Figure 3. The user characterized this file in jest as
“everything I should be doing but don’t”.

5.2 Recurring Meetings

The wearable is also used to support recurring meetings. These meetings tend
to be with one to a few people where the user is familiar with the attendees
and their work. The topics of discussion include new points of interest as well as
revisiting old items. While listening and participating in a discussion, the user
takes concise notes on general points of interest or specific details that he wants
to remember. The focus of the user’s attention is on the discussion, but the user
takes notes as a background task.

Terse notes are sufficient because they tend to be accessed only in the context
of the meeting, whereas other styles of notes are accessed outside the context
in which they were taken. The user’s organization of this type of information
affords quickly reviewing notes from past meetings. This is a fast interaction
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because the previous notes are stored adjacent to the new ones, and as the user
is often already wearing the display, the only operation needed to peruse the file
is paging up or down.

This note taking practice occurs regularly given that meetings are a common
work activity for this user. A typical example is shown in Figure 4. This is
a screen shot captured during a one–on–one meeting a few minutes after the
start of the conversation. Here is a reconstruction of the interaction with the
wearable that took place during this meeting:

The user first opened the file of all notes on student meetings called
“students” (see status line on Emacs buffer). He found the proper place to
record new notes about the conversation with this individual by searching
for his name, “mike”. He created a new spot for this meeting by entering
a few blank lines between the name and the previous meetings notes
which start with the line containing “021302”. Next, he typed in a the
string “031302” representing March 13th 2002, and a few lines of text
that are notes on the current conversation. The user continued to take
a few lines of notes for the duration of the meeting.

The area of the file for this person is marked with the line “mike:”. The user
said that he uses this convention of a name followed by a colon to attribute
some information to a person. Here it is being used to attribute the notes in the

Fig. 3. The “today” file which contains brief notes on to do items
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next part of the file to Mike and is used as the key when searching for this part
of the file. Following that line are subsections for meetings from different days
with that person. Each of these begins with strings representing the date and is
followed by the notes from that meeting. The text before “mike:” is notes taken
during a conversation with a different person.

5.3 Talks and Demonstrations

Over the course of our study, our participant attended several events relevant to
his interests such as talks and demonstrations. These activities tended to be one–
time meetings with a single person disseminating information. The speaker was
often from another institution and usually had infrequent contact with the user
outside this event. Talks are often given in a class room or meeting room with
the wearable user sitting in the audience. When the user is attending a demon-
stration, there are usually only a few other people listening to the speaker at
one time, and often there are many other demonstrations going on. The user
will often walk up to one demonstration, listen and take notes for a few minutes,
and then go to another demonstration.

In this setting, the user generates more descriptive and complete notes com-
pared to the previous examples. He stated his goal as “want[ing] to refer back
to research notes” whenever they might be relevant. For a talk that the user
attends, he creates a new file in the “talks” directory and names the file after

Fig. 4. An example of notes from a recurring meeting



Everyday Wearable Computer Use: A Case Study of an Expert User 69

the speaker’s last name (for example “Tern” in Figure 5). For a demonstration
at a remote site, a new section of an existing file about the place or trip is made,
or if needed, a new file is created.

The notes start with some basic context about the situation, usually includ-
ing the date, person, and location. Tabs and new lines are used to separate
and organize the ideas represented in the notes (Figure 5). The user actively
structures, restructures, and fills in more details as the talk progresses and his
understanding of the content changes.

5.4 Contact Management

The wearable user has a file named “phones” devoted to contacts. He uses this file
to help manage information about the people he knows. It contains information
such as names, phone numbers, email addresses, titles, and locations or addresses
of people. In addition to this traditional contact information, the user includes
other reminders about the person which are stored in the same file. He often has
a note about when he last met the person and why they met, or a more general
description of why that person is included in the file. Directions to locations are
not uncommon and sometimes include travel times.

The user indicated that he would write down new information when he met
someone. Usually, this new information came from a business card. Our data also

Fig. 5. Research notes taken during a talk
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showed that the user also occasionally copied email signatures from messages
stored on the machine into the file.

This file is used when the user wants to remember details about a person
he just met or to recall information about someone he met previously. When he
encounters someone he has met before, the user quickly searches through the file
during the conversation to find when they last met and other information about
that person’s work.

In Figure 6, we see the variety of ways the user records information about his
contacts. For example, the first line was entered because the user frequents a local
sandwich shop and repeatedly sees the same employee. However, he can never
remember his name, Yan. One time, the wearable user asked for the employee’s
name and wrote it down at the top of this file so he could look it up the next
time he was there. The information for Mara Wareall, Mark Tersey and Dakis
Yahonce was all entered while the user was organizing a business dinner. He
went through the “phones” file ensuring that he knew how to contact all of the
people attending. He did not have any information for these people in the file so
he added it.

Fig. 6. The “phones” file which serves as the user’s contact list
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5.5 Scratch Pad

While the previous examples occurred regularly, there are other interactions
that are less typical but demonstrate the versatility of the user and his wearable
computer. One instance is the computer’s use as a scratch pad:

After a pause in using the machine of about ten minutes, the user was at
a command line prompt in an xterm. He cleared the screen and started
entering a string of numbers at a moderate rate: “1 3 2 4.5 3 6.75 4
1...”. The input was obviously not a command to be executed. After 43
seconds, a total of 10 numbers were entered. Then there was a pause of
13 minutes after which the user continued use of the machine by first
closing the xterm, erasing the numbers.

When queried about the purpose of the numbers in an interview session, the
user indicated that he was doing some math in his head and was writing down
the intermediate results. He happened to use the xterm that was available on
screen. He did not want to worry about opening a file or saving the information
and just needed to jot down some numbers.

The user’s own working memory or a scratch piece of paper could have suf-
ficed, but the wearable provided adequate support for this type of task. He was
able to use the wearable as a scratch pad since there was very little setup time.
The machine was most likely more convenient than looking for a piece of paper
since his machine is always with him and has been integrated into his way of
working.

6 Discussion

These examples of “today”, recurring meetings, talks and demonstrations, con-
tact management, and scratch pad show three main trends: the wearable as
a device to augment the user’s memory, the wearable used as an aid for a pri-
mary task, and information organization. These items highlight the versatility of
the wearable computer and the strategies adopted by the user to enable effective
use in everyday situations.

6.1 Memory Augmentation

A key theme of the wearable’s use supported by our data collection and exempli-
fied in the previous section is how the user has adopted the wearable computer as
a tool to augment his memory. The machine is employed to aid the user’s mem-
ory over a spectrum of time frames and in a large variety of situations. There
is a low cost associated with machine use because the interaction is quick and
the machine is almost always with the user. The user leverages these features to
store information in his self–described “other brain”.

The majority of interactions with the machine augment the user’s long term
memory in some way. The user relies on the machine’s perfect storage capability
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to compensate for the fact that his memories can degrade with time. The “today”
file is used to remember near term events. The meeting notes serve as reminders
in the context of the meeting about past discussions. The “phones” file archives
a variety of information about whom the user has met. Lastly, notes such as
those from talks and demos comprise a large amount of archived information
relevant to the user’s work.

On a few occasions, the data revealed the user applying the wearable as a tool
for short term memory augmentation. These interactions are characterized by
the need to remember a small number of items for no more than a few minutes.
The previous scratch pad example demonstrates this technique. The user em-
ployed the wearable because it was a convenient place to jot down some numbers
while performing calculations in his head. Instead of remembering the tempo-
rary values or finding some other support mechanism, the wearable computer
interaction was fast enough and the machine flexible enough to aid the user. Like
working memory, the items are temporary, and there is no need for long term
storage.

While the user employs the wearable computer for augmented memory sup-
port, it often does not replace the user’s memory. It serves as a repository for
details, and the notes provide cues to refresh the user’s memory.

6.2 Wearable as Secondary Focus of Attention

While the machine is commonly used to augment the user’s memory, most of
the interaction occurs under tight attention or time constraints because the user
is actively involved in some other primary task. In these situations in which
the user is often engaged with other people, the primary use of the wearable
is in a support role. In a conversation, the user might take notes on points of
interest or retrieve support material from the machine relevant to the discussion.
However, the primary focus is still on the conversation at hand, and the user
tries to adhere to the social constraints of the situation.

While engaged in another activity, the user must quickly make many decisions
that govern his interaction with the machine. First, to use the machine effectively
for memory augmentation, the user must be able to know where to store new
notes or find old information. The user has developed several strategies that
revolve around the organization of his information which enable him to quickly
return to the task at hand.

While taking notes, the user also decides how much effort and time to spend
on recording the information. For a subject familiar to the user, he may only
record details that he might otherwise forget such as during a weekly meeting
(Figure 4). For less familiar material of interest, he might spend more time
taking richer notes (Figure 5). The process of recording the information with
the wearable computer tends to take minimal attention as the user touch types
his notes at a rapid pace (approximately 55 words per minute) and the head–up
display enables him to check on the notes being written with a quick glance.

Even while primarily engaged in another activity, it is clear from the data
that the user does occasionally shift his focus to the machine while recording
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information. This usually takes the form of editing the content of the notes or
restructuring them. On several occasions, the user would go back a few lines and
change a line of text or expand on an idea by writing down more details. The
user indicated that the changes in the structure of the notes were so that the
information would be easier to access when needed. Furthermore, he said that if
he did not spend the time to organize the information while taking it he knew
he would not go back later to do so.

On some occasions, the user spends time directly interacting with the ma-
chine. These interactions usually center around maintenance of his information.
There might be other people around, but he is not engaged in activity with them.
For example, although the user generally decides where to place information as
he is storing it, sometimes he explicitly spends time consolidating and organiz-
ing his data. When the user was on a trip and preparing to meet his hosts and
attend a demo, he spent part of the morning going through a collection of email
he had gathered about that trip. He went through the email copying out contact
information, placing it into the “phones” file. He annotated and rearranged the
information so he could refer to it later that day when he met his hosts.

6.3 Information Organization

The data show that the user has developed an intricate scheme for organizing his
information space. In addition to using traditional file hierarchies, there is often
structure within individual files. The notes from a meeting (Figure 4) represent
a composite file consisting of several separate entries from meetings with different
people on different days. Another example of this technique includes taking notes
in a file containing several emails on a subject. In general, tabs, blank lines,
dashed lines, or email headers are used to define the structure within a file.

Within a composite file, the user can impose additional structure to keep
related information together. In the “phones” file, the user indicated that he
often tries to group people from the same organization together (Figure 6).
The student notes file is organized by person at the highest level. Each area
devoted to an individual is further subdivided into meetings labeled with the
date (Figure 4).

There were only a small number of explicit retrievals found in the data;
however, the composite file structure might facilitate incidental access. Because
the user co-locates related information he can quickly and easily review previous
notes as he is about to enter new ones.

It is also worth reiterating that none of the applications our participant
used during our study were designed specifically for wearable computers. The
current machine and programs are sufficiently flexible to enable this expert user
to operate in these conditions with the aid of his strategies. However, there is
poor support for a novice user attempting to accomplish similar tasks.
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7 Future Work

While we gained insightful data from our user, we are interested in performing
a followup study to examine other everyday wearable computer users’ practices.
Again due to the extremely small user population, we will not be able to char-
acterize the design space fully. However, we believe other users might have their
own interesting practices that could be leveraged in future wearable computer
designs.

Through the data obtained in our case study we have been able to examine an
expert user’s practices, and we have identified the computer’s role in augmenting
his memory. Now that we have begun to characterize the situations in which this
expert user employs the wearable, we can explicitly study key themes such as
incidental access, augmented memory, and secondary attention. Furthermore,
we can use our preliminary findings to begin designing better support for these
tasks.

More generally, work needs to be done on reducing the overhead of using the
computer. The user has been able to use the wearable’s current interface and
applications for years, but there is room for improvement. With a large portion
of the computer’s use happening in a secondary support role, it is critical that
the machine minimize its needs for the user’s attention so the user’s focus can
remain on his primary task. While doing so, the wearable should retain its power
and the flexibility to be adopted into various everyday situations.

A key aspect of designing new wearable applications will be reducing the
need for the expert’s strategies of organization. By creating explicit support in
the applications for the uses identified in this work, we can begin developing
interfaces better suited for novice users. Likewise explicit application support
would also hopefully reduce the breakdowns currently experienced in the user’s
strategies.

8 Conclusion

This case study is a first step in understanding some of the capabilities a wearable
computer can provide in supporting everyday life. We found that the wearable
computer was used by the expert to aid his memory in a large variety of situa-
tions. The wearable was occasionally the primary focus of attention; however, it
is also common for the machine to be used in a secondary role supporting an-
other primary task. We found the user developed several strategies that enabled
him to use the wearable computer in situations where his attention is limited.
This initial understanding of an early adopter’s expert work practices will help
direct our exploration into the potential of wearable computers. Our findings
will also help to enable the design of applications suited to the conditions of
everyday use.
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Abstract. Mobile devices are often used in busy contexts, where the
operation takes place � at least temporarily � with limited visual infor-
mation. In such �blind use’, the passive tactile properties of the device
become crucial. Two mobile keypads with very different tactile proper-
ties were tested in an experiment with twelve experienced mobile phone
users. Results highlight the importance of passive tactile feel. Most clear
differences were seen in errors: while the keypad with high tactile cues
could be used even in total absence of visual information, the perform-
ance with low tactility keypad collapsed. This underlines the importance
of the industrial design in creating mobile devices that are accessible by
anyone, in any context. Wearable keypads may also benefit from indi-
rect visual feedback shown on the display. In this study, simple indirect
feedback increased subjective ease, although only moderate effects were
found in performance. Also more sophisticated feedback types need to
be studied.

1 Introduction

Handheld and wearable devices can be used anytime and anywhere. Our primary
sense, vision, is inherently limited since the eyes can be fixated only to one place at a
time. Especially in mobile context, the visual domain is often occupied by other si-
multaneous tasks. For example, when operating a mobile phone while walking on a
busy city street, the user has to monitor other people and the surrounding traffic in
order to avoid collisions. Some of this activity can be done using the peripheral vision,
but from time to time eye-fixation must be moved away from the device, at least tem-
porarily.

Using a device under temporary unavailability of vision is often coined �blind use’.
While some may regard this term as dismissive of the daily problems that the visually
impaired people confront, there is also a positive side in the term, highlighting the
similarities between so-called �normal’ and �disabled’ people. Another widely used
term is �eyes-free’ use, similarly to �hands-free’. We will use the term blind use in this
paper.
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When vision is unavailable, the auditory modality is often suggested as a compen-
satory modality (e.g. [1]). Speech and audio are indeed useful in closed contexts, or
when communication is not private (e.g. announcement delivered to a group of peo-
ple). However, in open, public contexts, the use of auditory information is often lim-
ited by factors related to social acceptability and privacy.

In personal devices, tactile information is clearly less problematic than audio, since
often only the user her/himself can perceive it. The tactile sense is also always avail-
able. While auditory information is often drowned by the roar of the traffic, such
masking happens less often with tactile sensations. Whenever the user touches the
device in order to operate it, skin contact is made, allowing tactile information be
transformed through pressure receptors located in the skin. Put together, when visual
information is temporarily unavailable, tactile sense can potentially give us valuable
compensatory information in a discreet and personal way, in any environment.

1.1 Mobile Keypads and Keyboards

This study focuses on compensatory use of passive tactile information in mobile key-
pads. Passive tactile information refers to the natural tactile sensation that is obtained
when the finger is moved along any surface, as opposed to active tactile feedback
produced by force-feedback devices.

Keypads or keyboards are input devices that consist of several individual keys ar-
ranged in an orderly fashion, typically in a grid-like pattern. The term keyboard is
used here for input devices that are mainly designed for two-handed operation, while
keypads are mainly used with one hand. This study concentrates on mobile use of the
latter, although the results are partly applicable also to keyboards. (Keypad is used
also when referring to keypads and keyboards together.)

Keypads are potentially efficient input devices. Previous studies show that when
visual and tactile senses are fully available, experienced mobile phone users are able
to operate the keys with the rate of about 3.3 presses per second, which provides con-
siderable input bandwidth [13]. However, when feedback through either visual or
tactile sense is reduced, the situation may be different.

Mobile, physical keypads can be classified in two main categories: handheld and
wearable.

Handheld Keypads. Handheld keypads are used in devices that are small enough to
be held and operated in hand. Depending on the device form-factor, one or two hands
are used. Handheld devices are typically fully integrated, consisting of a single unit;
thus the keypad is not separated from the display. In optimal conditions, eyes can be
easily moved between display and keypad, allowing almost continuous visual feed-
back from the keypad area. Therefore, in handheld keypads, tactile information be-
comes especially critical in contexts where visual information can be fragmentary, as
in a city context described above.

The standard 12-key telephone keypad is the most widespread of handheld key-
pads. With the recent success of mobile phones, this 3 x 4 matrix layout has hundreds
of millions users worldwide. Although originally designed for telephone number dial-
ing, the keypad is also used for several other purposes in current mobile phones. Most
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importantly, with the success of SMS messages, billions of text messages are sent each
month [6]. The number keypad can also be used for accessing menu functions or data.
Although the keys are often relatively small, the limited number of keys in a simple
matrix makes this layout highly potential for blind use. A standard feature is a �blind
dot’, a small rise at number key 5 (either in the center of the key, or above/below it),
which helps blind use, but other tactile cues are also essential (e.g. key shapes and
edges). Phone keypad is most often used with one or two thumbs.

Another common key arrangement is the QWERTY layout, which has been
adopted recently also to mobile use. QWERTY has much higher number of keys than
the phone layout, forcing the keys to be packed even more tightly. This limits the
effectiveness of tactile information. For example touch-typing using all ten fingers � a
common form of blind use in full-size computer keyboards � is hardly possible in
handheld devices. In contrast, thumbs are often used here also. Most keyboards incor-
porate blind dots on both sides of the keypad (on keys F and J).

Phone and QWERTY keypads have been studied extensively, but only rarely in
relation to mobile devices ([4], [13]). None of these studies cover blind use.

Wearable Keypads. In contrast with handheld devices that consist of �one box’,
wearable devices can be distributed over various parts of the user’s body and clothing.
Also, the keypad and display may be separated, which has special consequences for
visual feedback. As Lehikoinen and Röykkee noted [8], wearable devices are often
most comfortably used in relaxed, neutral position, where the arm is kept straight. In
this position, the keypad and the operating fingers are completely outside the visual
field. This further emphasizes the role of tactile information. While handheld keypads
suffer only from temporal absence of visual feedback, wearable keypads may have to
be used without visual information throughout the task.

Even though direct visual feedback (i.e. looking directly at the keypad) may be un-
available, many wearable solutions rely on a special display that is constantly visible
to the user (e.g. a head-worn display). Therefore, it might be possible to provide some
indirect visual feedback on the display that helps the user in operating the keys. This
study tackles both direct and indirect visual feedback.

Several wearable keypad ideas have been proposed. Of these, the �Finger-Joint
Gesture’ (FJG) wearable keypad glove [5] is closest to the phone layout, retaining the
3 x 4 layout: the four fingers from index to little finger form the keyboard rows, while
the phalanges (finger bones) of each finger represent the columns. Thumb is used as
an operator. While FJG uses the hand itself as the input device, and therefore probably
provides good tactile ground for blind use, it is still to our knowledge only on a con-
cept level, and no formal user studies exist.

To the contrary, much more information exists from a related wearable keypad
called �N-fingers’ [8]. Prototypes of this keypad have been studied formally, and the
results are encouraging, although high error rates were observed. More interestingly,
from the viewpoint of the present study, the results showed that N-fingers could be
used with no visual feedback at all. However, the keypad consists of only four keys,
which simplifies the use of tactile sense. It is still open whether such a high level of
blind use can be obtained with keypads with higher key count.

A slightly different wearable idea, also utilizing the phone layout, is called �Em-
broided Capacitive Key Pad [11]. This keypad is stitched to the front of a jacket. The
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keypad faces away from the user. This limits the use of visual sense, and highlights the
importance of tactile feel. However, no published studies exist from this keypad.

Another class of wearable keypads are so-called chording keypads, where one or
several keys are pressed in combination. They involve delicate movement patterns,
and require several hours to learn. This has limited their adoption in commercial
products. Some of them also require a firm surface (e.g. [3], [12]), which limits their
use in mobile settings. Some are attached to user’s clothes, and are thus more interest-
ing from present viewpoint, since they are can be used in any mobile situation and are
therefore also susceptible to limitations in visual feedback. One such keyboard is the
’Half-qwerty’ by Matias et al. [10]. This keypad was indeed studied in blind use, and
the results were relatively positive. However, only completely blind use was studied,
and no comparisons between different visual conditions were made.

Other Solutions. Other mobile keyboard solutions exist that are neither handheld nor
wearable. These are often variations of the computer keyboard, applied to mobile
context. One example is the popular foldable keyboard for palmtop computers, an-
other more exotic variation is provided in [4]. While these keyboards can be easily
carried around between different locations, the use itself is much more limited since a
table is needed for comfortable operation. These solutions are not thus �truly mobile’,
and are therefore out of the scope of this paper.

1.2 Purpose and Scope of this Study

To our knowledge, no systematic studies exist about the combined roles of tactile and
visual information in the use of mobile devices. An experiment was designed to study
this issue in mobile keypad-operated devices.

Keypad operation consists of a series of key presses. For each key press the finger
is first moved to the intended key and then pressed down. While the second phase is
probably trivial, the first is definitely not. Although moving one’s finger to a certain
key is quite easy in optimal conditions, it might be more difficult in conditions with
reduced visual information. However, users may be able to compensate some lack of
vision with tactile information. This issue will be studied in different combinations of
tactile and visual information. Tactile information is varied by using two keypads with
very different tactile properties: one with very clear tactile cues, another with very
limited tactile cues. Visual information is varied between full feedback and blind use.

In addition, in wearable devices, indirect visual feedback through the display may
provide information of the finger location, and thus help in blind use. To study this
issue, an intermediate condition of indirect visual feedback is added to the study.

The subjects in this study are experienced mobile phone users with normal vision.
Other user groups, e.g. visually-impaired users or users with no mobile phone experi-
ence, may obviously have very different needs and skills, so the results may be only
partly applicable to these user groups.
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2 Method

2.1 Participants

Twelve volunteers (7 male, 5 female) participated in the study. All were employees of
the Nokia Research Center in Helsinki. Their age ranged from 25 to 36 years, with an
average of 31.8 years. One of the subjects was left-handed, but all choose to use their
right hand in the study. All subjects had normal or corrected-to-normal vision.

All participants were highly experienced mobile phone users, writing several SMS
messages each day using keypad-based text input methods. The average mobile phone
experience of all participants was about 6 years. None were regular users of the two
keypads of the present experiment.

2.2 Phone Mockups

Two phone keypads with very different tactile properties were used. The keypads
were selected by the author to represent two extremes of contemporary keypads.
(Some old phones from mid-1990’s or before have even more explicit tactile cues, but
this is obtained by using very large key sizes and distances, and is therefore not a
realistic solution for contemporary mobile devices.)

A Nokia 5110 acted as the high tactility keypad (Fig. 1). This phone has very pro-
truding keys, with 1.0 �1.3 mm key depth. The keys are also placed quite far apart,
with inter-key distances of 2.8 mm (horizontal) and 3.3 mm (vertical). This factor
together with the surface material makes the keys potentially easy to separate by tac-
tile feel: the keys are made from soft and somewhat �sticky’ rubber, while the phone
chassis that separates the keys is made of more slippery and hard plastic. The keys
have also sharp edges, which makes it easier to feel the boundaries. Number key
widths are 8.3 � 9.9 mm, key heights 4.6 � 5.9 mm. Two 0.5 mm high blind dots are
located in the phone chassis, one above and one below the number key 5.

    
Fig. 1. High (left) and low tactility keypad (right). (Scale = 100 %.)
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Fig. 2. Participant using phone mockup above the desk (direct visual feedback) and below the
desk (indirect and no visual feedback-conditions)

The low tactility keypad was a prototype phone from Japan. The keypad is typical
for Japanese market, with very flat keys. The keys are only 0.5 � 0.6 mm deep. In
horizontal direction, the keys are totally connected; in vertical direction there is 1.5 �
1.9 mm inter-key distance. The materials of keys and phone chassis are almost identi-
cal, and all keys have round corners. The number keys are slightly larger, with 10.2 �
11.8 mm width, and 4.9 � 7.0 mm height, although comparison is not straightforward,
because of very different key shapes. In the center of number key 5 there is a 0.2 mm
high blind dot.

The phones with the selected keypads were modified to connect with a cable
through the keyboard PS/2 port to a desktop PC (Pentium III, Windows NT), running
the experimental software (see below). Visual feedback was shown on a 17� computer
CRT screen.

2.3 Visual Feedback Conditions

Both phone mockups were tested in three visual conditions:

1. Direct Visual Feedback: in this condition, users were allowed to keep the phone
above the table. They were instructed to try out a position where the phone is kept
near the computer screen, since this minimizes the eye movement and accommoda-
tion between phone keypad and screen (see Fig. 2, left), but were allowed to choose
any position convenient to them. Most subjects chose to hold the phone as in-
structed; however, one subject held the phone about 40 cm in front of the screen.

2. Indirect Visual Feedback: In this condition, subjects held the phone and their hand
(up to wrist) below the desk (see Fig. 2, right), removing the possibility of receiv-
ing any visual cues from the phone itself or through the subject’s hand. Although di-
rect visual feedback was thus eliminated, the experimental computer application
gave indirect visual feedback on the display after each trial, informing the subject
which key he/she had pressed (see details below).

3. No Visual Feedback: This was identical to previous condition, but also the indirect
feedback was removed. No visual information was available, so the subjects had to
search the keys using tactile information only.
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In each condition, only the thumb of one hand was allowed to press the keys. The
other hand and fingers could be used to stabilize the phone but not to operate the keys.
Before each condition, the subjects were allowed to adjust the desk, monitor and seat
to make the position as comfortable as possible.

2.4 Experimental Software and Test Task

The experimental software was developed with Borland’s Delphi (version 5). The
program presented the stimuli to the participants and logged each key press on the
phone mockups to a text file. Each press was time-stamped with 1 millisecond resolu-
tion.

The experimental software showed an illustration of the keypad to the subject. The
illustration was 42 mm wide and 44 mm high, and was shown in white color in the
center of the computer screen on a middle gray background. Stimuli were shown one
by one by turning the present target key black (see Fig. 3a). The subject’s task was to
press the indicated key on the phone mockup keypad. The stimulus remained visible
until the subject pressed any of the keys on the phone mockup. This made the stimulus
disappear. If subject made an error, an error tone was played.

In the indirect feedback condition, some additional visual feedback was shown im-
mediately after stimulus disappearance. If the key that the subject had pressed was
right, the stimulus turned green (Fig. 3b); when pressing a wrong number key, the
erroneous key was shown in red (e.g. wrong press on number key 8, Fig. 3c); if the
erroneous key was none of the number keys (but one of the function keys), then the
border surrounding the keypad illustration turned red (Fig. 3d). This feedback disap-
peared after 200 ms. Next stimulus was then shown after a 700 ms stimulus interval.

As the number keypad consists of 12 keys, the there are 12 x 11 = 132 possible key
pairs (when key repetitions are excluded). To cover all key transitions, a �key loop’ of
all 132 key pairs (i.e. 133 stimuli) was designed (the first stimulus was always ex-
cluded from the analysis, because there is no transition from a previous key). Each test
round consisted of one full key loop started from a random position, run randomly in
one of the two possible directions. This arrangement made the stimulus order appear
random to the subjects. Each test round lasted between 3 and 7 minutes in total.

   
 a) b) c) d)

Fig. 3. a) Displaying the stimulus; b, c, d) indirect visual feedbacks forms (see text for details).
(Scale = 59 %.)
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2.5 Design and Procedure

A 2 x 3 within-subjects design was used:

• 2 tactile conditions: high tactility vs. low tactility keypad
• 3 visual feedback conditions: direct, indirect, none

This makes 6 test conditions in total. For each condition, one test round was run.
The order of test conditions was fully counterbalanced using Latin Square design.
With 12 subjects and 132 recorded key presses per test round, the total number of key
presses was 6 x 12 x 132 = 9504.

Before each test round, the forthcoming test condition was explained to the subject.
After that, a short practice round was run. This consisted of 12 trials, one press on
each number key. These trials were discarded from all analyses.

Then the actual test round with 133 trials was run, after which the experimental
software displayed the number of errors to the subject, both in absolute number and
percentage. The subject then filled-in a differential scale on subjective ease: �How
easy was it to find the right key on this keypad in this test condition?’ using a scale
from 1 (�very difficult�) to 7 (�very easy�). We also briefly interviewed the subjects
about the strategies they used in locating the keys with the present keypad, and general
pros and cons of the keypad designs.

Each subject performed the test in two sessions, one for each phone. The time be-
tween the sessions varied between 1 and 24 hours.

3 Results

The dependent variables were key press time and error rate and subjective ease. For
each of these we analyzed the following effects:

• overall effect of visual and tactile conditions, and their interaction,
• the difference between no visual feedback and direct visual feedback (the appli-

cability of both keypads for blind use), and,
• the difference between indirect visual feedback and no visual feedback (how

much the indirect feedback can compensate blind use).

In addition, qualitative findings were obtained in the post-test interviews. These
findings are handled in the discussion.

3.1 Key Press Time

Key press time is the time from the onset of the stimulus to the key-down action.
Key press times increase quite consistently when visual or tactile information is re-
duced. A two-way analysis of variance on key press time showed clear main effects
for visual feedback condition (F2,66 = 4.88, p = .01) and keypad tactility (F1,66 = 4.86,
p = .03). The visual x tactile interaction was not significant (F2,66 = 0.24, p = .79).
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Fig. 4. Average key press times for different visual and tactile conditions with 95% confidence
limits

Removing all visual feedback slowed down key presses on both keypads compared
with full visual feedback (direct vs. none; high tactility: t11 = -2.80, p < .05; low tactil-
ity: t11 = -2.84, p < .05).

When looking at the effect of indirect feedback, the difference between indirect and
no visual feedback conditions are quite small. In post-hoc t-tests, the differences be-
tween conditions with indirect and no visual feedback were not significant (high tac-
tility: t11 = -1.46, p = .17; low tactility: t11 = -1.93, p = .079), although with low tactil-
ity keypad, the result approaches significance.

3.2 Errors

A two-way analysis of variance on error rate showed very clear main effects for visual
feedback condition (F2,66 = 18.8, p < .001) and keypad tactility (F1,66 = 57.6, p
< .001). The visual x tactile interaction was also highly significant (F2,66 = 11.2, p
< .001).

Overall, the differences in error rates are much clearer than those observed in key
press times. The interaction between visual and tactile information is also notable.
With the high tactility keypad, the error rates are relatively low even in the total ab-
sence of visual feedback, although the difference is significant (t11 = -2.77, p < .05).
However, with low tactility keypad the error rate remains low only with full visual
feedback, but increases dramatically when direct visual feedback is disabled, with a
highly significant difference (t11 = -5.12, p < .001).
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Fig. 5. Average error rates for different visual and tactile conditions with 95% confidence
limits

Also notable is the role of indirect visual feedback. It seems that this type of indi-
rect feedback alone does not reduce keying errors very effectively. The differences
between conditions with indirect and no visual feedback were far from significant
(high tactility: t11 = -0.84, p = .42; low tactility: t11 = -0.68, p = .51).

3.3 Subjective Ease

The subjective rating on the ease of finding the keys gives similar results as key press
time and errors. Reducing the visual and/or tactile information has a very consistent
effect also on subjective ease. A two-way analysis of variance on subjective ease
showed very clear main effects for visual feedback condition (F2,66 = 28.2, p < .001)
and keypad tactility (F1,66 = 54.3, p < .001). The visual x tactile interaction was not
significant (F2,66 = 1.78, p = .18).

Removing all visual feedback had very clear effects on the subjective ease with
both keypads (direct vs. none; high tactility: t11 = 7.10, p < .001; low tactility: t11 =
6.77, p < .001).

When comparing the indirect with no feedback condition, the effects are more dis-
tinct than in key press times or errors, reaching statistical significance (high tactility:
t11 = 2.57, p < .05; low tactility: t11 = 4.00, p < .01).
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4 Discussion

Overall, the results are very consistent: both visual and tactile information had very
clear effects on all dependent variables, most clearly on errors.

The performance was obviously best when subjects were allowed to look at the
keypad while pressing the keys. However, when visual feedback was prevented, the
results were very different for the two keypads. Although statistically significant ef-
fects were found for both keypads, the magnitude of the effect of blind use was very
different, especially in terms of errors: the high tactility keypad could still be used
with few errors, but with low tactility keypad the errors increased dramatically.

Compared with full blind use, indirect visual feedback lead to relatively mild im-
provement in the actual performance (i.e. key press times and errors); all effects re-
mained insignificant. However, on the subjective ratings, the benefit was clearer, with
statistically significant differences observed with both keypads.

The results have important practical implications for the design of mobile keypad-
operated devices, both handheld and wearable. These implications are discussed sepa-
rately.

4.1 Implications to Handheld Keypads

Two physically very different handheld keypads were included in the study. Very
clear differences were observed between these two keypads in all dependent measures,
although the task was identical. The differences are most clear in errors. Fig. 7 shows
selected error data (from Fig. 5) in a new format. This layout shows very clearly the
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crucial role of passive tactile feel. The first bar on the left shows the �optimal condi-
tion’, where a keypad with rich passive tactile cues is used in presence of full visual
feedback. Error rate is very close to zero. The second bar shows the same keypad in
total blind use situation. Since there are plenty of tactile cues available, users can still
operate the keypad with very few errors. However, in the third bar, where the keypad
is changed to a one with poor tactile cues, the error rate increases dramatically!

This result highlights the importance of the industrial design of mobile products.
The second and third bars of Fig. 7 compare two different designs in an identical task,
in identical conditions � and yet the difference in error rate is substantial. What ex-
actly made the difference so clear? The post-test interviews were able to shed some
light on this question. One of the most interesting findings was the almost total use-
lessness of the blind dot. Both phones had quite low blind dots at number key 5, and
several subjects spontaneously mentioned that they had no benefit from this feature.
Most tried to use it in the beginning but started using other strategies, because failing
to locate the blind dot by tactile sense only. Such a small dot may perhaps be useful
for visually impaired users who have more experience in relying on their tactile sense,
but it is hardly of any use for users with normal eyesight.

Instead, subjects reported other strategies that we classified in five categories. The
categories, in rough order of frequency are: key shape, keypad edges, key depth, key
distance and key size. Issues related to shape of individual keys were clearly most
common. Also keypad edges seemed to be important: many users used e.g. a corner of
the keypad as a landmark where the thumb was returned from time to time for �cali-
bration’. In summary, based on these very informal interviews, the most important
feature in blind use seems to be a distinct shape of the individual keys (e.g. sharp
enough key edges) and the whole keypad (i.e. keypad edges), but keys also need to be
deep enough (1.5 mm in high tactility keypad worked well), placed far enough from
each other and be large enough in size.
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These observations are obviously very preliminary, and there are many independent
variables that may affect the overall performance in blind use conditions. More re-
search is needed, with larger variation of keypads, in order to understand what are the
critical variables that make a keypad accessible by anyone, in any context.

While this study focused on the telephone keypad, the notion of the importance of
industrial design applies equally well also to other layouts, for example the handheld
QWERTY keyboards. Even though the usage style is different � i.e. one thumb vs.
two thumbs � the problem of blind use remains the same: i.e. locating the intended key
with one’s thumb(s) without looking at the keys. In QWERTY, the degree of difficulty
may only be even higher, because of greater number of keys.

Virtual keypads were also out of our main focus, but certain conclusions can be
drawn. These keypads are operated on a touch-screen using a finger or a stylus; how-
ever, current touch-screens are completely flat and uniform, providing very limited �
if any � tactile information to the user. On contrary, although one of the keypads in the
present study was termed low tactility, the keypad was not completely flat, providing
at least some tactile information to the subjects. The highest error rate of figure 7
would probably be even higher if both visual and tactile information were completely
ruled out. This issue is critical to products that use virtual keypads. Certainly there is
need for new technologies that can provide passive or active tactile information also
with touch-screens, making pen-based appliances usable in all mobile contexts. The
�Active Click’ touch panel by Fukumoto and Sugimura provides a g ood start to this
direction [2].

4.2 Implications to Wearable Keypads

Although keypads in this study were not wearable, the results have certain implica-
tions to wearable keypads also.

Just like handheld keypads, the wearable keypads are sometimes used blindly.
Therefore, tactile cues provided in the industrial design are equally important also in
wearable solutions. The issue may be even more critical here, since any visual contact
with a wearable keypad may be difficult, either because of a fixed location of the
keypad (e.g. [11]), or in order to obtain a natural use position (e.g. [8]).

When direct visual contact is scarce, any type of indirect feedback may be invalu-
able. This study included simple visual indirect feedback that took place after a key
press. This type of feedback had very mild effects on performance, decreasing key
press times and error rates only marginally. However, in ratings of subjective ease,
statistically significant differences were observed. It seems that although indirect
feedback did not make subjects perform significantly better, it gave them confidence
in using the keypads. Therefore, indirect visual feedback should be considered, when-
ever possible, since it may increase user’s satisfaction towards the keypad, and, per-
haps, towards the device as a whole.

More sophisticated forms of feedback are worth studying also. While we used very
simple passive visual feedback, which only informed � after a key press � which key
was pressed, also more active forms of feedback exist. Two examples are worth no-
ticing. Firstly, Hinckley and Sinclair [7] studied a touch-sensing mouse and trackball.
Using similar technologies, the individual keys on a keypad could be made sensitive to
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touch. This would allow showing on the display the location of a user’s finger in rela-
tion to the keypad, even before any key is pressed. This would most probably have a
positive effect on accuracy, perhaps also on operation times. Secondly, active feed-
back could also be given through the tactile sense. Different forms of active tactile
feedback has been used in several studies (e.g. [2], [9]), but none of these tackle the
specific solutions of mobile keypad-operated products. As a summary, active feedback
through various senses, as opposed to passive tactile feel used in this study, need to be
studied and applied to keypads-operated products to improve their usability in mobile
context.

5 Conclusions

Very few studies exist about keypad use. Keypads are technically very simple input
devices, and much of the research attention has focused on more advanced input tech-
nologies. However, keypads have strong passive tactile feel, and are thus highly po-
tential for mobile use. This study showed that a properly designed keypad can be used
even in total absence of visual feedback. Advanced forms of feedback, e.g. indirect
visual feedback or active tactile feedback, could be used to further strengthen the
blind use capabilities of keypads, in both handheld and wearable devices.
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Abstract. In many user interfaces with restricted input/output
capabilities, a time-out is used to automatically change the UI from one
mode into another. In this paper we studied the learning of time-outs
and the effect of feedback on it in mobile phone text entry. The effects
of three different feedback schemes (auditory/visual/no feedback) on
learning of two different time-out lengths were compared. We
measured the response time from the time-out occurrence to the time of
user's reaction. Error rates and the development of the response times in
different schemes were used as measures of learning. We also studied if
the users learned to estimate the time-out lengths, or if they just reacted
to the available feedback. There were three main findings. Without
feedback, response times had great variation. Auditory feedback
enabled faster response times than visual. Finally, we found evidence of
short-term learning, but not as much of a lasting effect.

1 Introduction

Time-out is used in many mobile phones' text input, as well as other user interfaces.
When the user completes an action, for example typing a character, the following user
action is interpreted differently if it occurs within the pre-set time-out period or after
it. In the case of text entry, two subsequent same-key presses either produce one
character or two different characters depending on whether user pressed the key
before or after time-out. The user must be able to adapt to this time-out period to be
able to use the text entry method.

Some software solutions, best known being T9 from Tegic Inc., overcome this by
producing all characters with single key presses, using algorithms to disambiguate the
intended word from the key press combinations. Not all users are happy with the
disambiguating methods, however, for various reasons. Thus the time-out method is
still widely used in mobile phone text entry.

It has been unclear to which extent users can learn the lengths of time-out periods.
If they do not learn them, their only available strategy to ensure their action occurs
before the time-out, is to perform a selected action very quickly. Consequently, in
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cases where they need to ensure that they only act after the time-out has occurred,
they need to wait for an undetermined period. This can lead to unappealing and
unusable user interfaces.

However, if time-out periods can be learned, it would be possible to make them
fairly short and still ensure that people are able to use the system. The time-out
lengths could also be adapted according to each user's behavior.

On the other hand, if the learning effect is very strong and long-lasting, it causes
problems for automatic adaptation since the previously learned time-out length will
disturb them when the time-out length is changed.

In order to find out which viewpoint is more close to truth, we set out to study the
users' ability to learn the time-out lengths, and the effect of different feedback
schemes on their performance.

2 Time-Out as a Control in User Interfaces

Time-out in user interfaces has been used when either the input or output capabilities
of the device are restricted, or when it is more convenient for the user to just wait a
while than perform some other action.

For example in Microsoft Windows the user can click on an icon to select it. After
the initial click, there is a time-out period during which the next mouse click will be
interpreted as double-clicking, which has a special meaning. However, if the second
click comes after the time-out period, it will be interpreted as something else. For
instance if the user clicked on the filename part of an icon representing a file, the next
click will be interpreted so that the user wants to rename the file.

In mobile phones using a standard telephone keypad [1] keys 0-9 all have several
characters assigned to them. When a user is entering text using the keypad, in most
implementations he needs to press a single key several times, in order to enter the
character he wants. At more or less even intervals, two successive characters must be
entered from the same key, for instance when typing two 'a' characters in a row, or
typing 'a' followed by 'b'. These characters will be referred to as "Subsequent Same-
Key Characters" (SSKC, or SSK character) later on in this document. This is the
situation where time-out plays a crucial role in typing errors. Pressing a key too
quickly to produce next SSK character as well as pressing too slowly to choose the
right character both produce errors in the text.

In some implementations it is possible to use a button other than numbers 0-9 to
abort the time-out period manually. Even here reacting slowly creates problems in the
form of unwanted key presses. For example, in Nokia phones the cursor key is used to
abort time-out. Pressed after the time-out period, cursor moves to beginning of the
text. Temporal precision is thus still needed from the user's part.

2.1 Human Temporal and Rhythmic Memory

Deutsch [2] has shown that in remembering musical rhythms, the memory works
accurately on relative timings between musical notes, but not as accurately on the
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absolute lengths of notes. This implies that long-term remembering of time-outs
might not be very accurate since there the user is dealing with absolute time values.
On the other hand, Levitin has shown [3] that people can remember tempos of
musical pieces very accurately, within approximately 8% of the original tempo. This
implies that there is some memory mechanism that stores absolute time interval
information.

Above-mentioned studies relate to musical timing related to rhythm, though, and
may not be applicable to memory for time-out periods. There are some crucial
differences between rhythmic tapping, like in music production or listening, and the
kind of tapping in interaction with a machine or device � in our case, text input.
Firstly, the purpose in  tapping in text input is not to produce or follow any rhythm,
but to simply produce text on the display. Secondly, there are intervening factors from
the task at hand that affect the device user's mental workload, unlike a music listener's
rhythm production. User must concentrate on following the feedback from the device,
track the progress of his/her task and be prepared to correct errors or perform special
actions (like changing adjustments or properties of the device).  In comparison, a
listener only needs to concentrate on keeping rhythm. Other factors and requirements
s/he can just neglect.  This being the case,  existence of rhythmic memory may not
offer clues to whether there is memory for latencies and time-out periods.

Basically it has been shown that people can retain short time intervals in memory.
In one such study, people were able to estimate 0.25 sec to 4 sec intervals with 0.03 to
0.125 sec accuracy [4]. Deviation increased with the interval. Once again, though,
there were no other requirements or cognitive demands to participants in this
experiment. It thus must be tested, whether this memory holds in situations with
cognitive load � such as typing in text.

2.2 System Latencies

Studies on people's experience and behavior with latencies and delays show that
people switch their strategies depending on the latency of an interactive system.  Teal
and Rudnicky [9] show that people learn and adapt to system latencies, and choose
the best fitting usage strategy to each kind of latency. Teal & Rudnicky's research
concerned workstation PC users and included latencies up to 10 seconds. In their
study an anticipation error (pressing a key too early, before the system latency period
was over) did not have any effect on user performance, whereas in mobile phone text
input this causes a wrong character to be inserted - an error that must likely be
corrected. This factor is taken into account for by O'Donnell & Draper [5]: based on
their replication of Teal & Rudnicky's study they suggest that increased penalty on
errors affects user behavior, making them act more careful and thus increasing
response times.

The difference that time-out causes to text input speed has been theoretically
modeled by Silfverberg, Korhonen & MacKenzie [8]. In their model, waiting for a
time-out causes roughly 20% decrease in typing speed compared to aborting the time-
out period with a dedicated key press. The model assumes an expert user typing at
fastest possible speed without any consideration for errors. Here it is assumed that the
user knows perfectly well the time-out length, and always responds exactly at the end
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of time-out. The model's predictions do not take into account the user's possible poor
judgement of the time-out period.

3 Testing the Effect of Learning and Feedback

In an experiment by Ronkainen and Marila [7] the effect of auditory feedback to
users' performance on a simple text input task was studied. Theoretically there could
have been a major improvement to performance times (typed words-per-minute, or
WPM rate) from using auditory feedback on time-out, but no such improvement was
found. The authors suggested the hypothesis that people may be able to learn the user
interface time-outs quite accurately. That way their performance would not be
affected by feedback as much as was originally anticipated.

The purpose of this current experiment was three-fold:

1) to verify if users are capable of learning the relatively short time-out period in
text entry

2) to investigate whether the different feedback methods (auditory or visual) have
an effect on the rate of that possible learning.

3) to test whether long-term learning of time-outs occurs � do users remember a
time-out period's length when no feedback is provided?

3.1 Learning the Time-Out Period Length

The major research question was, are the users able to learn time-out periods during
test tasks. If they do, that would show in the test as uniform response times to time-
out occurrences. Also the rate of anticipation errors - caused by responding before the
time-out has actually occurred - should be low. If that were the case, the response
times should stay fairly uniform also in situations where no feedback of the time-out
occurrence is available.

3.2 Remembering the Time-Out Period

Another issue was the long-term remembering of time-out lengths. If people do learn
the length of a time-out, does that stay in the long-term memory? If yes, it would
show as uniform and fast response times to occurrences of a previously learned time-
out, in a test case where no feedback of the time-out is provided and where
considerable time has elapsed from the previous time the user has been dealing  with
an user interface utilizing that time-out.

3.3 The Effect of Feedback

If users do learn the lengths of time-outs, the available feedback presumably plays a
major role in learning. In that case, feedback provided through different senses can
lead to different learning curves and response times.

The effect of feedback through different modalities would probably lead to
different performances, independent of temporal learning. It is previously [10] known
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that at least in simple reaction time tests people on the average react faster to an
auditory stimulus than to a visual one.

Obviously, in cases where no direct feedback of the time-out occurrence is
available, users still get indirect feedback from the errors they make by reacting
before a time-out has actually occurred. If learning occurs, it should be slower with no
feedback than with feedback.

3.4 Test Design

We used a within-subjects design, and balanced the order of the test conditions
containing either auditory or visual feedback, having one half of the subjects try
auditory feedback before visual, and vice versa.

The test consisted of typing short texts � Finnish proverbs - on a Nokia 6210
mobile phone. Proverbs were chosen because their length was convenient, simulating
text message length, and their familiarity helped the subjects to memorize them so
that they did not need to check the text constantly. All texts were typed using the
multi-tap text entry method that utilizes time-out period to differentiate between
several characters from same keys.

The test phone keypad is shown in figure 1 below.

Fig. 1. The Nokia 6210 mobile phone keypad, used in the test

Test subjects were instructed to type single-handedly, waiting for the time-out
period to pass when necessary. They were instructed not to abort the period by
pressing the cursor keys, even if they occasionally did so in their everyday text input.

There were three different feedback schemes to accompany the time-out
occurrence: auditory (A), visual (V) and no feedback (N). Auditory feedback
consisted of two 4 msec simple pulses at frequency of 1600 Hz. Visual feedback was
given as the cursor disappearance when time-out period started, and re-appearance as
the time-out period had passed. Two different time-out periods were used, lengths
being 1.5 seconds and 2.25 seconds. The 1.5 s time-out is the same as is used in the
off-the-shelf version of the phone.
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In the first four test conditions, time-out period was the familiar 1.5 s. Subjects first
typed 10 proverbs with no feedback. This was done to measure their performance in a
situation where they only had their previous learning of the same time-out to lean on.
The first 20 SSK characters were dropped later from the analysis, to leave out the
possible effects from accommodation to the test situation.

Participants then typed another 7 proverbs with either auditory or visual feedback
as the second and third test conditions. Half of the subjects received auditory and
another half the visual feedback first. Finally, all subjects again typed 4 proverbs with
no feedback as the 4th condition. These schemes were supposed to reveal the short-
term learning of time-outs and the effect of different feedback methods.

In the second half of the test, consisting of three conditions, subjects were provided
with phones using the 2.25s time-out length. They first performed the typing task with
no available feedback, then with visual feedback, and finally with no feedback again
(10, 7 and 4 proverbs again, respectively).

3.5 Test Measures

The users' response times to the time-out occurrences were measured to a precision of
1/100th of a second. Only real response times were measured, i.e. only when the user
was typing a SSK character and had to wait for the time-out. For the analysis, both the
development of the mean and the standard deviation of the response times were
calculated during the test.

Also error rates were measured for each feedback condition. Only anticipation
errors were taken into account.

3.6 Test Equipment

Modified Nokia 6210 phones were used as test equipment. Modifications were made
on feedback of the multitap time-out occurrence, and on the time-out lengths. For the
visual feedback condition, cursor blinking in text entry screen was turned off as it
interfered with the visual feedback for time-out � the cursor appearing. For the
auditory feedback condition, visual cursor was removed altogether and replaced by a
short beeping sound of 4 milliseconds duration. For the no-feedback situation both the
visual cursor and auditory feedback were removed.

The phones were connected to a PC using a serial cable. On the PC, automatic
logging software kept track of the time-out occurrences and the user's key presses,
including error correction. The key presses and time-out occurrences were time-
stamped for analysis.

3.7 Test Subjects

Participants in the test were experienced 6210 users. This way, the possible effects
due to different mechanics in their everyday phones could be eliminated. They were
also all familiar with the 1.5s time-out length in the multitap text input. All subjects
were Nokia employees. It was supposed that their phone usage is not different from
non-employees. The selection could have caused bias in users' opinions, but those
were not assessed in this test.
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There were six participants, aged from 26 to 31, three male and three female.

3.8 Test Procedure and Tasks

In the test, users watched familiar proverbs on a PC display. Their task was to type
these proverbs using the multi-tap text entry. They were not instructed to proceed at
any specific speed, and to correct only the typing errors they noticed immediately
after doing them. Error correction was allowed since it was not necessary to ensure
that every participant typed exactly the same amount of SSK-characters in the test.

After all texts in one condition were typed, the test facilitator switched the phones
and next condition was started. The amount of typed texts was limited to avoid user
fatigue. Thus, we only used 4 proverbs in the last no-feedback conditions.

The proverbs were deliberately selected so that they would contain as many SSK-
characters as possible. Selected proverbs had 6 SSK-characters on average. So, the
average SSKC count in each condition was 60 for the first and 5th conditions (no
feedback), 42 for the feedback conditions (2,3 and 6) and 24 for the last conditions
with each time-out length.

275 SSKC time-out response times were collected from each subject on the
average.

4 Results

As data from the test, we received response times (in 1/100ths of a second) for each
SSKC and the amount of errors for each condition. As errors, we only count the
anticipation errors

Outlier values were removed from response times. Deciding upon the correct
maximum response time in the �no feedback� conditions was a tricky decision �
variation was so great. Trying different cut points � 1.5 sec, 1.8 sec or 2.5 sec - had
only effect on the first condition's mean response times (RTs), and even these
differences were not significant (mean RTs 0.56, 0.59 and 0.61 sec, respectively). A
Student's t-test for significance of differences between cut points at 1.5 sec vs. 1.8 sec
and 1.5 sec vs. 2.5 sec yields p > 0.25 and p > 0.5, respectively. So, we ended up with
the outliers removed at or above 2.5 sec.

4.1 Analysis Methods

Data was analyzed by depicting and comparing moving average and standard
deviation diagrams for each condition's response times, and by comparing mean
response times and error rates with statistical tests for significant differences.

Moving average was centered, 15 cases wide. So starting from the 7th case in each
condition, a mean value for each case was calculated from the case value, the 7
previous cases' values and the 7 following cases' values. This procedure smoothes the
mean response time curves enough to give clearer picture of their direction and
development than just plain mean RT curves.
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For checking the differences between means, we employed the widely used
Student's t-test. This method gives indication of whether two samples are
representative of two different populations or just one (populations here refer to the
hypothetical difference in participants' behavior in the different conditions).

Average response times (s) by conditions:
order, feedback type and time-out period

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

1 - none 2 - audio 2 - visual 3 - audio 3 - visual 4 - none 5 - none 6 - visual 7 - none

1.5 s 1.5 s 1.5 s 1.5 s 1.5 s 1.5 s 2.25 s 2.25 s 2.25 s

Fig. 2. Mean response times by condition

4.2 Response Time Differences between Conditions

Mean response times differed significantly between several of the conditions, as can
be seen from Figure 2 above.

For the conditions with 1.5 s time-out period, response times were slower in no-
feedback conditions than in the feedback conditions, and faster in auditory than in
visual feedback conditions. The differences between auditory and visual conditions
were statistically significant in both 2nd and 3rd conditions  (Student t-test p<0.001 and
p = 0.024). Likewise, the differences between no-feedback and feedback conditions
are significant, all with p < 0.001.

The difference between the first and last no-feedback conditions are significant
with p<0.001. Also, the difference between visual feedback as 2nd or 3rd condition
(0.43 vs. 0.36 sec) was significant with p<0.001.

In the conditions with the longer, 2.25 s time-out period (5 to 7) the differences
between no feedback and visual feedback are significant with p = 0.003.

Differences in all seem real just as in how the figure shows them: auditory
feedback enables faster response times than visual, and both feedback types enable
faster response times than no feedback. The response times in the first condition, with
no feedback, were slower than in the 4th condition without feedback.

4.3 Response Time Development during the Test and the Conditions

Mean response times thus differed between conditions. To find out how response
times developed inside conditions, we applied the afore-mentioned centered moving
average smoothing technique. Figure 3 below shows the curves thus produced for
each condition.
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Fig. 3. Mean response times of centered moving average of 15 cases in each condition. X-axis
displays the amount of SSK characters, depicting progress in each condition from first to last
response time measured

The curves alone seem to hint, that response times went down a lot during the first
condition, a little during the second, 4th and 6th condition, and stay about on the same
average level in rest of the conditions.

Spearman correlations between response time and SSKC confirm these
interpretations. Correlations are given below in table 1 (values significant at p <0.05
are flagged with *), ordered from highest to lowest correlation by time-out period
length.

Table 1. Correlation of response times and amount of exercise in different conditions

condition r (rt, SSKC)
1.5 s time-out period
2nd auditory -0.375*
2nd visual -0.322*
4th no feedback -0.210*
3rd visual -0.159
1st no feedback -0.142*
3rd auditory -0.086
2.5. s time-out period
6th visual -0.130*
7th no feedback -0.033
5th no feedback -0.003
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Mean response times slope down towards the end, most so in the 2nd and 4th
condition. It is noteworthy that while the correlation coefficient for 1st condition is
low, the actual drop in mean RT's is steep but has a high rising point near the end.
This explains, why the final r remains low.

The correlation between response time and amount of SSK characters typed during
the first part of the test, with the familiar 1.5 sec time-out indicates that response
times consistently decreased: r combined for conditions 1 to 4 is �0.299 (p<0.05).

An interesting question is, whether different feedback conditions affect learning
rates. If this were the case, it would show in the correlation figures in Table 1.
However, the differences in block 2 between auditory and visual feedback conditions
are minimal. Furthermore, in block 3 the differences are even smaller and
insignificant. Therefore it can be said that no evidence was found of either feedback
having an advantage in learning rates over the other.

4.4 Response Time Deviation in Conditions

Standard deviation from all conditions' mean response times was calculated. This
should show the variation in different conditions. However, since mean RT's differed
widely between conditions, a more harmonic representation than the plain standard
deviation was used: the coefficient of variation (CV), expressed as percentage. CV is
calculated by dividing standard deviation by mean ( × 100 for percentage values).
Figure 4 depicts CV% for each condition.

This shows that variation in response times was greatest for the 1st, 4th , 5th and
7th condition with no feedback. With auditory feedback in condition 3, there is great
variance � but one should bear in mind that the mean RT was very low here.
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4.5 Error Rates

Anticipation error rates were calculated for each condition. Figure 5 below depicts the
error rates as percentage from SSK characters in each condition.
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Fig. 5. Mean error rate ratio to typed SSK characters in each condition

As we can see, most errors occurred in initial no feedback conditions (1 and 5). In
conditions with feedback, error rates were lower. Likewise, error rates were lower in
subsequent no feedback conditions again.

Least errors were made in condition 3 with visual feedback. Coupled with the fact
that visual condition 3 also had the highest RTs (of the feedback conditions), a
connection can be seen here � less speed, less errors.

4.6 Conclusions

The results from our experiment allow us to confirm some of our initial expectations,
to some extent.

4.6.1 Do People Learn Time-Out Period Lengths?

Subjects learned the time-out periods during the test. Participants' response times in
no-feedback conditions developed for the faster between subsequent conditions.
Likewise, error rates dropped. This implies that users learned to estimate the time-out
length more accurately.

Feedback type did not affect learning rates. On the average however, auditory
feedback enabled participants to ultimately reach a faster response time level. This is
in line with the general finding that people react faster to auditory stimuli than to
visual stimuli [10].

4.6.2 Does Feedback Enhance Responding to Time-Out?

Feedback helped participants to faster performance, which comes as no surprise. The
difference between later visual feedback conditions (with both time-out periods)  and
no-feedback conditions is 0.12 sec between means. This implies that people's
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estimates of time-out length were generally quite accurate. When one considers, that
subjects had reason not to underestimate the time-out, to avoid errors, their estimates
of the time-out periods can be said to be fairly accurate. Considered in terms of user
behavior, this means that the subjects' estimate of the time-out length differed only
0.12 sec more than what they reacted with visual feedback.  For 1.5 sec time-out this
is only 8% and for 2.25 sec, 5% of over-estimation.

Response time variance is somewhat greater in no-feedback conditions than in
feedback conditions. This implies that the learning of the time-out period was not
very permanent, but included guessing. The reason for the large variance in 3rd

auditory feedback condition is unknown, but could be assumed to partially stem from
the low response times in general in that condition. For the low mean response time,
the relatively slower responses make up a bigger effect for variance than for a high
mean RT.

4.6.3 Is There Long-Term Memory for Time-Out Period?

Long-term memory for time-outs, according to these results, does not seem to exist.
In the first condition, participants should have performed roughly as well as in the 4th
condition, but instead they made 56% errors � pressing too early, thus estimating the
time-out shorter than it was � and also responding 0.61 seconds later than the time-out
length,  which is 41% over-estimation. Since the error rate and response time with no
feedback dropped to comparable levels with feedback conditions in later conditions,
this initial under-performance is not due to only lack of feedback. This shows that the
accurate memory for the time-out length could be retained for the duration of the test,
presumably in working memory. are not remembered for long. Some estimate of the
length apparently is retained also in long-term memory, but could be coded as a
knowledge structure of type �the time-out is shorter than 10 seconds�, instead of a
sensorimotor procedural memory.

5 Discussion

The results from the experiment enable us to reason, that an adaptive time-out would
work well with users of electronic devices. The adaptation could work by computing
the average inter-key press times for the user and then adding a constant overhead to
this, yielding a time-out that would be just the right length for each user. If people
quickly learn a fairly accurate approximation of the time-out length, a user-specific
time-out that adapts itself to user speed of acting with-in time-outs would be learned
without any major effort.

The observed differences in response times between auditory and visual feedback
conditions (average 0.09 sec) are somewhat greater than what has previously been
observed in simple reaction time tests for populations [10]. The difference itself is not
great on a single key press. Considered for a text containing 30 SSK characters, the
execution time for typing would decrease 3 seconds. For optimal usage conditions,
the increase would be meaningless. That, of course, doesn't mean that auditory
feedback wouldn't still be more efficient � the difference is just very small. But
consider conditions with limitations to visual feedback, such as being mobile �
walking on the street or keeping track of commuter train stops. There the auditory
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channel might be a lot more useful than visual for providing information on such
issues as time-out. It is also known that temporal resolution for the ear is much higher
than for the eye. Human beings can hear a succession of clicks in a series of hundreds
of clicks per second (instead of a continuous tone) [6] whereas more than 20 images
per second are perceived as one moving image. This higher temporal resolution might
also enable more accurate estimation of time-out with auditory feedback, perceived as
the time between key press and the time-out tone. This could explain the greater
differences in performance.
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Abstract. This paper introduces ”SyncTap”, a user interface technique
for making a network connection between digital devices. When a user
wants to connect two devices, he or she synchronously presses and re-
leases the ”connection” buttons on both devices. Then, multicast packets
that contain press and release timing are sent to the network. By compar-
ing this timing with locally recorded one, both devices correctly identify
each other. This scheme is simple but scalable because it can detect and
handle simultaneous overlapping connection requests. It can also be used
for making secure connections by exchanging public keys. This paper de-
scribes the principle, the protocol, and applications of SyncTap.

1 Introduction

When many networked devices – ranging from personal computers to various
digital appliances – are used in combination, to provide an intuitive user inter-
face with which people can easily and correctly establish network connections
becomes important1. For example, we may frequently need to create ad-hoc
network connections for multiple purposes:

– Printing a hardcopy of a document contained in your PDA with an available
printer nearby.

– Showing presentation data on a meeting room screen. Your note-PC trans-
mits data to the presentation computer using wireless networking.

– Your PDA becomes a remote commander for a TV at hand.
– At public wireless LAN hotspot, you transfer files to your colleague’s com-
puter, but you would like to make sure this transmission is secure.

These network connections are different from traditional network communi-
cation. These connections are frequently made and broken according to users’
1 In this paper, we use the term ”connection” to refer a network service association,
and we also assume all the devices already have IP packet access. For example, when
printing a document from the PDA to the printer, these two devices must have an
”association”, by knowing each other’s addresses, and by optionally sharing a session
key for security.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 104–115, 2003.
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real world activities, and the durations of these connections are generally short.
These differences create new user interface challenges.

Traditionally, a device’s network addresses, such as IP addresses or machine
names, are used to specify devices. However, as network configuration becomes
more complex and dynamic, such address-based targeting becomes ineffective. To
inspect IP addresses is often a tedious task. In particular, finding IP addresses of
digital appliances with limited IO capability is not easy (i.e., getting IP address
of a printer often requires unfamiliar maintenance commands). In addition, as
dynamic host configuration protocol (DHCP) becomes popular, many devices use
dynamically assigned network addresses, and this makes situations even more
difficult for users.

To address these situations, more ”direct” ways to specify target devices are
desirable. For example, an infrared beam that contains an IP address could be
used; a user could ”beam” a target device with a mobile device, and that triggers
a wireless communication between the two [1, 2]. To create a secure connection,
infrared beaming might contain a one-time session key. This solution works if
all the devices have same sensors, but in reality this assumption is not always
valid.

This paper proposes an even simpler way to dealing with such a problem
with minimum hardware and sensor requirements. One only assumes that both
devices have at least one button, called the ”SyncTap” button.

The SyncTap button is used to create a network connection. When a user
wants to establish a network connection, he or she synchronously presses and re-
leases SyncTap buttons on both devices (Figure 1). By checking this press-release
synchronicity, both side can correctly identify each other and can establish a net-
work connection. As we explain in more detail later, the SyncTap button can be
used for other purposes (e.g., a keyboard key such as the ”Escape” key can be
used as a SyncTap button without neglecting its original key function).

More generally, SyncTap is the simplest instance of synchronous actions. The
concept of synchronous actions is that when two networked devices are operated
with synchronizied operations, such as button taps, keystrokes, mouse strokes,
pen gestures, light changes, device motions, or even voice inputs, these device

Simultaneous button press/release Network connection

Fig. 1. SyncTap: user synchronously presses and releases the buttons on the
devices, then these device establish a network communication
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should be able to identify each other by multicasting the received operation
information on the network.

2 SyncTap: Synchronous User Actions
for Creating Device Association

2.1 Principle

The idea of SyncTap is very simple. Assume that one needs to connect two
network devices such as a notebook PC and a digital camera. To achieve this,
one first synchronously presses and releases SyncTap buttons on both devices.
On releasing buttons, both the devices multicast user datagram protocol (UDP)
packets that contain:

– Time interval between button press and release,
– Sender’s IP address, and
– (Optional) public key information for secure connection.

Since these are multicast packets, all the devices (not limited to devices with
which the user is interacting) that listen to a specific UDP port receive them
(Figure 2). Both the devices also receive the packets, and checks if this connection
request if for them, by comparing:

– the (locally recorded) button release time and the packet arrival time, and
– the (locally recorded) interval between button press-release, and the corre-
sponding time contained in the packet.

Accounting for the fact that the local button release time differs from the
packet arrival time due to network delay, and the accuracy of human perfor-
mance, we set a fixed error limit to C1 and C2. In our current implementation,
this is ranging between 100-200ms. When values are within these limits, the
device recognizes that the other end is requesting a connection. Note that this
check does not directly compare timestamps on the device A and device B, thus
synchronized clocks are not necessary.

2.2 Selection of SyncTap Buttons

SyncTap assumes devices have network connectivity and have at least one button
(we refer to this as the ”SyncTap” button) for operation. The button can be
newly installed or an existing one such as a keyboard key of a PC. It can also
be implemented as GUI (on screen) buttons.

Our current prototype uses the Escape key or the Shift keys as SyncTap
buttons for PCs. These keys also act as normal keyboard keys. For example,
when the Escape key is pressed and immediately released (e.g., within 500 ms),
the operation is treated as a normal use. When the press-release interval exceeds
a predefined time, the operation is handled as a SyncTap operation. The Shift
keys are handled similarly. When the Shift key is pressed and released without
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any other keystroke in-between, the operation is treated as SyncTap; otherwise,
it is treated as a normal shift. These techniques greatly reduce the number
of unnecessary SyncTap packets and, thus, reduce the probability of collision
(described in the next section).

2.3 Collision Detection

When other sets of devices also try to establish another network connection,
other SyncTap multicast packets might be transmitted. The system can detect
this ”collision” situation by collecting all the multicast packets that arrive within
a certain time interval around the local button release time. If two or more pack-
ets arrive, the device regards it as a collision, and asks a user to press SyncTap
button again. The device also records the IP addresses of these multicast sources.
In the next trial, the device only accepts multicast packets from these recorded
IP addresses (Figure 4).

By using this simple scheme, even though the first SyncTap operation fails
because of colliding with other operations, the second try is almost collision free

Device A Device B

T1

T2

S1

S2

T = T2 – T1
multicast
[A, T2, T ]

S = S2 – S1
multicast
[B, S2, S ]

press

release

S3

Accept when
| S2 – S3 | < C2 and
| T – S | < C1

T3

Accept when
| T2 – T3 | < C2 and
| T – S | < C1

(C1, C2 are constants)

Fig. 2. SyncTap packet exchange protocol
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time

press release

Accepted

press release

time

press release

Not accepted

press release

time

press release

Collision (not accepted)

press release

releasepress

time

press release

Accepted (as two events)

press release

releasepress

releasepress

Fig. 3. Packets timings are used to distinguish SyncTap events from other
collisions

A B

C D

E F

Collision

A B

C D

E F

candidates group

1st try 2nd try

Fig. 4. Multiple overlapping SyncTap operations can be detected and handled

because the number of connection candidates is greatly reduced (limited to the
message senders of the first trial). This feature makes SyncTap scalable, and
usable in an environment where many (typically several hundreds) devices are
on the same LAN segment.

2.4 Secure Communication

Protecting wireless communication is important, especially when using a public
wireless service (i.e., Hotspot). SyncTap can also be used for creating a shared
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session key for secure communication by piggybacking Diffie-Hellman public keys
on multicast packets (Figure 5). Each device generates and exchanges public keys
(Ya, Yb) by using multicast packets. These public keys are used to calculate
a shared secret session key for encrypted communication.

Normally, the Diffie-Hellman algorithm is subject to the ”man-in-the-middle”
problem and requires an additional method to authenticate the end points. Using
SyncTap, however, becoming the ”man-in-the-middle” is very difficult because it
requires interception of all the multicast packets and transmission of faked pack-
ets substituted for them. Since SyncTap is used for connecting nearby devices,
devices can easily give immediate connection feedback (e.g., showing a message
on a screen, blinking LEDs, etc.); thus, hidden man-in-the-middle hosts can be
easily detected. As a result, a simple public key exchange scheme is reliable
enough in practical situations.

3 Application Examples

As described in the previous section, the SyncTap is an easy and intuitive way
to establish a network connection between various types of digital devices. This
section explains how this technique is used in realistic contexts with several
examples.

Device A Device B

T1

T2

S1

S2

T = T2 – T1
Xa = random
Ya = GXa mod P
multicast
[A, T2, T, Ya ]

S = S2 – S1
Xb = random
Yb = GXb mod P
multicast
[B, S2, S, Yb ]

press

release

S3

Accept when
| S2 – S3 | < C2 and
| T – S | < C1

K = YaXb mod P

T3

Accept when
| T2 – T3 | < C2 and
| T – S | < C1

K = YbXa mod P

(C1, C2, P, G are constants)

encrypted communication using
K as a shared secret key

Xa, Xb : private keys
Ya, Yb: public keys

Fig. 5. Establishing secure communication: The Diffie-Hellman key exchange
protocol is used to create a shared secret key K
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3.1 Instant Connection between PCs and Appliances

Suppose one has a digital camera that is capable of connecting to a wireless
network. After taking photographs, one would like to transfer pictures to one’s
notebook PC. Then, one presses the shutter button and the Shift-key (of the
notebook PC) synchronously, and wireless communication between the PC and
the camera is established (Figure 6 (a)). Then, a window corresponding to the
camera appears on the computer screen and one can drag picture files from this
window to one’s PC’s document folder.

3.2 Ad-Hoc Connection at a Hotspot, or a Meeting Room

Suppose that one is at a public lounge and using a hotspot service. One would
like to exchange a file with one’s colleague. One can both presses both SyncTab
buttons on devices to create a connection (Figure 6 (b)). Then both devices
exchange Diffie-Hellman public keys and secure communication starts.

(a) (b)

(c) (d)

Fig. 6. SyncTap operations can be used in various settings. (a) A Digital camera
and a PC. (b) Connecting two PCs. (c) Printing a document from a PDA to
a nearby printer. (d) Presentation using wireless connection between a notebook
PC and a presentation screen
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3.3 Printing

When one wishes to print a document that is listed on one’s PDA to a nearby
printer, one presses the PDA’s and the printer’s SyncTap buttons. Then a printer
icon appears on ones PDA screen, and one can drag a document icon to the
printer icon (Figure 6 (c)). Note that the contents of the documents might be
contained in the PDA’s flash memory, or the PDA may only manage links (e.g,,
URLs) to documents.

3.4 Presentation

When presenting a slide show in a meeting room, by using a wireless connection,
a user transfers slide data from his or her computer to the presentation com-
puter. To do this, one simultaneously presses and releases the remote controller’s
SyncTap button and the PC’s SyncTap button (Figure 6 (d)). The presentation
computer receives an IR beam from the remote controller, and a network con-
nection between the two (notebook and presentation computer) is established.

This example demonstrates how SyncTap can be used when two devices
are not within an arm’s length. A simple intermediate device, such as an IR
remote controller, can be used as a remote SyncTap button (Figure 7). In this

press

synchronized action

beam

Network Connection

(1)

(2)

SyncTap�
Packets

Fig. 7. Combination of infrared beaming and SyncTap. The IR commander is
just used as a ”remote” SyncTap button. The time of the beaming and button
press on the PC are synchronized (1). Then a network connection between TV
and note PC is established (2). Note that no previous settings are required for
this combination
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Fig. 8. SyncTap for setting up the HyperCursor connection

case, the controller is only used to transmit press and release timings, and thus,
transmitting any complicated data, such as the address of the target device, by
using the IR beaming, is unnecessary.

3.5 Using SyncTap for HyperCursor[3] Communication Setup

As a part of our ”Augmented Surfaces” system, we previously implemented
a migrateable cursor system called HyperCursor [3]. Using HyperCursor, a user
can control two computers by using a single mouse and keyboard. When the
cursor reaches the edge of one computer, the cursor automatically ”jumps” to
the next computer. Keyboard inputs are also delivered to the second computer.
A user can also drag an object from one computer to another across the boundary
of their screens.

The original HyperCurosr relies on a camera sensor that recognizes com-
puter positions. The sensor enables spatially continuous operation because log-
ical mouse movements reflect the physical positional layouts of computers. For
example, when a user places the second computer on the first computer’s left, the
cursor is configured to jump through the left edge of the first computer’s screen.
However, without such sensors, users had to manually configure the environment.
This is cumbersome especially when mobile computers are using DHCP.

A combination of HyperCursor and SyncTap addresses the problem. For
example, when a user brings a tablet PC (without keyboard) to his or her office’s
desk, and wants to manipulate the tablet PC with his or her desktop PC’s
keyboard and mouse. To set this, a user simply presses the PC’s SyncTap button
(e.g., Escape key) and synchronously taps the tablet PC’s screen2. Next, one
controls the mouse to hit the screen edge of the desktop computer screen. This
operation tells the system about the relative location of the tablet PC, and the
cursor automatically jumps to the tablet PC’s screen. We are also trying another
2 Some of the tablet PC have physical ”hot” buttons, and these buttons are often act
as the ”Escape” key. In this case, these hot buttons can also be used as a SyncTap
button.
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method in which a user can specify physical layout by choosing SyncTap buttons.
For example, pressing the left Shift key on a device tells the system that the other
device is placed on the left.)

4 Discussions

4.1 Related Work

The work described in this paper is inspired by a series of previous systems that
tried to connect nearby devices using physical actions [4, 3, 2, 1]. Those systems
relied on additional sensors, such as radio frequency identification (RFID) tags,
infrared beaming, or barcodes. These systems become ineffective when some of
the devices do not have these sensors.

Some recent work on network services try to provide a method for accessing
network resources by using understandable names such as ”Kate’s PC” or ”the
printer in the copier room” [5]. Users could choose the target device by selecting
an item from a menu. However, maintaining the long list of such names still
requires considerable effort. Some digital devices, such as wireless headsets, do
not have a screen and thus GUI-based selection is not available. SyncTap can
coexists with these technologies and act as a ”greatest common denominator”
because of its minimum hardware requirements.

In the presentation example we showed how a simple intermediate device,
such as an infrared controller, could be used as a ”remote” SyncTap button. We
are also considering other types of intermediate devices, such as similar to the
Pick-and-Drop pen[6]. While the pick-and-drop technique mainly handles data,
this intermediate device also handles network connection.

Although this paper mainly focuses on network connection, user interfaces
after the connection is established are equally important. Holland et al. proposed
a method called ”Dynamic Combination”, that effectively chooses available op-
erations based on the combination of selected devices [7]. For example, when
selecting two devices, such as a PDA and a Printer, the number of the possible
operations would be greatly reduced. Thus, the user interface could be simpli-
fied by first connecting two devices, then choosing a command. We consider that
similar techniques can be used with SyncTap.

4.2 Human Operation Accuracy

SyncTap relies on humans to perform synchronous operations by using both
hands. To effectively distinguish SyncTap events from other coincidental oper-
ations, a selected threshold (maximum allowable time lapse as SyncTap event
pairs) is important. When this value is too small, some SyncTap actions are
not correctly recognized. On the other hand, when this value is too large, the
probability of collisions increases.

We actually measured human performance accuracy by providing SyncTap
software to several users. The average time lapse between two SyncTap actions
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is 27ms. Based on this measurement, we currently use +- 50ms as a threshold.
Figure 9 shows an actual timing chart when SyncTap pairs are being established.

We also installed a HyperCursor (a remote cursor) system that uses SyncTap
on 15 PCs in our laboratory, and five people actively used this system. During
the one-month trial, no collisions were detected. This is mainly because the
number of simultaneous users was small. We are currently planning to distribute
this system throughout the entire laboratory and investigate the probability of
collisions and their effects on usability.

4.3 Other Synchronous User Operations Possibilities

Although this paper mainly treats button pressing, mouse clicking, and IR beam-
ing as methods for initiating SyncTap, many other user actions could be used.
Two interesting examples are shown in Figure 10. The first one is to use a but-
ton of the first device is used to press the button on another. For example, if
the tip of the cellular phone antenna was a button, it could be used to ”press”
other devices’ SyncTap buttons. This style might be more natural than using
both hands, and offer a metaphor, which is similar to real world actions such as
connecting a plug to the socket, or inserting a key into the keyhole.

PC1

PC2

PC3

1sec

Fig. 9. Timing records when establishing SyncTap pairs

rap!press!

Fig. 10. Variations of SyncTap operations (left: a button of one device is used
to ”press” the other device’s SyncTap button, Right: knocking on the device
with the other device, causes synchronously generated sound)
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Another possibility is to detect synchronous sensor values, such as sound.
Figure 10 right shows how one device is used to ”knock” on the other device,
the resulting sound captured by the both would be similar and synchronized.
By comparing this similarity, creating a SyncTap pair between these two devices
should be possible.

5 Conclusion

This paper presents the SyncTap method, a simple user interface for making net-
work connections between digital devices. Unlike previous systems that assume
various sensors for device identification, SyncTap only assumes both devices have
human-controllable buttons, and uses synchronous timing as an identification
method.
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Abstract. In recent years there has been considerable research into the
development of mobile context-aware applications. The canonical exam-
ple of such an application is the context-aware tour-guide that offers
city visitors information tailored to their preferences and environment.
The nature of the user interface for these applications is critical to their
success. Moreover, the user interface and the nature and modality of in-
formation presented to the user impacts on many aspects of the system’s
overall requirements, such as screen size and network provision. Current
prototypes have used a range of different interfaces developed in a largely
ad-hoc fashion and there has been no systematic exploration of user pref-
erences for information modality in mobile context-aware applications.
In this paper we describe a series of experiments with multi-modal inter-
faces for context-aware city guides. The experiments build on our earlier
research into the GUIDE system and include a series of field trials in-
volving members of the general public. We report on the results of these
experiments and extract design guidelines for the developers of future
mobile context-aware applications.

1 Introduction

In recent years there has been significant research interest in developing mobile
context-aware applications. Such applications typically provide information and
services that are tailored to the user’s context, including their environment,
preferences and usage history. Probably the most familiar example of these forms
of application is the ‘context-aware tour-guide’, of which a number of prototype
systems have been developed (e.g. [1, 8]). Among these systems, one of the most
widely reported is the Lancaster GUIDE system developed by the authors [8, 5].

GUIDE provides users with a comprehensive mobile context-aware tour-guide
that can be used to explore the city of Lancaster. The system is based on a tablet
PC (the Fujitsu TeamPad) that was made available to the general public from
the Lancaster Tourist Information Centre. GUIDE uses a familiar web-browser
based user interface to present users with a mixture of hand crafted and gener-
ated textual descriptions, pictures and maps about key attractions in the city.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 116–130, 2003.
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In addition to this information, GUIDE also provides a number of additional
features including guided walking tours, group messaging facilities and simple
interactive booking services.

The initial GUIDE system, developed and deployed in the late 1990s, used
solely static media types that were requested by the user explicitly (i.e. we
adopted a PULL-based approach to information dissemination [7]). The decision
to restrict ourselves to static media types (i.e. text and images) was taken for
two reasons. Firstly, the hardware platform lacked the capability to deal with
audio and video playback. Secondly, and more importantly, feedback from users
and tourism officers had suggested that audio was not an appropriate media
type for use in a city environment. Specifically, there were concerns that users
would not wish to use headphones because they would feel isolated from their
environment (including other members of their party) and would not wish to use
a loudspeaker for fear of attracting attention to themselves (and hence feeling
even more conspicuous than a tourist normally does). The decision not to use
audio was at odds with the prevailing commercial trend for indoor guide systems,
which often employ ‘walkman’ style cassette players or handheld solid state units
– but reflected the more comprehensive visual capabilities of our end-system and
the different deployment environment.

In later tests [6] the GUIDE system was extended with additional capabilities
including audio. In these tests we compared the PULL-based approach used in
the first version of GUIDE with an information PUSH model. Though there
are different ways of defining PUSH and PULL, our definition is based on the
model of Cheverst et al. [7]: information PULL is characterised by the fact that
the user expects the information (i.e. in response to some explicit action) while
in information PUSH, the user receives the information unexpectedly (e.g. in
response to some contextual trigger).

In early 2002 the decision was taken to begin a total redesign of the GUIDE
system allowing us to explore a new set of research challenges in the field of
mobile context-aware computing. As part of this redesign process we became
interested in understanding which media types are best suited for providing in-
formation on city attractions. This is clearly important since the range of media
types that needs to be supported impacts all aspects of a system’s design, includ-
ing the choice of end-system, interaction method and required level of network,
processor and storage support. Our study of the literature indicated that while
different prototype tour-guide systems had used different interfaces, these had
largely been developed on an ad-hoc basis. Furthermore, none of the widely
deployed systems had implemented multiple user interfaces and attempted to
systematically study user preferences with regard to these interfaces. As a re-
sult, there are no design guidelines available to indicate which media types and
interface modalities are most appropriate for providing information to users of
mobile context-aware tour-guides. In this paper we aim to provide such guide-
lines based on a series of user trials.

In section 2 we describe an experimental mobile context-aware tour-guide
application that we developed specifically to research user interface modality
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Fig. 1. There are 4 visual interfaces besides the audio

issues. Our experimental methodology is described in section 3 and our results
in section 4. These results include quantitative data we obtained from log files
as well as qualitative results from interviews with users. Section 5 provides an
interpretation of the data and explains why some results met our expectations
and why some did not. The observations of the experimenter are used to round
up the analysis. Section 6 gives an overview of related work and section 7 contains
our concluding remarks.

2 Experimental Application

To support our experiments into multi-modal user interfaces we developed a new
tour-guide application for the city of Lancaster. This prototype is based on
a Compaq iPAQ PocketPC, which compared to the existing GUIDE units, pro-
vides support for a wider range of media types, a smaller form factor, an improved
(i.e. colour) display and a more up-to-date image (recent interviews with tourists
indicated that the Fujitsu TeamPad looked somewhat old-fashioned when com-
pared to the new PocketPCs).

Our system allows tourists to receive information about city attractions in the
form of text, pictures or audio commentary, supplemented with a map available
in various styles and resolutions. Figure 1 shows screenshots of all of the visual
interfaces.

These interfaces fill the complete screen, as experiments with combinations
of visual interfaces failed since it was not possible to achieve good readability
(because the resolution and screen size, 240 by 320 pixels, is too small). Reading
from left to right, the interfaces are as follows:

Audio Control This interface provides users with a simple means of controlling
the audio playback of the device.

Map This interface provides users with a scrollable, resizable map of the area,
overlayed with markers indicating tourist attractions and an icon represent-
ing the user’s current location.
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Text A description of the current tourist attraction in textual form. This text
is identical to the audio commentary.

Picture A picture of the current tourist attraction.

Users switch between the interfaces using the tabs at the bottom of each
screen. While only one visual interface can be shown at a time, the audio is
always available with all visual interfaces. The audio can be played through the
built-in speaker or via headphones, and can be muted if not required. Because
of the limited quality of speech synthesis, the output is constructed from pre-
recorded mp3-files that were spoken by a native English speaker. It is hoped
that this has avoided any negative feedback associated with speech synthesis
that might have influenced the results.

In addition to the variant shown in the screenshot, the map was made avail-
able in different resolutions and styles. The map offers two different graphical
representations of the available information “hot spots”, i.e. areas for which in-
formation is available. The first representation uses a translucent blue colour
that covers the areas of the map where attractions are located. The second rep-
resentation of hot spots uses red question marks that turn into green ‘X’s after
the information has been played. Users can switch between these representations
by clicking on the appropriate button at the bottom of the screen.

The information flow used in this prototype is PUSH-based. For each at-
traction we define a surrounding geographic area equivalent to the attraction’s
nimbus [2] or “hot spot”. When a user enters this area we push the information
associated with the attraction to the user. The size and shape of these geo-
graphical areas were determined by trial and error. We used a standard GPS
receiver attached to the iPAQ both to define the hot spot regions and to track
the tourists’ position during the trials (this represents another departure from
the original GUIDE system, which obtained location information from its point
of attachment to the network).

The descriptions of attractions are composed in a hierarchy: the logic of
the system ensured that the general information about the attraction is always
provided before more detailed information is given. For example, before the
prototype played information about the “Shire Hall”, some general information
was first provided about the “Lancaster Castle”.

The following example text is an extract (about one third) of a typical de-
scription:

“Around the arch of the Shire Hall is perhaps the most famous display
of heraldry in the country. This display, numbering over 600 shields,
includes those of the monarchs, the High Sheriffs of Lancashire, and
the Constables of the Castle. The High Sheriffs date back to the 12th

Century. This is an ancient rank with responsibility for organising the
administration of justice. . . ”

A key part of the prototype was the logic of replacement [6]: in a PUSH-based
system it is always hard to tell when and how to update information since there
is a risk of overwriting data that is still being used. Our prototype uses a time
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based solution. More specifically, if a tourist leaves the nimbus of the currently
active attraction but the audio is still playing, the device waits for 10 seconds.
If the tourist does not return to the attraction within this period and enters
the nimbus of another attraction, the current presentation is stopped and the
device changes to the new attraction. The device also offers the user a manual
override that allows navigation backwards and forwards using the left and right
buttons of the iPAQ. This control can be used to rewind, if the prototype replaces
information the tourist was still listening to.

Since in this experiment we were principally interested in exploring the use
of multi-modal interfaces and not in developing another version of GUIDE, the
context stimuli used to tailor information was less than that used in the original
system. Specifically, only the usage history and the location was used to tailor
the presentation rather than including factors such as user interests and the time
of day.

The system was designed to provide comprehensive usage data for later analy-
sis. Every interaction, including interface changes and button presses are logged.
This information is recorded with the current time, the current GPS coordinates
and the currently active attraction. The data is saved into a log file that can
be used to replay the complete test run. The log files are parsed afterwards by
a specially designed program to gather statistics.

3 Experimental Methodology

Our tests were conducted during November and December 2002 in an area known
as “Castle Hill” in Lancaster, UK. This area covers Lancaster Castle and its im-
mediate surroundings and was chosen because it is close to the city’s Tourist
Information Centre and rich in tourist attractions. Figure 2 shows a map of the
test site. In total there were 16 separate tourist attractions all located within
approximately 5 minutes walk of the castle. The area is predominately pedestri-
anised with a low volume of traffic (on those roads that allow vehicles).

Most of the test subjects were recruited from visitors to the Tourist Infor-
mation Centre. Basing ourselves within this council-run facility lent a degree of
respectability to the test and helped avoid tourists thinking that we were trying
to sell them something. In order to convince people to participate in the test
we advertised the trial as a free opportunity to learn more about Lancaster.
We accepted tourists with no knowledge of Lancaster as well as those that had
studied the city before their trip.

After recruiting a tourist or tourist group1, we started the test with a short
introduction to the device. This introduction was designed to last about 3 min-
utes: our previous experiences have led us to believe that minimising the time
necessary to learn how to use a system is critical in the tourism domain, since
users perceive this learning process as cutting into their leisure time. To make
the introduction as efficient as possible, the prototype offers a tutorial mode,
1 We define a tourist group as being two or more persons co-visiting the city.
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Fig. 2. The hot spots around Lancaster castle

which behaves much like the normal mode and offers all possible interactions.
However, instead of giving information about attractions, the tutorial mode has
short descriptions of the interfaces. In our tests the experimenter introduced the
tourists to each interface, showed the possible interactions, and described the
purposes of the various buttons. The tourist could then play with the device and
ask questions until they felt comfortable with its operation, at which point the
guide unit was changed from tutorial mode into normal mode.

Finally, the general task we set the tourists was to discover and explore the
area and use the interfaces to maximise the experience. We did not provide them
with any further information on the purpose of the experiment. The unit was left
with the tourist to use as they wished. An experimenter followed at a distance
of 5 to 10 metres to help in a case of a problem and to observe patterns of
behaviour. The intention was not to control the test, rather to observe, though
we accept that this process may have affected how some users interacted with
the system. We set no time limit for the tourists, they could use the system for
as long as they liked.

Once the tourists had finished using the prototype we asked questions in
a semi-structured interview. This interview focused on the users preferences for
different interfaces. Specifically we asked whether users preferred the audio or
textual information and why this was the case. Details were also asked about the
map, the picture and the text interfaces. For example, we asked how important
these interfaces were to the user and what they were used for. If users indicated
that a particular interface was poor or little used, we asked why and described
alternative designs to gain an understanding of the factors that affected user
reactions. In addition to interface selection, we were also interested to learn how
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users reacted to the PUSH model used in the prototype. For example, do people
have problems if only a PUSH-based interface is available? As tourists normally
do not understand the terms PULL and PUSH, the methods were described as
“having a list of attractions and choose the appropriate one” and “getting the
information without asking for it”. Finally, we asked for further comments on
what additional features the tourist would like to have and how they would rate
the GUIDE system overall. If the participants agreed, the interview was recorded
for later analysis.

4 Results

During our field trial we conducted 20 independent tests, 11 with individuals and
9 with groups of two or more tourists. In 4 cases the test runs were particularly
short as the participants were in a hurry. As the period of interaction in these
cases was extremely short, we chose to disregard this data and focus on the
remaining 9 individuals and 7 groups. The groups were composed of 5 sets of
couples, one group of 3 and one of 4 persons. The age of the youngest person
involved in the trial was 19 and the oldest was 71.

The average time spent using the system was 11 minutes with a maximum of
21 minutes2. Most tests ended prematurely as the subjects wished to continue
their tour inside a particular attraction. Overall, most test participants were
quite enthusiastic about the prototype system.

4.1 User Interaction

All user interactions with the system were logged. We analysed the log data to
determine which of the available user interface modalities was preferred. The
results show that there is no single user interface preference valid across all of
the test subjects. However, it is possible to partition the results into 3 separate
groups: the majority of participants – 11 out of 16 – spent most of the time
using the map interface. 4 of the 16 preferred the picture view and 1 individual
used the textual descriptions most of the time. Table 1 shows a summary of the
test data. The result of the modality choice is more obvious: nobody used the
volume control to mute the audio and hence these interfaces were always used
in conjunction with the audio commentary.

Effect of Group Size. One aspect we were interested in was whether the group
size affected the choice of user interface. Though there is a small observable
difference in the time spent in a given interface by groups versus individuals,
the results are not significant according to a t-test (the error-probability is 20
percent).

Effect of Mobility. Another important aspect in our analysis is the mobility of
the user. Figure 3 shows the change in use according to the speed of the tourist
(as measured by the GPS compass).
2 The total amount of audio that is available around Lancaster Castle is 13 minutes,
if played continuously.
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Table 1. Distribution of test persons according to the most used interface

All Participants Groups Individuals

Audiocontrol 0 0 0
Map 11 4 7
Text 1 0 1
Picture 4 3 1
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Fig. 3. The speed influence on the interface choice

For most participants there is a correlation between the subject’s speed and
map usage: the higher the speed the more the map is used. This is valid for both
the map-oriented subjects as well as the picture-oriented subjects. The picture
appears to be used less while moving. A t-test comparing a slow and a fast speed
indicates with less than 5 percent error that the change in the usage of the map
and picture is statistically significant.

Effect of Audio.We have observed a difference between the use of the interface
modalities depending on whether audio is being used. Figure 4 shows the average
time spent in an interface while (a) the prototype is playing and (b) the prototype
is not playing audio.

While the audio is being played the usage of the picture view increases sig-
nificantly. Conversely, the map view is preferred when the audio commentary is
not played.

4.2 User Interviews

We found a number of interesting results from the semi-structured interviews.
Most of the tourists thought that audio guides were preferable to text based
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Fig. 4. The influence of audio

guides. The main reason given was that it is easier to follow the information
when you are able to look at the attractions while they are being described.

Importance of Text. Asked how important the additional text was, most
subjects stated that they did not need the text. We then suggested some possible
changes to the system, such as highlighting the currently spoken text, reducing
or increasing the amount of information. The vast majority of the subjects stated
that it would not matter. The availability of headlines or keywords instead of
whole passages of text was also rejected by the majority of people. About one
third thought that keywords might be of some use. During the test a small
number of subjects said that the text was useful to replay information they’d
heard in the commentary.

Importance of the Map. Asked which interface the users considered to be the
most important, most people stated that the map view was essential. Even if
precise audio guidance was available, such as “mind the step” or “turn right on
the next corner into Church Street”, people stated that they would still like to
have a map. Typical comments made by the tourists included “I want to see
what’s available”, “people are visual” as well as “I always have to ask twice if I
only have spoken guidance”. In contrast, one subject stated “I got lost on maps”.

We asked people about the design of the maps. We asked whether the subjects
believed that the map should use a compass and automatically compensate for
the direction of the unit. There was no common answer. All possible opinions
from “absolutely necessary” and “I hate it if I have to do it on my own”, to
“might be useful” and “it would distract me” were given. Most people agreed
on the use of the map – it was used to find out “where to go”.

Importance of the Picture. In our tests, the picture was mainly used for
“seeing if I am right’ or “finding the object the device is talking about”. The
subjects universally agreed that a picture of an attraction was really helpful.

Importance of How Information Is Delivered. Some subjects mentioned that
it would be nice to have the ability to request information: they wanted to know
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if it was worth going somewhere in advance. Although they were quite happy
with the prototype itself they missed the level of control of a user initiated
(PULL-based) approach.

One tourist complained about the information replacement strategy. Though
there was a back button, he was surprised that the device started to talk about
a different attraction while he was walking. He suggested that the device should
give a warning signal or other hint. (Design guideline: In a case of replacing
information a warning should be included, no matter how clever the replacement
logic is.) Possibilities for such a warning might include a mobile phone like
‘reception bar’ or reducing the volume of the audio. Alternatively the colour of
the current object on the map might be faded out or the title bar could show
“Leaving...”.

Delivery of Audio Information. We offered all single tourists new headphones
and earphones: everyone rejected the offer. One reason given was “headphones
look strange”. Another was that tourists did not want to look like tourists.
Ironically, the use of an audio guide which delivers audio information out loud
clearly demarks the user as a tourist. One possible explanation might be that
headphones are visible over a long distance, whereas the audio can only be heard
over a relatively short distance. Only one person switched to headphones: he was
hard of hearing and unable to understand the speech under normal conditions.

5 Analysis

In some cases the lessons learnt from our testing and observations could have
been predicted. The increased use of the map while moving is consistent with our
expectations, as maps are well known and familiar tools for navigation. Similarly,
the text interface is extremely difficult to use while moving due to the level of
attention it demands – especially when preoccupied with other cognitive tasks
such as avoiding traffic and other pedestrians. Furthermore, a subject is unlikely
to want to look at a picture of the last attraction while moving away from it.
These factors all help to explain why the map is the dominant form of interaction
while on the move.

Audio and Movement. As stated in the results section above, we have ob-
served an influence of the audio on the choice of secondary media type. There
may also be a correlation between user mobility and the audio: quite often the
user stopped soon after the audio started playing. From the perspective of the
experimenter there is a typical set of observable behaviour. As soon as the au-
dio starts to play, the test subject stopped and looked around. If they were not
successful in determining the attraction mentioned in the commentary, they in-
teracted with the device and looked around again. Normally the tourist needed
some time to locate the unknown attraction, especially if it was not immediately
obvious. (Design guideline: in a PUSH-based audio system the designer should
plan to include some time for the user to locate the attraction. Consequently, no
important facts should be pushed during the first few seconds of audio.) This ob-
servation of the experimenter is supported by the results of the interviews. The
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Fig. 5. First seconds after the audio started

test subjects used the map for finding where to go and the picture for identifying
the attraction. This behaviour is also clearly common sense.

Control of Audio. Figure 5 shows the percentage that each modality is in use
during the first few seconds after the audio begins. From these results we can
see that after approximately 5 seconds the principal choice of interface switches
from map to picture – further supporting the anecdotal observation of the exper-
imenter. The results also highlight that the audio controls are often used during
these first few seconds. Our interpretation of this phenomenon is that the au-
dio control interface allows the subject to restart the audio. A representation of
a typical usage cycle is shown in figure 6.

Acceptance of Audio. As we have already mentioned, one of the prime jus-
tifications for the success of an audio based guide is the ability of the user to
be able to be looking at the sites while simultaneously being presented with
accompanying information. Similar results have been identified in indoor guide
systems [21]: the attention of the user has to be split between the guide, the

in map interface with audio in picture interface with audioin map interface

in map interface with audioin picuture interface

user switches to pictureuser enters an hotspot / audio starts

user switches back

audio has finished

audio has finished user switches back

Fig. 6. The typical interaction cycle of a PUSH-based audio guide
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attraction and their companions. Text guides are seen to be particularly prob-
lematic for groups as they are difficult to use collaboratively – in contrast, with
an audio guide it is much easier to share the experience. Such sharing might
even promote interaction within the group.

Our experiments also revealed that a guide system definitely should offer
more than just the audio commentary: both the map and the picture were con-
sidered as necessary in our interviews. (Design guideline: a guide system should
offer an optimised interface for navigation and an optimised interface for iden-
tification.)

Effect of Group Size. We were surprised to find that being part of a group
was not statistically significant. Though groups show a small tendency towards
using more pictures and less text, the statistical analysis reports this as being
within the margin of error. One possible explanation for this outcome might be
that most groups had a “leader”. This person was the principal user of the device
and typically decided where to go – using the device like a single person.

In the small sample set and group sizes we studied, everyone was able to
hear the audio acceptably. The audio was found to trigger an interaction with
the other group members: when the audio started and the group leader could not
find the attraction immediately, the companions were asked for help. In other
cases the audio seemed adequate for the other group members as the leader
would decide where to go and normally point to the attraction.

In our largest group (with 4 members), the behaviour was different: as the
audio began the leader had to call everybody together, he then rewound the
audio once they had assembled. Consequently, this group used the audio control
the most frequently. Clearly, no definite conclusions can be drawn from a single
statistical sample.

Use of Headphones. The most surprising result was the universal avoidance
of headphones. One possible explanation was given by the tourists – headphones
look strange. Tourists do not want to be easily recognised as tourists. This seems
somewhat anomalous given the popularity of personal music players and hands-
free kits for mobile phones. Curiously, one of our subjects was already wearing
a ‘Walkman’ with his own set of headphones. He rejected the offer to use his
headphones with the iPAQ, insisting that he used the speaker instead. One
possible explanation might be the wish to avoid feeling isolated from the envi-
ronment. The use of open headphones instead of semi-open or closed ones might
help to reduce this effect. (Design guideline: headphones might be unwanted. An
alternative audio system should be available.) Other possible explanations might
be the fear of invasion of personal privacy [11] or fear of the unknown. Audio
that is pushed to the user without their specific interaction might be deemed as
an invasion of personal privacy – this effect might be further enhanced by the
intimate form of delivery (through headphones). A user might also fear the lack
of control over the spontaneity or volume, given that the audio is played directly
into the ear. We suspect that these results are especially interesting as a number
of other projects have proposed the use of spatialised audio with headphones for
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tourist guide applications [9, 10]. A further possibility for future work would be
to determine if the reluctance to use headphones is only valid for outdoor guides.

6 Related Work

There have been numerous research projects involving context-aware tourist
guide systems. Besides the Lancaster GUIDE the most well known is the Cyber-
guide project at Georgia Tech [1]. The Cyberguide project was created in the
early 1990s and was one of the first context-aware applications. The system was
developed using Apple Newtons and relied on a combination of text and images
to provide information to visitors.

The Lancaster GUIDE project has previously experimented with audio. An
extended version of the GUIDE application running on an Fujitsu TeamPad was
used. The test [6] showed that tourists happily accepted a GUIDE version with
additional audio-PUSH. Our tests confirmed this result even in the absence of
any PULL mechanism, though some users stated that they would have liked to
have had the option of requesting additional information.

The HIPS project [3] created a prototype tour-guide system called Hippie [17]
designed for use in museums. Hippie can be personalised and the information
is web-based. Interestingly, tourists can start interacting with Hippie at home
and continue in the museum. Hippie appears to offer most of the functionality
of a web based system and hence can include multiple media types.

Other projects dealing with audio interfaces are AudioGPS [10], Guided By
Voices [13], Hear & There [20], Audio Aura [16], LISTEN [9], and Nomadic
Radio [18]. These projects use audio as the main interface or are audio only.
Nomadic Radio, AudioGPS, LISTEN, and Hear & There use spatial audio for
transmitting information. As our tests showed a reluctance against headphones
at least for outdoor guides, alternative designs should be considered. Apart from
Hear & There none of the mentioned projects offer an additional visual inter-
face. This might be a problematic design as tourist in our tests stated that they
like to have a visual component as well. Nevertheless, audio only systems have
the advantage of being useful for blind people. Projects that deal with guid-
ance in unknown areas are Strider [14, 4, 15], Personal Guidance System [12]
and InfraVoice [19]. Strider uses an audio map describing the way and Personal
Guidance System use an acoustic display for giving information about distance
and angle. InfraVoice is based on cheap receivers and a pre-installed network of
infrared-transmitters in a town. These transmitters send directed infrared beams
containing information. The user can find these object by pointing the receiver
to tune into the information. All of these projects have to live without any possi-
bility of visual interaction, and consequently a lot of effort has had to be made in
promoting their usability. The huge effort necessary in supporting navigation in
such systems, confirms the results of this test: an appropriate interface for nav-
igation is mandatory. Visual components like maps are a common choice which
are also well known to potential users.
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7 Conclusion

As mobile context-aware applications begin to proliferate it is important there
are design guidelines available to help developers. The canonical example of
a mobile context-aware application is a tour-guide system and yet, despite the
development of numerous prototype systems, there has to date been no sys-
tematic study of user acceptance of different user interface modalities in such
systems. In this paper we have presented the results of our efforts to address this
shortcoming.

Our experiments have highlighted a number of issues that we believe are
generally applicable to mobile context-aware tour-guide systems. Firstly, users
clearly benefit from having information available in multiple modalities. More-
over, different users exploit this information in different ways, making it difficult
to make a strong case for the inclusion or omission of a specific form of in-
formation. Secondly, users were clearly able to make use of different interfaces
for navigation and for information access, implying that it might be possible
to develop a system with different interfaces optimised for these distinct tasks.
Thirdly, we observe that when audio is pushed to users they typically do not give
it their full attention for the first few seconds, implying that important informa-
tion should not be provided at this time. Fourthly, we observe that no matter how
clear the replacement logic appears to be for PUSH-based information delivery,
confirmation or explanation of this action is almost always desirable. Finally, we
note that while audio is becoming a more accepted form of information delivery,
users exhibit a remarkable reluctance to wear headphones. This is a surprise to
us given the popularity of personal music players and hands-free kits for mobile
phones.

In conclusion, we believe that our experiments provide a useful set of guide-
lines for developers of future mobile context-aware tour-guides. The extent to
which these guidelines can be applied to other context-aware application domains
is a subject for further study.
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Abstract. The design of interactive systems has to take into account the
context of use. In this paper we discuss the design criteria to use when
developing location-aware, indoor, PDA applications. We analyse some
of the technologies currently available for this purpose and examine
how to provide users with location-dependent information. The
discussion of such criteria is based on our experience in the
development of an interactive guide for museum visitors.

1 Introduction

Nowadays mobile devices have powerful computing capabilities. This opens up new
scenarios where users can interact with them in many environments, so that they can
access the information they need anytime, anywhere. Old paradigms in human
computer interaction, all addressed by traditional GUI mechanisms, need to be
revisited [4] because of new elements such as the mobility of the users and the
availability of interaction modalities unfettered by mouse and keyboards: voice,
sound, gesture, and user position can also be used to interact with a system. In this
paper we want to discuss the criteria for designing location-aware, indoor, PDA
applications. This discussion is based on an experience in developing an application
that localizes users’ positions by interacting with infrared emitters, and adapts the
presentation of information to the context of use. This solution can be applied in other
context-dependent indoor applications, where the user’s position cannot be tracked
through GPS. Another advantage is that it provides better results than using wireless
LANs [6] or Bluetooth technology for identifying the users’ location in indoor
environments. We also provide users with audio feedback to help them in interacting
with the application.

The museum domain has been considered by a number of researchers (see for
example, [2], [6], [10]), and is characterized by mobile users who need context-
dependent information, which should be provided without disorienting the user. This
need was also highlighted by an empirical study of the first version of the Marble
Museum PDA application, which did not include any automatic support for location
detection [7]: several visitors complained that sometimes they encountered problems
understanding where they were during the visit.
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In this paper, after a discussion of related work, we analyse technologies to support
location-awareness in indoor environments. Then, we introduce our case study and
present a solution to identify user location, describing how we provide our users with
audio feedback. After that we analyse the results of the evaluation test and we
summarise the lessons learnt from this work.

2 Related Work

To better support users in their daily activities, a system has to provide them with
information they need while taking into account the context in which interactions are
performed. This problem requires different solutions depending on where the users
are, i.e., in an outdoor or indoor environment. Whereas in the former case, the GPS
technology helps the developer to find outdoor users’ positions, in the latter the
researchers have to find different solutions to localize user positions. In our work we
focus on indoor environments. The museum domain has been considered by a number
of researchers because in such environments the users walk freely in a building,
without a fixed path, and need information related to the context (i.e. section) they
are. So, museums are an ideal test area for researchers in human-computer interaction
with mobile devices.

In IrReal [5], the authors designed a building information and navigation system
based on Palm Pilot PDAs and a set of powerful infrared emitters located throughout
a building. When the users are walking in the building, the infrared sends them
information related to their current position. The information is grouped in a cluster of
�pages� connected to each other making an acyclic graph. These pages are broadcast
using the infrared beacons. This solution has some problems, the first is that the
information provided to the users concerns only nearby objects: this can be a problem
in a large room because even if the users are near an object, they may be interested in
a different object whose description is contained in another group of pages (i.e.,
located far away). For each beacon, the pages are broadcast repeatedly: no back
button is provided. Another problem concerns the cost of the solution: each beacon is
connected with a PC in order to broadcast the pages.

In our solution we want to preserve the possibility for the user to move easily not
only in the building, but also through the information in the system. We provide them
with a back button that acts like the back button in Web browsers: so, for example,
they can easily access the last artwork they visited.

Another approach has been proposed by the Cyberguide project [1]. In this project,
the authors provide users with context-aware information about the projects
performed at the GVU Center in Atlanta. They installed TV remote controllers
throughout the building to detect users’ locations and provide them with a map that
shows the area neighbouring the user, highlighting corridors and nearby objects, such
as project demos. In this way they have divided the building into a series of cells. The
information on location (i.e. cell) and objects is provided in textual and graphical
modalities. The users were also provided with the possibility of exploring the map of
the entire Center. The project authors intended to support the visitors’ tasks by taking
into account their positions and what they are currently looking at: to detect this
information, they assume that the users are looking in the same direction they are
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walking. So, when the user passes from one cell to another, the system shows the map
of the new cell where the user is entering, oriented according to this direction. This
approach requires a large number of beacons and a consequently costly system.
Moreover, the application provides the users with textual information. A better
solution would be to use audio for the project presentations. In our solution, we use
MP3 files to give users information about the artworks in the museum. This solution
was appreciated by users who, as we will describe in the section about our last test
evaluation, liked the possibility of observing the object of the presentation while
hearing information about it. Also, in our solution we chose to install infrared emitters
on the entrance of each section. In this way, installing only a small number of devices,
we have implemented a low cost, easy to install system.

The two projects discussed so far address the problem of locating the user through
interactions with infrareds in a generic building. Now let us examine two projects that
aim to detect users position specifically in a museum.

The Hippie system developed in the HIPS project [10], locates users via an infrared
system composed of beacons installed at the entrance of each section and emitters
installed on the artworks. This solution creates a sort of infrared grid through which
the system can detect the artworks nearest any given user. Hippie provides the users
with the information related to the artwork nearest them, assuming that visitors stop
walking only because they are near an artwork they find interesting. However, the
design does not consider other potential reasons for stopping, such as a crowd
preventing movement. This project also addresses the problem of how to adapt the
user interface to the user model. The model can be modified either directly by the user
at the beginning of the session or by the system, which takes into account the history
of user interactions and the choices performed by the user; in both cases the system
highlights proposals for further information to the user through a blinking light-bulb
icon. The suggested information can be accessed through links to the descriptions of
the works that best correspond to the current user model. When accepted, the
suggestions are used to update the user model. The information is provided by taking
into account the user model and presentations are modified accordingly.

The limitation of this approach is that often the user’s position alone is not enough
to indicate interest in the closest work of art. Thus, the risk is that the system
erroneously identifies the user interests and determines the corresponding user model.
Consequently, the audio presentations will probably be of little interest to the user. In
our approach in order to prevent such wrong deductions that can negatively influence
the visit, we have chosen to insure users’ freedom of movement. Once the system has
detected the room the user is in, then the user can freely activate audio comments
regarding the artworks of interest.

Another work has been proposed [2] for visiting �Filoli�, a Georgian Revival
house. In this case the application provides the users with an image of the current
room with the works of interest highlighted by red borders. Then, the user can select
the object of interest with a pen, which activates an audio comment or a video. It is
possible to change the viewpoint of the room’s representation by selecting one of the
device’s buttons; when the users want to enter in a new room, they have to indicate
explicitly to the system by selecting the door of the next room in the last photo. In this
project, one possible limitation is the use of pictures to represent the room content
duplicating the information that the user is already seeing, with the risk of requiring
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multiple interactions to identify the selectable elements of interest. In addition, this
solution is valid only for those museums where the elements of interest are arranged
along each wall, while it becomes difficult to follow in cases where they are spread
throughout the room. Our system detects automatically the room where the users are
and provides them with a sound each time they enter in a new section. This audio
feedback assures the users that the system is aware of the change of the context.

3 Support for Location Identification

The identification of a user’s position in an in-door environment can be performed at
various levels of granularity: for example, one is the identification of the exact user
position, thus, in a museum application, the system can identify the closest work of
art; another level is when the system is only able to identify the room where the user
is located. The first case can be useful to try to identify what works of art are more
interesting to the user based on the assumption that the time the user spends near a
work of art is proportional to the interest in it [10]. However, this hypothesis may be
incorrect because there are many reasons for a user to stop somewhere (it could be
because of other visitors or some obstacles). Thus, erroneous deductions may
negatively influence the application in determining user interests. This is one of the
reasons for our choice of the second criterion. To explicitly localize the users in the
museum, we have considered three recent technologies that allow mobile devices to
offer some services: WLAN, Bluetooth and Infrared (IR). In the next subsections we
analyse advantages and disadvantages of each of them and explain the reasons for our
choice.

3.1 WLAN

WLAN technology allows devices to immediately connect to Internet/Intranet in a
range of 100 meters (in indoor environments without obstacles) without any cables
using an access point and a PCMCIA wireless Card. As in a classic LAN, a group of
devices with wireless cards installed creates a wireless Intranet and can theoretically
share files at 11Mbps (but real throughput is closer to 4-5Mbps [8]). The connection
via WLAN has a high cost in terms of battery power of the devices and this can be a
problem for mobile users. It also requires an external PCMCIA card to connect to the
network until this technology is available directly on the motherboard of the devices.
Moreover, walls and iron objects can interfere with the signal. To locate the position
of the users in a building, WLAN is not so simple a solution because the system has
to apply triangulation methods [3] to the data coming from the three access points
nearest the user. Thus, the developers have to devote a great deal of attention when
installing access points to prevent ambiguous situations on the borders of the
intersections of the covered areas.

We studied the possibility of adopting the WLAN technology to localize the users
during their visit. In our system we only need to know when the users enter a new
section. We would need to install an access point for each room and position all of
them in such a way that at the entrance of each section three access points overlap
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their coverage area. Then, on the basis of the intensity of the signal received the
server could identify the location of the user. The problem was that we have not been
able to find a solution that univocally indicates what section the users are entering
because of the issue of the overlapping area, which was in some cases larger than
some sections of the Museum. Another motivation was the cost of each access point:
we would need 19 of them and consequently the cost of the system would increase.

3.2 Bluetooth

This recent technology has been introduced to avoid the problems we hinted at before.
Bluetooth is a de facto standard for very low powered connections. Nowadays,
Bluetooth is commercially available for many devices. The interaction between
Bluetooth devices starts from a distance of 10 meters. The devices are grouped in
piconet (i.e. 8 devices). Bluetooth allows users to connect easily to devices such as
printer or headphones or to Internet via hot spots [8]. Once the connection is
established, two ore more devices maintain the connection in spite of interference of
walls or iron objects. The Bluetooth devices can share files at theoretically 1Mbps.
Bluetooth communication protocol is composed of a preliminary step called
�discovery�: during this step the devices have to discover if there are other devices to
interact with. This step costs in terms of time (between 5 and 10 seconds) [11] that
each user has to wait before starting the communication. Once the discovery step
finishes, the communication remains open until one of the two devices goes outside
the range of the other. We wanted to develop a system that supports users during their
visits in the museum; the interaction with the device has to be immediate because
when the users enter in a new section, we want to offer them, immediately, the
presentation of the section and the dislocation of the artworks. In this way we prevent
the disorientation of the tourists. Using Bluetooth technology, the visitors would have
to stop their moving at the entrance of each section, waiting the discovery step of their
device. Also, if the museum is crowded, there is the possibility that more than 10
people can visit the same section: there can be problems in finding the piconet to enter
in. We thought that this discovery step is not so natural for museum visitors and that
can be an obstacle to the full enjoyment of their visit.

3.3 Infrared

IrDA protocol of communication supports high data rates (4Mbps), point-and-shoot
style application. It is also characterized by non-interference with other electronics
devices. The technology involved is the same of TV remote controller: the cost is not
so high like WLAN and Bluetooth solutions. IrDA signals rebound over the surfaces:
the developer has to take into account this peculiarity. The communication over IrDA
protocol involves only another device at time and requires that sender and receiver are
aligned or the interaction occurs within a 30 degree cone angle (which means that
sender and receiver should have the corresponding ports tilted at a 30-degree angle
each other).

As mentioned before, we intended to provide the visitors with the information
regarding the section they are entering, at the instant they enter. Having considered
the pros and cons of these three technologies, we chose to adopt the last one because
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of the immediateness of the connection and the relatively low costs of the
manufacture and the installation. In addition, we noticed that we did not need to
support communication of data during the user visit because current PDAs can have
one gigabyte of additional memory. This information is sufficient to provide users
with audios, images and videos on related aspects. In addition, during a museum visit
a user is not interested in navigating in the Web because their main goal is to
appreciate the artworks that are in exhibition.

4 The Case Study

We have developed and delivered an application for a museum. The application has
been developed for the Marble Museum. The managers of the museum decided to
provide their visitors with information additional to that contained in traditional
labels. While guides are available for large groups, they can be too expensive for
single visitors or small groups, an interactive automatic guide is a better solution in
these cases. In our approach the design is driven by three main elements: the context
of use that includes both the device used for the interaction and the environment
where such interaction occurs, the tasks users wish to perform and the objects they
need to manipulate in their performance (both interface and domain objects).

4.1 Context of Use

For the context of use, we consider the environment considered for the interactive
system, the interaction platforms and the users of the interactive system who wish to
achieve their goals through it.

In our case, the users can vary in terms of ability in interacting with computing
devices and knowledge of the application domain.

The structure of the museum forces to some extent the order of visit among the
rooms. Such rooms contain many types of objects from the ancient Romans to pieces
of quarrying technology of the past century. Thus, visitors need support able to
interactively select those more interesting for them and receiving related information.
The application has been developed on a Compaq Ipaq 3660, with windows CE and
additional one Gbytes Flash Memory Card. We decided to use text-to-speech
synthesis for supporting audio comments. Unfortunately, the possibility of dynamic
text-to-speech generation is not supported in these environments because the
necessary libraries are lacking for Windows CE. In addition, the synthesized Italian
voice was considered too unpleasant and was replaced with audio-recorded
comments.

The mobile system reacts with sounds, context-aware information provided by text
or audio channel to better support the users in their activity. The system interacts with
users reacting to their change of the section providing them with audio feedback.

Currently, the application contains description of about 150 works of art, each of
them with an associated Jpeg picture (dimensions are about 140x140 pixels). The
audio files are in MP3 format. For the English version we have used text-to-speech



Design Criteria for Location-Aware, Indoor, PDA Applications      137

provided by Text Aloud MP3. The application requires about 3 Mbytes of memory,
with about 220 Mbytes of multimedia data (videos, images, vocal comments).

4.2 Tasks

In the design of the user interface we considered three main types of tasks that users
can perform in the context considered:

• orientation within the museum, for this purpose three levels of spatial
information are provided: a museum map, a section map, and, for each
physical environment composing the section, a map with icons indicating the
main pieces of work available in the room and their location. By selecting
such icons the picture of the related element is displayed along with some
basic information and the corresponding audio description is activated. The
purpose of the picture is not to show the details of the work of art (that is
supposed to be in front of the user), but to allow users to check that the
information they are receiving regards the work that they are viewing.

• control of the user interface, for example, to allow changing the volume of the
audio comments, to stop and start them, and to move through the various
levels of detail of the museum description;

• access to museum information, also this is provided at different abstraction
levels (museum, section, physical environment, single work).

4.3 Domain Concepts and User Interface

Through an analysis of the behaviour of museum visitors and the information
provided them by the human guides we identified three levels of information that are
interesting for them:

• Museum, overall introduction and short information regarding its history and
peculiar aspects;

• Section, information regarding the main features of the sections, the common
aspects of the artworks in them and the motivations for their introductions.
Most relevant artworks are highlighted as well.

• Artworks, the description of the artworks and additional information regarding
them are provided.

If we follow a Web metaphor we can say that for each instance of a level of
information there is a page designed following some criteria. In these pages there is
not only information regarding the artworks but also supporting the orientation or the
control of the navigation within the application.

Figure 1 shows how a generic presentation is structured. The main area is used to
provide information regarding the artworks whereas the lower part provides a
command bar with menus to control the various parameters of the application.
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Fig. 1. Structure of a generic presentation

5 Location-Dependent Interaction

In order to determine user position, we have installed infrared emitters at the entrance
into each room (see Figure 2). Such emitters have been expressly made for our
application. They transmit a unique identifier through the IrDA protocol. When the
user enters a new room the emitters send the identifier to the PDA, the application
detects it and changes the presentation accordingly. The angle covered by the infrared
emitter is 90°. This angle is sufficient to assure a good communication with the PDA
assuming that the user keeps the device in vertical manner, even if it is not completely
lined up with the infrared beacon. The signal transmitted by the emitter is composed
of eight characters. Initially we used only three characters; thus the string sent by the
emitters had the following format �001@@@@@’. However, after the first
experiments we realized that this solution needed to be improved because infrared
waves can be reflected by surfaces.

Consequently, the signal that reaches the infrared port of the PDA may not respect
the spectrum of the IrDA protocol, then it can be misinterpreted. In this case, we can
obtain three character strings with erroneous content because the identifier detected is
different from that associated to the room where the user is entering.

Indeed, when the first version of the application was tested, it happened often that
the infrareds signals distorted because of the rebounds, thus the string identifying the
room was either completely corrupted or provided a wrong information (the
identification of a room different for that of the room were the user was actually
entering). Thus, we have extended the string transmitted by the emitters by adding
three characters that are used as �parity bits�. Each number is associated with an
alphabetical character: �0� is associated with �A�, �1� is associated with �B�, etc. The
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algorithm is simple: each time a new string is detected, the application checks that the
part of the string composed of numerical characters corresponds to that composed of
alphabetical characters. For example, a valid string is �001AAB@@�. Thus, the
application can correctly determine when it detects a correct signal indicating the
room where the user has entered. The emitters have been developed adopting stand-
alone technology: they are made in such a way as to transmit one eight-character
signal per second. This solution was easy to install and with low cost.

Fig. 2. Example of interaction between a visitor and an IR emitter

5.1 Visual Feedback

When the users change the section they are visiting, they want information about the
artworks they are looking at. So, the detection of the section where the users are is
important data to support them in their visit. In our system, this information is
detected automatically through the interaction with infrared beacons: upon entering a
new section, the application provides users with a Museum map, where the section is
highlighted; after that, an audio presentation of the characteristics of the section and a
map indicating the location of the artworks in that section are provided to the users. In
other words, we use location information only to furnish the users with context-
dependent information that help them to orient themselves in the museum.

5.2 Audio Feedback

The use of audio in the interaction between human and system plays an important role
because the system can indicate its internal state: error, alert and information
messages are generally displayed coupled with a sound associated to each event; in
this case, the sound is used to call users’ attention to a system message. In our
application, we decided to highlight the automatic detection of the room where users
are entering, obtaining two results: the first it to signal this event to the users who
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might not be looking at the PDA display; the second reason is to assure the visitors
that the system is aware that the context has changed and that the information is
related to the new section. The choice of the sound to use is important. In this case we
have chosen the same sound generated when the PDA is connected to a desktop
system. The rationale for the choice lies in the fact that an information link is
established: when the application detects a new user position, to some extent it shows
that there is a connection between the application and the surrounding environment,
just as when the PDA and the application exchange information.

 
Fig. 3. Visual feedback when entrance in a new room is detected

As we show in the section on the user tests, the association of a sound to the
section change help them to get oriented in the museum. To improve the support to
the users during the visits, we have also added audio feedback when the users select
artworks on the section map to assure users that the system has received their input.
We adopted this solution because we noticed that, after selecting an artwork, users
often reselected the artworks because they were unaware that the system was
processing the request. We want to avoid this kind of double-clicking because it can
generate some confusion that can negatively influence the interaction of the users
with the system.

6 Design Criteria for the Graphical Part

Designing an application for a PDA should take into account the specific features of
this type of device: it provides a broader range of interaction techniques than current
mobile phones. The possibilities are similar to those of desktop systems but there are
two main differences: the limitation of the screen resolution and the possibility of
using it on the go.
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We have followed some criteria during the design of the application:

• Web metaphor, while not many users have had much experience with PDAs,
most have some experience with Web browsers, which are characterised by
pages that can be uploaded through links with the possibility of going back
and forward through the page history. We have designed our application trying
to implement similar features into our application, but also taking into account
its specific goals. Thus, the resulting system is composed of a number of
graphical presentations that can be navigated through icons. Each page is also
associated with a voice comment automatically started the first time it is
accessed. Using the back button in the toolbar it is possible to go back to the
previous presentations in a way similar to that of Web browsers.

• Navigation feedback, in Web browsers, links that have been selected have a
different colour from the others. This is a useful feedback for navigators. In
our application we adopted the same design: icons associated with artworks
already accessed have a different colour (red) from those associated with
artworks yet to be visited (grey).

• Orientation support in the surrounding environment, in order to help users
to orient themselves we provide various information: the map of the museum
highlighting the section where the user is, and then a map of the section
highlighting the physical elements that identify it (walls, doors, supports for
disabled people). Each of these act as a sort of landmark that can be useful for
orientation. In addition, the map is displayed with the same orientation that the
user has when entering.

• Minimise graphical interaction, for this purpose as soon as the user enters a
new section or selects an artwork then the application immediately starts a
vocal comment.

• No redundancy in input commands, in desktop graphical interfaces usually
it is possible to interact through both lists of pull-down menus and icon
toolbars. So, often the same command can be activated either through an
element of a pull-down menu or through an icon. In our case, because the
display has a very limited resolution, commands can be activated only through
the icon toolbar.

7 Evaluation of the Application

In order to have feedback from real users a first test of the application has been
performed. A group of users (35) received a PDA with our application installed at the
entrance of the museum. The goal of the test was to understand to what extent the
application provides a valid support from various viewpoints: quantity and quality of
the information provided, modality of presentation, interaction with infrared devices,
capacity to orient themselves in the museum. At the end they had to fill in a
questionnaire with many questions structured into various parts regarding:

• Previous experience in museum visits (4 questions);
• Quality of the information provided regarding the artworks in the museum (9

questions);
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• Quality of the multimedia techniques used: audio, images, and videos (7
questions);

• Quality of the interactive part of the application: its use, the underlying
concepts, the user interface (10 questions);

• Capability to support users’ orientation (10 questions);
• Some personal information, such as age, instruction, etc.

The test was composed of various types of questions: some of them required only
positive or negative answers, others required a numerical scoring (on a scale from 1 to
7), and open questions aiming to stimulate critics and suggestions were introduced as
well.

On average a visit took 73 minutes, 25 users were Italians, 18 were women, the
average age was 37. 63% was graduated, 29% had a high-school diploma. Only 15 of
them had already used a PDA before the experiment.

The application provides audio information in either Italian or English. The data
show that foreign visitors appreciated the quality of the information more than
Italians. In particular, the information regarding the museum sections received better
ratings (average 5.72 with 1.10 standard deviation for Italian and 6.33 with standard
deviation 0.71 for foreign visitors).

From the open questions, we found the need for more information regarding
quarrying in ancient time, for example the quarrying methods and the life of quarry
men. The answers regarding the multimedia techniques show that the audio
presentations were appreciated from both Italians and foreign visitors. Very high
ratings were provided to the videos whose utility was highlighted by most visitors.
Some problems were raised for the images, some visitors were dubious regarding
their dimensions and clearness.

The questions regarding the interactions with the electronic guide aimed to
understand its actual utility and evaluate its usability leaving to the visitors the
possibility of suggesting further improvements. To analyse the answers received, it
can be useful to distinguish between novice users (who used a PDA for the first time)
and expert users who already had a similar experience. Analysing the utility of the
electronic guide, we noticed that novice and expert provided similar rate (novices
provided 6.47 with 0.62 standard deviation whereas experts provided 6.40 with 0.74
standard deviation). Regarding the easiness of use, the experts provided best rates
(average rating 6.60 with 0.63 standard deviation) while novices asked for
improvements (average 6.28 with 1.23 standard deviation). Similar ratings were
provided for the user interface, experts users found the interface rich of possibilities
and clear to use, while novice users provided similar ratings with higher standard
deviation and suggestions such as �the possibility of adding arrows to go forward and
backward� or �improve the correspondence between the real objects in the room and
the icons in the application�, thus showing that some problems can arise when users
interacting with the application have no previous experience with PDAs.

Regarding the interaction with the infrareds, the questions addressed issues such as
their utility to support orientation, the ease with which users interact with them and
localize the section where they are.
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Fig. 4. User feedback on interaction with infrareds

The bar chart in Figure 4 shows that also in this case there are differences between
experts and novice users. The former provided high ratings in a consistent manner,
while the ratings provided by the novice users show that they found some difficulties
in orienting themselves and identifying the current section. However, despite such
difficulties they did not provide any particular suggestions. Some visitors provided
comments regarding the location of the artworks in the rooms. One said �it would
useful to have maps that change the orientation according to the user movements�.

From the analysis of the data it is possible to understand that the most appreciated
part of the application is the quality of the information, for example foreign visitors
particularly appreciated the videos showing dynamic information related to the
artworks in the museum. Novice users had some problems, both in the interaction and
in the orientation but in this case it seems that the lack of familiarity with palmtop
systems was a major cause and the use of infrareds added a further level of difficulty.

8 Conclusions

We have discussed criteria for designing location-aware, indoor applications. After
analysing benefits and drawbacks of various technologies we have discussed our
experience in developing a museum application in this field. We also report first
results of the evaluation of such application and we identify a number of design
criteria that can be adopted for other applications that share similar requirements.
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Future work will be dedicated to the possibility of providing location-dependent
support that takes into account also the preferences of the current user and apply an
evaluation tool based on the intelligent analysis of the logs of the user interactions.
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Abstract. The problem of designing and evaluating mobile computing
applications is of growing concern in the HCI community, due in part to
the difficulty of applying traditional design and evaluation methods to
increasingly informal and unstructured usage contexts. We describe the
design and evaluation of an integrated location-aware event and meet-
ing planner built to work in a PDA form factor. We discuss the limita-
tions and possibilities of location technology on mobile devices and
how it can be used to create useful, usable, and elegant applications. We
outline major design decisions, the results of qualitative formative
evaluation performed with a small number of participants, and the sec-
ond iteration of the design. Finally, we offer a number of general con-
siderations on the design process and on specific issues related to mo-
bile handheld applications, including reference metrics for design as-
sessment, user training and cross-over effects from desktop systems.

1 Introduction

The rise of a cell-phone culture [7] [15] has substantially changed the way people
plan and manage their daily activities and social interactions. People use a range of
different tools and resources to organize events and meetings, to notify, manage, and
track attendees and to send last minute changes to the time, place and participants.

Cell phones, wireless email, and even wireless connectivity to calendars have pro-
gressed greatly in the past ten years, though their full capabilities are still hindered by
a lack of integration and cumbersome application environments. Planning events and
keeping track of others remains a cumbersome and inefficient activity and a source of
anxiety [4]. As mobile devices become location-aware [6] [2] [18], the ability to track
and monitor users could greatly help people at keeping a hold of this increasingly
frenetic lifestyle.

The project described here investigates how individuals deal with event planning
and management and the related communication tasks. Using questionnaires, inter-
views, and discussions with potential users, we assessed the current state of mobile
device acceptance and satisfaction and attempted to catalog the personal and contex-
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tually dependent ways in which people currently plan their meetings and informal
events. The development and evaluation of a prototype thought us a number of inter-
esting lessons, which we report at the end of the paper.

1.1 Related Location-Aware Mobile Applications

Location-aware applications have been one of the drivers of third-generation (3G)
mobile operators' marketing efforts in the past few years [18]. To date very few such
applications have actually been implemented due to a host of technical problems
related to interoperability and precision.

One of the few available applications to offer more than customized web portals
based on a city-level granularity is the AT&T Wireless “Find Friends” service [2], a
location-based relationship management service running on mobile phones. After
signing up and building a buddy list, similarly to current instant messaging systems, it
is possible to locate parties with the same service in any area covered by AT&T. After
locating a friend, the user can invite him/her to some meeting point chosen from busi-
nesses in the AT&T Yellow Pages.

The system is based on iMode1, which leads to poor performance in crowded areas,
or areas with bad connectivity. The spatial precision of the system is linked to the
antenna network structure; in densely populated areas, a precision of less than a kilo-
meter is achievable, while in rural areas this figure can exceed 10 kilometers, making
the localization very imprecise, and thus not very useful. This service does not fully
take advantage of localization in the planning and execution of social gatherings.
There is no way, for example, to sort the phone book based on proximity, or to in-
clude location information in SMS messages. Key drawbacks are the inability to in-
vite more than one other party to a meeting and the disconnect between the “Find
Friends” application, which runs in a browser, and the rest of the phone functions.

Another system of note is the HandiMessenger system [8], developed for commer-
cial purposes but never marketed. The system adds rich meta-data to voice, email, and
text messages, so that the receiver of a message can see the location (including pres-
ence) and calendar information of the sender. With this information, a user can decide
on an appropriate means of getting back to someone.

Finally, the Personal Navigation Tool [3] centers around way-finding, with both
map-based and text-based directions to specific locations. The system does not di-
rectly assist in the planning or execution of meetings or in communication, though its
design and user preferences relate to our integrated design.

2 Analysis and Design

When people want to meet, whether for formal or informal purposes, the strategies
they use to accomplish this goal can be time-consuming and cumbersome. The or-
ganizer(s) must get in touch with all the participants in order to notify them of the
gathering and logistics. Unforeseen situations, such as changes to the venue or time,
                                                          
1 iMode is the trademark of an implementation of a subset of HTML and related browser,

which runs on 2.5G and 3G cell phones, initially developed by NTT DoCoMo. [10]
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require updating participants. Based on a variety of considerations, including personal
preference and availability, organizers juggle the tasks of managing the logistics of
the gathering, updating participants, and keeping track of people, all in the pursuit of a
successful gathering.

We surveyed and interviewed individuals in our target demographic, 19- to 35-
year old females and males, chosen according to market penetration, acceptance and
spending forecasts [18]. We sought to understand the tasks users currently perform
when forming meetings and gatherings, and the strategies and technologies they em-
ploy to accomplish these tasks, to identify problems and concerns that a new mobile
location-aware system should address.

Respondents shared the feeling that the current crop of mobile tools is poorly
matched to their tasks of meeting and “keeping up with” friends and acquaintances.
Respondents recounted tales of woe when plans for the evening changed and notify-
ing all participants took considerable time and effort on the part of the organizer,
calling key attendees and asking them to call others. Messages, both text and voice,
are constantly traded among friends in order to facilitate both working and friendly
get-togethers. In particular, younger interviewees were prone to spending “the whole
night” on their cell phones trying to contact each other, verify locations and plans, get
directions, and make plans based on happenstance.

Interviewees expressed strong interest in how location-based technology might as-
sist them in these tasks. Many of them were enthusiastic at the idea of offloading
cumbersome and repetitive tasks to their technology artifacts, freeing them to worry
about more important things. Colbert's diary study [3] uncovered analogous frustra-
tions among a similar demographic, noting that current mobile tools lose some of
their effectiveness as participants are en route.

Further analysis showed that planning tasks vary in nature and detail depending on
the formal or informal nature of the event. Formal events (e.g. for business purposes)
are generally planned in advance. The organizer and other participants are motivated
to ensure that the event runs according to plan and modifications are kept to a mini-
mum. Informal events are often social in nature and do not require firm commitments
ahead of time. Plans are not constrained, and individuals frequently modify logistics
based on a number of social and environmental factors. Events with differing levels of
formality require different tasks and therefore different support.

Users were most interested in the systems that supported informal, rather than for-
mal, gatherings. Moreover, they liked the idea of integrating an application into ex-
isting hardware to reduce the number of carry-on devices, but also liked the interac-
tivity and map-based visualizations provided by the unique hardware with more
screen-real estate. Finally, many of our respondents indicated that privacy would be a
primary concern for them when using location-aware technologies.

Preliminary designs covered the entire range of computing devices from wearable
items like an “intelligent keychain” (which alerts the user to the proximity of signifi-
cant individuals while remaining unobtrusive2) to a fully integrated meeting planner,
recorder and conference phone large enough to fill a briefcase. These “creative de-
signs” allowed us to show to potential users (in a somewhat exaggerated way), and
gather feedback on, the concepts which were then later incorporated in the prototype.

                                                          
2 This design is similar to the Lovegetty device. See: www.lovegetty.com.
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The final prototype is based on a PDA/phone combination,3 which does not require
users to carry an extra device and has a larger screen than a smartphone4, to support
map-based visualizations. The device is assumed to integrate location technology
such as GPS. The prototype is built with Microsoft Embedded Visual Basic for
Pocket PC and runs on a Compaq iPaq. The design aims at supporting users in their
goals of getting in touch with and keeping up with friends. Task analysis led to the
identification of three main conceptual entities. People (and groups) hold information
about contacts, including their telephone number. Events hold all the information
related to an event: time, date, location, and invited participants. Locations are se-
mantic markers associated with specific geographic positions.

Fig. 1. A test participant using the system

When a user starts up the application, she is shown the Home screen (Fig. 2),
which reminds her of the people on her buddy list who can currently view her loca-
tion. The man icon in the top bar fills up as she selects to be visible to more buddies.
The screen also provides a summary of the most immediate upcoming events; more
information about these events, or any of the others she has planned, is on the Events
screen, which includes details including time, place, and people invited.

The People and Places screen (Fig. 3) supports the user in locating friends and
event participants. She may wish to find out where the other participants are located
in order to organize an impromptu gathering or to determine whether they are likely
to be late at a planned meeting. The map displays her current location in relation to
the locations of the people and groups on her buddy list. If she desires to monitor the
progress of participants in getting to the meeting spot, she may select an event from
her list in order to view all the participants' locations in the map display. Detailed
directions for getting to a friend's location are available, as well as information about
the estimated time required to get there and the distance that must be traveled.

                                                          
3 Like the Mindspring Treo, Audiovox Thera and the T-Mobile PocketPC Phone Edition.
4 Such as the Panasonic GD87 or the Nokia 7650.
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 Fig. 2. Home screen Fig. 3. People and place screen

 

 Fig. 4. Locations screen Fig. 5. Privacy screen

A user may wish to add meaningful labels that correspond to certain GPS coordi-
nates (e.g. turning “84.416 W, 33.75 N” into “Movie Theater”). These semantic
markers can be set from the Locations screen (Fig. 4), which is accessed by clicking
the “Rename” button. This label (rather than the coordinates) will be displayed there-
after as her current location whenever she is in that spot, and can also be used for
scheduling future events and in writing messages.
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The application allows users to organize meetings using two different methods.
The more formal way is to schedule an event, which is accomplished through the
Events screen (not shown). When creating a new event, the user can specify details
including the time, place, and people invited and then save the event to her list and
send notification to the participants. For spontaneous gatherings, she may instead rely
on text messaging, by sending messages to one or more of the people on her buddy
list, and automatically include her location, to help her friends locate her quickly (e.g.
if she is at the coffee shop and wants them to meet her there in five minutes.)

An even simpler way for a user to assist friends in locating her is to allow them to
monitor her location. This may be useful, for example, if she is running late to a
meeting and wants other attendees to monitor her travel progress, reducing the need
for constant calling back and forth to communicate her progress. Through the Privacy
screen (Fig. 5), the user can view and make changes to her current visibility status, by
allowing or disallowing select people and groups on the buddy list to view her loca-
tion. To promote simple and effective actions, a single click allows or disallows eve-
ryone on the buddy to see her location.

3 Evaluation

The evaluation goal was to test the application's usefulness, appreciation, learnability
and performance measures (described in detail below). Formative evaluation provided
information about the prototype's qualities and shortcomings, yielding a new design
and some key guidelines for the development of location-aware mobile devices.

The application was developed with enough functionality to allow for robust use
during testing in an outdoors environment; the positional data for the user and the
other parties (maps, locations, etc.) was hard coded in the prototype based on the
location of the test. This setup was more than adequate for the purposes of our “semi-
stationary” evaluation. However, in the case of evaluations involving large move-
ments, testing would need true or Wizard-of-Oz location information.

We sought to collect qualitative data based on observation of participants' interac-
tions with the system and post-test interviewing. In order to understand participants'
mental models we adopted a talk-aloud protocol with three of the nine participants.
We recorded a small number of quantitative measures, including time required to
complete tasks on the remaining six tests and a satisfaction questionnaire. Because of
the small number of participants, these quantitative measures are not statistically
significant, but provide valuable information on the design and on timings related to
interface components (e.g. the soft keyboard) and the application itself.

The average age of the nine participants was 26 (maximum 30, minimum 19, 5 fe-
males and 4 males). The average reported time for owning a cell phone was 3.9 years.
All participants but one declared themselves experienced with PDAs, SMS, Instant
Messaging (IM) and with stylus-based input methods. Most participants did not own a
PDA and had no familiarity with GPS.
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3.1 Evaluation Design

The evaluation consisted of a pre-test questionnaire to gather demographic data (in-
cluding experience with mobile devices), a scenario-based evaluation, and post-test
questionnaire and interview. We sought to evaluate the activities that potential users
identified as important but time consuming or complicated:

• deciding on a meeting (event planning),
• inviting attendees to the event or meeting,
• making changes to the event,
• reaching the destination, and
• supporting the actual meeting (monitoring arriving participants, etc.).

We developed a set of 15 tasks covering the listed key activities and revolving
around two scenarios: a typical afternoon in the life of a busy college student or
young professional and his or her evening activities. Tasks included: “Locate an indi-
vidual and send her a message”, “View event details and attendee locations”, “Make
yourself invisible to all other users” and “Add a group to the buddy list”. In general,
each of the 15 tasks required one minute or less to complete.

One researcher carefully observed participants in order to gain understanding of
their interactions with the application, including comments, errors, recovery tech-
niques and strategies for accomplishing the tasks.

Another researcher collected task timing data5, which we compared to pre-defined
benchmarks, on six of the nine participants. Though this information is not statisti-
cally significant and is not presented here, it provided a lower bound for evaluating
further design iterations. Also, users did not have canonical methods (or, in some
cases, even similar methods) to accomplish the tasks of inviting and monitoring at-
tendees, and changing venues and meeting times.

Considering the lack of benchmarks or models for assessing timings for this kind
of tasks in the HCI literature, we resorted to comparing the data gathered from users
with reasonable guesses at how long tasks should take, based on the same tasks ac-
complished using traditional means. Participants were not instructed on the specifics
of the system before interacting with it, apart from a short demonstration of the soft
keyboard, and were not shown how to perform the tasks beforehand; instead, they
learned by trial and error to use the various features of the device. We took a cue from
the current crop of mobile personal communication devices whose interfaces and
system functions are all learned via use, not manuals.

All testing was performed in various environments on a university campus. Be-
cause we intend the system to support mobile and informal situations, we sought
ecological validity for our evaluation, over concerns such as environmental consis-
tency. We also attempted to simulate the integrated nature of our system inside of
other personal communication devices. Users were interrupted by SMS and meeting
requests while attempting to complete tasks as well as by environmental factors such
as rain, friends, and traffic noise. Applications for mobile devices must be usable on-
the-fly in real situations if we want them to integrate into users' lives [11].

                                                          
5 The timer was paused during interruptions of various kinds (greeting a friend, receiving a

phone call, etc.).
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After participants interacted with the system, they were asked to fill out a ques-
tionnaire and to answer to an interview. In the questionnaire, participants rated the
system (on a Likert scale) regarding usefulness, learnability, and ease of use. We also
requested that participants rate their overall impressions of the system and asked
whether they would use and/or purchase the application. The interview included a set
of open-ended questions aimed at probing into participants' mental understandings of
the system, impressions about its usefulness and usability, and suggestions for im-
provement.
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Fig. 6. Completed tasks. The numbers show how many participants did not complete the task

3.2 Evaluation Results

Generally, participants were successful in completing the tasks, especially later tasks,
which may indicate that the system is in fact learnable in a relatively short time by
users with no prior training (see Fig. 6). The only tasks that were consistently difficult
for multiple users (including tasks 9 and 15) were those involving the “Rename loca-
tion” button (see Fig. 1 through 4); these difficulties are discussed below.

The average time required to perform each task (for tasks that were completed suc-
cessfully) was computed over the six participants of the timed tests and roughly corre-
sponds to the hypothesized completion time. The exceptions fall into a few broad
categories:

• performance was better on later tasks than on earlier tasks. It is difficult to derive
precise data about the learning curve; however, after the fifth task, performance
improved noticeably and users accomplished most tasks in consistently low
times.

• Some participants performed tasks by utilizing unforeseen strategies, which met
the success criteria, although requiring more time.

• Most participants had trouble locating the screen where location information
could be added and edited – those who completed the tasks succeeded by acti-
vating the proper screen accidentally or gave up after stumbling for a while.

One of the reasons for the third point is to be sought in the appearance of the “Re-
name locations” button, which participants did not recognize as such, despite its
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prominent location on the top-center section of the screen next to the location label:
PocketPC buttons are flat, as opposed to the usual look of desktop UI buttons.

In fact, interference between training on desktop computers and the use of hand-
helds was observed during the entire evaluation process. This is not surprising; how-
ever, more interesting is the way such interference happens and what the conse-
quences are. In general, participants experienced difficulties due to unfamiliarity with
the interaction syntax of the PDA: they used the UI elements like the analogous ele-
ments on desktop UIs. As a result, users had problems in identifying active elements,
and missed completely parts of the interface.

Table 1. Main qualitative findings

Qualitative result Participant comments
Did not like / under-
stand privacy icon

Participants noticed the privacy icon but thought that it indi-
cated proximity to someone.
Others thought it was not useful, because it did not indicate
who was watching.

Problems of under-
standing maps

Participants had problems in assessing distances in maps.
Others did not understand the icons on the maps.
Others still preferred labels on the map.

Ergonomic factors Keyboard interaction is uncomfortable.
Integrate the application with other functions (e.g. phone).

“Rename” locations
is confusing

Participants did not understand the way the application man-
ages locations.

Lack of undo or
confirmations

Participants wished a confirmation before committing irrevo-
cable actions (e.g. erasing people from contact list).

We observed a negative correlation between task completion time and participant's
experience with stylus and PDAs and with IM and SMS writing: longer experience
corresponded to lower times. The timing breakdown confirms that most of the task
time was used in typing on the soft keyboard. Prior experience with the stylus reduced
task time, but most participants found typing difficult and frustrating. Indeed, keys are
tiny and close together, slowing down typing pace and increasing error rate: the soft
keyboard is not suited for on-the-move use of the PDA.

By evaluating the prototype with participants without prior experience with the ap-
plication, we gained information about how users can learn to use the application on-
the-fly, and our evaluation suggests that users quickly gain familiarity with most
features. However, it is unclear how a more experienced user would interact with the
device. These results suggest to separate evaluation of performance from that of
learnability, with the purpose of determining the time and effort required to learn the
application and how this affects the success and satisfaction of their interactions.

Observation, questionnaires and interviews provided invaluable feedback about
general design and specifics of the interface. The most interesting results of the
qualitative analysis are synthesized in Table 1. Participants had problems both in
understanding the iconographic meaning and the function of the privacy icon. Also,
participants did not understand the significance of the asterisks in the buddy lists that
indicate who can see the user's current location. This led to a complete redesign of
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this part of the interface (see below), in order to make the icon more informative, and
by binding it to the specific function of privacy management when touched.
Maps represented a challenge for participants; the amount of information which the
display can convey is very limited, and sophisticated visualizations need to be imple-
mented to make the most of the technology. Assessing distances on a small screen
map is hard, and even a scale is insufficient for providing adequate information. In-
stead, explicit indication of distances between places of interest would provide the
users with the information they need to take decisions. Participants also asked for
legends to be included in maps, a design option which was initially discarded on the
grounds that it would create too much clutter – but was added to the redesigned maps.

Table 2. Results from post-questionnaire. All responses are based on a scale of 1 to 5, with 1
being most negative and 5 most positive

Query Mean response Std. Dev.
Rating of system as whole 3.8 0.7
Rating of usefulness of system 3.6 0.9
Easy to learn and use 4.2 0.7
Ease of privacy concepts 3.4 1.0
Ease of finding people and distances 3.9 1.1
Ease of finding event participants 4.1 0.9
Ease of creating event 4.6 1.0
Terminology 4.0 1.0
Interface pleasantness 4.0 1.0
Would you buy it? 5 Yes / 4 No N/A

Integration with other applications and functions on the devices was mentioned by
the majority of participants: being able to switch seamlessly from event planner to
contact list and to phone is considered an essential feature of these designs. Integra-
tion is also a characteristic of highly successful systems like PalmOS and Symbian.

Undo was a sorely missed function. During design, undo was discarded in view of
the fact that the device should be kept as simple as possible, and that interaction is
structured to proceed in small, discrete steps. However, even for such simple and
apparently harmless interactions steps, users need to undo or at least confirm specific
actions: mobile applications are no different from desktop in this regard.

The subjective appreciation measures in the post-task questionnaire (Table 2), such
as ease of learning and use and the ease of creating events, were ranked particularly
positively. This confirms the choice of structuring the application around clear con-
ceptual entities. Participants rated privacy concepts least easy to grasp; this feedback,
in addition to observations and discussions with users, motivated reconsideration of
privacy features in the second design iteration. The interviews aimed at gathering
impressions and feedback on issues exposed during testing and unfulfilled expecta-
tions (e.g. the question: “Was there anything you wanted to do but couldn't?”).
As a final comment, it should be noted that, in this early formative evaluation of a
novel application, qualitative data provided far more information than quantitative
measures.
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 Fig. 7. Redesigned home screen Fig. 8. Redesigned people screen

4 Redesign

The redesign process sought to preserve the successful portions of the interface while
making it faster to use, clearer, and more consistent through extensive rework of both
position and labeling of interface elements, tighter integration and an optimization of
the information presentation. Improvements include reworking of the top menu bar
and the privacy-options screen, improvements to maps, and redesign of the “People”
screen. Updated designs were built and shown informally both to users who had seen
the old product and to others who had not, with encouraging comments, but a new test
would be necessary to evaluate the effectiveness of the changes.

Interaction Design. Participants had difficulties in renaming the anonymous GPS
coordinates to meaningful locations, and were unable to use these “semantic loca-
tions” in their messages and meeting invitations. We sought to make these functions
more intuitive, adding a full-sized “Places” button, to make the Place management
more accessible. We integrated the secondary navigation bar (which contained the old
“rename” button as well as a privacy indicator) into the button bar, making the pri-
vacy-level indicator more informative and the “My Location” area actionable and
more understandable. (Fig. 7.)

A new incremental visibility indicator, that uses the more intuitive “watching eye”
metaphor, was developed to address the shortcomings of the previous “privacy man”.
A button was also added on the home screen to make the user invisible, to improve
user performance and decrease the anxiety about privacy.

Graphical and more representational indicators are used in the buddy list. An “open
eye” is used to inform whether a given individual can see the user or not, and groups
have now a graphical representation. These replace the confusing and not well liked
asterisk and plus signs that were used in the original application.
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Contact Management. The “People” screen, (Fig. 8) where users monitor visible
buddies, view their address book and get further information like time, distance, and
directions to buddy's locations, has undergone considerable redesign. A tab was added
for address book data, such as street addresses, phone numbers and email. Another tab
provides a map view, while buttons allow the user to send messages, get detailed
directions to a friend's present location, and access a full-screen map.

Integration has also been enhanced: if a user is viewing an appointment, he or she
can quickly “map the participants” to see the locations of the attendees. Similarly, it is
possible to send messages and make appointments directly from the People tab be-
cause the system remembers which buddy (or buddies) is being viewed when switch-
ing modes to send messages or invite buddies to informal events.

Maps. Test participants found maps useful for identifying others' locations, especially
when they were familiar with the neighborhood. A legend was one of the proposals to
enhance the maps in case of unfamiliar locations, and the redesign accounts for this.
The size and detail of maps in location-aware applications is critical. In our prelimi-
nary testing, we found that users preferred simplified, color maps of the largest size
afforded by a device. The initial design was driven by this consideration, and we
increased the size of the map and decreased its complexity.

However, user feedback indicated that a legend was nevertheless necessary. The
last version of the design uses a transparent legend, superimposed over the corner of
the image, displaying current scale and people and places (Fig. 8). Since the size of
the legend is proportional to the number of people displayed in the map, the legend
would cover more and more of the screen as the number of people or groups in-
creases. This could be solved by employing dynamic visualizations which show dif-
ferent elements (scale, legend, distances, detail) based on threshold values of the
syntactic complexity of the map. Care was taken to make sure that maps served their
purpose and were suited to the target form-factor but that they would convey just
enough information for users to think with the map.

5 Lessons Learned

The mobile personal communication device market is increasingly flooded with de-
vices which are crossing the boundaries between mobile and pervasive computing
[16]. In the long term, the rapid development of interoperable ubiquitous computing
technologies makes it hard to predict the acceptance of services.6 However, looking at
the short term, it is possible to draw some considerations which might help in creating
new and more compelling services.

While the developer community has embraced in the past couple of years a “pro-
gram once, run anywhere” approach to advanced services on mobile devices, by cre-
ating automatic trans-rendering engines that format the same applications for different
types of user terminals [10] [13], it is becoming apparent that a given application can
be used fruitfully only on a specific hardware combination. For example, a map-based

                                                          
6 The telecommunications industry history is populated by spectacular failures of supposedly

successful technologies. (WAP, Videotel, DECT)
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direction finder PDA might not be adopted by car drivers, due to ergonomic limita-
tions such as bad lighting, low contrast and small screen, and the considerable atten-
tion focus required by a PDA, while it could be accepted by pedestrians, who are able
to focus on the device while walking, without risk of accidents. The same service
might thus be successful in dense European and Asian urban environments, and not in
the United States, where people mostly need directions while moving in an automo-
bile. Mobile applications need to be developed for specific user, environmental and
technological targets and not as simple reduction of other applications (e.g. web-
based).

In addition to the traditional usability paradigms [5] and evaluation heuristics [12],
the design of resource-constrained mobile devices requires considering a broader
spectrum of usability paradigms, among which task resumability and integration.

The ability of easily restarting tasks after an interruption or break is fundamental.
This consideration stems from the observation of user activity on the prototype in an
outdoor environment: our participants often interrupted their activity to look around,
greet acquaintances, or respond to environmental stimuli, like a car passing by. This
“task resumability” property is influenced by state visibility and task predictability,
but also requires supporting the user in recovering the memory of system state and
previous activity after a distraction. Design guidelines for supporting this include:

• stateless interaction model;
• visibility of the information needed to perform actions at any given step;
• atomic or short interaction sequences (requiring not more than a couple of steps);
• appropriate timeout on unfinished operations.

Integration also plays a fundamental role in mobile applications, because of the
lack of a clipboard for temporary storage and the difficulty of taking notes to channel
outputs to other applications on the device. Not only does integration ease task mi-
gration between user and system, but results in lower interaction times.7 In the proto-
type, participants continuously asked for more features to be integrated in the system,
such as being able to obtain navigation instructions, maps, or to call automatically a
party based on location information. Mobile applications should afford this by:

• including hooks for moving from one interaction to another carrying intermediate
data (e.g. when mapping a buddy's location, the selected buddy becomes the “to”
line for SMS messages or event invites);

• switching among application components and resume where the user left off;
• integrating the use of data to reduce the need of accessing multiple sources (e.g.

by providing location information in the buddy list).

Privacy was a major concern of almost all participants: we will not discuss this
here, given the availability of dedicated studies on the matter [9]. We only would like
to point out that in the case of this prototype the iconography related to privacy func-
tions did not provide enough clues for the participants to assess their “privacy state”.
Usability problems of privacy enhancing technology are not new [19], and this study
reiterates the need for a uniform and meaningful iconography and mixed
                                                          
7 Execution time is an important factor when interaction is limited to “interstitial” moments

between other activities, such as walking, taking a bus, paying for coffee, etc.
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iconographic/textual interfaces. Privacy is not a binary state (hidden/visible), but a
range on the number of people that can see the user at a given time and here two de-
signs were offered to represent this (the unsuccessful privacy “man” and the newer
“eye bar”). Designs should also account for reflexive (where coupled partners are
always either visible or invisible to each other) and non-reflexive privacy (which
allows independent visibility, as in our application). Privacy is both continuous and
non-reflexive in the physical world. Location-aware designs should reflect this.

In our system, users may label points that they visit, storing them for later use by
them or their buddies. In doing this, the system implicitly draws the distinction be-
tween a location, which is any point in a given geography, and a place, which adds a
meaning to a location, (which can be as simple as a label): both abstractions are nec-
essary in location-aware applications.

Training has been necessary in usability tests where participants were supposed to
represent a population of expert users, and reliable data needed to be unbiased by
varying previous experience. As one of the aims of this study was to understand how
quickly participants would be able to pick up the main concepts and functionality of
the application, we did not provide any training. The drawback of this choice is that
participants had problems understanding some aspects of the UI functionality: train-
ing on the specifics of the interface interaction model would have helped test partici-
pants into exposing the true learning time of the application.

Closely related to this is the problem of the lack of quantitative historical metrics
for these new applications. While it is possible to base the comparison on the time
spent in performing similar operations with ‘traditional' alternative means, this is not
very informative. On the one hand, with the event planner one may well communicate
with a large number of acquaintances with one single operation, but the overall effect
is very different from calling up each person individually: new applications elicit new
behaviors and allow activities which have different mechanical and social effects.

On the other hand, basing the entire evaluation on raw timing measurements could
prove to be very limiting, especially if the tasks are benchmarked in a situated action
setting. Timings are important, but other performance measures such as resiliency to
interruptions and interactions suspensions may be much more useful for evaluating
this class of applications. Mobile and ubiquitous computing applications lend them-
selves well to situated action, activity theoretic or distributed cognition user models
[1]; which of these are best for a particular application depends largely on the kind of
application and of which aspects of the design are in the limelight.

The choice of a user model should thus be based on a critical analysis of the users
and their knowledge, the tasks, and the application domain; this choice influences
both the design and the evaluation of the system via a direct mapping with the system
model. This evaluation design mainly used the situated action model, as we wished to
examine the behavior and performance of users in real-world situations, where envi-
ronmental and social factors are a source of both distraction and motivation [17]. We
feel that this choice has been confirmed by the meaningful results of the evaluation.
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6 Conclusions

Advancements in mobile computing have lacked the focus of blending with the eve-
ryday lives of people: it is essential not only to understand how people carry out their
tasks but also to recognize how individuals use technology to build integrated appli-
cations rather than creating yet another artifact for people to worry about. User in-
volvement is necessary especially for mobile computing – these products need to
adapt to the rhythms of everyday life and the changing conditions of outdoors, leisure
and informal settings. Early testing of applications in an ethnologically valid envi-
ronment is vital, not only for developing better products, but also for understanding
which applications will meet commercial success.

Moreover, it is necessary to test user and system models on specific mobile appli-
cations and their use in a noisy outdoor and informal environment, in order to under-
stand which models are most appropriate. This work suggests that some common
usability guidelines and evaluation metrics might not transpose from the desktop to
the new breed of “disappearing hardware”. While a historical base of performance
measures is necessary to reliably assess future designs, recognizing the inadequacy of
raw performance metrics might be even more important, to focus on people needs and
expectations.
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Abstract. This paper presents results from a research project aiming
at developing an architecture supporting local mobility within hospi-
tals. The architecture is based on fieldwork and design workshops within
a large Danish hospital and it has been implemented and evaluated after
a pilot phase. Our fieldwork has emphasised the differences between re-
mote mobility, where users travel over long distances, and local mobility,
where users walk around within a fixed set of buildings and/or places.
Based on our field studies and our design work, we conclude that local
mobility puts up three requirements for computer support; (i) it should
integrate into the existing infrastructure, (ii) it should support the use
of various heterogeneous devices, and (iii) it should enable seamless ap-
plication roaming between these devices. The paper describes how these
requirements were realized in an architecture for local mobility, and how
this architecture was implemented in the healthcare domain.

1 Introduction

Mobility and mobile computing is playing an increasing role in human-computer
interaction research and design as a result of the ever-growing range of technology
now supporting mobility. Mobile computers, laptops, tablet PCs, PDAs, cellular
phones, and hybrids are all devices intended to support mobility of users, and
the proliferation of wireless network access like WLAN, UMTS, GPRS, and
GSM all support mobile computing. The increasing deployment and use of such
mobile technology pose several challenges to the design of the user interaction,
and we have already seen much interesting research on mobility and HCI related
issues (e.g. [4, 8, 1, 7]). There is, however, a tendency to view mobility as a way
to carry on working, while detached from your (physical) desk at work. For
example, when users travel, attend meetings, drive a car, are in public places,
etc. This is clearly the use case for laptops, but also for PDAs in many cases.
The focus in that scenario is to design mobile computer support for users on
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a singular device, which can be used while away from ’the desk’, where the
’real’ work seems to happen. In this paper we want to draw the attention to
another kind of work setting where people do not work at a desk, never move
away from their work place, but yet are extremely mobile, namely work at a
hospital. We found that medical work is highly mobile, but not in the sense
of travelling long distances. Rather, the mobility in their work entails walking
between the different sites within a hospital that a clinician needs to visit as
part of her / his job. The work we have been observing thus corresponds to the
local mobility, described in e.g. [3, 12, 1], where people move between buildings
or rooms in a local environment. Bellotti and Bly [3] argue that we need to
distinguish between local mobility and the more traditional notion of mobility
which typically takes place between remotely distributed collaborating groups
(remote mobility) because the needs for support vary greatly and are sometimes
contradictory between the two modalities. This kind of local mobility poses new
challenges for the design of computer support for mobility, and especially for the
user interaction.

In our effort in designing computer support for local mobility we learned
several things. First, when designing for local mobility, the computational context
becomes relevant to consider in details. The mobile device is no longer isolated
in the palm of a user sitting in an airport, or in a car driving in the streets, but
is embedded within a complex infrastructure of existing computers, networks,
and applications. For example, in a hospital a mobile solution needs to exist
within the infrastructure set up by electronic patient records. Second, the mobile
solution is now just an option within a range of computational devices at hand.
The mobile device is no longer isolated in use either, but the user needs to be
able to select from a range of devices to suit a specific task. For example, in
the hospital a wide range of mobile devices (e.g. PDAs, laptops, mobile phones),
as well as stationary devices (e.g. desktop PCs, projector-based PCs) that exist
side by side. And third, the design for local mobility needs to recognise the high
pace in local mobility. The mobile device is no longer something that is used for
a whole journey or during a whole meeting, but can be picked up and used for
maybe seconds. For example, when a nurse needs to register the measurement of
blood-pressure this might take a few seconds on a PDA, after which she moves
to a more comfortable desktop PC for to finish the report, using the keyboard.

The aim of this paper is twofold. On the one hand we want to draw the
attention to the kind of mobility termed ’local mobility’, which seems to be
present in many work settings. On the other hand we want to present our design
for local mobility. In the rest of this paper, we describe the hospital department
we have studied and our methods. We report on our observations, discussing
how mobility is key to their work and valuable for local collaboration. We then
describe some of the design requirements for local mobility coming out of our
studies. Then we present our design for local mobility, highlighting how we have
addressed some of the thing found during our study. Finally, we conclude the
paper with a discussion of related and future work.
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Fig. 1. Aalborg hospital. Important locations are the main building (1), the
emergency room (2), and the administration building containing the offices for
department T doctors and secretaries (3). Department T’s operating rooms and
wards are located in the main building (1) on two different floors

2 The Project

Our design for local mobility takes its departure at a surgical department at
a large metropolitan hospital in Denmark (see figure 1). We studied the work
within the department as a whole and with a bed ward in particular. Our mobile
solution for accessing medical data was subsequently put into field trial at this
ward. We start by describing the background for the project, the department
involved, and our research methods.

2.1 Background – Mobile Support for Electronic Patient Records

Currently, there is an extensive focus on Electronic Patient Records (EPR) in
Denmark. The current government has dictated that all hospitals in Denmark by
2005 should have total coverage for all patients in EPR systems. It is, however,
up to the regional authorities (the counties) running the different hospitals to
decide on the exact solution and vendor. Common for all EPR systems currently
being implemented in the hospitals is that they all run on desktop PCs, and thus
do not have any support for mobility. Taken the high degree of mobility within
hospitals into account, there is a substantial motivation for both EPR vendors
as well as the hospital administration to develop solutions for mobile access to
the EPR systems. This project is made in cooperation with one large vendor of
EPR systems to the Danish marked, focusing on the design of a mobile solution
for clinical work building on top of an EPR system.
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Fig. 2. Ground plan of the ward at department T. Important locations are: the
ward office (A+B), the medicine room (C), and the conference room (D)

2.2 Department T

Department T specialises in surgical procedures relating to the heart, lungs and
stomach – for example bypass operations and replacing heart valves. The depart-
ment performs approximately 15 counts of heart surgery every week. Department
T consists of one ward where the patients are initially admitted before surgery
and transferred back to post-op treatment after having spent 24-48 hours at the
intensive care unit immediately after surgery. The ward can carry 30 pre- and
post-op patients, and department T treats approximately 1300 patients a year.
The ward occupies the sixth floor in the main hospital building (no. 1 in fig-
ure 1), whereas the surgeons’ and head nurse’s offices are located on the second
floor in the administration building (no. 3). Overall, the department employs
roughly 20 surgeons, 50 nurses, 8 perfusionists and 6 secretaries.

The ground plan for the ward is illustrated in figure 2. The number of doctors
and nurses present at the ward changes depending on the time of day. In a day
shift, 13-15 nurses are working at the ward while 8-10 surgeons do the morning
round before proceeding to operating theatres, whereas during the night shift
the ward is ’guarded’ by 3-5 nurses with 2 doctors on call. Department T has
been using the EPR system for 2 years and is one of the departments in Denmark
with most experience in using EPR systems.

2.3 Research Methods

The goal of the project is to examine the possibilities for supporting work practice
at the hospital with mobile technology. It was decided to pursue this goal by
(i) conducting extensive field-studies of the work at department T, especially
focusing on the use of the EPR systems; (ii) initiating an iterative design process
with the clinicians, focusing on the design of mobile technology, which could
extend the reach of the EPR; (iii) implementing a prototype and install it in
a test environment; (iv) carrying out a pilot phase where clinicians should use
the mobile equipment; and (v) evaluating the design.

Field Studies. Two researchers made 80 man-hours of participant observa-
tions [14] of a mixed group of nurses and surgeons, covering different work
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tasks (e.g. preliminary patient examinations, different staff meetings, ward
rounds, medicine dispensing and a by-pass operation), and different time
slots (day, evening and night watch, week-days and week-ends).

Design Workshops. At the end of the field study, we conducted a future work-
shop [11] together with a group of nurses and physicians with the goal of
prioritising and concretising a list of possible features in a mobile solution.
During the implementation phase, three additional design workshops were
held with this design group to support the collaborative design of particu-
larly the user interface and navigation within the prototype.

Pilot Phase. The final version was installed in a test environment accessing
the EPR system running at department T. The pilot phase ran for a total
of 12 weeks, after which it was evaluated at an evaluation workshop and by
video-recording a nurse as he was using the system for doing his daily tasks.

2.4 Local Mobility in Medical Work

A fundamental characteristic of medical work in hospitals is that clinicians of
all kind are constantly moving around within their ”action range”. The action
range of nurses is typical the ward or the outpatient clinic, and the action range
of the surgeons and physicians is the hospital. Consider a typical day for a sur-
geon. He would start by attending the morning conference at the department’s
conference room located in the main doctoral building (building 3 in figure 1).
This is the place for general conferences on issues related to the department
as a whole. Then he would move across the parking lot and into the radiology
department at the first floor of the main block (building 1), attending the ra-
diology conference. Finally, he would take the lift to the ward (building 1) and
start the ward round. The ward round is another fine example of mobility in
medical work. Every morning a team of one physician and one or two nurses
visit their patients at the ward. The ward rounds typically start in the ward
office (see figure 2). While seated the physician and the nurse(s) go through all
the patients, read the electronic and the paper-based medical patient records,
and look over results from lab tests, etc. Afterwards, they take various paper-
based records along together with other relevant materials (medical handbooks,
medicine schemas, and small medical instruments), and visit each of the patients
at their bedside. Thus, the medical team moves around the wards carrying the
paper-based material. A third central mobility scenario concerns the physician
on duty. The physician on duty is often responsible for a whole department,
including the outpatient clinic and the ward, which are located on a different
floor at the hospital. The physician on duty carries a pager and can be ’paged’
by everybody at the department, in which case he often has to move around to
consult patients and fellow colleagues. For the nurses, mobility is just as critical.
They spend most of their working hours moving from place to place as an inte-
gral part of patient care. They constantly move between the nurses’ station, the
medicine room, the patients, the kitchen and various storage facilities, respond-
ing to tasks and needs as they occur as well as taking care of planned activities.
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Because so many needs occur ad-hoc, they have to update patient records when
other, and more important, tasks allow for it.

3 Design for Local Mobility

Based on our field studies of local mobility and the use of the EPR system
at department T, we have identified three central aspects of creating computer
support for local mobility. First of all, mobile computer support needs to be
a natural extension of the existing infrastructure already in place in the setting,
where local mobility takes place. Second, from a user interaction perspective
there is a need for supporting multiple devices, each device capable of supporting
specific tasks and situations. Third, there is a need for application roaming in
the sense that the alternation between multiple devices can be done ’on-the-fly’
by moving a task from one device to another in a fast pace. Let us consider these
in turn.

3.1 Mobilising an Existing Infrastructure

Studying the use of the EPR at department T it became clear to us that there
is a built-in tension between using the EPR and the mobile nature of medical
work. The EPR at the ward is inherently tied to the desk because it is only
running on desktop PCs. However, most clinical work takes place anywhere else
but the ward office, where most PCs are located; simple things like handing
out medicine to a patient is highly mobile work, including walking between
the medicine room and a range of patients, carefully documenting every time
medicine is poured, handed out and given to patients. In practice, the use of
the EPR for this kind of documentation is impossible because it would require
a nurse to walk between the medicine room, the patient’s bedside, and the PCs in
the office constantly, having all the trouble of logging in, finding the patient and
his medicine chart every single time. The consequence of this inherent tension
is that the clinicians tried to mobilise the EPR and make it a tool while moving
around. Mobilisation strategies especially involves printing out various parts
of the records to be carried around. For example, it has become routine to
print out each patient’s medicine chart on paper every morning. In this way it
becomes mobile again and be carried around in the nurse’s pocket. However, this
eliminates all the benefits of having an electronic medicine chart because it no
longer works as a central coordination mechanism. Medication given to a patient
is now (as it was done prior to introducing the EPR) documented on the paper-
based medical chart, and the electronic version is no longer updated until late in
the afternoon. Now, for a nurse to be sure of the medication of a patient s/he will
not look up this information in the EPR but rather spend a lot of time trying to
locate the nurse who carry the print-out in a pocket. Hence, it is important that
support for local mobility is tightly integrated with the existing infrastructure.
In our case, the design of mobile support for medication should be real-time
integrated with the EPR medicine chart, and cannot rely on synchronisation,
which is a common strategy for PDA usage.
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3.2 Supporting Multiple Devices

Another distinctive aspect of the mobile work at department T is the constant
alternation between tasks. This is due to both the fact that clinicians attend
many patients simultaneously as well as because there are many interruptions,
partly as a result of the highly ad hoc nature of much medical work at a surgical
department. This multi-tasking has resulted in a strategy for having multiple
artifacts that can support the same task as well as duplicating information in
several places. For example, at department T measuring blood pressure and
taking the pulse frequently is important for post-op patients. Hence, everywhere
at the ward there are instruments available for this kind of measurement in
large numbers. As for the EPR, it has been constructed in a way so that a user
can leave the PC, lock the screen, go do something else and later return to
the PC, unlock it and resume his / her work as s/he left it. This feature is
considered highly useful at the ward. However, problems with this feature also
occurs, because it often resulted in a situation where all 8 PCs are locked, leaving
them unusable for others. This is often the situation where a nurse had gone in
order to make a simple measurement of e.g. blood pressure for later to return
and type it in. Another interesting observation is that the use of the EPR was
abandoned in the medicine room, where all medicine is poured in small containers
for each patient. One would imagine that a PC here would be useful, but the UI
design and layout of the medicine chart has not been made to fit the tasks in
the medicine room. Furthermore, there is no room for a PC in the small room
where all the table space is needed for handling medicine. Our conclusion from
these observations is, that there is a need for supporting multiple devices when
supporting local mobility. It is important that the nurse who is measuring blood
pressure can use a small PDA type of device to input simple data, whereas the
nurse typing long notes in the record needs a full-fledged keyboard and mouse,
and a comfortable working setup at a desk. Correspondingly, when moving to
the medicine room, the nurses’ requirements for the display of medicine charts
change and the technology made available to them in this situation should reflect
that.

3.3 Supporting Application Roaming

The way that a task is carried along is characteristic to local mobility. At the
ward round, for example, the surgeon and the nurses carry the same set of tasks
around for the duration of the round. It is basic to local mobility that a task is
taken to different locations. Therefore, it seems important to be able to support
that a task can ’follow’ the user. This can clearly be achieved by using a single
mobile device, which is also the common technological strategy in contemporary
mobile computing. However, if we want to take the support for multiple devices
seriously, we should also provide mechanisms for transferring an ongoing task
from one device to another. For example, when the nurse has finished measuring
the blood pressure using a PDA, she returns to the PC and transfers the ’blood-
pressure-measurement’ task to a desktop PC where she can use the keyboard to
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add a note about the general condition of the patient due to high blood pressure.
We find this last requirement for application roaming among multiple devices
a central contribution from our studies of medical work.

4 An Architecture Supporting Local Mobility

Based on the requirements above, we have designed a generic architecture for
supporting local mobility and we have implemented a first prototype of this
architecture in the healthcare domain. This section presents this architecture
and its implementation in the hospital.

4.1 A Simple Healthcare Scenario

Ms. Hansen, a nurse at department T, picks up a PDA at the beginning of her
working shift. She starts by logging in and then walks around to her patients
saying good morning and measures their morning temperature and other central
health data. She types in the data on the PDA, which is relayed immediately
to the EPR for others to see. She returns to the ward office to meet with the
surgeon for the morning ward round. In front of a PC she uses the bar-code
reader in the PDA to scan the bar-code strip on the PC, thereby transferring
her ongoing task to the PC. The PC displays the same page as the PDA, but now
accommodates the much larger screen by containing much more details than the
PDA. She shows the surgeon a particular critical reading, and uses the keyboard
to key in a note. The surgeon and the nurse look up the patient to be visited
first on the ward round, and find his medicine chart. When ready to leave the
ward office, they hit the ’Resume Session’ button on the PDA, which reloads the
medicine chart, adapted to this smaller screen. They now visit the patient at his
bed-side.

4.2 Architecture

The overall functional architecture is shown in figure 3. There are two important
components in the architecture. The Mobile Application Server (MAS) is respon-
sible for the support of heterogeneous devices and the application specific logic,
including integration to the existing infrastructure. The Application Roaming
Server (ARS) is together with the JMS Server and JMS Clients, responsible for
application roaming among the different devices.

The architecture of the MAS components (detailed in figure 4) implements
a web-based interface to an existing infrastructure using existing access paths
to databases using e.g. JDBC, Enterprise Java Beans (EJB) or application pro-
gramming interfaces (APIs). The architecture is a transformation engine based
on the Model-View-Control design pattern [9]. The Controller component is
responsible for interaction control with the client, including ensuring user au-
thentication and identifying the requesting device type. The Controller is made
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Fig. 3. Overall Functional Architecture

up of a set of servlets handling the HTTP requests from the clients. The Applica-
tion Logic component implements the actual logic of the application by using a
command pattern [9] to specify the interface for the command beans. The View
Page Construction component is a set of Java Server Pages (JSPs), which pro-
duce the response for a particular request. In contrast to traditional web server
applications, the JSP pages in our architecture do not produce HTML to be sent
back to the requesting client. Here, the view is constructed in XML, and then
processed by a XSLT Transcoder Service component, which will apply an XSL
style sheet to produce the HTML content appropriate for the requesting device.
By following this approach, we are able to support different devices, each having
different capabilities, like network bandwidth and display size and colour. But
the response is based on the same content, described by the XML produced by
the JSP view pages.

Fig. 4. relatively easy Functional Architecture of the Mobile Application Server
(MAS) component
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Fig. 5. Screen Shots showing the Medicine Chart. (a) from the normal EPJ
system, (b) the web-based user-interface on a normal PC browser, and (c) the
user-interface on a PDA

From a usability point of view, the mobile solution in many respects resembles
the existing EPR systems. In figure 5 it is easy to see the resemblance between
the 3 types of views on medicine; the same kind of information is listed in the
same order and the same kind of colour coding is used. We have, relatively easy,
been able to design, implement, and deploy new user interfaces for different
situations. Figure 5 shows the two different design of the medicine chart for
a PDA screen and a PC screen, respectively.

The functional architecture to support Application Roaming is shown in fig-
ure 3. We rely on Java Messaging Services (JMS) to handle the notification of
application roaming events in our current implementation of the architecture.
JMS is especially well-suited for this purpose, because the asynchronous commu-
nication in JMS is ideal for this kind of loosely coupled communication among
devices. Asynchronous communication will ensure that neither the client nor
the server will deadlock in an unsuccessful attempt to transfer the session from
one device to another. However, we cannot always expect all mobile devices to
support JMS natively. Therefore, the AR server also contains a ’pseudo’ JMS
client that manages messages to non-JMS clients (e.g. a Pocket PC device). The
interaction diagram in figure 6 illustrates the sequence of events between the
various components when one client (the Producer) tries to transfer its session
to another client (the Consumer). The upper part of figure 6 depicts application
roaming to a JMS-aware client (e.g. a PC) and the lower part depicts application
roaming to a non JMS-aware client (e.g. a Pocket PC device). The basic steps



Supporting Local Mobility in Healthcare by Application Roaming 171

Fig. 6. Interaction Diagram showing application roaming between two clients

for client 1 to transfer its session to a JMS-aware client 2 are: Client 1 sends
a transfer request to the AR server via HTTP and the ARS returns a response
to the client (A in figure 6). When the transfer controller in the ARS is activated
it publishes a message, containing the destination client id and URL, on a JMS
topic (B). Every JMS-aware client runs a listener, always listening for messages
on this topic. On the consuming client (client 2), with the corresponding device
id, the JMS listener launches a browser on the client (C), and asks the browser
to request the URL within the message from the MAS web server (D). If client 2
is a non JMS-aware client (the lower part of figure 6), the ARS puts the message
in a JMS client (E). Client 2 can now manually ask the ARS if there is any
application roaming to be activated on it (F). If there is, the url is returned and
this url can be fetched from the MAS. Finally, when a user has an on-going ses-
sion with the MAS, the current url is always stored in the user’s session object.
When a user transfer a session from e.g. a PDA to a PC, the PDA reloads with
a page with a ’Resume Sesion’ button on it. This page maintains a link to the
on-going session object, which is used on the PC. When activating the resume
button, the current url (as shown on the PC) is reloaded in the PDA’s browser.

4.3 Current Implementation of the Architecture

The server-side of the architecture is implemented on an IBM WebSphere Ap-
plication Server (WAS) version 4.0.4. The ’Application Logic’ component in the
MAS (figure 4) is ibut have to fit in time in front of the computermplemented as
Java Enterprise Beans accessing the EPR server using a JDBC connection access-
ing a remote IBM DB2 client connection to the EPR DB2 database server. This
remote DB2 connection is protected through a firewall, allowing only request
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from our DB2 client to access. The data accessed includes user authentication
and access control lists (ACL) so that users can use their normal user names
and passwords. The ’Controller’ component is implemented as servlets, which
each checks the user authorisation of the client trying to access the server. The
’View Page Component’ is implemented using JSP pages producing XML for the
’Transcoding’ component to transform to HTML using XSL style sheets. This
uses the Apache Jakarta XSL Tag Library version 1.1. Identification of client de-
vices is done by examining the client’s HTTP request header. On the client side,
the current prototype supports 3 types of clients. A Pocket PC based PDA with
a built-in barcode scanner from Symbol Technologies, an EPOC based client
from Psion, and a normal desktop PC. All of these use the built-in internet
browser to display the pages. The network connection was made by Wireless
LAN (IEEE 802.11b) using Symbol access points with no encryption. The ap-
plication roaming (the ARS component) functionality is implemented via Java
Messaging Services (JMS) using OpenJMS version 0.7.2 as the JMS provider. In
our current implementation we have both JMS-aware and JMS-unaware clients
(PCs and Pocket PCs, respectively), thus using both types of application roam-
ing in our prototype. Currently, the PCs used at department T does not have
bar-code readers to be used in the application roaming.

The mechanism for trickering the application roaming process illustrated in
figure 6 is currently implemented via the PDA’s barcode reader. Using barcodes
felt natural, because it is used for other things (e.g. reading barcodes on medicine
bottles and on the armband of the patients). A small barcode reader application
is running on the PDA and when it scans a barcode it checks whether this is
another device (typically a desktop PC) and initiates the application roaming
process. Other mechanisms can, however, be deployed in our achitecture, for
example using IrDA. The application roaming mechanism is independent on its
trickering mechanism on the clients. Application roaming using barcode cur-
rently only works from a PDA to a PC or laptop. The ’Resume Session’ button
is used to roam the session back to the PDA it came from.

A current limitation in our current implementation is that the state of a
user’s interaction with a web page is not saved to the server, and is hence not
roamed between devices. For example, if a nurse is typing in the temperature in
a text field on a web page on the PDA, and tries to roam this page to a nearby
PC, then the figures s/he has already entered in the temperature field is not
transfered. This is mainly because we do not submit HTML forms before doing
application roaming. We are currently looking into methods for handling this
issue.

4.4 Evaluation

The first version of the prototype has been running in a pilot test at department
T lasting 12 weeks. The setup included one WLAN base station located in the
centre of the ward, 2 PDAs, and 2 laptop PCs, all with WLAN access. During
this period the two PDAs were used to support mobile work. From the log we
can see that approx. 50 users logged on to the mobile EPR system, and that in
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total approx. 200 request were made to the server, of which approx. 50 requested
medical notes and approx. 100 requested medicine information. We concluded
the pilot phases with an evaluation workshop where the users could brainstorm
on strengths and weakness of the mobile access to the EPR. The strengths
were reported to be the mobile access to the EPR, enabling limited but central
functionality to be available at e.g. the patient’s bed side and in the medicine
room. This increased the data quality in using and reporting medical data, like
medicine prescriptions. The use of of the laptops were however quite limited. It
seems like either the clinicians would use a full-fledged PC on a desk or they
would use the PDA that can be carried in a white coat pocket. The in-between
laptop devices were not used much. The weaknesses reported was concentrated
around long response time, limited screen size and lack of keyboard on the PDAs.
A limitation of the pilot study was clearly the limited number of devices (4 in
total), and the limited range of just one base station (the latter was also the
cause of the long response times reported). It was judged that the number of
PDAs should approximately match the number of clinicians in a day shift. The
prototype is currently being developed into an official application supported by
the vendor and is being marketed and sold to other hospitals. The next step
in our project is to implement a better application roaming mechanism and to
incorporate context-awareness into the prototype (see 6). This second version of
the prototype will be installed at department T and a larger number of PDAs
and basestation will be deployed. This new setup will accordingly be evaluated
and followed during a new pilot phase. We hope in this way to learn more about
local mobility as supported by technology.

5 Discussion and Related Work

Providing a range of devices (stationary, mobile, wearable) for supporting a work
practice builds on the understanding of the fact that different people prefer differ-
ent tools for solving similar tasks, and that a selection of tools makes nurses and
surgeons better equipped to deal with the ad hoc demands they face several times
a day. Carrying the context with you across devices poses challenges to the user
interface design as well as the technical integration between the devices. Rist [15]
proposes a technical solution to accessing a virtual meeting place through highly
heterogeneous devices based on the development of device-specific user interface
proxies not unlike the approach we have chosen here. Roman et al. [16] also
explore the challenges of integrating a PDA in a distributed environment. They
argue the importance of using PDAs as enabling bridges to services rather than
treating the PDAs as isolated entities. Their approach to integration is technical
and the consistency in their system is supported by contents alone.

Fagrell et al. [7] propose ’FieldWise’ as an architecture for Mobile Knowledge
Management. Like our architecture, the FieldWise architecture puts emphasis on
adapting the response to a client according to its network connection and user-
interface capabilities. Furthermore, the FieldWise architecture implements many
other features, like support for task overviews with notification mechanisms,
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overview over records, and suggestions for available expertise. Our architecture
does not per se support these latter features. Most of these features are a part of
the EPR system and as such can be made available on the mobile devices also.
There are, however, also some major differences between the FieldWise architec-
ture and ours. These differences are based on the kind of mobility that has be
the target for the two architectures. The FieldWise architecture takes its outset
in studies of mobile journalists, who move around whole cities and countries.
Hence, there is a major difference between this kind of remote mobility and the
kind of local mobility, which we have described and designed for. As we have ar-
gued, in local mobility within the premises of e.g. a hospital, it becomes essential
to make mobile support that blend seamlessly into the existing infrastructure,
including the kind of application roaming we have described. Application roam-
ing is hence not a part of the FieldWise architecture. As for application roaming
among heterogeneous devices using web-based access to legacy systems we are
not familiar with any related work. However, the work on Activity Based Com-
puting [5] aims at supporting mobile work by enabling users to transfer the state
of their work activities between different heterogeneous devices. Similarly, the
task management architecture Prism in the Aura project [10] supports mobility
by migrating application among heterogeneous computing environments. These
two approaches to application roaming, however, involves the migration of whole
applications on the client devices. In our work, the ’migration’ only takes place
on the server side, and is accessed by standard web browsers.

6 Conclusion and Future Work

In this paper we have done two things. First we have analysed mobile medical
work within a large Danish hospital. Second, we have designed, implemented
and evaluated an architecture supporting this kind of mobile work. Based on
our field studies we have argued that there are some fundamental difference be-
tween ’remote mobility’ and ’local mobility’. The former refers to the mobility of
users moving between different working sites, e.g. between the office and home,
or travelling to visit customers. Much of the literature and the technical solu-
tion for mobility concentrate on this kind of mobility. Local mobility, on the
other hand, refers to users moving around – often on foot – within the same
site. Based on our field studies and a range of design workshops with clinicians,
we have argued that local mobility put forth 3 requirements, which are distinct
to local mobility. First, the technological support for mobility has to integrate
seamlessly with the existing computing infrastructure at the site. For example,
in the hospital setting, the mobile support had to be tightly integrated with
the existing EPR system – in function as well as in usage. In a remote mobility
situation, this is less important. Here the linkage to more general-purpose infras-
tructures like IP over UMTS or GSM seems sufficient. Second, the technological
support for mobility should support a variety of devices. For example, in the
hospital environment, users would like to alternate continuously between using
small hand-held devices and large desktop or wall-based displays. In the remote
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mobility situation, this is seldom a core requirement, because there is often only
one device available – a laptop, a PDA, or a cell phone. Third, these multiple
devices should support seamless application roaming among these devices. For
example, if a nurse is using a PDA for documenting medicine she would be able
to transfer this task, including its present state, to a PC and continue the task
of documentation there. In the remote mobility scenario, there is no need for
this kind of functionality, because the pace of multi-tasking is less prevalent. We
have suggested an architecture that demonstrates how these three requirements
can be met and a prototype for mobile access to an EPR systems has been im-
plemented using this architecture. This prototype has been evaluated in pilot
studies at the hospital and the outcome of this evaluation is currently being
incorporated in a production ready version of the prototype. The architecture
and the prototype were developed for mobile work within a hospital. We want to
argue, however, that the architecture in general might be suitable for supporting
other kinds of local mobility environments. If we look at other projects that we
have been involved in (e.g supporting mobile workers at a waste water plant [13]
and area managers at the county’s Building and Energy Office [2]), mobile work
in these settings might also be supported by our proposed general architecture.
In the future we plan to take the architecture to other work domains, and apply
and develop it accordingly. Another item on our list to do in the future is to
make the architecture context-aware [6] in the sense that the Mobile Application
Server not only adapts its response to the type of requesting device, but also
according to the context of the device. For example, when the medicine chart is
requested in the medicine room, the reponse is tailored to show a list of medicine
for several patient to be poured now. And when the medicine chart is requested
beside a patient’s bed, the medicine chart shows only medicine for this patient,
in a historical perspective.
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Abstract. Supporting mobile collaborative work over wide areas is
challenging due to the limitations and unreliability of wide area wireless
networks. However, variations in patterns of collaboration require dif-
ferent levels of timeliness and synchrony, and place different demands
on groupware and its supporting technologies. In this paper, we argue
that groupware supported by wide area mobile networks strongly favors
loosely coupled work, where workers are autonomous and require a re-
duced level of communication. We examine the relationship between
loosely coupled group characteristics and wide area mobile groupware
by considering one particular loosely coupled group�teams of home
care workers. Over a two-year period, we analyzed home care work
practices, and designed and field tested Mohoc, a mobile groupware ap-
plication to support home care work. From this experience, we identi-
fied four characteristics of loosely coupled groups that enable workers
to accommodate the uncertainty of wide area mobile groupware: auton-
omy and the partitioning of work, clear ownership of data and artifacts,
asynchronous awareness, and explicit asynchronous communication.

1 Introduction

In spite of ongoing advances in mobile computing, when workers are mobile over a
wide area, they must rely on uncertain networks that experience disconnections and
variable throughput [25]. The difficulties seen in mobile networks are particularly
constraining when we consider designing groupware technologies for widely dispersed
and mobile collaborators. Small group collaboration requires that members coordinate
their activities, stay aware of others' activities, and explicitly communicate with each
other [15]. This level of interaction is particularly challenging to support using mobile
technologies when synchrony and timeliness of information is an issue.

In this paper, we will consider one particular type of mobile group�loosely cou-
pled mobile groups�where workers are not strictly dependent on synchrony and up-
to-date information from other group members. Churchill and Wakeford [2] have
suggested that the level of coupling between workers is a useful design dimension
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when building CSCW applications for mobile groups. We expand on this work by
focusing on one particular type of coupling, loose coupling, and by considering how
this style of collaboration shapes work patterns in mobile groups and the implications
these patterns have for groupware design. Pinelle and Gutwin [22] describe loosely
coupled mobility as work where group members are generally autonomous and rarely
synchronous, and are often able to function without ongoing interaction with others,
although they still are interested in staying aware of others' activities. In this paper, we
present results that suggest that these group characteristics are well suited to mobile
groupware since they accommodate the uncertainties of wide area mobile technolo-
gies.

We examined the relationship between the characteristics of loose coupling and
wide area mobile technologies by studying one type of loosely coupled mobile
group�home care teams in Saskatoon District Health (SDH), a health district in Sas-
katchewan, Canada. In SDH, teams of community-based healthcare workers provide
patients with services in their homes, and they carry out their work in a loosely cou-
pled fashion. In SDH�unlike many other mobile settings (e.g. [10], [1], [21])�work
is not arranged to facilitate regular synchrony. Workers do not have regular meetings,
and do not see each other face-to-face very often. There is a high degree of variability
in terms of schedule and location within a team and because of this, communication is
difficult, and workers often carry out their work autonomously and without the benefit
of regular input from others.

Over a two-year period, we analyzed the work practices of home care teams, we
designed and built a mobile groupware system to support these work practices, and we
evaluated the system during a 2-½ month field trial. From this process, we identified
four characteristics of loosely coupled work that allow workers to cope with many of
the uncertainties of wide area mobile networks, and that make workers resilient to the
difficulties these uncertainties introduce in mobile groupware design:

• Workers are autonomous and partition work so that the need for ongoing coordi-
nation and planning is minimized.

• Artifacts and data are, in most cases, clearly owned by specific workers, so the
need for negotiation and coordination of access is minimal.

• Workers are rarely synchronous, so they rely on asynchronous means for gather-
ing awareness information, which allows them to tolerate delays.

• Workers carry out most of their explicit communication asynchronously, and are
able to tolerate the delays inherent in these exchanges.

For each work characteristic, we will discuss how it shaped the approaches we took
in implementing Mohoc, a groupware application we developed for home care clini-
cians in SDH. We will discuss the results of a 2-½ month field trial we carried out
with the application and the influence the introduction of Mohoc had on work prac-
tices. Finally, we will consider problems associated with our approaches, and the
implications these have for groupware design.
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2 Related Work

Mobile work practices shape the type of groupware support that is needed by mobile
collaborators. For example, Kristoffersen et al. [14] propose using real-world scenar-
ios to guide the design of mobile CSCW applications. However, as pointed out by Dix
et al. [4] the interaction offered by mobile applications is also a product of the mobile
device and the underlying infrastructure used to realize the application. In this section,
we review related work on loosely coupled mobile groups and on mobile computing
technologies to illustrate how they shape mobile groupware designs.

2.1 Loosely Coupled Mobile Groups

In this paper, we investigate loose coupling as the primary means of organizing work
and collaboration in a mobile group. Grinter et al. [12] describe loose coupling as
work that occurs relatively independently of others, and that requires a reduced level
of communication. Olson and Teasley [20] further elaborate on this idea: �loosely
coupled work is work in which people need to be aware of others' activity and deci-
sions, but without the need for immediate clarification or negotiation. The work can
proceed in parallel.� (p. 422). Loose coupling, then is a style of collaboration in which
workers can function in a somewhat autonomous fashion without reliance on ongoing
interaction with others. However, workers still need to stay aware of others' activities
in order to manage group interdependencies.

In this research, we are interested specifically in loose coupling and mobility.
Pinelle and Gutwin [22] characterize loose coupling in mobile groups by describing
four work patterns that can occur. First, since workers are autonomous and communi-
cation can be difficult, workers carefully consider the effort required to share infor-
mation and select communication channels that minimize effort and overhead. Second,
workers utilize awareness information from shared artifacts and locations as the lowest
cost means of collecting information about others. Third, workers show a preference
for asynchronous communication and coordination techniques since it allows them to
deal with schedule and location variability. Forth, mobility and worker autonomy
makes it difficult for workers to achieve synchrony, so synchronous collaboration and
back-and-forth discussions are limited, thus changing the nature of information that is
shared. These findings show that managing work interdependencies is important in
loosely coupled mobile groups, but that the level of effort required to stay aware of
others and to explicitly communicate shapes work patterns, and has implications for
design that must be dealt with by groupware developers.

2.2 Mobile Groupware Technology

The wireless networks used to support wide area mobile collaboration introduce many
challenges and limitations, as discussed in Satyanarayanan [25] and Edwards [9].
Mobile networks are less reliable than wired networks due to two main factors: inter-
ference and signal strength. For mobile workers who work across a wide area, both
interference and signal strength change frequently due to changes in location as well
as natural variability.
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Variations in interference and signal strength have consequences on collaboration.
Some of the direct effects are periodic disconnections, loss of data, and long delays
due to congestion, retransmission, or low bandwidth. Several techniques have been
offered that lessen some of these consequences under particular circumstances. Data
replication (e.g. [23]) and caching increase availability of information during periods
of disconnection and reduce delays. Consistency problems can be mitigated using
optimistic replication schemes [24], automatically resolving conflicts when they hap-
pen (e.g. [3]), and representing conflicts to the user (e.g. [24]). Adaptive strategies
(e.g. [24], [19]) allow systems to make better use of their available resources, which
can also lessen delay problems and help to make smooth transitions from connected
and disconnected states [9]. Although these techniques have made many mobile col-
laboration problems more manageable, evidence suggests that it is still difficult to
mitigate, predict, and cope with wide area mobility problems at the user, application,
and infrastructure levels [13].

3 Setting

We have been working with clinicians and administrators in the Home Care depart-
ment at Saskatoon District Health (SDH), a health district in Saskatchewan, Canada,
for the past two years as part of an ongoing project to develop group support tech-
nologies for home care workers. The functional unit for managing a community-based
patient's care in SDH is a treatment team�a group of workers who separately travel to
a patient's home and deliver a range of services to that patient. Treatment teams can be
made of workers from several clinical disciplines, including occupational therapists,
physical therapists, social workers, nurses, case managers, and home health aides.
Since each worker treats multiple patients during a workday (usually 6-15 depending
on the discipline), and since teams are formed around patients, each worker is a mem-
ber of multiple teams.

Home care workers spend most of their time providing services to patients in their
homes and driving between appointments. In addition to this, workers must spend time
filling out forms that document their treatments and the interactions they have with
patients. Workers have few technologies to assist them in these activities. SDH does
not provide workers with mobile phones, but some workers use their personal phones
while working. They have voicemail access, and nurses and home health aides carry
one-way numeric pagers.

Work practices in SDH can be characterized as loosely coupled. Workers are
autonomous, they are mobile and dispersed, and they communicate with each other
intermittently. They autonomously set their schedules, determine their own work ac-
tivities, and carry out work individually. Workers spend much of their time carrying
out tasks that are not easily interrupted for communication, such as driving and deliv-
ering treatments in patients' homes, and it is difficult for them to maintain an aware-
ness of others' locations, availabilities, and schedules. These work patterns can make
collaboration difficult, and workers usually only communicate with each other inter-
mittently, and often only when they believe the necessity of communication outweighs
the effort required to communicate. When they do communicate, they usually rely on
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asynchronous channels such as voicemail, handwritten notes, and messages passed
through office staff. In spite of the intermittent nature of collaboration, workers are
still interested in others' activities, and attempt to maintain an awareness of them. But
the difficulty inherent in communicating and sharing information means that this
awareness is often incomplete.

4 Method

Our research activities initially focused on developing an understanding of workers,
organizational structures, and work activities that are part of home care delivery in
SDH. We began by carrying out three rounds of 1 to 1 ½ hour interviews, and during
each round, we interviewed a member of each clinical home care discipline, for a total
of seven interviews per round. In addition to the interviews, we spent approximately
60 hours carrying out field observations to develop a detailed understanding of work-
ers' day-to-day work activities.

We analyzed audiotapes and field notes and used the findings to guide the devel-
opment of early prototypes of Mohoc, a groupware system to support home care
teams. We carried out ongoing prototype reviews with home care clinicians to refine
our designs. Once we felt that we had adequately validated our approach, we imple-
mented the design as a mobile groupware system.

We carried out a 2-½ month field trial of our system with a team of six home care
workers from different disciplines. During the field trial, each worker carried a laptop
and wireless CDPD modem. The treatment team used the application to support the
treatment activities that they provided to a shared patient. Workers used the applica-
tion to schedule visits, establish treatment plans, document treatments, and to explic-
itly communicate with each other. During the field trial, we carried out two rounds of
interviews, and we met with each participant for 1 to 1 ½ hours per round. Upon com-
pletion of the field trial, we analyzed transcripts, system logs, and the private and
shared workspaces that were utilized by workers during the trial.

5 Mohoc

We developed Mohoc to accommodate the loosely coupled work practices that are
seen in home care in SDH. Our primary goals for the design were to support autono-
mous work, provide workers with information about the activities and decisions of
other workers who treat shared patients (information that is currently often difficult for
them to obtain), and provide workers with low-effort tools for explicit communication.
Mohoc does this by giving workers private information spaces, and common informa-
tion spaces that show artifacts that are created by other workers and UI representations
that provide a range of information about other team members' activities. Mohoc sup-
ports common home care activities such as scheduling visits with patients, managing
clinical documentation, and planning treatments.
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Mohoc uses a robust client-server model with a centralized network architecture
and replicated data views. During the field trial, we deployed the Mohoc client appli-
cation on laptop computers connected to the Internet using the wireless CDPD net-
work. The CDPD network in the field trial area is low bandwidth (19.2 kb/sec max;
11kb/sec max observed), and disconnections are both frequent and difficult to predict.
The server was deployed on a reliable, dedicated machine with high capacity and a
reliable cable network connection.

The Mohoc server maintains a master copy of all data, with replicated data views
stored locally on laptops for use by each worker. All messages sent between workers
are sent through the server, which reduces the effects of disconnections by allowing
messages to be sent between workers even though they might not be online at the same
time. When a worker's actions require a message to be sent, it cannot be assumed that
a connection to the server will be available. To handle this, outgoing messages are
stored in a reliable message queue on the laptop's hard drive and are not dequeued
until they are confirmed as received by the server. This allows workers' laptops to
maintain outgoing messages if the system is turned off or in the event of a system
crash, and the queue is FIFO (first in, first out), so it guarantees that transactions are
transmitted to the server in the order that they are carried out. The server uses a simi-
lar queuing method to send messages to workers' laptops.

Mohoc uses connection and data replication transparency ([8], [27]). The workers
are not aware of the status of their connection or of the status of other workers' con-
nections. They are also unaware of the messages in message queues and of how up-to-
to the information is that is stored on their laptop. We decided to support transparency
since most home care workers have little previous experience with computers and with
client/server architectures.

6 Results

The results of our study show that four loosely coupled group characteristics are par-
ticularly significant to mobile system design: autonomy and the partitioning of work,
clear ownership of data and artifacts, asynchronous awareness, and explicit asynchro-
nous communication. For each characteristic, we consider how it shaped the design
approaches that were implemented in Mohoc and the impact these approaches had on
work patterns during the field trial. We discuss the implications of our findings in
section 7.

6.1 Autonomy and the Partitioning of Work

In loosely coupled work, workers are autonomous and partition work so that the need
for ongoing coordination and planning is minimized. This implies that the division of
work is mutually understood within the group so that workers do not need regular
consultation with others. This autonomy can be seen in SDH, where workers serve in
well-defined and mutually understood roles within groups, and are responsible for
handling issues that fall within the scope of their expertise. For example, nurses han-
dle wound care issues and physiotherapists handle ambulation issues. This allows
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workers to handle problems that they identify within the domain of their expertise
without first checking with others.

In loosely coupled work, the autonomy of workers and their implicit understanding
of work duties frees groupware developers from some of the constraints of tightly-
coupled coordination (e.g. [28]). In mobile work, this is particularly important since
workers may at times need to work in a disconnected fashion without access to the
most recent information from other team members. This tolerance for loose coordina-
tion and autonomy allows groupware support to be feasible using mobile computing
techniques such as data replication and caching, where workers have a copy of rele-
vant data on the mobile computing platform and can save their work locally when
network access is unavailable until it can be forwarded to the server.

In Mohoc, we used a data replication technique that provides mobile clients with a
local copy of all relevant data. All SDH workers who treat a given patient receive all
documents, appointments, treatment plans, and awareness-related data that are perti-
nent to that patient's care. So, for example, if a worker adds an appointment with a
given patient, that appointment is cached locally and then sent to the server as soon as
a network connection is available. The server then forwards that appointment to all
other workers who treat that patient as soon as a connection is available so that the
appointment is viewable by all members of the treatment team.

The field trial results indicate that this data replication and caching approach was
overall very successful. Since SDH work patterns are autonomous, workers liked
knowing that they did not need to be concerned with the state of the network�they
could continue to work regardless of the state of the connection. Workers carried out
their work activities knowing that the system would exchange information with the
server whenever possible. They felt that having information about other workers was a
benefit, and since they are accustomed to working without up-to-date information,
they were not concerned with their information being out of synch.

6.2 Clear Ownership of Data and Artifacts

In loose coupling, the partitioning of work can extend beyond the specific duties and
roles of group members to the artifacts used during work activities. For example, to
carry out specific duties, workers may need certain data or shared artifacts. Since
collaboration occurs in a loosely coupled fashion, it is difficult to negotiate the coor-
dination of access with others. As a means of accommodating this, workers may
clearly own specific artifacts, so that the need for negotiation and coordination of
access is minimal. For example, in SDH, each worker has clear ownership of his or
her handwritten schedule and of the documents that they create about the care that
they provide. They are the ones who are responsible for maintaining them, and are
usually the only ones who are allowed to edit them.

The loosening of coordination requirements that we see in loosely coupled mobility
has the potential to alleviate many of the complexities that are seen when implement-
ing access controls in more tightly coupled groups (e.g. [16]). Since it is implicitly
clear to workers which team members can access or modify a resource, and since this
is often an exclusive privilege, tightly-coupled strategies such as real-time updates of a
shared workspace, and locking for editing are not necessarily required. Instead, more



184      David Pinelle et al.

lightweight techniques, such as making it clear who owns what, and explicitly imple-
menting permission policies can be sufficient to mediate access to work resources.

In Mohoc, we handle these issues by allowing clear ownership of specific data
items. Even though these items are visible to all team members, only specific workers
are able to edit them. For example, a given worker is the only one who is able to es-
tablish their own appointments with a patient, and the only one who is able to edit the
times for that appointment. However, that appointment is clearly visible in other
workers' workspaces.

We had to handle added complexity when implementing policies for clinical docu-
ments. In most cases, ownership and editing privileges of clinical documentation were
clear. For example, a single nurse would treat a patient, and he or she was the only one
allowed to create, edit, and delete the nursing documents. However, we also had to
handle the case where two workers from a given discipline share a patient. For exam-
ple, during the field trial, two home health aides treated the same patient�one during
the day, and one during the evening. In this case, workers often had to edit documents
that were created by a different worker of the same discipline. Our approach for han-
dling this was to allow workers from the same discipline who share a patient to append
new content to existing documents. This mirrors real-world documentation practices,
and it is able to accommodate network uncertainty. We time-stamped each transaction,
and when new content was appended to a document, we sorted it into the appropriate
chronological order in the new version of the document.

During the field trial, these approaches were well received. As we might expect,
data ownership fits existing autonomous work patterns. However, as we previously
mentioned, two home health aides shared a patient across two different shifts. While
this sharing took place in a loosely coupled fashion, the increased interdependencies
seen in document sharing between these workers caused some minor problems for
these workers.

We saw these problems in the home health aides' use of flowsheets�checklist
based forms that are used to record the services provided during visits. In most cases,
several days worth of services are shown on a single flowsheet, and home health aides
that share a patient also share the same flowsheet. However, during the field trial, this
sharing did not always take place. By analyzing system logs, we found that on several
occasions, one worker would create a new flowsheet, and that flowsheet would not
reach the other home health aide who shared the patient in a timely fashion. The sec-
ond home health aide, unaware of the existing flowsheet, would create a new flow-
sheet rather than adding to the already existing one, which led to an excessive number
of documents being created and frustrated the home health aides. These problems
arose due to intermittent network connections and workers not staying online long
enough to synchronize with the server and each other.

6.3 Asynchronous Awareness

In loosely coupled work, workers are rarely synchronous, so they rely on asynchro-
nous means for gathering awareness information, which allows them to tolerate delays.
Since workers have few direct interactions with each other, awareness information is
not usually as readily available as it is in synchronous work situations. Instead, work-
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ers attempt to maintain an awareness of others not by observing them directly, but by
collecting evidence of others' past activities [22]. This means that delays are inherent
in retrieving awareness information; however, workers are still able to function with
these limitations. For example, in SDH, workers gather information about others'
activities by looking for evidence of their activities in patients' homes. This informa-
tion is not available until they enter a patient's home, and given that times between
visits can be up to several weeks, long delays can occur.

Unlike groupware that supports tightly-coupled groups by providing real-time and
often transient awareness information (e.g. [7]), groupware for loosely coupled col-
laboration must account for the asynchrony of workers' interactions. This asynchrony
means awareness information must be persistent and available to workers whenever
they access the system. As shown by Neuwirth et al. [18], when awareness is sup-
ported asynchronously with groupware, workers should be able to view common work
areas and easily develop an understanding of the state of shared work. This is particu-
larly true since workers can be absent from the shared space for considerable time,
and when they return they must be reminded of the work and how it has evolved since
they last accessed the application. This concept of persistently available asynchronous
awareness information is particularly valuable when designing groupware for widely
distributed mobility since it is difficult to guarantee timeliness of updates, both be-
cause of work practices and technological constraints.

In Mohoc we attempted to provide workers with a range of asynchronous aware-
ness information that was intended to help them understand the actions of others so
that they could make better decisions about patient care. This information was auto-
matically collected from each worker while they carried out autonomous work activi-
ties, passed to the server, and then routed to other treatment team members. When the
information could not be pushed to a worker immediately, it was placed in a transac-
tion queue on the server so that the sequential ordering of transactions would be pre-
served, and then pushed out when a connection became available The information we
shared in this way included viewing histories and modification histories of mutually
accessible artifacts, schedule information, and information about treatment activities.

During the field trial, workers regularly made use of awareness information. How-
ever, there was an inadvertent side effect of the approach we took in our system. We
found that since some workers might be away from work for a number of days due to
holidays or illness, they would not log into the system during that period, and the
cached awareness information that needed to be sent to those workers would pile up in
the queue on the server. This was not a problem at the architecture level (i.e. the sys-
tem was able to handle large queues), but when the worker logged into the system
after being away for a number of days, it could take as long as 10 minutes for them to
download the large number of enqueued awareness messages from the server. If the
worker accessed the system for short periods of time during the day (e.g. 2-3 minutes),
it could take a prolonged period of time for the server side queue to empty, and for the
worker to get the most recent updates. This was problematic since awareness informa-
tion represented the clear majority of messages that were sent during the field trial.

While the delays seen in asynchronous awareness may not necessarily seem to be a
problem on the surface due to the loosely coupled style of work, when a worker has
already been out of touch for a number of days, they express more of a desire to
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�catch up� and get up to date information. However, with this queue based architec-
tural approach, this did not happen in a timely fashion. We also observed in our sys-
tem logs that many of these awareness updates that were enqueued during a prolonged
period could be of questionable relevance to the workers. For example, a worker
might view a given document several times. Each time the worker viewed that docu-
ment, a new message was created and placed in the queue. However, workers state
that they are primarily interested in the most recent viewing time, so the older mes-
sages are of lower priority.

6.4 Explicit Asynchronous Communication

In loosely coupled work, workers carry out most of their explicit communication
asynchronously, and are able to tolerate the delays inherent in these exchanges. Asyn-
chronous communication is particularly valuable in mobile loose coupling�workers
may be unaware of others' locations, availabilities, and schedules, so asynchrony is a
low effort way of working around this uncertainty [22]. It allows workers to retrieve
messages whenever it is convenient for them rather than being forced to expend the
time and effort required to negotiate common times for synchronous communication.
However, the tradeoff for these benefits is that significant time may pass before a
recipient receives a message. In loose coupling, workers are usually able to tolerate
these delays due to the autonomy of their work practices. For example, workers in
SDH use voice mail as the primary communication channel since they can leave mes-
sages with low effort, and they can retrieve them when it best suits their work sched-
ule. Workers check their voicemail every few hours, so a significant time can pass
between when a message is left and when it is retrieved.

Unlike the real-time communication that is supported in synchronous groupware
(e.g. [17]), the preference for asynchronous communication that is seen in loose cou-
pling requires that groupware messages be persistent so that they accommodate vari-
ability in availability between workers. Messages do not necessarily need to be made
available to others immediately, since loose coupling implies that workers are resilient
enough to work without ongoing feedback from others. This tolerance to delay in
communication suits the limitations of mobile technologies that are used in a wide
area and in a large number of locations. Groupware can store and forward messages to
workers as connections become available.

In Mohoc, we transmit asynchronous messages like any other type of messages by
using queuing, caching, and forwarding. The system supports public messages (i.e.
readable by the entire treatment team) and private messages (i.e. to specified subsets
of the team), and messages can be appended to specific work artifacts. Messages can
be placed on a patient's chart or on clinical documents so that it is possible to have
what Fitzpatrick [11] calls �conversations about the work at the point of work.� These
dependencies make the order of transaction and transaction guarantees important in
our system design. For example, if a note is attached to a specific clinical document, it
is essential that the clinical document arrive prior to the arrival of the note.

During the field trial, the asynchronous communication features were used regu-
larly, both to pass on private (i.e. to subsets of the team) and public information to
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other team members. Workers liked having communication tools integrated into an
application that supported their autonomous work. This allowed them to receive mes-
sages without being forced to explicitly check for them, as they do when they check
voicemail or check with office staff for messages.

Overall, the time delays inherent in asynchronous messaging, and attributed to mo-
bile networking, were not a problem. The content of most messages did not require
immediate attention on the part of recipients. Most of the messages sent were infor-
mative in nature, and did not require the recipients to change their activities. However,
we observed one instance where an occupational therapist (OT) needed to use asyn-
chrony to deal with a time-sensitive issue. The OT needed to meet with a home health
aide in the patient's home to train the aide on the use of a new piece of equipment. The
OT sent the aide a message, but the aide had just returned from a two-day holiday.
When the aide logged in to the system, she did not stay online long enough to receive
the OT's message, and the system did not provide her with adequate feedback to un-
derstand that she was still not viewing the most up-to-date information that was avail-
able from the server. Therefore, a significant delay was introduced, and the meeting
was delayed until a common time could be negotiated.

7 Design Implications

Most of the work practices that we have identified in loosely coupled work were well
supported by the system design we deployed in Mohoc, and enabled workers to carry
out their current work tasks in a flexible fashion without constraining their work ac-
tivities. However, during the field trial, three unexpected problems surfaced that were
not adequately addressed, and that require additional functionality to help manage the
interdependencies that exist between workers. In the next sections (7.1 to 7.3), we will
discuss these issues, and will suggest approaches for resolving them. These issues are:
managing artifact interdependencies, managing awareness transactions, and managing
explicit asynchronous communication.

7.1 Managing Artifact Interdependencies

A simple exclusive ownership policy was usually successful in managing access to
data and artifacts during the field trial. However, when more than one worker from the
same discipline treated a patient, editing privileges for clinical documents had to be
shared between these workers. Many of the complexities inherent in shared editing
(e.g. [7]) were avoided since the documents were accessed asynchronously, but we
still found that more needed to be done to help ensure that workers had the latest ver-
sion of the shared data before they began their work. This problem arose for two rea-
sons. First, workers would often do their work, and then close the application before
the data had been forwarded to the server, thus ensuring a local copy, but not making
the data available to others in a timely fashion. Second, workers would begin their day
and would make new entries into the system before receiving the latest version of the
data from the server.
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While the asynchrony seen in loose coupling still frees us of the need for tokens
and locking for document editing, approaches need to be implemented to allow work-
ers to successfully hand off data to each other. This is already a part of work practices
in SDH�when workers from a common discipline share a common patient (e.g. shift
work, or two part time workers who share the same patient) they leave the handwritten
documents in a specific location so that the other worker can retrieve them. Our solu-
tions for addressing these problems, then, should focus on making this handoff more
effortless and effective for these workers by providing them with better information
about the state of the data on their machines.

Our findings suggest three approaches. First, as recommended by Dix ([6], [5]),
workers need to have a sense of the state of their connection with the server so that
they know whether or not data can be sent and received. Second, workers need to
know whether or not their work has been sent to the server, and made available to
others. Third, workers need to know whether or not they have received all updates that
are enqueued for them on the server.

The issues surrounding the level of detail to provide users about state of connec-
tion, replicated file systems, and caching has been discussed from a range of perspec-
tives ([6], [5], [8], [26]). In our implementation, we avoided providing these details to
workers because of their lack of understanding of computing technologies and cli-
ent/server architectures. However, the work practices that emerged during the field
trial indicate that these details are important to managing work within the group.
However, we still need to develop representations and interaction techniques in order
to allow users to interpret and make us of this information.

7.2 Managing Awareness Transactions

By providing workers with asynchronously available awareness information, they
were better able to track the activities of other team members during the trial. This
awareness information was valuable because it allowed workers to catch up on events
that had occurred since they last accessed the application. For example, in our imple-
mentation, workers could see the activities of others replayed at the UI level as items
were sequentially dequeued from the FIFO queue on the server and sent to the mobile
client.

An unexpected side effect of making awareness information persistent was that
when workers were away for several days (e.g. holidays, illness), a sizable queue of
awareness information would accumulate on the server. These awareness transactions
represented the majority of the transactions seen in our system, and when workers
were away for 2-3 days, the queue could take as long as 5-10 minutes to empty, mak-
ing this approach inefficient, particularly given the limitations of wide area mobile
networking.

Our observations and an analysis of data from the field trial reveal that there is po-
tential to save on the number of asynchronous awareness updates that must be sent to
users. For example, in our implementation for SDH, we recorded access histories for
shared messages and artifacts, so that workers could determine when others had
viewed an item. However, during debriefings after the field trial, workers state that
they are only interested in knowing when a worker last viewed the item (i.e. the most
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recent access). This implies that if a queue contains multiple access histories for a
given item by the same worker, only the most recent one is relevant and the others can
be discarded. Other possible methods for managing the number of asynchronous
awareness transactions are by identifying a consensually agreed upon time span of
relevance and pruning awareness transactions that are older than that time span, or by
prioritizing specific types of awareness transactions over others.

7.3 Managing Explicit Asynchronous Communication

Our approach to asynchronous communication was generally successful during the
trial�users were guaranteed to receive messages, but the delay between message
composition and receipt could be substantial. In most cases, this is not a problem in
loose coupling, but it is an issue that we identified as needing resolution, since the
instances where timeliness of message receipt is important can be urgent for the work-
ers who are involved. Here, we see the same bottlenecks that we discussed in section
7.1, where content can remain on the sending machine for a long period before being
forwarded to the server, or content can stay on the server for a time before the user
connects and gets the content. However, the implications seen in intentional asynchro-
nous communication are somewhat different than for shared data and artifacts, since
the intent of a message is that is reaches others, so more direct feedback is needed
about the state of a message.

Workers need feedback about whether specific messages have been passed on to
the server so that they can determine whether or not they are available for the recipi-
ent. In email communications, it is common to use an outbox metaphor to show mes-
sages that have been composed, but that have not yet been passed on to the server.
This provides users with feedback about which messages have been passed on to the
server. In widely distributed mobility, this type of feedback can be valuable in helping
users manage their network connection. If a connection is available, the user can leave
the mobile device turned on until the content is passed to the server.

Workers also pointed out the importance of knowing that specific recipients had
read a message. For example, during the field trial, some workers stated that when
they sent messages, they did not need a written response from the recipient, but they
wanted to know that the recipient had actually received the information that they
passed on in the message. In our implementation, we supported a �Viewing history�
for each message left in the system. This provided all users with information about
who had read a message, and most participants who sent messages reported utilizing
this information regularly.

8 Conclusion

In this paper, we presented the results of interviews, fieldwork, and a field trial with
home care teams in SDH, and we considered how the loosely coupled work patterns of
these workers can shape system design in mobile groupware applications. Our find-
ings show that collaboration can be effectively supported for these workers, in spite of
the fact that network connections can be problematic when workers are widely distrib-
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uted and work out of multiple locations. In our implementation of Mohoc, we were
able to do this effectively with an architecture that supports simple policies for
concurrency control and data access, and with no constraints on the timeliness of up-
dates. The success of these approaches lies chiefly in the work patterns seen in SDH:
workers are autonomous and the group's work is clearly partitioned, workers have
clear policies on who can access and modify data and artifacts, workers are used to
functioning with a delayed asynchronous awareness of others' activities, and workers
communicate with each other asynchronously.

In the field trial, we found that even though simple system design was adequate for
supporting the collaboration that occurred, workers need additional support to help
them manage collaboration and information sharing. The approaches that were sug-
gested by these findings argue for revising the information that is presented to the
user, but not for a fundamental reinvention of the underlying architectural approaches.
We found that even when workers are loosely coupled, they still need to manage a
variety of time constraints. To handle this, workers need support for managing their
network connections, for knowing whether their work and messages have been sent to
the server, and for knowing whether they have the latest update that is available from
the server. We also found that workers may need a reduced set of asynchronous
awareness information, since this information is persistent (unlike synchronous
groupware) and can become excessively long in the server side queue when workers
are disconnected for a long period of time. We recommend filtering by relevance and
by age of information to help manage the amount of information that must be trans-
mitted and handled. However, there are tradeoffs inherent in this approach, and it is an
open question how such filtering will work in practice.
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Abstract. To achieve the maximum benefit, a collaborative learning
activity in the classroom requires effective coordination, synchroniza-
tion, face-to-face communication, negotiation, interactivity, and partici-
pant mobility conditions. In this paper, we perform a usability analysis
on a specific collaborative learning activity and identify several prob-
lems with fulfilling these conditions. A second usability analysis shows
how these problems can be solved with a Mobile Computer Supported
Collaborative Learning activity, using wirelessly networked Handhelds.
A controlled experiment was run to asses the learning benefit of using
Handhelds to support a math-based collaborative learning exercise with
seven year old children. Statistically significant results were observed
showing that the experimental collaborative learning group using the
Handhelds learned more than the control group which had no techno-
logical support.

1 Introduction

As early as 1900, social psychology literature discusses the social facilitation effect
on learning ([1], [2]) introduced by Collaborative Learning (CL) activities in a class-
room ([3], [4]). The goal of CL is to assist in the teaching of a specific educational
objective to students working in groups. To do this, a CL activity must provide the
following essential conditions of effective CL activities: the interactivity required to
achieve shared goals; the enablement of discussions about the goals; the support of
both individual and group outcome achievement; the coordination of participant roles
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and rules; and the synchronization and sharing of tasks ([5], [6], [7]). All this can be
done by means of face-to-face social interactions of the group members.

Face-to-face social interactions are crucial to achieving the desired learning and
collaborative skills, through a continuous attempt to construct and sustain a shared
and open point of view of the problem ([2], [5], [7]). Research has shown that under
the essential conditions of effective CL activities listed above, working together col-
laboratively to achieve a common goal is more productive than working alone and
produces greater social and learning advancements in participants ([6], [7], [8]).
Therefore, achieving the essential conditions is critical to the success of a collabora-
tive learning activity.

Computer Supported Collaborative Learning (CSCL), where the learning experi-
ence is extended to include communication and computing capabilities, fosters new
possibilities for achieving these conditions ([8], [9], [10]). However, today’s CSCL
applications for children limit their collaborative interactions [11] since they are de-
veloped with the underlying assumption that they will be used by students sitting
behind a PC at a desk. Most of today’s CSCL applications support collaboration only
when children �take turns� using the mouse when they collaborate on one machine, or
when they collaborate from different locations over the Internet ([11], [12]).

Recent investigations ([13], [14], [15]) study the potential properties of mobility
and portability offered by wirelessly networked Handhelds used in face-to-face CSCL
activities. Handhelds allow a natural mobile collaboration environment with face-to-
face social interactions ([14], [15], [16]). Each participant also has physical control
over the hardware, which helps to provide the necessary synchronization and interac-
tivity in their collaborative activities.

In this paper, we examine the extent to which wirelessly networked Handhelds do
effectively support the CL process. To do this, we first study the usability of a given
CL activity to evaluate how well the essential conditions are established and the
pedagogical aims of the activity are achieved. We identify key aspects for usability
improvement by viewing the activity from the user’s perspective ([17]).

The CL activity chosen covers a basic math skill: ordering numbers. In our analy-
sis, we identify several key usability problems in this CL activity, including: activity
coordination problems; within-group communication problems; the difficulty of prop-
erly organizing individual work with joint group activities; negotiation problems; lack
of group synchronization; lack of interaction with other group members; and lack of
the necessary mobility for group members to carry out their social interactions. These
usability problems can be solved by implementing a CSCL activity using wirelessly
networked Handhelds.

In this article, we first describe a basic math CL activity (Sect. 2).  In Sect. 3, we
perform a usability study on this CL activity with 11 children to identify problems in
achieving the goals of the activity. We then attempt to solve these problems with a
face-to-face Mobile CSCL activity (Sect. 4, Sect. 5). A second usability analysis with
another 11 children and an heuristic evaluation by experts was then performed on this
new Mobile CSCL activity to evaluate if the usability problems identified before
were, in fact, solved (Sect. 6). In Sect. 7, we report the statistically significant results
of an experiment comparing the impact on learning of the Mobile CSCL activity with
the original non-computer based CL activity. Finally, we report our conclusions in
Sect. 8.
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2 Description of a Simple Math CL Activity

We describe a simple CL activity for ordering numbers that we will call Ord-CL.

2.1 Description

The Ord-CL activity for ordering numbers is described as follows:

Objective: The main purpose of the CL activity is to practice number ordering skills.
By working collaboratively, groups of three to five participants of both genders order
seven series of three to five numbers (from 1 to 100) in either an ascendant or descen-
dent way.

Materials: Each group is given seven envelopes, each containing a set of instructions
and either three or five numbers (depending on the group size) written on small
squares of laminated paper (tokens). Each group is also given a board made of lami-
nated cardboard with seven rows to which they are instructed to affix, in order, each
of the seven sets of numbers. The board is constructed in such a manner that it is easy
to affix and remove the tokens as many times as necessary.

Individual and Group Task: One participant is to take the envelope and read the
instructions out loud for the rest of the group.  The instructions indicate the numbers
to be ordered and the ordering direction (ascending or descending). The participant
with the envelope then distributes one number each to the other children. Each child is
to read aloud his/her number to the others.  Then, each group is to work together to
affix their numbers in the proper order to the board.

Individual and Group Rules and Roles: Children should rotate who takes the en-
velope and distributes the numbers.  All participants should take one number.  The
participants should work together to order their numbers, using their social skills to
interact with one another and negotiate any differences of opinion that arise.  Each
participant should attach his/her number to the board in the correct order, as defined
by the directions contained in the envelope.

Board Letter with instructions

Token

Fig. 1. The Ord-CL activity materials for ordering seven sets of three numbers in a three par-
ticipant group
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3 Usability Methodology and Results

In this section we describe the usability methodology for evaluating the Ord-CL ac-
tivity and the results obtained.

3.1 Usability Methodology for Evaluating the Ord-CL Activity

Universe and Sample. The experimental universe was comprised of first grade chil-
dren of both genders. For our sample size, we used 11 children. Some researchers
have recommended five children as the appropriate sample size, because after the fifth
child, most issues simply tend to repeat themselves ([17], [19]). However, neither [17]
nor [20] would advocate rigid sample size limits. In our study, we were confident that
11 children was a sufficiently large sample size because we did observe the repetition
of many usability problems. We chose our sample size at random from all first grade
children at the school. The children had been in school for three months at the time of
the experiment.

Measuring Instruments. To measure the usability of the collaborative activity, we
used a technique called Discount Usability Engineering, as described by [17].  Inter-
views were the primary method of data gathering, backed up by observations.  The
interviews and observations were recorded in specially designed forms, using the
essential conditions of effective CL activities as usability heuristics. To verify the data
collected, interview and observation forms were subjected to reliability and validity
criteria. One data-validation technique used was triangulation ([21]) by which data
gathered in interviews were compared to data from classroom observations.  At any
points where the data did not coincide, further research was performed to clear up the
inconsistency.

We also took into account research that recommends slight methodology modifi-
cations when studying the usability of a computer application from a child’s perspec-
tive, as opposed to that of an adult ([22]).

Data Analysis Technique. As discussed above, the qualitative interview and obser-
vation data were first categorized according to the usability components listed in the
usability heuristics of CL activities. These categories included ease to learn, efficiency
of use, ease to remember, error rates, and user satisfaction. Once categorized into
these usability components, the data was then mapped to the categories listed in the
essential conditions of effective CL activities. When this mapping was complete, we
had a relatively clear picture of how well the observed collaborative learning activity
fulfilled each of the essential conditions required.

Procedure. The instruments described above were applied to two groups of three
children and one group of five children all working on the Ord-CL activity oulined in
Sect. 2. This activity was carried out during regular class time. The children were
asked to sit in their assigned groups at a desk. Basic instructions on the Ord-CL activ-
ity were given (e.g. rules, roles, individual activities, and the global objective). For a
period of 25 to 30 minutes, the children’s activities were closely observed and only
interrupted when help was needed. Once the observation period was finished, each
group was interviewed for 10 to 15 minutes. The interviewer first asked questions
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from a defined form, but then opened up the discussion to the children’s unprompted
comments. To test the reliability of the data, the experiment was repeated three weeks
later under the same conditions.

3.2 Usability Results of the Ord-CL Activity

The results of the usability analysis led us to find the following CL activity problems:

• Coordination. Some group members took control of the activity while others
were left aside, even when decisions had to be made at a group level (Fig. 2).
Some children were unsure of how to proceed with the activity or did not follow
the established rules and roles of the activity.

Fig. 2. Screenshots of the Ord-CL activity with a group of five participants (left side), and
a of three participants (right side)

• Communication. There were communication problems that considerably hindered
social interaction between the group members (in the left of Fig. 2, the boy with
his hand on his face is trying to say something to the rest). These communication
problems were caused by several factors, including time pressure created by the
need to administer the materials (envelopes, boards, and numbers), negative per-
sonal affinity, and physical distance (left of Fig. 2).  The children did not follow
the activity rules to regulate their social interactions and negotiate their differ-
ences.

• Organization. All participants had to manage and organize a considerable amount
of material in the collaborative activity (as shown on the left of Fig. 2). This
turned out to be uncomfortable for the participants and delayed their activities
due to the effort it took to organize their work.

• Negotiation. Some participants tended to impose their point of view, hindering
constructive social interaction. The nature of the activity made the children re-
sponsible for creating their own mediation and negotiation space. The lack of an
enforced negotiation space in the interactions led to some participants carrying
out the goals by themselves, while leaving others aside. The exercise was turned
into a personal learning activity, instead of a collaborative one (on the right of
Fig. 2, a boy is left aside and does not participate in the negotiation between the
other two children).
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• Synchronization. The tasks in the CL activity had to be performed in a synchro-
nized manner by the children (setting up the board, placing their numbers one at a
time in the correct order). However, some participants did not respond to this re-
quirement due to a lack of organization, attention, or motivation. The lack of syn-
chronization produced inefficiency in the learning activity progress and caused
some members participate while others were left out.

• Interactivity. A lack of interactivity was observed among some members, as they
did not respond to their partners’ requests due to social differences, lack of moti-
vation (left of Fig. 2), or attention problems. The other members of the group
were then forced to look for other, non-collaborative, ways to reach their goal.

• Mobility. In many cases, the social interactions among the children required them
to be physically close. The children’s mobility was frequently hindered by the
quantity of material they had to take with them.

4 Solutions to the Usability Problems

The above problems were solved by introducing technology into the CL activity.

4.1 A Model of Mobile CSCL Activities

The CL activity outlined in Sect. 2 can be generalized by the model described in [4],
supporting face-to-face communication and high levels of social interaction between
three to five participants (see the face-to-face CL model in Fig. 3). The model was
extended by giving each participant a wirelessly networked Handheld (Mobile CSCL
in Fig. 3), allowing participants to move freely with their portable computers. A key
feature of the extended model is that the Handhelds do not get in the way of the par-
ticipants’ normal social interactions. On the contrary, the Handhelds’ wireless network
makes information available to the participants that fosters their social interactions
and helps to provide the conditions necessary for successful CL activities by solving
common usability problems.

Miguel
Or d -M C S C L P U C 

54

Miguel
Or d -M C S C L P U C 

54

Miguel
O rd -M C S C L PU C 

54

Miguel
Or d -M C S C L P U C 

54

Miguel
Ord -M C S C L P UC 

54

Miguel
Or d -M C S C L P U C 

54

Social Network Handheld Network MCSCL Network

+ =
Face-to-face CL Mobile CSCL Face-to-face Mobile CSCL: MCSCL

 high social
    interactivity
 enable
    discussions
 individual & group
   roles and rules

Fig. 3. An extended model of a face-to-face CL activity that combines a Social Network with a
Handheld Network to form a Mobile CSCL (MCSCL) activity

A face-to-face Mobile CSCL (MCSCL) activity, as modeled in Fig. 3, can be easily
introduced into any classroom. The classroom does not need to go to a Computer
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Room. On the contrary, the Handhelds can go anywhere needed within the school. In
an MCSCL activity, each participant has a Handheld wirelessly networked to the
other Handhelds. The Handheld becomes the only required material, and contains the
tasks, rules, and roles required for the collaborative activity. The Handheld can be
moved to any part of the classroom.

In an MCSCL environment it is possible to create both a technological and a social
network. While the users communicate face-to-face in a social network, they support
their work with the technological network created by the Handhelds. It is of critical
importance to transfer information from the technological network to the social net-
work in an effective way. Therefore, the Human Computer Interface (HCI) design
must transparently show each user the information s/he individually needs, as well as
the information the group needs. Furthermore, the interface design at each stage
should be simple so as to facilitate each participant achieving their individual goal,
each group achieving its group goal, and each individual and group adhering to the
appropriate rules and roles of the activity.

4.2 MCSCL Solutions to Usability Problems Encountered

Table 1 summarizes how an MCSCL activity can be used to solve each of the usabil-
ity problems encountered in Ord-CL.

5 Description of the Ord-MCSCL Activity

Below, we describe an ordering MCSCL activity named Ord-MCSCL, and we use an
example to illustrate how the software works.

Objective: The objective is the same as that of the non-technological CL activity
described in Sect. 2.

Materials: Each member is given a Handheld: Pocket PC, Compaq iPAQ H3700 with
a 240x320 pixel resolution touch screen display and upgraded with an IEEE 802.11b
WI-FI communication card.

Individual and Group Task: Each participant’s number is written on the cloud that
appears on his/her interface. In the example in Fig. 4, Miguel has number 54 (Fig. 4a),
Gustavo has number 78 (Fig. 4b), and Rodrigo has number 15 (Fig. 4c). Each partici-
pant should read this number out loud to the rest of the group.  The arrows pointed up
in Fig. 4 indicate that the numbers are to be ordered in ascending order, whereas ar-
rows pointing down would indicate descending order.

Next, the group is to order the numbers by having one member at a time press the
cloud on which his/her number appears.  In the example, Rodrigo selects his number
first and it appears on the first cloud on the ascending scale (Fig. 4f). This same image
also appears on Gustavo’s and Miguel’s screens (Figs. 4d and 4e, respectively).  Gus-
tavo and Rodrigo should then continue by selecting their numbers in sequence to
arrive at a screen like that shown in Fig. 5a (for Miguel) with the entire sequence of
numbers in order. When the numbers have all been ordered, all participants must
agree that this is the correct order before continuing on to the next sequence. To do
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this, they must select one of the two buttons that appear on the bottom of their screen
(Fig. 5a). If not all participants select the same button (i.e. Miguel elects the check
mark in Fig. 5b, and Gustavo elects the �X� in Fig. 5c), a text message and voice
command is displayed to all users telling them to reach an agreement (i.e. Fig. 5f, as
shown for Rodrigo).

Table 1. Outline of MCSCL solutions to usability problems found in Ord-CL

CL usability
problems

Mobile Technology solutions to the CL usability problems

Coordination The HCI design of the MCSCL activity should force each partici-
pant to do one task at a time. Each participant’s interface should
force him/her to carry out his/her actions in a specific sequence,
allowing for the coordination of activities.

Communica-
tion

Messages that appear on one user’s machine (activity status, data,
error, or results) should appear on all other users’ machines as
well. This simplifies communication among users since no infor-
mation is hidden.

Organization Each participant’s Handheld should provide all material and in-
formation that s/he needs. It should not be necessary to give the
children any additional material to run the collaborative learning
activity.

Negotiation The interface should provide a negotiation space for all partici-
pants. The Handheld requires that all users must agree on an an-
swer to proceed.

Synchroniza-
tion

Each Handheld waits for the action of the other Handhelds before
moving on to the next stage of the activity.  As such, the partici-
pation of each member of the group is required. This synchroni-
zation is facilitated by the machines’ mobility, as it is sometimes
efficient for participants to physically show each other the mes-
sage on their Handheld in order to come to agreement and move
on to the next stage.

Interactivity The MCSCL activity requires group interaction in order to come
to an agreement and move on to the next stage of the exercise.
Furthermore, the portable nature of the machines facilitates face-
to-face interaction.

Mobility The use of Handhelds allows the members of the group to take the
technology anywhere and allows for natural social interactions.

If Gustavo and Rodrigo are in agreement with Miguel’s answer (Fig. 5b), and the
answer is correct, the group obtains a point, backed up by a congratulatory text mes-
sage and an applause sound from the Handheld. In Fig. 5d, Miguel now has two
points, since this was the second sequence of numbers to be ordered. Next, a text and
voice message asks if the children would like to continue playing (Fig. 6b). If all
respond �YES�, another set of numbers to be ordered is displayed. If all respond
�NO�, the activity ends. If the children’s answers are not in agreement, the screen
shown in Fig. 6b reappears.
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Miguel
Ord-MCSCL PUC 

Gustavo
Ord-MCSCL PUC 

Rodrigo
Ord-MCSCL PUC 

54 78 15

Miguel
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54 78 15

15 15 15

4a 4b 4c

4d 4e 4f

Fig. 4. Screen shots of the Ord-MCSCL activity for three participants. Each participant is as-
signed one number

If all group members are in agreement on the order of the numbers, but their re-
sponse is incorrect, the score remains as it was before (Fig. 5e for Gustavo). All chil-
dren are then shown a text and voice message that asks if they would like to try again,
and �YES� and �NO� buttons appear at the bottom of the screen (Fig. 6a). If all re-
spond �YES�, their screens return to the state shown in Figs. 4a, 4b, and 4c. If all
respond �NO�, a new sequence of numbers is displayed.  And, if the group members
can not reach a consensus, the question shown in Fig. 6a is displayed once again.

Individual and Group Rules and Roles: The participants should work together to
order the sequence of numbers they are given according to the direction indicated on
their Handhelds (as explained in the example above).  Each participant is responsible
for giving his/her own answer reflecting his/her agreement with the final answer and
his/her decision to continue playing or not.
The rules the participants must follow and the roles they must play are supported by
the technology.  The interfaces have been designed to take into account the principles
of simplicity, familiarity, clarity, user satisfaction, and user affinity.
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Fig. 5. Interfaces of the Ord-MCSCL activity that ask for decisions or show information

6 Usability Study of the Ord-MCSCL Activity

First, we describe the two methodologies used for evaluating the usability of Ord-
MCSCL. Then, we explain the results obtained.

6.1 Usability Methodologies Used on the Ord-MCSCL Activity

Two methods were used to evaluate the usability of the Ord-MCSCL Activity. First,
usability experts performed an heuristic evaluation of the Ord-MCSCL activity on
Handhelds and suggested design improvements. Once the suggested changes were
made, the revised Ord-MCSCL program was subjected to a usability study with chil-
dren, similar to that performed on the paper-based Ord-CL activity.

Methodology of the Heuristic Evaluation with Experts. Three experts on CSCL
and software usability performed the heuristic evaluation ([17], [18]) of the user inter-
face design. They followed the procedure established by Nielsen ([17]), taking into
account the goal and description of Ord-MCSCL (Sect. 5), as well as the usability
heuristics of CL activities (Sect. 3). They used the rating system established by Niel-
sen to grade the usability problems that they found. Each expert was given a wire-
lessly networked Handheld running the Ord-MCSCL activity described in Sect. 5.
The evaluation was completed in approximately two hours.
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Fig. 6. Interfaces of the Ord-MCSCL activity that ask participants for their decisions

Methodology of the Usability Evaluation with Children. The usability evaluation
methodology used for Ord-MCSCL was very similar to that used for Ord-CL
(Sect. 3). The universe was the same, but the sample was composed of a different
randomly selected 11 children of both genders. All children in the sample were seven
years old and had been in school for seven months at the time of the usability analy-
sis. The Ord-MCSCL activity described in Sect. 5 was carried out during class time
by two groups of three children and one group of five children. The measuring in-
struments and data analysis technique used were the same as in Sect. 3.
The main difference from the methodology described in Sect. 3 was the procedure.
The children were invited to work in groups anywhere in the classroom. Basic in-
structions on the Ord-MCSCL activity were given, including the rules, roles, individ-
ual activities, and global objective (Sect. 5). The children were observed and inter-
viewed with the goal of analyzing their behavior both with one another and in relation
to the software and hardware.

6.2 Results of the Usability Analysis of the Ord-MCSCL Activity

Results of the Heuristic Evaluation with Experts. Several small usability problems
were identified: color-coding of buttons was not obvious, voice messages should have
been the same as the text messages, and the wording of several text and voice mes-
sages could have been improved. All of these usability problems were easily fixed in
a revised version of Ord-MCSCL.  The experts indicated that the activity offers a
scaffold for synchronization and coordination; additionally, they emphasized that the
communication necessary to achieve the objective was produced in a natural way.

Results of the Usability Evaluation with Children. The usability analysis applied to
the Ord-MCSCL activity showed that the problems of coordination, communication,
organization, negotiation, synchronization, interactivity and mobility found in the
Ord-CL activity, had been solved by using the Handhelds. The portable and mobile
nature of the Handhelds, combined with the HCI design of Ord-MCSCL had solved
the problems in the following ways:
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• For the coordination and synchronization problems between children, the Hand-
helds were used as mediation elements to coordinate their activities and to assure
that all of the group members participated (in both photos in Fig. 7, all the par-
ticipants are working together to coordinate and synchronize their individual and
group tasks of ordering numbers in a sequence).

• The communication problems between the children due to information manage-
ment and personal affinity in Ord-CL were easily solved by Ord-MCSCL. The
Handheld interfaces gave the children complete information, showing them all of
the numbers that had been ordered and the remaining numbers to be ordered.

• Handhelds regulated social interactions because children needed to read informa-
tion off of their Handhelds in order to tell their number to the other children.  The
handhelds mediate the collaborative work and act as a referee to regulate behav-
ior, leaving the children to interact socially, make decisions, and negotiate their
differences of opinion.

• Handhelds minimized the effort required to organize and manage the material of
the activity by providing all of the information needed at each stage (Fig. 7).

• Ord-MCSCL supported a negotiation space by requiring that all children vote in
agreement before continuing on to the next stage of the activity (agreeing with
the numbers ordered, trying again if incorrect, or finishing the activity). In Ord-
CL, this negotiation and agreement had to be guaranteed by a rigid adherence to
the roles and rules of the activity. Frequently, however, the children did not obey
these roles and rules.

• To provide an interactive environment, children could easily take the Handhelds
with them anywhere in the classroom. This encouraged face-to-face social inter-
actions.

• Finally, the mobility restrictions of Ord-CL were clearly eliminated by the port-
able nature of the Handhelds used in Ord-MCSCL, facilitating social interactions
as discussed above.

One usability problem was discovered through testing with the children, though it
only occurred on the first day. A few children had difficulty pressing a button on the
touch screen because it triggered an action only when the finger was removed from
the display. Many children were expecting immediate feedback, and this was not a
natural way to operate a button. However, this problem was easily solved by self-
training.

Finally, we observed that a voice synthesis in the Handhelds highly reinforced the
visual text messages. We also observed differences in behavior by gender, though
these observations fall outside of our current research scope.
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Fig. 7. Screenshots of the Ord-MCSCL activity with a group of five participants (left side), and
a group of three participants (right side)

7 Experimental Results: Ord-CL vs. Ord-MCSCL

A controlled experiment was run to test the impact on learning of Ord-MCSCL vs.
Ord-CL for first grade students. The experimental group, who performed the Ord-
MCSCL activity, was composed of 24 children (12 boys and 12 girls).  The control
group, who performed the Ord-CL activity, was also composed of 24 children (11
boys and 13 girls).  All children in the experiment were seven years old.

In both classrooms, three groups of three members were formed for ordering three
numbers (right of Fig. 7), and three groups of five members were formed for ordering
five numbers (left of Fig. 7). These groups were maintained throughout the experi-
ment. The children were students at a low-income public school in Santiago de Chile
(Villa Macul). They all had basic knowledge of ordering numbers, and they had been
in school for eight and a half months at the time of the experiment.

A pretest was taken at the beginning of the experiment by both the control and ex-
perimental groups. It was a 35-minute individual assessment to measure the children’s
previous knowledge of ordering numbers. It used the standard Chilean grading scale
from 1 (no correct answer) to 7 (all answers correct).

Table 2. Mean and Standard Deviation (SD) for the control and experimental groups

Pretest Results Posttest Results
Control Group Exp. Group Control Group Exp. Group

Mean
SD

3,53
2,68

3,88
2,74

3,91
2,64

5,77
1,82

The experiment lasted for four weeks with 20 daily sessions of 25 minutes each in
the Ord-CL group and 15 minutes each in the Ord-MCSCL group.  Both groups were
given the same set of activities and daily goal, but it was discovered that the Ord-
MCSCL group needed 40% less time on average to complete this goal. The first two
sessions were slightly longer (30 min. for Ord-CL and 20 min. for Ord-MCSCL) to
allow the children to get used to the activity and technology. By the 12th session, some
Ord-CL groups were achieving their goal in 20 minutes, and some Ord-MCSCL
groups were achieving their goal in 10 minutes. In both groups, the children occasion-
ally required assistance, primarily with problems of arithmetic origin.

On the first day, the aim of the activity was explained to the children, and the rules
and roles were outlined (see Sect. 2 and Sect. 5). In the Ord-CL group, children were
also assigned to groups by the teacher and asked to sit at a specific table.  In the Ord-



206      Gustavo Zurita et al.

MCSCL group, the children’s partners were listed on their screens, allowing them to
move freely throughout the classroom to find their other group members and sit where
they wished.

Table 3. Analysis of Variance for posttest, with pretest as a covariate (using the software pack-
age SPSS) between the Control (N = 24) and Experimental Groups (N = 24)

Tests of Between-Subjects Effects Dependent Variable: posttest
Source Type III Sum of Squares df Mean Square F Sig.
Corrected Model 169,143(a) 2 84,571 34,981 ,000
Intercept 107,610 1 107,610 44,511 ,000
pre-posttest 127,423 1 127,423 52,706 ,000
Group 32,549 1 32,549 13,463 ,001
Error 108,794 45 2,418
Total 1401,688 48
Corrected Total 277,936 47
a R Squared = ,609 (Adjusted R Squared = ,591)

Each day, the students had to order seven sets of numbers, with increasing com-
plexity.  The first sets were made up of small numbers, but the latter sets used num-
bers up to 100. At the beginning of the experiment, the numbers were relatively easy
to order and the children spent a high percentage of their time learning to use the
technology (Ord-MCSCL) or materials (Ord-CL). Later, when the children had the
more difficult task of ordering bigger numbers, they were already familiar with the
technology and materials, and so were still able to complete the activity in the same
amount of time. In both Ord-MCSCL and Ord-CL, the children were given assistence
by the teacher each time they could not arrive at a correct answer. At the end of the
20-day experiment a posttest was performed using the same test that was administered
as pretest. As in the pretest, each child was given 35 minutes to complete the test. The
means and standard deviations of the pretest and posttest data for the control and
experimental groups are showed in Table 2.

Analysis of variance for the posttest score, with the pretest score as a covariate
between Control and Experimental Groups was run to test the effect of the interven-
tion on number ordering ability. Pretest scores on the specific subject tested were
introduced as covariates in order to control for initial levels of ability. As can be seen
in Table 3, the type of intervention had a significant effect on posttest ordering scores,
controlling for pretest ability. The comparison showed that there was a significant
difference between means for participants in the experimental vs. control groups.

8 Conclusions

A number of problems were observed to reduce the effectiveness of Ord-CL, a tradi-
tional collaborative learning activity. However, the incorporation of wirelessly net-
worked handheld computers into the collaborative learning process helped to solve
many of those problems. In the Ord-MCSCL activity presented, the handheld com-
puters were observed to support and enhance the collaborative work by:
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• Organizing the materials and information
• Providing a negotiation space
• Encouraging coordination between the activity states
• Mediating the synchronization of activities
• Providing a communication channel between the technological, wireless network

and the social, face-to-face network
• Mediating the social interaction of the participants
• Allowing the participants to be mobile

Furthermore, the last three points mark an important difference in how collabora-
tion is supported by MCSCL activities in comparison to traditional CSCL.

This paper also demonstrated the learning benefits of MCSCL when compared to
traditional CL for a number ordering activity. In a month-long controlled experiment,
subjects performing the Ord-MCSCL activity were observed to have significantly
higher number ordering test score improvements than subjects performing the Ord-CL
activity. This result controlled for ability through the introduction of pretest results as
a covariate and was statistically significant at the 99% level. We conclude, therefore,
that the introduction of mobile computing technology into a collaborative learning
activity focused on ordering numbers can have significant learning benefits.

Our future research includes the design of a framework to conceptualize the
MCSCL activities that can be supported by Handhelds. We are also investigating the
impact on learning and social skills of frequently changing group partners during an
MCSCL activity.
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Abstract. Human Pacman is an interactive role-playing game that en-
visions to bring the computer gaming experience to a new level of emo-
tional and sensory gratification by setting the real world as a play-
ground. This is a physical fantasy game integrated with human-social
and mobile-gaming that emphasizes on collaboration and competition
between players. By setting the game in a wide outdoor area, natural
human-physical movements have become an integral part of the game.
Pacmen and Ghosts are now human players in the real world experienc-
ing mixed reality visualization from the wearable computers on them.
Virtual cookies and actual physical objects are incorporated to provide
novel experiences of seamless transitions between real and virtual worlds
and tangible human computer interface respectively. We believe Human
Pacman is pioneering a new form of gaming that anchors on physicality,
mobility, social interaction, and ubiquitous computing.

1 Introduction

Human Pacman is a real-world-physical, social, and wide area mobile entertain-
ment system that is built upon the concepts of ubiquitous computing, tangible
human-computer interaction, and wide-area entertainment networks. The game
has several novel aspects: Firstly, the players immersively role-play the charac-
ters of the Pacmen and Ghosts in the real physical world. Secondly, users enjoy
unrestricted movement outdoor and indoor while maintaining their social con-
tacts. Thirdly, Human Pacman also explores novel tangible aspects of human
physical movement and perception, both on the player’s environment and on
the interaction with the digital world.

In this system the users are provided with custom-built wearable computers;
and they interact both directly with other players when in physical proximity, or
indirectly via the Wireless LAN network. Virtual fantasy and imaginative play
activity elements, which have made computer game popular [1], are incorporated
using augmented reality techniques. The players also experience seamless tran-
sitions between real and virtual worlds as they swap between immersive first
person augmented reality view and full virtual reality view of the Pac-world
throughout the game.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 209–224, 2003.
c© Springer-Verlag Berlin Heidelberg 2003
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Employing the philosophy of ubiquitous computing [2], we have implemented
a system that embeds everyday physical objects with digital fantasy meanings.
For example, we have attached Bluetooth devices to sugar jars which when
being picked up, will automatically communicate with the wearable computer
by adding the corresponding virtual ingredient to the inventory list of the player.

Each of the novel interactions of Human Pacman mentioned is summarized
in Table 1. We will proceed by firstly giving a research background to this system
and previous works that have motivated us. Then we go on to clarify the actual
game play designed. More importantly in the section that follows, the system
is analyzed in the context of addressing various Human Computer Interaction
issues. Lastly we conclude with our reflections on the future impacts of the
system on everyday life.

2 Background

Entertainment with interactivity [3] and sociality [4] are becoming important as
reflected in the growing popularity of online games [4]. These computer games
provides unrivalled richness of human interaction [5] between players despite
of geographical separation. Nevertheless, social interaction between players is
limited with no behavioural engagement and cognitive exchange. Human Pacman
aims to merge interactive aspects of networked gaming with the real physical
world, while maintaining social contact in reality and virtuality.

Human Pacman has aspects derived from pioneering work on ubiquitous
gaming. Multi-players mobile gaming is demonstrated in ‘Pirates!’ [6] which is
a game on PDAs with proximity sensing technology. However, it provides little
immersive experience since there is no Augmented Reality and Virtual Reality
support. The E3 project [7] examines the essential elements of free play, and
multi-user social interaction. However it does not explore large-scale configura-
tion where users walk around.

Augmented reality techniques are used as part of Human Pacman’s interface.
Previous works done on using augmented reality in entertainment include AR2
Hockey [8] and AquaGaunlet [9]. However, these games are played in a small
area, with limited movement and little interaction with physical space. Another
important mobile game is known as ARQuake [10], which is an AR extension of
the popular computer game Quake. Using Wearable Computer equipped with
global positioning system, ARQuake can be played indoor and outdoor. However
it is a single player game with practically no social interaction.

Lastly, the transition between the real and physical world in Human Pacman
is derived from research that has been done on continual transversal along the
Reality-Virtuality continuum [11]. The Magic Book [12] uses a book metaphor
to demonstrate the seamless transitions between augmented and virtual real-
ity. Nevertheless collaboration is carried out only in a small-scale and closed-up
configuration. Touch-Space [13] is an embodied computing based mixed reality
game space with free movement between the real world and virtual world. How-
ever they are constrained by small game space and limited physical movement.
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Table 1. Detail descriptions of each novel features of Human Pacman.

Feature Details

Physical Gaming Players are physically role-playing the characters of Pac-
men and Ghost; with Wearable Computers donned, they
use free bodily movements as part of interaction between
each person, and among objects in the real wide area
landscapes and virtual environments.

Social Gaming Players interact both directly with other players when
they are in physical proximity, or indirectly via the Wire-
less LAN network by instant messaging. All Internet
users can participate in the game by viewing and col-
laborating with real Human Pacmen and Ghosts.

Mobile Gaming Players are free to move about in the indoor\outdoor
space without being constrained to the 2D\3D screen of
desktop computers.

Ubiquitous Comput-
ing

Everyday objects throughout the environment seamlessly
have a real-time fantasy digital world link and mean-
ing. There is automatic communication between Wear-
able Computers and Bluetooth devices embedded in cer-
tain physical objects used in game play.

Tangible Interaction Throughout the game people interact in a touch and tan-
gible manner. For example, Players need to physically
pick up objects and tap on the shoulder of other players
to devour them.

Outdoor Wide-Area
Gaming Arena

Large outdoor areas can be set up for the game whereby
players carry out their respective missions for the role
they play.

Seamless Transition
between real and vir-
tual worlds

Players swap freely between immersive first person aug-
mented reality view and full virtual reality view of the
Pac-world in the game.

In Human Pacman, the interface and transition between the real world and vir-
tual world is achieved in real time throughout the spacious indoor and outdoor
physical world.

3 System Design and Game Play

Human Pacman features a centralized architecture that is made up of four main
entities, namely the central server, wearable computers, laptops, and Bluetooth
embedded objects. An overview of the system is shown in the Fig. 1.

The underlying program is built on a client server architecture with wearable
computers and helper laptops as clients, and the desktop computer as a cen-
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Fig. 1. Complete top level system design overview of Human Pacman.

tral server communicating via Wireless LAN. Physical location and players’ sta-
tus updates are done between the client wearable computers and the server on
a regular basis. The server maintains up-to-the-minute players’ information, and
presides over any communication between Bluetooth objects and the wearable
computers. Detail configuration of the wearable computers as seen in Fig. 2 is
described as follows.

Fig. 2. Detail configuration of wearable computer
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The main components of the wearable computers are Transmeta Single Board
Computer (PC104 plus compliant motherboard running on Crusoe processor),
Twiddler2 (handheld keyboard and mouse), Cy-Visor Head Mounted Display
(video see-through HMD) with FireWire camera attached, two Sony F960 In-
foLithium batteries, InertiaCube2 (inertia sensor from Intersense [14]), DR-
MIII module (GPS and Dead-Reckoning device from Point Research Corpo-
ration [15]), and JVC Bluetooth device. Position tracking is done using DRM
which measures the displacement of the user from an initialization point by
measuring the direction (with data obtained from the compass), and distance
traveled (using accelerometer data) with each footstep taken. Although the DRM
is a self-contained navigation unit, in-built GPS receiver can be used to collect
data for the correction of both the distance and direction calculations. Inerti-
aCube2, which is used for head tracking for the implementation of augmented
reality display, is an inertial three degree-of-freedom orientation tracking system
of high accuracy.

With the software architecture mentioned as the backbone of the game engine
and the hardware as enabling tools, we proceed to describe the game play of
Human Pacman and then discuss some of the problems we have encountered.

3.1 Main Concepts: Team Collaboration, Ultimate Game Objectives
and the Nature of Pac-World

The players are assigned to two opposing teams, namely the Pacman team and
the Ghost team. Each Pacman\Ghost is in coalition with one Helper who is an
Internet online player.

Human Pacman has similar game objectives as the original Pacman. Basically
the goal of the Pacman team is to collect all virtual plain cookies in Pac-World
while avoiding the Ghosts. Meanwhile, the aim of the Ghost team is to devour all
Pacmen. For excitement of game play, after ‘eating’ special ingredients, a Pac-
man gains Ghost-devouring capability and henceforth can attack her enemy for
a limited period of time.

Pac-World is a fantasy world existing dualistically in both Augmented Reality
(AR) and Virtual Reality (VR) mode. Pacmen and Ghosts are allowed to switch
between the two viewing modes; whereas Helpers can only view in VR mode.
Most importantly there is a real time link between the wide-area physical world
and the virtual Pac-World, thus providing the users with a marriage of fantasy
digital world and realistic physical world. As seen in Fig. 3 where the 2D map
of the selected game play area in our university campus and the 3D map of
Pac-World are shown side-by-side, we have converted the real world to a fantasy
virtual playground by ingraining the latter with direct physical correspondences.

3.2 Pacman, Ghost, and Helper

Pacman has to physically move about collecting virtual cookies in AR mode
where the real world is being overlaid with them as shown in Fig. 4. In addition
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Fig. 3. 2D map of game play area and its corresponding 3D map of Pac-world

to the virtual cookies, she has to find and collect physical ingredients as shown
in Fig. 5. Besides, the Pacman should avoid the Ghost, i.e. not letting Ghost
tapping on her shoulder capacitive sensor pad. This physical touch interaction
exemplifies tangible physical interaction between humans, which is commonly
found in traditional games such as hide-and-seek, but is now being revived in
computer gaming arena. The role of a Ghost is simply to track down all Pacmen
and devour them. Nevertheless, she has to shun of Pacmen with Ghost-devouring
power. Helper is a new character in Human Pacman who acts as an advisor to
her partner(a Ghost or Pacman), informing her the positions of enemy mobile
units and ingredients which are not labelled in AR mode. Therefore the Helper
messages important information to her partner as shown in Fig. 6 and thus this
promotes collaboration and interaction between human.

Fig. 4. First person view as presented in HMD dis-
play of Pacman

Fig. 5. Bluetooth em-
bedded object
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Fig. 6. Close collaboration between the outdoor Pacman and her Helper

Fig. 7. Pacman collecting cookies

3.3 Actual Game Play

Starting the Game: Pacmen and Ghosts start from two different physical
locations called Pac-castle and Ghost-house in Pac-world (physical game area).

Collection of Plain Cookies: When Pacman collects a cookie by walking
through it, this action is reflected visually in Pac-World through the disappearing
of the cookie in both the AR and VR mode as shown in Fig. 7.
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Fig. 8. Sequence of pictures showing the collection of an ingredient

Collection of Ingredients: In the game, Pacman collects ingredients including
flour, butter, sugar, and special ingredients (e.g. Chocolate Chip, Almond) to
make special cookies. There are two types of them: a butter cookie is made up
of flour, butter, and sugar; a super cookie is made up of butter cookie and a
special ingredient.

When Pacman eats a butter cookie, she achieves 1 minute immunity from
being consumed by a Ghost. When Pacman eats a super cookie, it takes a time
lag of 30 seconds before she achieves 3 minutes of ghost-devouring power. (30
seconds is for the Ghost to run or devour the Pacman).

In the game, real Bluetooth-embedded objects are scattered in the game area
to be collected as shown in Fig. 8. When the Pacman is within 10 meters of the
Bluetooth object, communication takes place between the wearable computer
and the Bluetooth device. After being alerted, she hunts for it in the surrounding
physical area. Having found the object, collection is done simply by physically
holding the object in her hands. Technically charge transfer sensing on the object
(designed using QT161 IC chip from Quantum Research Group [16]) detects the
player’s touch and sends a message to the wearable computer which will send an
corresponding message to the server to update the event. The collection of the
ingredient will be kept in a virtual inventory list as seen in the figure as an icon.
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Collaboration between Players: There is an essential element of collabora-
tion in the game play between a Pacman\Ghost with her Helper, and between
any allied Pacmen.

(i) Pacman\Ghost and Helper Collaboration– The Helper always has a com-
plete view of Pac-world, including the positions of all players and ingre-
dients. Mobile players can also do so in VR mode, but AR mode is more
advantageous for mobility. Furthermore Helpers collaborate among them-
selves to work out a strategy to achieve the team’s goal. In this way, social
interaction and collaboration is significant between Helpers, as well as be-
tween Helpers and her partner.

(ii) Pacman and Pacman Collaboration– Pacman players can collaborate
through exchanging ingredients between them. For example Pacman A can
initiates request for the list of unused ingredients Pacman B has. Upon
approval, A can request for transfer of ingredient from B, subjected to ap-
proval by B. However, Pacman are not allowed to transfer special cookies
so as not to disadvantage the Ghosts.

Use Special Cookie: All special cookies can only be used once. When a Pac-
man consumes a special cookie, an alert message is shown to her, and at the
same time her Pacman avatar in the VR mode is labelled. This serves to inform
all Helpers, including those from the Ghost-team, of her ability.

Devouring Enemy Player: To devour a Pacman, a Ghost must physically
touch the Pacman’s capacitive sensor pads on her shoulders as seen in Fig. 9. The
same applies when a Pacman with Ghost-devouring capability devours a Ghost.
When a Pacman player is the prey, her agility determines the ”life-and-death” of
her virtual Pacman role. Thus this computer game provides the benefits of nat-
ural wide area free bodily movements as part of humanistic interaction between
each person.

Ending the Game: The game ends when either team meets their goal or when
a time limit of ten minutes has been reached.

3.4 Problems in Implementation

From a broader perspective, the game of Human Pacman is a type of user adap-
tive application that is built upon the infrastructure of wearable and mobile
computing, as well as the wireless multimedia communication. It aims to utilize
the mentioned technology to provide nomadic players with personalized location
based entertainment. However there are numerous problems associated with the
actualization of these concepts.

We have identified three main problems in deploying the wireless communica-
tion network, in this case, the Wireless LAN of IEEE 802.11b. Firstly disconnec-
tions in communication often interrupt the flow of the game. Secondly limitation
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in bandwidth sets constraints on the type of multimedia data that can be sent
between players and between the players and the server. For example we have to
limit ourselves to simple text files for the frequent location, perspective, and sta-
tus updates between the player’s wearable computer and the server; and forego
with the initial intention of sending live video streams between players. Thirdly
unstable outdoor conditions often resulting in high error rate of the network.
These three factors in turn increase communication latency which is due to re-
transmission, retransmission on time-out delays, error control processing, and
short disconnections. We try to minimize the problems by carefully selecting the
area for game play in the vicinity of the University campus in Singapore where
network connectivity is good. Also, when designing the software for the game,
we have embedded components that enable continual processing based on local
data on the wearable computer so that when short disconnections occur, the
game can still proceed without much disruptions.

Besides communication problems, we have to bear with constraints on the
wearable computers too. Maintaining power for the computing device is essential
in this system. Since Human Pacman is a game with short duration of play
(recommended ten minutes), the wearable computer that is powered by two Sony
Infolithium batteries lasting about three hours can adequately manage the task.
Also, in designing for the user interface, we have considered the disadvantages of
using HMD as mentioned by Duchamp at el [17] such as the hassle of the head
gear, low-resolution, eye fatigue, and the requirement for dim lighting conditions.
The problems mention also exist in Human Pacman since we are also using HMD
for Augmented Reality outdoor gaming. Nevertheless as mentioned previously
about the short duration of play in Human Pacman, the problem is so acute as
to becoming unbearable to the players.

Fig. 9. A Ghost player tapping on the shoulder of Pacman player
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4 Human Computer Interface Issues in Human Pacman

Human Pacman envisions applying the concept of calm technology as described
by Weiser [18] into computer gaming by experimenting with two of the inter-
action themes in Ubicomp, namely tangible interfaces and context-awareness.
Details about them are discussed in the following subsection. After that, we will
discuss Human Computer Interaction design issues in Human Pacman.

4.1 Tangible Interface

Even though Graphical User Interface (GUI) is still the dominant paradigm for
interactions with computers, we are increasingly encountering computation that
moves beyond the traditional confines of the desk and attempts to incorporate
itself more richly into our daily experience of the physical and social world. Work
on physical interaction started with the introduction of Computer-Augmented
Environments [19] that have visioned the merging of electronic systems into the
physical world.

Over the years, a number of projects have explored this new paradigm of
interaction termed tangible computing. Early attempts include Bishop’s Mar-
ble Answering Machine [20], “Brick” by Fitzmaurice [21], “Tangible Bits” and
“mediaBlocks” from MIT media lab [22]. Nevertheless in all of these implemen-
tations of tangible computing, computer interaction remains passive with human
initiating communication, and is confined between humans and virtual objects.

However, in Human Pacman, active communication and graspable interac-
tions are explored with the use of embedded Bluetooth devices and capacitive
sensors. Bluetooth is incorporated into the system where there is already Wire-
less LAN support because firstly it provides paired communication with security
which is essential for one-to-one communication between the ‘Ingredient’ and
the player; secondly Bluetooth devices support automatic device discovery and
connection setup when they are within range therefore provide the backbone for
reasoning by close physical proximity (Pacman has to search nearby area for
‘Ingredient’ once being alerted of it). Besides, tangible interaction between the
Bluetooth embedded object and the player is made possible by using capacitive
sensor for detecting the action of touch. Another important aspect is the clever
exploitation of the affordances of the object’s physical properties whereby play-
ers can intuitively associate the action of picking up the ‘Ingredient’ object with
the collection of it in their virtual inventory.

The use of capacitive sensor shoulder pads of wearable computer for the
detection of ‘Devouring’ action in game play, serves the purpose of demonstrating
how computation can be used in concert with naturalistic activities. Also, by
making the distinction between “interface” and “action” very much reduced, i.e.
physical action of tapping versus a mouse-click for interaction, Human Pacman
allows the players to experience transparent interchange between human and
computer as never before in computer gaming.
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4.2 Context Awareness in Outdoor Environment

Researchers at Olivetti Research Ltd. (ORL) and Xerox PARC Laboratory pio-
neered the context-aware computing area with the introduction of Active Badge
System and PARCTab [23][24]. However, these systems were expensive, and
were confined to an indoor room. With the introduction of GPS and emer-
gence of cheap but accurate sensors, a number of context-aware systems for out-
door applications were built. Notable systems include Georgia Tech Cyberguide
project [25], and context-aware fieldwork tools at the University of Canterbury
(an archeological assistant tool [26], a giraffe observation tool [27], and a rhino
identification tool [28]). Unlike Human Pacman that uses augmented reality tech-
niques as its main computer human interface, these systems have only primitive
2D maps and text presented on palmtops.

Another tourist assistant called Smart Sight was developed at the Carnegie
Mellon University [29], which has an audio interface and aid navigational around
the campus. Nevertheless since laptops were used as part of the mobile computer
system, their weight and bulkiness have reduced user’s mobility and comfort
of use. In Human Pacman, players are provided with custom-built wearable
computers.

There are three ways in which the idea of context awareness is being applied
to in Human Pacman. Firstly, with the use of GPS and DRM, location awareness
of players is made possible. Although GPS suffers from accuracy and selective
availability, the problems are compensated through sensorfusion with DRM. The
system’s behavior is adapted to the player’s current location for augmented
reality (AR) placing of virtual cookies, and for calculating the relative positions
of allied players.

Another important component in realizing AR elements in Human Pacman
is the inertia sensor which provides the system with the current perspective of
the player. Besides, Human Pacman also experiment with information context
with the Helper player having information access to other players via Wireless
LAN and providing them with necessary and timely information.

4.3 Human Computer Interaction Design in Human Pacman

In Human Pacman, we tried to combine materials from cognitive psychology
and sociology with that from computer science. However the vast amount of
issues encountered have exceeded the scope of this paper. Therefore we will
concentrate on discussing issues with respect to Human Computer Interface de-
sign. According to Bellotti [30], there are five questions posing human-computer
communication challenges for interaction design. In Table 2, we summarize the
sensing approaches to interaction in Human Pacman with respect to the five
questions raised.

5 Conclusion

The continual propagation of digital communication and entertainment in recent
years forces many changes in societal psyche and lifestyle, i.e. how we think,



Human Pacman: A Mobile Entertainment System 221

Table 2. Five questions and answers posing human-computer communication
challenges for interaction design in the case of Human Pacman

Basic Question Human Pacman Interface Answers

Address:
How do I address one
(or more) of many
possible devices?

With the implementation of Ubiquitous Computing, the
system constitutes a more amorphous concept with auto-
mated interactions between sensors and computer. The
existence of unique address for each Bluetooth device
disambiguates the Bluetooth embedded objects. Further-
more, centralized control of the server prevents ambiguity
of intended target system even when there are more than
one players are near the Bluetooth device. Keyboard and
mouse are used for messaging and selection of the ‘Ingre-
dients’ to be exchanged between Pacmen.

Attention:
How do I know the
system is ready and
attending to my ac-
tions?

Graphical feedback is used extensively from providing
alert message in popped up window, to refreshing virtual
inventory after Pacman picked up Bluetooth embedded
object. Also, since this graphical information is provided
in the HMD directly in the zone of the user’s attention,
they are highly effective.

Action:
How do I effect
a meaningful action,
control its extent
and possibly specify
a target or targets
for my action?

The Pacman\Ghost click on preset messages to be sent
to Helpers. Pacmen click on graphical representation of
‘Ingredient’ to be exchanged. Clearly labeled Bluetooth
embedded objects are to be found in physical space where
interaction is intuitive. According to Norman’s Theory
of Action [31], this form of tangible interface bridges the
‘Gulf of Execution’.

Alignment :
how do I know the
system is doing
(has done) the right
thing?

Real time graphical feedback presents distinctive and
timely graphical elements establishing the context of the
system.

Accident :
How do I avoid mis-
takes?

Pacman right-click on virtual ingredient in order to dump
the ingredient.

work and play. With physical and mobile gaming gaining popularity, traditional
paradigms of entertainment will irrevocably shake from the stale television-set
inertia. We believe that Human Pacman heralds the conjuration and growth of
a new genre of computer game that is built on mobility, physical actions and
the real world as a playground. Reality, in this case, is becoming more exotic
than fantasy because of the mixed reality element in the game play. On the
other hand, emphasis on physical actions might even bring forth the evolvement
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of professional physical gaming as competitive sport of the future, for example
‘PacMan International League’.

Element of social gaming in Human PacMan symbolizes the nas-cence of
humanity in future digital entertainment. People are looking forward to widening
their circle of friends and colleagues through social collaboration in game play.
A new form of interactive entertainment is evolved.

Another important area of impact is the field of education. The technology
presented in Human PacMan can be exported to applications in educational
training that stresses on “learn by experience”. Students are immersed in real
site of action, and are given instructions visually through head mounted display
or verbally through speaker\earphone. This technology serves as a powerful in-
strument of cognition since it can enhance both experimenting and reflective
thoughts through mixed reality and interactive experience.

In conclusion, we believe Human PacMan is a pioneer in the new hybrid of
physical, social, and mobile gaming that is built on ubiquitous computing and
networking technology. The players are able to experience seamless transition
between real and virtual world and therefore a higher than ever level of sensory
gratification are obtained.
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Abstract. Programming interactive networking applications for mobile
devices is currently a laborious process, due to the lack of standardized
development support. We introduce a new software platform,
OpenTrek, primarily intended to assist the development of multiplayer
networked games on Pocket PC devices. OpenTrek is similar to game
development environments on stationary PCs, such as DirectX, but is
fully optimized to work with mobile devices. It is a freely
downloadable package with a fast learning curve, which includes
support for ad hoc networking and efficient graphics. We successfully
deployed OpenTrek in a course at a local university. 28 students with
no previous experience in Pocket PC programming were able to create
12 different advanced multiplayer networked games in only five weeks
(which included introduction to the platform). By easing the
development of advanced interactive applications on Pocket PC,
OpenTrek can lower the hurdle for researchers who wish to prototype
and test novel user interfaces for mobile devices.

1 Introduction

In many ways, games are at the forefront of mobile HCI. A successful game must
provide instant and intuitive interaction to novice users, while at the same time
pushing the latest mobile technology to its limits. Previously, mobile gaming has
primarily been the domain of specialized devices, such as Nintendo’s Gameboy.
Although most mobile phones also have a few built-in games, these have been fairly
primitive. Recently, however, the capabilities of handheld computers and mobile
phones have been increasing. A typical Pocket PC such as the Toshiba e330 has a
screen with 64.000 colors and a resolution of 240 x 320 pixels, a processor running at
300 megahertz, and built-in wireless networking. The Nokia N-Gage mobile phone is
specifically developed to run games, and includes a 4096 color display with a
resolution of 176 x 208 pixels, a 104 MHz ARM processor, plus Bluetooth and Java
support. With devices such as these in the pockets of general consumers, we are likely
to see an increase in full-color, networked interactive applications � many of which
will be games.
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Fig. 1. Spaceball is one of 12 interactive networked multi-player games created by students
using the OpenTrek platform

But in our opinion, faster processors and colorful graphics is only part of what will
make the future of mobile applications so interesting. What makes the next generation
of mobile gaming devices different, be they Pocket PC, mobile phones or something
else, is the inherent support for wireless networking. This will come in the form of the
new generation of mobile phone networks, such as GPRS (2.5G) and broadband (3G)
nets.  It will also come in the form of wireless local-area networks such as Wi-Fi, and
personal-area networks such as Bluetooth. All of these networking capabilities open
up new possibilities for interactive entertainment and collaboration, which so far
remain mostly untapped. The only gaming device that is currently designed primarily
with wireless networking games in mind is the Cybiko [4] but more are certain to
follow as the technology matures.

However, the initial hurdle that needs to be overcome to develop applications for
mobile devices is currently much greater than the equivalent for desktop computer.
There are several game middleware platforms that support Windows PCs, such as
DirectX [6], SDL [11] and ClanLib [3]. These platforms offer a standardized way of
accessing advanced hardware features, such as graphics acceleration; they also
provide a level of abstraction that makes the development of networking functions
much easier. Although they are primarily intended for commercial development they
have successfully been used in research projects, for instance to develop virtual reality
applications [2] and videoconference systems [8]. But whereas for instance
Microsoft’s Pocket PC platform has become a widespread standard for handheld
computing systems, there is yet no equivalent development support for such devices.

We have developed OpenTrek, a software platform for mobile devices, in
particular those based on the Pocket PC standard. It includes middleware layers that
aid in the development of interactive graphics and ad hoc networking, and a set of
helper applications and APIs to ease development. The platform was designed
primarily for prototyping multiplayer networked games, but can equally well be used
for other demanding interactive applications.  The design of OpenTrek was based on a
game middleware platform for stationary computers, which will make it possible to
transfer existing interfaces and prototypes from stationary to mobile devices.
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In the following we will first briefly discuss some problems in designing software
for mobile devices, after which the OpenTrek platform and its components will be
described in depth. Following this we account our experience of the first practical
deployment of OpenTrek during a university course, and exemplify with two games
developed by students. Finally we conclude and discuss some future work.

2 The Need for a Development Platform for Mobile Devices

Handheld computers and mobile phones provide many new challenges for application
developers and interface designers. A handheld computer is not simply a scaled-down
desktop PC. Input methods differ radically, and interaction techniques that work well
with a mouse and a keyboard may very well be completely inappropriate for the
capabilities provided on a handheld. The usage situation differs too: whereas
developers can count on desktop users to be in a situation where they can give the
application more or less their undivided attention, mobile users may be walking,
riding the bus, or engaging in social interaction while using an application. Thus it is
extremely important to develop and test mobile HCI techniques on actual mobile
devices, rather than running them in a simulated environment on a desktop
workstation, or evaluating them in limited lab settings.  This puts a high demand on
researchers to make their applications run as efficiently as possible on mobile devices,
to be able to correctly evaluate new applications and interaction concepts.

Whereas standardization has made it possible to run the same graphics-intensive
code with virtually no performance loss across desktop computers from a wide range
of manufacturers, this is not yet the case for handheld computer. Although Microsoft’s
Pocket PC standard is widely accepted, hardware details vary extensively between
manufacturers.  In particular, the way in which graphics is stored in memory can be
quite different � a Casio Pocket PC does not use the same internal representation as
for instance an IPAQ. If a developer wants to access the display on a Pocket PC
without using middleware it is necessary to write directly to a specific memory area.
But since displays are represented differently in memory on different devices, this
makes it necessary to write several versions of the code to update the display
efficiently on different devices.

On stationary computers, applications typically send messages over the network
using insecure UDP packets. To move such an application to a Pocket PC device
without using middleware would in practice require a complete re-design of its
network communications. This is because of the limited network resources on mobile
devices, where the incoming network buffer by default is only capable of storing a
single large network packet at a time. Unlike stationary computers, the size of the
incoming packet buffer cannot be changed. A networked application targeting Pocket
PCs must therefore include at least a multithreaded incoming queue system, to avoid
incoming network sockets from being recycled by the network interface. Other
networking features such as service discovery, guaranteed transfer of messages,
message priorities and automatic multicast are standard on game middleware
platforms for stationary computers but are not available for mobile devices. To
provide the same functionality for a mobile device, the developer would not only have
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to design protocols to support these features, but must also design a software
architecture to integrate the networking features with the rest of the application.

3 OpenTrek

In our previous work we created several networked applications for handheld
computers, where issues like those mentioned above had to be considered in every
new project (such as ProxyLady [5] and Fieldwise [7]). What eventually became
OpenTrek began as several thin class libraries created for these applications, targeting
graphics, network connections and network communications. Using these class
libraries required extensive knowledge, and preliminary feedback from students who
used them was that the learning threshold was considered too high for use in most
time-limited academic settings (such as courses and thesis work). Thus, work begun
on an integrated solution, a platform based on the class libraries we had created but
with a much shorter learning time.

OpenTrek is the common name for our collection of helper applications, class
libraries, and run-time modules to aid in the creation of networked games for
handheld computers. The platform is �open� in that it is modularized, enabling
developers to add, change or remove features from the platform while it is running.
The name OpenTrek originated in the project where the platform was first used, in
which students used their handheld computers to �Trek� different physical areas using
ad hoc network connections.

Choosing a hardware platform for OpenTrek, our requirement was that the
handheld computer should support Wireless LAN for network communication. When
work begun on OpenTrek, the only handheld computer platform capable of WLAN
communication was the Pocket PC platform by Microsoft. Choosing the Pocket PC
platform also meant that a version of OpenTrek for stationary computers could be
developed in parallel using the same code base. The stationary version supports high
resolution and hardware accelerated graphics and can be used for development and
demonstrational purposes.

We will now describe the OpenTrek platform and motivate its design, illustrate its
components and highlight how OpenTrek supports the creation of networked games
and other applications for mobile devices.

3.1 Platform

The most widespread platform for creating networked games on stationary computers
is the Microsoft DirectX platform [6]. The DirectX platform is a collection of thin
class libraries, targeting graphics, sound, input, and network communication. The
DirectX platform is similar to the class libraries we created in our previous projects,
but requires extensive knowledge to use. When developing the OpenTrek platform, it
was designed to be as similar to the graphics and network class libraries of DirectX as
possible, so that students familiar with OpenTrek also would feel proficient with the
DirectX platform, and vice versa. Helper applications and �wrapper classes� that
simplify the use of the class libraries in OpenTrek make it easier to use and improves
the learning time for new users.
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Microsoft has recently ported part of their DirectX platform (DirectPlay for
network communication) to handheld computers. Since it is similar to the version for
stationary computers, it still requires a significant learning time and experience to use
in actual projects. This makes it unsuitable for student work in academic settings.

Fig. 2. The OpenTrek platform

Fig. 3. A typical Lobby application, showing online users and their activities

The OpenTrek platform is shown in Figure 2 above. Hardware access is controlled
with a graphics and networking middleware, and applications created using the
platform can take advantage of several thin class libraries and �wrapper classes�. An
OpenTrek application can itself not be started separately, but has to be initiated by a
helper application called the OpenTrek Launcher. The OpenTrek Launcher can start
several applications in parallel on the same handheld device, all of which may use the
same graphics and networking middleware. The OpenTrek Launcher monitors the
performance of each application so that the applications can cooperate using the same
limited amount of graphics and networking hardware. The OpenTrek launcher has by
itself no user interface. The user interface is started from the OpenTrek Launcher as
an application called a Lobby, enabling the end user to customize its use and function.
A typical function of a Lobby is to show what users have their devices switched on
and what their activities are, as seen in Figure 3.

3.2 Using OpenTrek

There are already many software platforms assisting with the development of
networked games (such as DirectX [6], SDL [11] and ClanLib [3]). OpenTrek differs
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from these in that it provides a combination of high abstraction �wrapper classes� and
helper applications that are specifically designed for networked games development
for handheld devices. Both the wrapper classes and helper applications simplify the
development process and shorten learning time. We will now describe the
development process for a minimal whiteboard application to highlight how
OpenTrek can be used in practice.

Fig. 4. The BlueBoard application

The BlueBoard Application. BlueBoard (as seen in Figure 4) is a simple whiteboard
application that captures stylus strokes on a handheld computer and sends them to
other devices on the same network. People should be able to initiate, join and leave
whiteboard sessions at any time. Multiple whiteboard sessions should be able to run
on the same network. BlueBoard should support ad hoc networking, so that it can be
used in places where no Wireless LAN infrastructure is available.

The BlueBoard Implementation. There are three steps involved in creating
BlueBoard. First an application wrapper class is used to create a new application
shell. The wrapper class is then extended to handle coordinates received from the
stylus input, and to pass them on to the OpenTrek Launcher as messages to be sent
over the network. Finally the wrapper class is extended to handle coordinates received
from other users over the network and draw them on the display.

Many of the features in BlueBoard are provided by the OpenTrek helper
applications. The OpenTrek Lobby application provides a way for people to initiate,
join and leave sessions such as whiteboard and game sessions on the current network.
The networking middleware of OpenTrek includes support for ad hoc networks. The
graphics middleware provides a toolkit to draw double-buffered brush strokes on the
display.

The application wrapper class in OpenTrek encapsulates device dependent logic
such as messaging events, stylus input and button presses. It also contains logic for
linking the application and the OpenTrek Launcher together. This link enables the
OpenTrek Launcher to start and close applications as needed. One such example is
when a person uses a Lobby to start a new BlueBoard session (as seen in Figure 5):
the OpenTrek Launcher automatically starts BlueBoard on all devices simultaneously.
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Fig. 5. Using a Lobby to start the BlueBoard application

The BlueBoard application starts out as a subclass to the application wrapper class.
Extending the application wrapper class, code has to be added so that coordinates
received from stylus input are encapsulated as coordinate objects inside network
message objects. The network message object has fields such as ID, destination user,
delivery mode, and timeout. Leaving the destination user field empty sends the
message to all current users in the session. Code has to be added to pass the
coordinate network messages to the OpenTrek Launcher, which places them in an
outgoing network queue for immediate delivery. The code necessary to capture stylus
coordinates and send them to all other users in the same session is listed below.
Coordinate objects and network message objects are all a part of the OpenTrek class
library, which is Open Source.

The program code to send stylus coordinates to all other users in the same session

HRESULT CMyApplication::OnStylusMove(POINT p)
{
 CDataPoint point(p);     // Create a coordinate object
 CDataMessage msg(MSGID_COORD);// Create message object
 msg.SetData(point);            // Store the coordinate
 m_pLauncher->SendMessage(msg); // Send the message
 return S_OK;
}

Again extending the wrapper class, the BlueBoard application is notified when
messages arrive from other users (via the OpenTrek Launcher), and extract the
coordinate objects contained within them. Using a list of previous coordinates
received from each user, a line is drawn on the display. The code required to store the
incoming coordinates received over the network is shown below.

The program code to receive coordinates from other devices in the same session
and store them in a list
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void CMyApplication::OnMessageReceived(const
CDataMessage& message)
{
 switch (message.GetID()) // The ID is set when the
 {                        // network message object is
 case MSGID_COORD:        // created
  {
   CDataPoint point;       // Create empty coordinate
   message.GetData(point); // Retrieve values
   m_incomingcoordlist.AddTail(point); // Store in list
  }
  break;
 }
}

The application wrapper class contains a display thread that is called several times
each second, in which the lines are drawn to the display.

3.3 OpenTrek Helper Applications

In the following we will describe the two helper applications that are part of the
OpenTrek platform: OpenTrek Launcher and OpenTrek Lobby.

OpenTrek Launcher. The OpenTrek Launcher is used to start applications built on
the OpenTrek platform. Internally, the OpenTrek Launcher is the runtime engine that
connects OpenTrek applications with the graphics and network middleware. The
OpenTrek Launcher operates as a message router, to which modules can be added
dynamically while it is running. Examples of modules that can be added are Lobby
applications that provide a user interface, and network modules that provide support
for application sessions running on the local network.

All network communication for OpenTrek applications pass through the Launcher.
The rationale for this is to allow seamless communication across multiple network
interfaces (such as Bluetooth and Wireless LAN), and also to provide transparent
session initiation and session management for ad hoc networks (the OpenTrek
Launcher is responsible for creating a session on the network when needed). The
layered approach makes it possible to send network messages to a specific application
instead of a device, enabling multiple applications to run in parallel on the same
device and network interface.

Another reason for using the launcher is that software running on a typical
handheld computer never closes. When a Pocket PC device is �shut off�, it is actually
frozen in its current state, and applications continue running as normal when the
device is switched on. The feature where modules such as applications can be linked
to the OpenTrek Launcher while it is running was required, since the user otherwise
would sometimes be forced to reset the entire state of the device, shutting down all
programs.

OpenTrek Lobby. An OpenTrek Lobby is an application whose primary purpose is
to enable users to initiate, join and leave application sessions on the local network. A
Lobby application contains the interface that is presented to the user when the
OpenTrek Launcher is started, showing what people have their devices switched on
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and what they are doing. The user can switch between different Lobby applications,
and it is also possible for a Lobby application to start other Lobby applications
locally.

Lobbies are used in most networked computer games, and are typically located on
a remote computer and accessed over the Internet (e.g. DirectPlay [6]). In OpenTrek,
each network interface module is responsible for automatically joining and managing
a �lobby� for the user. If the OpenTrek Launcher is run on an ad hoc network, all
devices physically located nearby automatically join the lobby. If the OpenTrek
Launcher is run using a module for mobile phones, lobbies are stored on specific
devices running as servers (similar to �chat rooms�).

3.4 OpenTrek Middleware

The OpenTrek platform comprises two middleware components: networking and
graphics.

OpenTrek Network. The OpenTrek Launcher has an Application Programming
Interface (API) to which it is possible to plug in network modules. The API defines
commands and requests sent by the OpenTrek Launcher to the network module, and
callback operations that the network module can use to notify or request information
from the Launcher. Examples of commands sent from the OpenTrek Launcher to the
network module include: go online; get a list of online users; get a list of running
sessions; create session; join session; and send message.

The interface for the network modules was designed so that it would suit most
types of network hardware, from infrared connections, to server-based connections
over mobile phone connections, to ad hoc wireless network connections over WLAN.
To test the interface specification in practice we implemented network modules for
infrared, mobile phone and WLAN networks. The features that should be
implemented by the networking module were defined by compiling a feature list from
the Microsoft DirectPlay documentation [6]. Some of these features are: reliable and
unreliable delivery of messages, sequential and non-sequential delivery of messages,
automatic multicast delivery if applicable, automatic message fragmentation and
reassembly, congestion control, and message timeouts using multiple outgoing
queues.

Peer-to-peer. OpenTrek network modules are strictly peer-to-peer, meaning that there
is no central host controlling the sessions on the network. Each network module is
responsible for sending out online status information to all other devices, and to
collect information on other devices and report back to the OpenTrek Launcher. The
network module in OpenTrek that supports mobile phone connections sends and
retrieves online status information from a central device that has been configured as
server, and can be placed anywhere on the network. The approach where no specific
device is used as a host enables ad hoc networking, where people can join and leave
network sessions immediately as the device is switched on and off.

Server Mode. The OpenTrek Launcher can be configured to run as a �server�. This
does not alter the functionality of the launcher, but it may change the functionality of
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the modules plugged into it. If for example a networking module designed for mobile
network connections is running in server mode, it will change mode from send and
retrieve information about online status to collect and distribute. Examples of
OpenTrek applications using server mode are file servers, where the application
changes from downloading files to distributing files to users in the proximity. A
Lobby application running in server mode might be used to start an advertisement
application on a user’s device as soon as the person comes within the proximity of the
server node. The server mode of the launcher is typically used on devices with no user
input, such as service-providing nodes in proximity-based and context aware service
networks.

Session Initiation. The network modules in OpenTrek do not assign a host for each
session. However, in some situations applications created on the OpenTrek platform
need to assign one of the devices in the session as a controller, deciding who should
be able to join the session and when. This controlling device could also be used to
generate data that should be available before the session is initiated (such as map data
for a game).

The OpenTrek Launcher initiates sessions on the network by starting the
application on the first two devices synchronously, where the rest are allowed to join
asynchronously. Applications can check during startup how many users are already
participating in the session, meaning that one device will have only one user in the
session (the local user) and another device will have two users. The motivation for
starting the first two devices synchronously is so that one device can be assigned as a
backup host, in case the primary host should choose to leave the session. The Session
Initiation Protocol used by the OpenTrek Launcher can be seen in Figure 6.
Network Protocol. Networking modules in OpenTrek use the built-in IP stack for
communication. Messages are sent as UDP packets, enabling multicast when used on
local networks. Multicast improves performance scaling when the number of users
joining a session increases. Networked games often send time-critical redundant data
repeatedly, using UDP guarantees that the network hardware will not try to resend
packages lost due to high packet-loss wireless networks.

One of the features in the network modules is the ability to send guaranteed
messages. Guaranteed messages are sent using the Trivial File Transfer Protocol [13],
TFTP. Messages are sent as small packets that are each acknowledged by the receiver.
OpenTrek implements TFTP extensions such as the TFTP Blocksize option [12], to
enable a variable packet size based on measured packet loss.

Information about online status is broadcast continuously in the current network
Lobby as a small UDP packet. The online status information comprises information
such as user id, device id, what sessions the user participates in, and the ID of every
application participating in each session.
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Fig. 6. The OpenTrek Session Initiation Protocol

Fig. 7. Pocket EverQuest by Sony Online Entertainment was created using our graphics
middleware GapiDraw

OpenTrek Graphics. The graphics middleware in OpenTrek is a toolkit we have
created for fast graphics on handheld computers, called GapiDraw. GapiDraw is not
accessed through the OpenTrek Launcher, but is called directly by the OpenTrek



OpenTrek: A Platform for Developing Interactive Networked Games      235

applications using a class library. The OpenTrek Launcher is however responsible for
starting the middleware and sharing it to the applications. The OpenTrek Launcher
also determines when a specific application can draw to the display, in case several
applications are started in parallel.

The interface to using GapiDraw is nearly identical to using DirectDraw in the
Microsoft DirectX platform. The motivation for creating GapiDraw came from the
lack of available platforms to create fast graphics on handheld devices. Commonly
available platforms for stationary computers such as DirectX [6], SDL [11] and
ClanLib [3] are not optimized for and will not work on handheld computers.
Handheld computer platforms such as Overloaded [9] and PocketFrog [10] have all
been abandoned by their authors and are no longer being supported or updated. As of
current, the only graphics toolkit available for Pocket PCs still being maintained,
updated and supported is our GapiDraw toolkit.

GapiDraw has been separately released on the Internet and input from game
development companies have resulted in a feature set comprising most 2D operations
necessary for games development. Some of these features are alpha blends, rotation,
zoom, bitmapped fonts, collision masks and sprite intersections. An example of a
GapiDraw game, Pocket Everquest, is shown in Figure 7.

4 Implementation

The OpenTrek platform is implemented in C++ and runs on Pocket PCs and
stationary computers. For a Pocket PC device to use the OpenTrek platform it must be
equipped with a network interface, such as Wireless LAN or GPRS. An internal test
version of OpenTrek for the Symbian operating system was created to verify that the
class libraries and APIs would work on devices other than the Pocket PC.

Applications created for the OpenTrek platform will automatically run on both
Pocket PCs and stationary PCs, simply by recompiling them for the correct system.
When OpenTrek runs on a stationary computer, the built-in video card will accelerate
all graphics operations. Video hardware acceleration enables high-resolution
stationary applications that communicate with their Pocket PC counterparts.

The modular design of the platform has made it possible for third party developers
to expand the platform with additional features. Extensions currently available are 3D
graphics, streaming video and sound support. All of these extensions build on our
middleware and extends it with new functionality.

OpenTrek has been tested to run on stationary operating systems such as Windows
95/98/ME/2000/XP and most 12-bit and 16-bit color Pocket PCs.

5 Experience: OpenTrek in Education

OpenTrek was developed to allow rapid prototyping of interactive networked
applications on handheld computers, primarily games. An important requirement of
the platform was that it should be so easy to use that even developers with little or no
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experience could quickly get up to speed and develop new applications.  In particular,
we intended OpenTrek to be used in an educational setting.

The first practical use of the OpenTrek platform was in a course at the local
university, attended by 28 students. The students were at the graduate level, with
approximately three years of studies in computer science or equivalent.  Each student
was equipped with all the necessary development tools for targeting both stationary
computers and handheld devices, including a personal laptop and a WLAN-equipped
Pocket PC (Compaq IPAQ H3630). The goal with the course was to develop a game
from scratch in five weeks.

All students had at least two weeks of C++ programming experience, but none had
previous experience of game development. The first week of the course we introduced
the students to the OpenTrek platform. We also taught the students some fundamental
principles in game development, and supplied them with various design patterns
suitable for real time networked games development.  After the initial week, the
students were divided into 12 groups, ranging from 1-3 people. The groups were then
allowed an additional four weeks to develop their games.

The major requirement to pass on the course was to produce a fully working
multiplayer networked game within the time given for the course. The game should
be responsive in real-time, fully interactive and preferably multithreaded. To pass
with distinction, the game should use advanced visually responsive graphics. Ideally,
the game should also define some new and innovative uses of mobile ad hoc networks
for gaming.

After the four weeks were up, each group was required to present not only their
game concept and design, but also demonstrate their game live using two or more
actual handheld devices. At this time, all students sent us the latest version of their
source code so we could perform a thorough code review to search for problems and
provide feedback for improvements.

5.1 The Games

All of the student groups managed to develop and demonstrate a fully working game
during the five-week course. The twelve games ranged from simple card games to
advanced real time action games. Eight of the game used what we would term
visually responsive graphics, i.e. they were full-fledged arcade-style action games.
Two of the games supported more than two players.

Several groups introduced innovative ways to use networking to support new types
of games. For instance, one group created a form of meta-game where players would
move between different �islands� where they could buy and sell various items, that
could then be used in other games. Each island was in fact a Pocket PC, and the size
of the island was defined by the range of the devices’ wireless network range. In other
words, to be able to trade with an island, the player would have to be within physical
range of it, or rather the device which represented it. This is a way of promoting
players to move around and socialize, much in the way of context-aware social game
s like Pirates! [1].

In the following we will highlight two of the more advanced games. More
information about all games developed during the course can be found at:

http://www.cafetrek.com/
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Fig. 8. TrekFighter, a variation of the classic game Snake, supporting up to four players playing
over a wireless network

TrekFighter. TrekFighter (Figure 8) is an updated version of the classic multiplayer
game Snake, often found in mobile phones (e.g. Nokia 6110). In the game each player
controls a small figure on the display � the �snake�. The player must take charge of
his or her snake so that it does not run into the wall or into another player � or it’s own
tail! During the course of the game, the length of the snake increases, making it more
and more difficult to maneuver. The winner of the game is the player who is the last
to run into a wall or the tail of the other persons snake.

The students’ game is a significant advance on the traditional version. It supports
up to four players over the network; when the game starts, the players’ snakes are
distributed over the corners of the playing area. The students added many features
such as �pick up bonuses� that give the ships a speed-up or slow them down. The
application even supports game maps that are larger than the actual display area; the
graphics will scroll smoothly to focus on the player’s own snake. An external artist
was called in to design the game’s graphics.

The network communication was implemented using unreliable peer-to-peer
model. The first device to start a session is automatically assigned server status,
whereas the second device is assigned as a backup server. All devices in a game
session continuously send their ship coordinates and ship rotations to the server
device. This device in turn continuously broadcasts all ship coordinates using
automatic multicast to all the other devices in the current session. This model does
lead to some problems, since if the server device leaves the game, all clients will be
forced to leave the game as well.

TetTrek.   TetTrek (Figure 9) is based on the classic game Tetris, where the player
controls falling bricks. If the bricks can form a solid horizontal line, that line is
removed from the screen. The goal is to keep playing for as long time as possible, and
points are awarded as lines are removed. This multi-player version of Tetris allows
two opponents to play over the wireless network. Each player can see both his or her
own map and that of the opponent.
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Fig. 9. TetTrek is a two-player networking version of Tetris

The students added some additional features to spice up the game. In particular,
�bombs� can be earned by successfully clearing rows of bricks in a certain pattern.
These can then be set off on the opponents map to cause various types of mischief,
such as creating walls, adding bricks, etc. All graphics for the game was developed by
the students themselves. The network communication in TetTrek is based on a model
with guaranteed message transfers. The local game area is continuously sent to the
other device in the current session. Other commands, such as bomb transfers, are also
sent in a secure way.

6 Conclusions and Future Work

We have presented OpenTrek, a software platform that allows developers with little
or no previous experience of software development for handheld computers to quickly
create advanced interactive networked applications. Based on the results from the use
of OpenTrek in an educational setting, we argue that the platform provides an
efficient way to quickly develop new games as well as other interactive applications.
By giving developers and researchers the ability to make efficient interactive
prototypes that can be run on a variety of Pocket PC devices, OpenTrek makes
development and testing of mobile interfaces much easier. This means that it can be
an important contribution towards enhancing the usability of mobile applications.

Future work involves adapting the OpenTrek platform to work on mobile phones.
Mobile phones introduce use situations that differ from handheld computers,
situations that can be explored with the help of new OpenTrek applications. Work is
also planned to create interfaces to programming languages other than C++. For
example using a managed wrapper for the Microsoft .NET platform, OpenTrek
applications can be created with programming languages such as Visual Basic, C#
and Java.
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7 Download

The OpenTrek platform can be downloaded freely from the web using the following
URL:

http://www.opentrek.com/

GrapiDraw, the graphics component of OpenTrek, can be downloaded from:

http://www.gapidraw.com/
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Abstract. Recent advances in mobile computing and communication
technologies have spurred nomadic use of computers. In order to sup-
port HCI design for new mobile services, we have developed the
MADE (Mobile Applications Development Environment) software de-
velopment kit. MADE includes M3P (MicroMultiMedia Player), a net-
work-enabled multimedia player easily programmable through the Mi-
cromultimedia Services Language (MSL). MSL provides high-level
components encapsulating advanced services (e.g. positioning, database
query, path search, games, etc.), that can be easily integrated in multi-
media presentations. This allows building modular applications that
provide information-rich services to the general public through a coher-
ent and homogeneous multimedia HCI, that can be learned with low
mental workload. On the other hand, MADE hides the low-level aspects
of multimedia and service management, allowing designers to focus on
the modalities of presentation of information and on user interaction.
The paper describes MADE and briefly sketches some tour guide appli-
cations we developed using the tool.

1 Introduction

Recent advances in mobile communications and computing technologies are spurring
the diffusion of network-enabled nomadic devices providing information and enter-
tainment services for mobile users. This will let a great computing power always
available to millions of people in their daily life activities. But a full exploitation of
such a potential, which can offer location-aware services, positioning, e-ticketing, etc.,
requires study and implementation of Human-Computer Interaction (HCI) modalities
that support usability of the new mobile tools by the general public. Putting it in John-
son's words: �The case remains that functionality does not exist for the user if that
functionality is not usable� [1]. This aspect is particularly critical for mobile devices
featuring limited hardware resources of mobile devices (e.g. CPU speed, battery life,
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screen size and memory availability) [2, 3]. Thus, new, ad-hoc solutions in HCI have
to be found to guarantee usability of applications by the general public.

We have explored design and implementation of new mobile services in the context
of the E-Tour, IST (Information Society Technologies) European project [4]. E-Tour
is aimed at developing information-rich, multimedia guides on mobile devices for
tourists. In particular, the focus is on edutainment, that is: providing cultural and tour-
ist information and services in a pleasant and appealing fashion through high-quality
interactive programs.

The contribution presented in this paper does not concern new HCI theories for
mobile computing platforms. Rather, we present a new tool aimed at supporting effi-
cient development of mobile tour guide applications. The tool has been designed to
meet the requirements, coming from both end-users and tourist sites' management,
captured in field-tests of early prototypes and from analysis of tourist information
needs in environments such as museums, parks and urban and mountainous areas [4].
The E-Tour project adopted an user-centric design methodology, including participa-
tory design [5], contextual design [6] and usability specifications [7], in order to sup-
port wide usability by the general public. This analysis highlighted in particular the
need for integrating several different services, such as interactive maps, database que-
rying, positioning and tour planning, within a single, highly usable interface.

We could not make extensive use of standard desktop HCI solutions to face these
issues, since end-users, usage patterns, sensors and computational tools of our tourist
applications are significantly different from the ones typical of the desktop-computing
environment. Thus, it was very important for us to use dedicated tools supporting
efficient exploration of HCI solutions. In particular, the user needs analysis revealed
that usability of applications requires provision of advanced contents and functions
through a pleasant multimedia interface.

While a lot of research work has been done in the single fields off multimedia pres-
entations and advanced functions for mobile users [e.g. 3, 8, 9], little has been done
concerning tools able to support integration of advanced functions in appealing mul-
timedia interfaces usable by the general public. Our work aims at bridging this gap,
developing a software development toolkit (namely: MADE, Mobile Applications
Development Environment) that supports integration, at programming-language level.

MADE includes the Micromultimedia Services Language (MSL) and the Mi-
croMultiMedia Player (M3P). MSL provides components encapsulating advanced
services and multimedia features, while M3P manages communication among the
objects, with the system, and with the user. Such language-level integration allows the
developer to focus on a single development tool (MSL), which should reduce learning,
development and maintenance time.

2 Related Work: Mobile Guides for Tourists

Design of electronic mobile guides for tourists is a well-explored research area in
ubiquitous computing [10]. We briefly present here just two large projects in this area.

The GUIDE project at the University of Lancaster has explored issues concerning
development and user acceptability of a mobile context-aware  (especially location-
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aware) interactive assistant to city visitors. The project focuses on positioning tech-
nology and wireless communications [11], on generation of tours customized accord-
ing to contextual triggers and user preferences [12] and on sharing of contextual in-
formation between members of groups of mobile users [13]. HCI aspects have been
investigated in depth, for example in the implementation of a friendly approach to
novice users [11] and of a wizard-based interface to enable users to specify constraints
on the way their personal context is shared with other visitors [13]. The User Interface
(UI) relies on HTML pages shown by a customized web-browser.

The Hewlett-Packard's CoolTown project has studied infrastructure and applica-
tions for ubiquitous systems in which people move about while using portable devices
to access services and applications integrated in the physical world [14, 15]. The proj-
ect has developed also an electronic mobile guidebook which has been tested at the
Exploratorium Museum of San Francisco to support museum visitors with web re-
sources [16]. The UI relies on Pocket Internet Explorer and on standard WinCE
Graphical User Interface (GUI) components.

While a lot of work has been done to make these applications powerful from the
functional point of view, their interfaces use standard GUI components, such as but-
tons and other controls, with the typical look-and-feel of the underlying operating
system. These components are suitable for people familiar with computer systems, but
may be awkward for the general public. For wide usability, it is important also to
consider graphics interfaces that use elements immediately appealing to the public.

Our research is similar, but the approach slightly different. We do not use experi-
mental sensing technology, which may not be suitable at present for usage by the gen-
eral public [10]. Instead, we are more interested in improving the end-user's experi-
ence by providing high-quality multimedia customized UIs integrating various kinds
of services (e.g. databases, games, automatic positioning).

3 Enhancing Efficiency in Development
of Multimedia Mobile HCI

A crucial factor to developing interfaces usable by the general public is the possibility
of using design tools that support HCI designers in their research for new interaction
solutions [7]. MSL supports development of interactive multimedia programs able to
integrate added-value services for mobile users. A typical MSL presentation consists
of a set of pages (CARDs, in MSL terminology) containing multimedia and service
objects. The MSL script specifies pages' layout and objects' appearance, synchroniza-
tion and user-interaction modalities. MSL scripts are interpreted at runtime by an OO
multimedia player, MicroMultiMedia Player (M3P), that manages presentation of
contents and user interaction according to the instructions specified in the input MSL
script.
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Fig. 1. Selecting a museum guide from the city-guide application (the tour guide for the
Genoa's historical center)

Such a high-level, integrated approach to building multimedia and service-rich mo-
bile applications provides significant advantages to end-users and developers.

Users benefit from interacting with a single HCI framework and from exploiting
synergies between the integrated services. For instance, a tourist using a city-guide
application featuring a GPS-enabled interactive map with layered information on
commercial and leisure activities can select a museum area to enter the museum's
multimedia guide (Fig. 1). These services are part of a single application, with a con-
sistent and homogeneous HCI, to which the tourist can get accustomed in limited
learning time. That is, the tourist does not have to acquaint to different programs'
interfaces in order to access to different services.

On the other hand, developers can leverage a single and simple script language to
implement highly usable applications. Using such a high-level tool allows designers to
concentrate on the analysis of HCI methodologies, exploring several solutions, with-
out caring for the low-level aspects of writing code for event handling and multime-
dia/service management. Moreover, MSL enhances design productivity by employing
the O.O. technology, supporting code-reuse and program extensibility.

4 M3P Architecture

M3P is the software engine that interprets at runtime the MSL script specifying the
behavior of the multimedia application.

Since the mobile devices' market, including Internet-enabled phones, is fragmented
in a number of different, still incompatible hardware/software platforms [17], cross-
platform portability is a key-factor for the multimedia player. In order to support port-
ability, the M3P's core relies on a two layer architecture as depicted in fig. 2, involving
a high-level, platform independent, director and a low-level driver. The director is the
responsible for creating, initializing and managing the objects that implement the
multimedia presentations. Moreover, it conveys to the target objects events coming
from user and system.
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Fig. 2. M3P architecture. The core of M3P involves a platform independent director and a plat-
form dependent driver. The director manages the multimedia objects of the presentation. Ob-
jects are organized in hierarchical structures. For instance, a CARD (i.e. a multimedia page)
may include several images, buttons and mpeg players. The driver implements the access to the
hardware, while the director deals with the logic of the multimedia presentation

In order to support incremental development of the player, we have developed M3P
as a set of modules. In particular, the Director has been designed to be independent of
the components it manages. According to the instructions specified by the MSL de-
veloper in the script, events (either from the system or from user interaction) are con-
veyed to the director, which simply redirects them to the target components.

Events are implemented as messages, which are interpreted by the target objects.
Thus, the director's code is independent of the components and the components are
independent of each other. The basic assumption of this schema is that each compo-
nent exports a well-defined interface (i.e. a set of messages to which it is able to react)
and implements this interface (i.e. implements the reaction to such messages).

Thus, components can be seamlessly added and interchanged (in this last case, as
long as they comply with the same interface). Adding a new component (i.e. a new
functionality) does not involve any change neither in the director's code, nor in the
other components' code.

Such a design choice supports easy incremental development, allowing seamless
integration of services within a single application framework.  This implies that a
homogeneous HCI can be applied to an application that hosts several different serv-
ices that have been developed independent of each other (e.g. intelligent tour plan-
ning, interactive maps, positioning, database access). The Director's code is platform
independent, while the Driver, implementing the multimedia I/O functions, is strictly
platform dependent. The Driver extends a platform-independent abstract superclass
providing to the director all the I/O functions. This simplifies porting M3P across
platforms. The driver includes functions such as compressed format decoding (e.g.
mp3, mpeg and jpeg), audio and video playing and graphics memory management.

M3P has been developed in C++, using the Microsoft eMbedded Tools 3.0. The
UML (Unified Modelling Language) [18] diagram of fig. 3 synthesizes the software
architecture.
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Fig. 3. M3P's UML diagram

The platform-independent module (Director), which manages the logic of the mo-
bile applications, consits of six main classes: Card, Parser, Message, Component (and
its subclasses), RemoteCommunicator and Manager.

Card containis multimedia and service objects (e.g. buttons, videos, maps)

Parser reads the MSL files, checking the syntax and instantiating the components.

Message is used to implement the exchange of messages between the objects and with
the Operating System. For instance, if the user touches the screen a Message is deliv-
ered by the Manager to the active objects, specifying the point touched on the screen.
In this way, touch-sensitive objects - like buttons - can take the relevant actions speci-
fied in the MSL file.

Component is an abstract class that defines the features shared by all the hypermedia
objects of a presentation � such as name, messages handling method. This class is
extended by a set of subclasses (e.g. Button, Image, ImageList, Audio and Video), that
represent every specific hypermedia component's type.

RemoteCommunicator manages the M3P network connection. All resource files (e.g.
videos, sound-clips) are addressed through a string, which can point to a local file or a
URL, to dynamically load resources from a local network or the Internet. M3P uses the
currently available remote-connection hardware (we have implemented  interfaces for
GSM/GPRS, Bluetooth, Ethernet and 802.11b), to get connected with the external
world, overcoming the limitations of the palmtop computers' memories.

Manager manages the runtime system: it instantiates a Parser object for every MSL
file, keeps the references to every Card, delivers messages to objects, manages the
context change when control is transferred from one Card object to another.

The M3P platform dependent module  (the Driver abstract class) defines the inter-
faces to access the low-level device functions. In this way the Director is independent
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of the actual Driver implementation, which is platform-dependent. The Driver class is
extended by subclasses, which implement its interface's methods using a specific tech-
nology. We have realized three subclasses, at present: DriverGDI (that implements the
code on PocketPC using the Windows GDI API), DriverGAPI (that optimizes the
previous implementation using the low-level GAPI library), and DriverWIN32 (that
implements the code on Windows 98, 2000 and XP). Next steps of our work will
imply implementing drivers also for other platforms such as palm devices and cellular
phones.

5 MSL: Micromultimedia Services Language

The MSL file is given as input to the M3P multimedia engine. The file specifies the
objects involved in the presentation, their appearance, relationships and reaction to
user interaction. The M3P Parser reads the MSL instructions, specifying to the Man-
ager  what components to instantiate and how to manage their runtime operations.

We initially chose to design MSL as a new Object Oriented (OO) scripting lan-
guage. The OO approach allows modeling the application domain in terms of objects,
which is generally closer to human intuition and experience. The object model allows
developers and multimedia designers to formalize specifications and easily agree on
terminology, facilitating communication and code's inspection, correction and im-
provement during the whole life cycle of software. Moreover, this also allows using
OO tools to support development (e.g. UML specifications [18]).

However, given the ever more widespread diffusion of XML, we decided to im-
plement also an additional XML parser - which is simply an alternative front-end to
support development of MSL applications in XML -, providing the same functionali-
ties as the first parser. In this paper we focus on this XML interface (section 5.2),
while in a companion paper  we described the original MSL syntax [19].

5.1 MSL Components

MSL relies on a component-based data structure. An MSL file specifies creation of
components, attributes of components and their reaction to the user interaction. Com-
ponents are organized in three main libraries: multimedia, synchronization and serv-
ices. The first library involves multimedia components (e.g. AUDIO, BUTTON,
IMAGE). The second includes utilities, such as TIMER and POSINTERPOLATOR,
that can be used to synchronize and schedule of the contents. The third category in-
cludes objects that encapsulate services such as positioning, shortest path search,
database query, games, etc.

Since it is important to develop the components efficiently (i.e. exploiting code re-
use) and with flexibility, according to the feedback coming form the user needs analy-
sis and field tests, the M3P's engine is independent of the components it manages. This
allows an iterative and incremental development of the components' libraries.

First, we implemented basic modules, such as buttons, images, videos and audio-
clips. Our early guide's prototypes were built just on these simple components. Then,
we added new functionalities and built more complex objects. For instance, we built a
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VIRTUALKEYBOARD high-level component in order to improve development of
data-entry modules (Fig. 4a). As another example, the ANIMATEDASSISTANT (Fig.
4b) exports a simple interface through which the MSL developer specifies the frames'
timeline and the commands to be performed on user's interaction. The component
hides the low-level aspects of managing overlapping with the scene, correct sequenc-
ing of the frames and communication with other components.

   

(a)                      (b)

Fig. 4. Sample instances of MSL components: a VIRTUALKEYBOARD (a) and an
ANIMATEDASSISTANT (the Venetian Lion on the upper right corner) (b)

5.2 Structure of an MSL File

The structure of an MSL file is defined in the msl.dtd  Document Type Definition. The
file includes an Application route element, with several children nodes: the CARD
elements representing the multimedia pages of the presentation (Fig. 5). Every card
has children nodes that represent the MSL components (e.g. BUTTONs, VIDEOs,
MAPs, VIRTUALKEYBOARDs, PUZZLEs, etc. ) belonging to that card.

Fig. 5. An MSL application consists a set of cards containing multimedia and services objects.
Arrows indicate possible transitions from one card (page) to another

For each component, the MSL developer has to specify information about: attrib-
utes, childrenComponents, triggerEvents, and receivable dynamic messages.

ChildrenComponents. A component may contain other components. For instance, an
IMAGEZOOMPAN can contain  one or more AREABUTTON objects, which are
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touch-sensitive areas a user can push (e.g. to get specific information about those areas
� which is useful, for instance, for building interactive maps).

<CARD name="cName">
  <IMAGEZOOMPAN name="izpName">
    <areaButtons>
      <AREABUTTON name="ab1"></AREABUTTON>
      <AREABUTTON name="ab2"></AREABUTTON>
    </areaButtons>
  </IMAGEZOOMPAN>
</CARD>

Trigger Events.  These are special children of a node. They specify the possible
events to which the component has to react (e.g. onMouseUp, onEntry, onExit) and
the actions to be performed (i.e. the messages to be sent to other components) when
such events occur. The types of events to which a component can react is specified in
the dtd. More than one action can be specified for a given event. For instance, a
BUTTON has to react to a mouseUp event.

<BUTTON name="button " position="53 179"
        imageUpFile= "relativePath\up.gif"
        imageDownFile="relativePath\down.gif">
  <events>
    <onMouseUp>
      sendMessageLocal imageList.nextImage 1;
      sendMessageLocal button2.visible 0
    </onMouseUp>
  </events>
</BUTTON>

Receivable Dynamic Messages.  This information specifies the various messages that
a component can receive at runtime. For instance, the visible attribute of an IMAGE
can be modified at runtime (i.e. an IMAGE can receive a visible message). Messages
are sent through sendMessage commands, that we describe in the next sub-section.

FireEvent myImage.visible 1

On receiving the visible message, an myImage becomes visible.

5.3 MSL Commands

Dynamic exchange of messages is implemented through 2 main commands: sendMes-
sageLocal and sendMessageGlobal.

sendMessageLocal. Send a dynamic message to a component contained in the same
CARD as the sender (e.g. a BUTTON pushed by an user makes an image visible, as
shown in the code sample concerning the events child).

sendMessageGlobal. As above, but the message's target component may be contained
in any CARD.

A second kind of commands involves setting the current CARD.

setActiveCard. Specifies what card to display.
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<BUTTON name=" myButton" position="53 179"
        imageUpFile="images\demo1startup.gif"
        imageDownFile="images\demo1startdown.gif">
  <events>
    <onMouseUp>setActiveCard aCard </onMouseUp>
  </events>
</BUTTON>

setPreviousCard. This command shows the CARD shown before the current one.

<BUTTON name=" myButton" position="53 179" …>
  <events>
    <onMouseUp>setPreviousCard </onMouseUp>
  </events>
</BUTTON>

Fig. 6 shows a simple example of the code for a CARD.

<CARD name=�vis1">

<components>

<IMAGE name=�back" position=�0 0" imageFile=�backImage.gif"></IMAGE>

<BUTTON name=�history" position="28 107" 

imageUpFile=�buttonUp.gif" imageDownFile=�buttonDown.gif">

<buttonEvents>

<onMouseUp><setActiveCard card="room06Cover"/></onMouseUp>

</buttonEvents>

</BUTTON>

<AUDIO name=�myMp3" audioFile=�contents.mp3"/>

</components>

</CARD>

<CARD name=�vis1">

<components>

<IMAGE name=�back" position=�0 0" imageFile=�backImage.gif"></IMAGE>

<BUTTON name=�history" position="28 107" 

imageUpFile=�buttonUp.gif" imageDownFile=�buttonDown.gif">

<buttonEvents>

<onMouseUp><setActiveCard card="room06Cover"/></onMouseUp>

</buttonEvents>

</BUTTON>

<AUDIO name=�myMp3" audioFile=�contents.mp3"/>

</components>

</CARD>

Fig. 6 An MSL sample from the �Strada Nuova� tour guide

6 Integration of Hardware and Software Subsystems

A major feature of MADE consists in the possibility of incrementally adding new
hardware and software modules, that are integrated in the HCI framework with no
need for modifying the M3P core, since every component's class is responsible for
interpreting its receivable messages, independent of the others.

M3P Driver's classes, that have to be developed to integrate every new hardware
subsystem, manage the low level aspects of the hardware modules, while the MSL
interface to the application developer abstracts the services at high level (ideally: at
user-interaction level). This implies that (i) a homogeneous HCI can be applied to an
application that hosts several different services that have been developed independent
of each other (e.g. automatic positioning, intelligent tour planning, and database ac-
cess can be integrated in an interactive map) and (ii) the MSL developer can exploit
the service modules focusing on the integration of the HCI.
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For instance, an MSL developer can exploit information from a positioning system
by using the MSL's Positioning and Orientation Module (POM) component. POM
manages the NMEA string (the standard format for Global Positioning Systems) and,
as came out from the user needs analysis of the E-Tour project, also an extension for
receiving orientation information from an electronic compass, which has been as-hoc
developed in E-Tour. The information received from the POM can then be dispatched
to other components - such as maps  - for a full integration in a multimedia presenta-
tion (Fig. 7a).
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Fig. 7. Integration within MADE of (a) the Positioning and Orientation Module and (b) the
Reomte Communication Module

In order to integrate the Remote Communication Module (RCM), which is able to
exploit the hardware available for connection with the external world (e.g. wired
and/or wireless Local Area Network LAN, Bluetooth, GSM/GPRS), the M3P software
has a C++ class that manages the procedures to establish a connection. Whenever a
MSL component references a files (such as an image, a sound, a movie, a link to an
HTML page or to another MSL file) M3P checks if such file is available on the mobile
device. If it is not available, the M3P automatically uses the established connection to
download the file from the network (see fig. 7b). This mechanism � which implements
a virtual file system spread over the whole web - is transparent to the MSL developer,
who has simply to specify one or more hosts for eventual retrieval of remote contents.

Integration involves also software modules, such as games, search algorithms, da-
tabase access, etc. As an example, the RightPlace game involves dragging some ob-
jects - the details, represented by small icons - in their right position on a map (Fig.
10c). The following code example (Fig. 8) is taken from the �VeGame� ubiquitous
game we have developed for the city of Venice in collaboration with the Future Center
of Telecom Italia Lab. The example shows that the MSL developer has to specify few
simple configuration items, such as position and names of the detail icons, targets'
right positions, parameters for computing the score, and actions to be taken at the end
of the game.   

<!-- RightPlace game at stage 2, Santa Maria Formosa -->

<RIGHTPLACE name="RightPlaceS02" position="0 0"
          mapFile="mapRightPlaceS02.gif"
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          okIcon="ok.gif" errorIcon= "error.gif"
          maxScore="100" bonus="10" penalty="5">

<detailIcons>
         icon1.gif; …; icon5.gif;
    </detailIcons>

<detailIconInitialPositions>
         28 34; … ; 28 86
    </detailIconInitialPositions>

<detailIconSizes>
         86 20; … ; 86 20
    </detailIconSizes>

<detailRightPositions>
         206 247; … ; 87 184
    </detailRightPositions>

<events>
    <!—events to be triggered at the end of the game-->

    <onSolved>
            sendMessageLocal button04MenuS02.visible 0
            setActiveCard cardRightPlaceSolvedS02
        </onSolved>

</events>
</RIGHTPLACE>

Fig. 8. A fragment of the MSL code to implement a RightPlace's game instance

7 Conclusions

Using MADE we have developed innovative educational and entertainment services
for tourism, which is a very promising application domain for mobile services. In the
context of E-Tour, we have implemented a Tourist Digital Assistant (TDA) [4], which
is a commercial hand-held computer loaded with a MADE-based tourist application to
enhance fruition of the cultural and environmental heritage. Some versions of the
TDA are already available for rent to the public, in the Spanish region of Castellon, at
the Costa Aquarium of Genoa [6], in the Renaissance street �Strada Nuova� of Genoa
(see fig. 9).

Moreover, we have recently developed �VeGame� an ubiquitous game distributed
in the city of Venice. Through VeGame the players can learn history and art of the city
by interacting in a pleasant and challenging fashion with the surrounding urban envi-
ronment (including monuments, churches and palaces, local people and other players).

By developing these applications, analyzing feedback from end-users, and coping
with logistic issues concerning deployment and operation of the tour-guide service, we
learned several lessons, that we have partly published in [6]. A major finding of  that
research was a high degree of user acceptance, which we found to be statistically cor-
related with high quality of multimedia and interface elements.
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Fig. 9. The TDA of the Aquarium of Genoa

Fig. 10. Snapshot from VeGame: (a) the path through the city, (b) the game-access menu, and
(c) a RightPlace game: drag the name of the product to the right place in the map from where it
was imported by the XIII century's Venetian merchants

Other important factors include: (i) all controls available at a given moment should
be immediately visible, (ii) well known metaphors (e.g. the interface of common elec-
tronic appliances such as radios) should be adopted in order to reduce the cognitive
effort to learn the interface, (iii) graphics designers should use large size software
buttons, that can be pressed with fingers, avoiding using the stylus, which is more
difficult to use and may be easily get lost, (iv) presentation of contents should be syn-
ergistic with the direct experience of the visitor, helping to understand what she/he is
looking at, without distracting her/him [6].

MADE has been very useful  in developing these applications according to a user-
centric design methodology in an iterative development process aimed at supporting
wide usability by the general public. As sketched in Fig. 11, MADE supports a flow of
design which allows technicians, managers, graphics designers and cultural experts to
collaborate on a common ground to develop the tourist application.



254      Francesco Bellotti et al.

Sketch

Decision Maker
and Developer

Designer

Graphics Component

Contents

Cultural Expert

MSL 
Developer

Tourist
VideoGuide

M
M

M
P laye r

M
SL

description

Sketch

Decision Maker
and Developer

SketchSketch

Decision Maker
and Developer

Designer

Graphics Component

DesignerDesigner

Graphics ComponentGraphics Component

Contents

Cultural Expert

ContentsContents

Cultural ExpertCultural Expert

MSL 
Developer
MSL 
Developer

Tourist
VideoGuide

M
M

M
P laye r

M
SL

description

VideoGuide

M
M

M
P laye r

M
SL

description
M

SL
description

Fig. 11. The �flow of design� for implementing a MADE-based tour guide

The HCI designer, in collaboration with the tourist site managers, prepares a
graphical sketch of the application aspect, of the multimedia contents and of the user-
interaction modalities. On the basis of the sketch, a multimedia designer develops the
graphic and audio components of the interface (for example, the buttons, the back-
ground images, the animated assistant, etc.). In parallel, cultural experts prepare the
multimedia contents (images, texts and videos), possibly using already available in-
formation. When contents and interface elements are ready, the developer describes
the sketch in MSL language. Thanks to the availability of the MSL high-level objects,
translation from the paper sketch into code is quite simple. Moreover, in the case of
specific requirements not yet implemented in MADE, the MSL library can be ex-
tended so that the new functionalities can be accessed directly at language-level (as
shown for the RightPlace game, for instance).

We are now conducting experiments in order to qualitatively and quantitatively as-
sess the contribution of MADE to support collaborative and participatory design.

Next steps of our work will involve integration of other modules  (e.g. interactive
3D graphics) and development of drivers for other platforms, such as cellular phones.

References

[1] Johnson C., Rebuilding the Babel Tower, Proceedings of the First Workshop on
Human Computer Interaction for Mobile Devices, 21-23 May 1998.

[2] Chittaro L., Dal Cin P., Evaluating Interface Design Choices on WAP Phones:
Navigation and Selection, Personal and Ubiquitous Computing, Vol.6 , Issue 4,
September 2002.

[3] Rist T., Bradmeier P., Customizing graphics for tiny displays of mobile devices,
Vol 6, Issue 4, September 2002



Supporting Efficient Design of Mobile HCI      255

[4] Bellotti F., Berta R., De Gloria A., Gabrieli A. and Margarone M., E-Tour:
Multimedia Mobile Guides to Enhance Fruition of the Heritage, in E-work and
E-commerce, ed. Brian Stanford-Smith and Enrica Chiozza, IOS Press, 2001.

[5] A. Beck, User Participation in System Design: Results of a Field Study, Hu-
man-Computer Interaction: Applications and Case Studies, M. J. Smith and G.
Salvendy, eds., Elsevier, Amsterdam, 1993, pp. 534�539.

[6] Bellotti F., Berta R., De Gloria A., and Margarone M., User Testing a Hyper-
media Tour Guide, IEEE Pervasive Computing, Volume 1, Issue 2, April-June
2002.

[7] J.M. Carroll, Human-Computer Interaction: Psychology as a Science of Design,
Int'l J. Human-Computer Studies, vol. 46, no. 4, Apr. 1997, pp. 501�522.

[8] Schilit B. N., Trevor J., Hilbert D. M., Koh T. K.,  Web Interaction Using Very
Small Internet Devices, IEEE Computer, Vol. 35, No. 10,  October 2002.

[9] Hinckley K., Pierce J., Sinclair M., Horvitz E., Sensing Techniques for Mobile
Interaction, Symposium on User Interface Software and Technology, CHI Let-
ters, Vol. 2, No. 2, pp 91-100.

[10] Abowd G. D., Mynatt E. D., Charting Past, Present, and Future Research in
Ubiquitous Computing, ACM Transaction on Computer-Human Interaction,
Vol. 7, No. 1, March 2000, pp. 29-58.

[11] Cheverst K, Davies N, Mitchell K, Friday A, Efstratiou C. Developing a Con-
text-aware Electronic Tourist Guide: Some Issues and Experiences. Proceedings
of the ACM CHI 2000, The Hague Netherlands, April 1-6 2000, pp. 17-24.

[12] Davies N., Cheverst K., Mitchell K., Efrat A., Using and Determining Location
in a Context-Sensitive Tour Guide, IEEE Computer, August 2001, pp. 35-41.

[13] Cheverst K., Smith G., Mitchell K., Friday A., Davies N., The role of a shared
context in supporting cooperation between city visitors, Computer & Graphics,
August 2001, Vol 25, No. 4, pp.555-562.

[14] Pradhan S., Brignone C., Cui J., McReynolds A., Smith M. T., Websigns: Hy-
perlinking Physical Locations to the Web, IEEE Computer, August 2001, pp.
42-47.

[15] Kindberg T. and Barton J., A Web-based Nomadic Computing System, Com-
puter Networks, vol. 35, no. 4, Mar. 2001, pp. 443�456.

[16] Fleck M. et al., From Informing to Remembering: Deploying a Ubiquitous
System in an Interactive Science Museum, IEEE Pervasive Computing, vol. 1,
no. 2, Apr.�Jun. 2002, pp. 13�21.

[17] Krikke J., Graphics Applications over the Wireless Web: Japan sets the Pace.
IEEE Computer Graphics and Applications, May-June 2001, pp. 9-15.

[18] Unified Modeling Language UML Resource Page. http://www.omg.org/uml/
[19] Bellotti F., Berta R., De Gloria A., Margarone M., MADE: Developing Edu-

tainment Applications on Mobile Computers, August 2003, Vol. 27, No. 4.



Dygimes: Dynamically Generating Interfaces

for Mobile Computing Devices
and Embedded Systems

Karin Coninx, Kris Luyten, Chris Vandervelpen,
Jan Van den Bergh, and Bert Creemers

Limburgs Universitair Centrum, Expertise Center for Digital Media
Universitaire Campus, B-3590 Diepenbeek, Belgium
{karin.coninx,kris.luyten,chris.vandervelpen,

jan.vandenbergh,bert.creemers}@luc.ac.be
http://www.edm.luc.ac.be

Abstract. Constructing multi-device interfaces still presents major
challenges, despite all efforts of the industry and several academic ini-
tiatives to develop usable solutions. One approach which is finding its
way into general use, is XML-based User Interface descriptions to gener-
ate suitable User Interfaces for embedded systems and mobile comput-
ing devices. Another important solution is Model-based User Interface
design, which evolved into a very suitable but academic approach for
designing multi-device interfaces. We introduce a framework, Dygimes,
which uses XML-based User Interface descriptions in combination with
selected models, to generate User Interfaces for different kinds of devices
at runtime. With this framework task specifications are combined with
XML-based User Interface building blocks to generate User Interfaces
that can adapt to the context of use. The design of the User Interface
and the implementation of the application code can be separated, while
smooth integration of the functionality and the User Interface is sup-
ported. The resulting interface is location independent: it can migrate
over devices while invoking functionality using standard protocols.

1 Introduction

A variety of new techniques for creating User Interfaces (UIs) for deployment
on several different devices are emerging. Model-Based User Interface (MBUI)
design is evolving from an academic solution into a practical software engineering
methodology for designing multi-device interfaces. XML-based UI descriptions
have matured and several toolkits allow building extensive interfaces based on
XML documents.

This paper presents a framework for dynamically generating User Interfaces
for embedded systems and mobile computing devices. The main purpose of the
framework is to ease the work of the mobile and embedded UI designer and
implementor. Often the software implementor of an embedded system or mobile
computing device also takes care of the design and implementation of the UI for
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c© Springer-Verlag Berlin Heidelberg 2003



258 Karin Coninx et al.

the system. This is mainly due to the device specific constraints that have to be
taken into account: a thorough knowledge of the device is necessary. The Dygimes
framework is conceived to ease the creation of the UI without the need for specific
knowledge of the hardware or software platform. Runtime transformations of UIs
for adaptation to the target device are also supported.

The next section introduces the UI creation process, and discusses the re-
quired components to build multi-device UIs for embedded systems and mobile
computing devices. These components are discussed into detail in the following
sections. First, XML-based UI descriptions are introduced in section 3 as the ba-
sic building blocks for the process. Continuing with section 4, the use of a task
specification will be explained, and its relation to the XML-based UI descrip-
tions. Section 5 shows how the created UI can be attached (or “glued”) to the
interfaced functionality it presents in a location-independent manner. Section 6
and 7 show respectively how the system can ensure consistent UIs and how the
resulting (concrete) UI can be tailored for a more appealing result. Finally, sec-
tion 9 discusses the applicability of the system and the obtained results, followed
by an overview of the future work.

2 Dygimes Process

As stated in the introduction, the main purpose of the framework is to ease the
work of the UI designer as well as the work of the application implementor. At
the same time a clear separation between the work of the designer and the work
of the implementor is supported. This is desirable because of the pitfalls involved
in implementing UIs for embedded systems and mobile computing devices, which
require specific knowledge about the device and the software platform available
for that device.

Throughout this paper we will use a case study, managing a simple publica-
tion database, to show how the framework helps the UI designers and system
implementors. The database requires the user to login before using the system.
The system offers roughly two different kinds of tasks: adding a paper to the
database or searching for a paper in the database. Both require some infor-
mation to complete the tasks successfully. We kept the example intentionally
simple for illustration purposes. The next sections explain how we can develop
a multi-device UI for this task using the Dygimes framework.

A task specification for this task is developed, enriched with the UI building
blocks. This will be sufficient to generate prototype UIs useful in a user-centered
design process. The necessary time to create these prototypes is extremely short
because many of the steps the designer had to do manually with traditional
GUI building toolkits are now automated by the framework. For example; the
transformation from the task specification to the resulting functional UIs built
by the UI designer is done automatically. A micro-runtime environment offers
support for rendering the created UIs independent of the chosen widget toolkit.
Section 4 will show how all UIs stay consistent with regard to the task speci-
fication. A graphical overview of the UI construction and rendering process is
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Fig. 1. The process for creating mobile and multi-device User Interfaces

shown in Fig. 1, all parts (including how the actual communication with the
functionality takes place) will be explained in the following sections.

3 XML-Based User Interface Descriptions

In accordance with the recent growth in mobile computing devices usage, the de-
mand for more suitable multi-device UI building toolkits also increases. The reuse
of existing UI designs for new devices is problematic: new devices have other or
less constraints making the reuse difficult. In contrast consistent look-and-feel
is very important, as it contributes to creating a “brand” for the products and
makes it easier for customers to use the new device. To enable flexible reusability
of existing designs, we need to abstract the way the UI is created for a device in
a way it becomes less dependent on device-specific properties.

One way of doing this is the use of high-level XML1-based UI descriptions.
There are already several propositions and real world examples of the usage
of XML to describe UIs for multiple devices: [1, 7, 12, 13, 14]. To give the
reader an idea of which kind of XML-based UI descriptions are used in our
system, listing 1.1 shows the specification of a simple login-dialog. For simplicity,
the interaction glue and spatial constraints are omitted from the description.
Section 5 discusses how generated events are handled and section 6 discusses
the spatial layout constraints. When the renderer (the runtime environment)
processes the description shown in listing 1.1, it can produce concrete UIs for
different target platforms (shown in Fig. 2) without any human intervention.

1 eXtensible Markup Language, http://www.w3.org/XML/
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Listing 1.1. The login dialog UI description
<ui>
<group name="login">
<group name="userinfo">
<interactor>
<textfield name="login">
<info>login</info><text size="10"/>

</textfield>
</interactor>
<interactor>
<textfield name="passwd">
<info>password</info><text size="10"/>

</textfield>
</interactor>
</group>
<group name="control">
<interactor>
<button name="in"><info>Log In</info></button>
</interactor>
<interactor>
<button name="reset"><info>Reset</info></button>

</interactor>
</group>
</group>

</ui>

Notice the XML description allows to hierarchically group widgets using the
“group” tag: this way all groups of widgets that logically belong together are
put in the same physical space (e.g. in the same panel or window). At the lowest
level, all widgets in a group should always be presented to the user together. The
hierarchical structure of the UI description allows to recursively group parts of
the UI, i.e. groups can contain other groups, which on their turn can contain
other groups themselves.

4 Task Model

The design of a consistent interface starts at the task level. There are several ad-
vantages of using a task specification: better requirements capturing, consistent
and detailed interface design and better integration with real-life situations [6].
Nevertheless, software developers seldom use task specifications to develop UIs
for embedded systems and mobile computing devices. One of the main reasons
is the wide gap between the implementation of the UI with its specific device-
dependent constraints, and the task specification. To make task modeling more
attractive there should be a glue to overcome the gap between the technical
challenge of realizing the concrete UI and designing it with help from a task
model. The framework presented here will offer such functionality.
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Fig. 2. The login dialog, rendered for several devices

The framework discussed in this paper uses the ConcurTaskTree task model
(CTT) proposed by Fabio Paternò [15]. This notation offers a graphical syntax,
an hierarchical structure and a notation to specify the temporal relation between
activities. For illustration purpose, a simple CTT of the paper-database exam-
ple is shown in Fig. 3. A lot of current research extends the ConcurTaskTrees
notation for multi-device task specifications. For a good understanding of this
paper, it suffices for the reader to know that siblings in the tree can be connected
with a temporal relation, such as a disabling operator, independent concurrency
between two tasks or an enabling operator.

To convert the task specification into a concrete UI, the Enabled Task Sets
(ETS) have to be calculated. An Enabled Task Set is defined in [15] as:

a set of tasks that are logically enabled to start their performance during
the same period of time.

Fig. 3. Managing a simple publication database
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The ETS generation is used as a glue between the realization of the UI and the
task specification. This approach has also been described in [11, 16] where the
focus is on the design of UIs, whereas we concentrate on runtime support for
creating the UIs dynamically using widget toolkits as well as markup languages
for the resulting UI.

For this purpose we implemented a tool chain for preparing the UI starting
from a ConcurTaskTree task specification. The first graphical tool in the tool
chain allows to attach the XML-based UI descriptions to leafs in the CTT tree.
Next, a tool is offered to describe spatial layout constraints, so the designer can
make sure the interface is rendered in a visually consistent manner. Section 6
elaborates on the use of the layout constraints. The last tool is the runtime li-
brary: it reads the constructed UI specification (including the task specification),
adapts it to the target platform and renders it. The library will stay in memory
where it captures events from the UI and handles these in a location transpar-
ent way (see Sect. 5). An algorithm for calculating the ETS is included in the
framework; the different task sets are generated by the runtime environment.
Although the task models can be made with the ConcurTaskTrees tool[15], we
can not use their ETS calculation algorithm: the CTT model is annotated with
extra information to work with our system. The designer does not have to check
whether every possible UI is created for covering each aspect modeled in the task
specification: this is done automatically at runtime by the framework through
the use of the ETS[10].

The paper database example illustrates this: its CTT specification is saved
as an XML file and loaded in the annotation tool where the specification can
be decorated with XML-based UI descriptions. Fig. 4 shows the appropriate
building block linked to the “Log In” task.

Fig. 4. The CTT annotation tool
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5 The System Glue: An Interaction Model

Once the designer is satisfied with the UI, the next step is to “attach the UI to
the application”. More particulary we need to provide a mechanism in which the
user can interact with application logic through the generated UI. An important
property for this interaction mechanism is the support for location transparency:
when a mobile device is used, the implementation of the functionality does not
have to be on the same device as the UI presenting this functionality. Section 2
also emphasized that we intend to enable the separation of the UI design and sys-
tem implementation of embedded systems and mobile computing devices. This
means we also need to support several ways to exchange interactive messages
between the UI and the application logic, which could be local or remote.

To overcome these problems, the framework offers an extensible “action-
handling” mechanism [19]. This mechanism is the glue between the UI and the
functionality that will be invoked by the UI. Because a clear separation between
the UI and the application logic is needed, Dygimes only needs to know which
functionality can be invoked on behalf of the logic and which interactors can be
used to execute interactions. It does not need to know how the logic implements
the functionality (code encapsulation) or where the implementation resides (lo-
cation transparency). Even the used technique to invoke the functionality needs
to be adaptable. To accomplish these goals, we use interaction descriptions that
represent the functionality offered by the application.

In Dygimes, an interaction description is based on the Web Services Descrip-
tion Language (WSDL)2. This technology allows the application logic implemen-
tor to describe the operations, messages and data types that are supported by
the application while existing WSDL editing tools can be used. However, Dy-
gimes also needs a binding between the interaction description and the abstract
UI. This binding provides Dygimes with the information needed to determine
what must happen when a particular event occurs. For this reason we added
a section to the interaction description that describes in what way the generated
UI will be bound to the application logic. Suppose, for example, a user pushes
the ”in” button from listing 1.1. Listing 1.2 then shows what should happen
as a response to this action. In this case the loginProcedure operation is sent
to the service. This operation is defined in the ”paperDBport” portType of the
WSDL document. The <uib:parameter> tags describe the parameters. In this
case, their values will be extracted from the ”login” and ”passwd” interactors.
It is clear that this kind of description separates the development of the UI and
the application logic and that it supports location-transparent late binding.

2 http://www.w3.org/TR/wsdl
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Listing 1.2. The binding between an abstract UI and the application logic

<uib:uibinding name="actionbinding" type="paperDBport">
<uib:interactorbinding name="in">

<uib:operationlink name="loginProcedure">
<uib:parameter name="login"/>
<uib:parameter name="passwd"/>

</uib:operationlink>
</uib:interactorbinding>

</uib:uibinding>

Dygimes supports different methods to carry out the specified interactions.
First, Direct Method Invocation (DMI) can be used to invoke functionality on the
application. DMI has the benifit of being fast. However, the drawback with this
technique is that DMI can only be used for local invocation with applications im-
plemented in a programming language supporting a reflection mechanism (such
as Java). To overcome this problem and to enable location transparency, we
make use of web service messaging protocols. These protocols enable us to de-
ploy Remote Procedure Calls (RPC) in an XML-syntax to invoke application
functionality. An example of such a technology is the Simple Object Access Pro-
tocol (SOAP)3. This protocol uses an XML-syntax to describe which method
needs to be invoked upon a web service, together with the method’s actual pa-
rameters. Those parameters are marshalled from language constructs to XML by
using particular serializers. Dygimes also supports XML-RPC4, which is a more
efficient implementation of XML-based RPC. Figure 5 shows the extensible ar-
chitecture of Dygimes enhanced with an interaction model.

Dygimes

Network

XML-RPC SOAP DMI

Interaction
Description

UI Description

Application Logic

Cellular UIPDA UI Desktop UI

...

...
Fig. 5. The location-transparent action handling glue

3 http://www.w3.org/TR/SOAP/
4 http://www.xml-rpc.com
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A WSDL-based interaction description together with XML-based messaging
protocols offer the following benefits:

– Applications become web services-aware through the SOAP implementation.
This will be an important advantage in the near future;

– The used approach is device and programming language independent. Java
Remote Method Invocation (RMI) for example would restrict the use to Java
implemented applications only;

– Interaction with remote logic that runs behind company firewalls is sup-
ported;

– Common standards for handling interaction are used, namely XML and web
services;

– The automatic generation of functional UIs for remote applications in a lo-
cation transparent manner is supported.

6 Automatic Layout Management

Abstract UI descriptions and a constraint-based layout management system are
combined in our Dygimes framework for developing adaptive UIs for a wide range
of devices. When developing a UI description language that enables us to render
the UI presentation on several different devices, a more flexible approach for
laying out concrete widgets than the traditional layout management techniques
offer is necessary. We focus on screen size constraints because this is the most
stringent device constraint in this matter. For example, when a graphical UI
designed for a desktop system has to be rendered for use on a very small screen
space (like on a mobile phone) most techniques fail to present a usable interface.
The usage of spatial layout constraints can help the designer in these situations:
the consistency of the UI is enforced, yet the UI is flexible enough for large
differences in available screen size. There exist several other constraint-based
layout management systems like the ones presented in [2, 8, 17], but none really
focus on providing a flexible layout for embedded systems and mobile comput-
ing devices. The layout manager presented here does not guarantee a “visually
pleasing“ UI, but makes sure the UI is suitable and consistent on different de-
vices. Adding (platform dependent) placement strategies, like the ones presented
in [4], is planned.

Four simple linear spatial constraints, which are described in a simple XML
based syntax, are used to express the positioning of components with respect
to each other: left-of, right-of, above and below. In addition, the available space
to lay out the components is divided over a grid. Each bucket in the grid is
uniquely identified by its x and y position within the grid. Notice the linear
constraints can be expressed in a mathematical form: assume the constraint
widget A right-of widget B for example. This means widget A is put in a bucket
X with coordinates (x1, y1) and widget B is placed in a bucket Y with coordinates
(x2, y2): the constraint can be expressed as x1 > x2. A simple constraint solving
algorithm can be used to solve these constraints, we refer to [9] for a survey of
several methodologies used for information presentation.
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Only constraints between siblings5 are allowed in our framework: each com-
ponent of the group will be associated with a unique bucket in the grid. Our lay-
out system will initially solve the x coordinates of the components (coordinates
indicate the position in the grid, not the absolute coordinates on the screen).
A graph will be composed where each node represents a component with his x
coordinate and each edge represents a constraint between the two components
connected by the edge. As mentioned before, each edge with the label right can
be expressed as x1 > x2. A possible solution for the x coordinates will be cal-
culated. The same strategy will be applied for the y coordinates. The results of
the two previous steps will be combined in a general solution. The possibility
exists however that cycles or multiple edges occur in the graph which imply
the presence of conflicting constraints. For handling this kind of inconsistencies,
priorities are introduced into our system. The conflicting constraints with the
highest priorities will survive. Necessary tool support for specifying constraints
is provided in the framework, by means of a specialised constraint editing tool
(Fig. 6).

After the presentation structure is calculated, the possibility exists that the
layout does not fit on the screen. A layout adapter is imposed to resolve this
problem by rearranging and adapting the presentation structure to the screen
size of the target device. One of the strategies employed by the adapter consists
of placing the components of a splittable group behind each other in a card
layout or with tabbed panes. However, sometimes it is impossible to shrink the
layout to the size of the screen of the target device. An appropriate warning will
be shown to the UI designer at design time.

Fig. 6. Tool for managing spatial constraints. Preview of the UI is supported

5 The UI descriptions are XML-based: they can be structured as a tree.
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7 Customization and Templating

The previous sections explained that the framework uses abstract User Interface
(AUI) descriptions with constraints to render the user interface. The translation
from the abstract interaction objects (AIO) into concrete interaction objects
(CIO)[18] can be done fully automatically, however this can give unexpected
results. For this reason, the Dygimes framework allows the designer to have
more control over the rendering of the UI by allowing them to specify which
CIO is used to render an AIO [5]. Mapping rules can specify mappings for one
AIO in one specific interface or they can specify mappings for a range of AIOs.
This way, the designer can define a template, in the form of a set of mapping
rules for a certain platform, that can be refined and adapted for specific user
interfaces.

The mapping rules are intentionally kept simple because they are to be used
at runtime on devices that can have very limited resources. The CIO that will
be used to render a certain AIO depends on the type of the AIO and the name
that identifies the AIO. Mapping rules can specify part of the name of an AIO,
the complete name of an AIO or no name in order to define their applicability.
We will illustrate this with the example of the paper database.

Listing 1.3. Two of the specified mapping rules

<mapping>
<aio2cio>
<aio>choice</aio>
<cio>awt.CheckboxGroup</cio>

</aio2cio>
</mapping>
<mapping>
<aio2cio>
<aio>choice</aio>
<cio>awt.List</cio>
<name>large</name>

</aio2cio>
</mapping>

For this example, we used a template for the Java AWT platform. Two of the
rules in this template are shown in listing 1.3. The first rule shows that the AIO
“choice” is mapped onto a CheckboxGroup by default (no name is specified).
When the number of items is large or varies over time, as is the case for the AIO
that contains the result of the query, a List widget is a better choice. By giving
the AIOs a name that contains “large”, the second rule in listing 1.3 is used
which gives the wanted result (figure 7(a)). If the designer prefers a Java AWT
Choice for rendering the query result, this can be indicated by adding a rule
that contains the full name of the AIO (Fig. 7(c)).

A feature of the templating system, which is not shown in this example, is
that it allows to specify a “null” CIO for AIO’s that should not or cannot be
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(a) List (b) CheckboxGroup (c) Choice

Fig. 7. Three possible mappings for the query result on the AWT platform

represented on a certain platform. This generates a lot of flexibility but can
introduce problems as well: when the AIO that cannot be represented is crucial
in a certain task, it can render a whole part of the user interface useless. A way
to deal with this situation in an effective way, without loosing the flexibility of
the system, is being worked on. Currently, the designer is still being forced to
deal with this situation explicitly, by providing an adapted task model for the
specific device, as needs to be done in the approach taken by Calvary et al[3].

8 The Paper Database Example:
Resulting User Interfaces

Now that all the different parts are discussed, these techniques can be applied
to a simple but illustrative example: the paper database (see Fig. 3). This task
specification is annotated by high-level XML-based UI descriptions, depicted in
Fig. 4.

Next, a set of (optional) spatial constraints can be defined to ensure consistent
presentation of the UI on different devices (see Fig. 6). The annotation tool does
its job by reading the XML-document which can be saved by the ConcurTaskTree
tool, and inserting the UI building blocks into the XML-document. The result
is a new XML document containing all the necessary information. The inserted
UI building blocks can have spatial layout constraints defined.

These are the three things the designer should provide:

1. The task specification
2. The UI building blocks and their layout constraints
3. The relation between the UI building blocks and the different tasks in the

task specification

This information is saved in an XML document. From this point the Dygimes
runtime will handle everything automatically.

The XML document (describing the annotated task models and the con-
straints) produced by the tool can be fed directly to the runtime environment.
First, it calculates the Enabled Task Sets. For the example it finds the following
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sets:

ETS1 = {LogIn}
ETS2 = {Close, SelectAddPaper, SelectSearchPaper}
ETS3 = {Close, SavePaper, Insertpapertitle, InsertAuthor,

InsertProceedingsname}
ETS4 = {Close, SelectFromResult, ShowPaperData}
ETS5 = {Close, Entertitle, EnterAuthor, EnterProceedingsname}
ETS6 = {ExecuteQuery, Close}

When these sets are calculated, it is known which UI building blocks should
be presented at the same time. For example, ETS3 contains a UI for adding
information about a paper into the database. The UI building blocks attached
to the different tasks of ETS3 are extracted and merged into a single XML-
based UI description (see Fig. 8). The resulting description is rendered by the
framework, according to the mapping rules and layout constraints. Depending
on the device an appropriate UI is generated: Fig. 9 shows how Java Swing or
a Java-enabled Mobile Phone can be used.

Until now all the UIs are generated automatically out of the annotated task
specification. Using the runtime environment, this can also be done dynamically
(at runtime). Following this methodology, we get a set of User Interfaces which
are perfectly fit to perform the task described by the task specification. This is
one of the advantages of this approach.

Switching from an ETS to another requires a dialog model: an activity chain
diagram is generated out of the task specification to indicate in which order
the dialogs appear for the user. A detailed description of the dialog generation
algorithm can be found in [10]. The activity chain describes the transitions of an
ETS to another ETS. A State Transition Network for the dialog model is built
by inspecting the temporal relations to solve this problem.

9 Conclusion and Future Work

We presented a framework for creating UIs for embedded systems and mobile
computing devices. It incorporates several techniques from model-based UI de-

Close

Insert
Paper title

Insert
Author

Insert Pro-
ceedings name

Layout
Merger

Integrated
XML-based

UI description

Dygimes
renderer

ETS 3

Save Paper

Fig. 8. Merging the UI building blocks of
ETS3

Fig. 9. ETS3 automatically gene-
rated
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sign, XML-based UI descriptions, automatic layout management and location-
transparent event handling. The main purpose is to ease the creation of consis-
tent, reusable and easy migratable UIs. The UIs can automatically adapt to new
devices, offering the same functionality, without being redesigned. If one wants
a better adaptation to a particular device, the designer can choose to provide
a set of mapping rules and/or a set of better spatial constraints to embellish the
presentation of the UI for that device. Notice the actual UI does not need to be
rebuilt from scratch here.

The Dygimes framework is already successfully used in the SEESCOA6-
project. Most developers in this project had no prior experience in UI design,
but were able to use the tool within a few hours for creating simple UIs. This
practical experience allowed us to use real-life experience to add tools and other
techniques necessary to create suitable UIs.

We are looking to extend the framework not only to support multiple devices,
but also to support multiple and mixed modalities. The final goal is to make the
tool suitable for the usage in pervasive and ubiquitous environments, where the
UI is loosely-coupled to the devices and can migrate from one device to another
device. An important aspect here is to take the human factors in account (e.g
usability of the interface in certain situation).

The Dygimes process can be described using the reference framework for
platicity of Calvary et al. [3]. We plan to do this, so the properties of our system
can be compared with other systems. Using the framework to describe Dygimes
will allow a better localization of important shortcomings. For now, we focused
on building a framework to generate multi-device UIs at runtime provided an
annotated task model is given as input.
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Abstract. Accessing Internet from mobile devices such as PDAs and
cell phones is becoming widespread. Since these devices do not have
the same rendering capabilities as desktop computers, it is necessary for
web contents to be transcoded for proper presentation on these types of
devices. In this paper we propose an architecture for online transcoding
of web documents. In the proposed system, a proxy fetches web pages
on the client's behalf, categorizes the contents into predefined domain-
specific categories, and dynamically generates a hierarchical summary
view of the relevant topics of the page based on domain specific
knowledge. This hierarchical summary of information is then
transmitted to the client. The architecture uses domain specific
knowledge, but allows easy adaptation to different domains by plugging
in rule sets specific to the domain. The system does not expect any
adjustment in the existing WWW contents. Results for one test domain,
News, are shown. The results indicate that the system can produce high
precision transcoded pages online using domain specific knowledge
with very little performance penalty.

1 Introduction

Information access from mobile devices such as PDAs and cell phones is becoming
common practice. In U.S alone, ten million users are accessing Internet from their
PDAs or cell phones [11]. It has been projected that by the year 2005 mobile Internet
users will be 48% of the total Internet users [12]. Although other limitations of mobile
devices such as memory capacity, CPU speed, bandwidth, display resolution etc. are
likely to improve, but the mobile terminals will remain small and will have a small or
no display. It has been reported [8] that browsing a document from a small screen is
approximately 50% more difficult than browsing it from a large screen. Large page
area increases searching and scrolling complexity in a device with small display. As
most of the web documents are designed for desktop computers, which are and will
remain the primary access device for Internet, we need some sort of re-authoring of
WWW contents to have a better presentation in a small display area.

It is expected that palm sized devices on the Internet will not be used primarily for
recreational, undirected browsing, but rather for extracting particular bits of
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information relevant to  a current task [2]. So users may not be interested in all the
information available on a webpage. It is convenient to them to have only the
information of interest displayed on their small screen device. Presenting only the
relevant information on small display area will also lessen the task of scrolling and
searching. Moreover, wireless transmission is expensive. In future users may get
enough bandwidth but the billing is often done on the basis of transmitted data.
Irrelevant information will only increase the volume and hence the cost of data
transmission.

This paper describes an architecture using online transcoding to improve WWW
navigation from mobile devices. The system acts as an intermediary between a client
and a server. It uses domain specific information in the form of a rule set that is
applied on an input page to transcode it. For every requested page the transcoding
module extracts the relevant information from the page, categorizes it, and re-authors
the page based on the available information specific to the domain of the requested
page. A hierarchical summarization technique is also applied on the relevant objects.
The client gets the hierarchical summary view of only the relevant objects of the
requested document. The hierarchical presentation strategy is adopted as several
earlier works [3, 9] have concluded in favor of this type of presentation in case of
displaying in small display terminals. Though the system uses domain-specific
knowledge, the architecture is general enough to handle any domain. Different
domains can be handled by updating a set of plug-in files relevant to each domain of
interest. We can also plug in a domain-independent rule set based only on HTML
syntax to completely ignore domain knowledge if so desired. We have implemented
the transcoding architecture and tested it for News domain. News sites contain several
other sub-domains like Politics, Sports, Business etc. and therefore our system is
inherently tested for these domains too. A comparative usability study shows that our
system works very well when compared to commercially popular news sites that have
manually re-authored pages for mobile devices. The time taken to transcode a page is
also very little with no discernible effect on the browsing.

The rest of this paper is organized as follows. Section 2 discusses related works.
Section 3 describes the architecture of the system. Section 4 discusses the working of
the system when applied to the News domain. Section 5 and 6 describes the client
application and discusses results of our experiments respectively. Section 7 presents
some concluding remarks and discusses scope for future works.

2 Related Works

There are broadly two approaches of re-authoring a webpage. The first approach is
manual re-authoring of the page. In this technique, the information content is
manually formatted explicitly for small screens. Avantgo [13] and I-mode [14] of
NTT DoCoMo relies on this approach. Another example is the Wireless Access
Protocol (WAP) [15], which includes its own mark up language to replace HTML on
small display devices. Manually prepared pages are optimized for small screens and
therefore have the best transcoding precision. This transcoding technique is also
commercially successful. But the problems of this approach are increased cost of
creation and maintenance of different copies of the same document. Also a vast
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number of HTML pages remain inaccessible to the mobile user since they are not re-
authored.

The other approach to re-authoring a web page is automatic re-authoring. There are
several research projects and commercial applications based on this transcoding
technique [1, 2, 5, 6, 7, 16]. Microsoft's Pocket Internet Explorer [16] implements
compression technology which shrinks a page and associated font to fit into small
displays. However, for a page to be readable, font size cannot be reduced beyond a
threshold. Therefore scrolling is required for most of the pages which makes
searching for a piece of information on a page cumbersome [17]. HANd [6] and
ProxyWeb [5] tries to miniaturize standard Web pages with a zooming facility. Pocket
Internet Explorer [16], HANd [6] and ProxyWeb [5] each tries to transcode all the
information in a page whereas Power Browser [2] does some sort of relevance
calculation on the duplicate links (links on the same page pointing to the same URL).
But to a mobile user there are several other irrelevant elements other than the
duplicate links. None of them uses any other knowledge about the document except
general HTML syntax. In particular, none of them use any knowledge about the
domain of the page. While this makes the tools quite general, transcoding precision
can be improved significantly by using domain knowledge along with the HTML
syntax.

There are other transcoding techniques which assume some server side content
adjustment. For example, IBM's transcoding proxy [7] uses an annotation file
associated with a document. It determines the relevance of different portions of a
document based on the annotation file associated with it.  Although the presence of an
annotation file improves the precision of transcoding, all sites are not expected to
provide such file.

In our system we have used automatic re-authoring along with knowledge
associated with the domain of the page to improve the transcoding precision. No
external annotation file associated with every page is expected and no server side
content adjustment is assumed.

3 System Architecture

The system works as an intermediary between a client and a server. It can be
physically located anywhere. In order to handle the limitations of client devices and
make the server free from any adjustment, a proxy based system is adopted. Every
communication between a client and a server is routed through the proxy. We require
an application to be installed at the client side. This constrain is put to optimize the
presentation and to reduce data transfer between the proxy and the client. The
application is integrated with a simple user interface which hierarchically displays a
transcoded page. A special protocol is used to reduce data transmission between the
client and the proxy. For example, all HTML tags are removed and URL of every link
is replaced by just a number.

The browsing process is initiated by typing a URL. At the browsing initiation the
client application sends a request along with the URL to the proxy. The proxy starts a
session for that client, downloads the required page from the corresponding server, re-
authors it and then sends it to the client. The re-authoring technique calculates the
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relevance of the information on a page based on the available rules for the domain of
the page. The relevant information is categorized into predefined domain-specific
categories or sub-categories by applying the rule set relevant to the current page. A
hierarchical summary tree of this relevant, categorized information is created and
transmitted to the client. In subsequent navigations, the client application sends the
link number of the link clicked. The proxy maintains a database of information for
each session of each client, from which it gets the URL of the clicked link.

The transcoding proxy consists of five modules, communicator, page retrieval
process, fragmentation process, punctuation process, and category profile manager.
The communicator handles all the communications between the proxy and the client.
The page retrieval process downloads the requested page from the corresponding
WWW server. The fragmentation process parses the retrieved page and fragments it
based on HTML syntax. A fragment consists of one or more elements. An element
can be either a block of text or an image. The punctuation process does all the
relevance calculation, categorization, and hierarchical summary tree generation tasks.
The category profile manager updates the category profile of the current page as a
client navigates. The category profile is a pointer to a set of possible categories of
information in the page being viewed.

The second, third, and fourth processes run in parallel. The first two processes are
simple, therefore only the last three processes are discussed in details in this paper.

3.1 Fragmentation Algorithm

The fragmentation algorithm is primarily based on HTML syntax. A page is
fragmented at every occurrence of <table>, </td>, </table> and <hr> tags. But
fragmenting on every occurrence of these tags splits a page into several unnecessary
fragments and often a fragment contains only one element. So we have included a
merging policy to merge the fragments if necessary. A fragment is merged with
another fragment if they are in the same column and in subsequent rows of the same
table, having same column span and not separated by <hr> tag. The aim of the
fragmentation algorithm is to split a page into several semantic units, i.e., units with
closely related information.

Based on extensive empirical study of web pages of different domains, we have
taken a syntax-driven approach towards identifying the semantic units. This approach
works very well for web pages of structured or semi-structured domain. However, for
domains whose pages follow no specific structure, more complex interpretation of the
web page is necessary for semantic splitting.

The fragmentation algorithm also determines the crude position of each fragment
in a page. Some amount of pruning is also done by this process. For example, among
the duplicate links, the links containing fewer words are considered as less
informative and pruned. Images with less than 10 pixels in height or width are also
pruned as most of the times they are bullets or white spaces or simply thin lines. It
also prunes any fragment that was already encountered in any pages along the user
navigation path so far. For example, the navigation bar is repeated among several
pages of a site and will be pruned from navigation depth 2. Each fragment is searched
in the space of all previously encountered fragments and pruned if found.



Online Transcoding of Web Pages for Mobile Devices      275

This process outputs three arrays, array of Links, Elements, and Fragments. For
each link on the page, an entry is created in the array of Links. A Link entry contains
the URL and the anchor text of the link. This is done so that subsequently we can
refer to a link by its array index only. An Element is the basic unit of a fragment. For
every continuous text or image, an entry is created in the array of Elements. An
Element is marked by a 5-tuple <string, link_id, emphasizer, category_no,
nonterminal >. The string field contains the text string for a text block or the entire
<IMG> tag for an image. If the element is a link then link_id contains the index of the
corresponding Link entry in the array of Links, otherwise it is set to −1. The
emphasizer value is a measure of how prominently a text appears in the document. It
is set to −1 for an image. For a text element it is calculated from the font size of the
text and other attributes that affect the size of a text. Typically the other attributes that
affect the size of a text are tags such as <b>, <strong>, <h1>, <h2> etc. The
category_no and the nonterminal fields, indicate the type of an element as defined in
the plug-in files. The following paragraphs discuss these two fields in more details.

Each domain is broken up into a hierarchical structure of categories and
subcategories. Each page of a particular domain belongs to any of the category or
subcategory and contains information on some subcategories (categories and
subcategories are treated essentially in the same manner and we will use the name
interchangeably). For example, the Business page and the Sports page of News
domain belong to the categories Business and Sports respectively. The Business page
contains information on subcategories like Stock Quotes, Business News etc. and the
Sports page contains information on subcategories like Football, Cricket, Baseball
etc. In a page containing information of multiple categories, some elements are the
name of a category itself and mark the beginning of information belonging to that
category. For example, the heading Publications in a faculty's home page marks the
beginning of the list of publications. These elements need not to be categorized any
further during the punctuation process, but its relative location with respect to other
elements can be used to classify those elements under this category. For example, in a
faculty's homepage the elements placed under the heading Publications should be
categorized under the Publications category. The fragmentation algorithm determines
whether an element is a category name or not using hints from a domain specific xml
configuration file called Categories.xml. The xml file contains the important
category-subcategory tree for the entire domain. The xml file encodes the tree using
nesting of xml tags. For each important category or subcategory name of a domain
there is an xml tag in the xml file with proper nesting of subcategory tags under
corresponding category tags. Each node (i.e. xml tag or element) for a category name
also includes some other types of child nodes providing hints to identify that category
name. The hints are basically keywords and the context in which the keywords should
occur. The xml file contains a special type of tag called <Forbidden> which lists a set
of keywords that should not be taken as a valid category name for that domain.

The category names, mentioned in the xml file for the current page are kept in an
array. If an element is identified as any of these category names its category_no field
gets the corresponding index value. If an element is not a known category name, does
not contain any forbidden word that cannot be a category name, but otherwise looks
like a category name (e.g. it has relatively higher emphasizer value and has two or
less words), its category_no field gets the value OTHERCATEGORY. If the element
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cannot be identified as a valid category name (known or otherwise), its category_no
field gets the value NOTCATEGORY. In short the category_no field indicates whether
an element is a category name (listed or other) or not.

The fragmentation process also checks whether an element is any of the
Nonterminals defined in the Rules.xml file. The Rules.xml file contains a set of
Nontermials definition and their identifying parameters such as number of words,
emphasizer value etc. The Nonterminals define certain basic types of element such as
story text or story link in a news page. The nonterminal field of an element gets a
positive integer if that element matches any of the Nonterminals defined in Rules.xml.
The mapping from Nonterminals to integers is done in the order in which they appear
in the Rules.xml file.

The third array output by the fragmentation process is the array of Fragments. A
Fragment is a set of elements and is marked by 4-tuple <start_index, end_index,
location, fragment_type>. The start_index and the end_index is the index of the first
and the last element of this fragment. The location is any feasible combination of
Top-most, Bottom-most, Left-most, Right-most, and Middle. The fragment_type
indicates the content type of the fragment (advertisement, category links etc.). If 90%
of the elements of a fragment are of type image or external link then its fragment_type
is set to ADVERTISEMENT; else if 90% of the elements of the fragment have
category_no ≠NOTCATEGORY then its fragment_type is set to CATEGORYNAMES.
Otherwise the fragment_type is set to GENERAL.

The fragmentation process is executed while the page is being downloaded using a
single pass algorithm. Certain other optimizations are done to speed up the algorithm.

3.2 Punctuation Process

The punctuation process uses the output of the fragmentation process and computes
the relevance of elements that are not a category names (i.e. elements with
category_no = NOTCATEGORY). It tries to identify the category of each element. As
the category of an element is determined as any of the listed categories the element is
selected as relevant. The punctuation process also organizes the relevant elements in a
hierarchical summary tree for better presentation in the client device.

The process applies the categorization algorithm on all the elements of a fragment
only if the fragment_type of the fragment is equal to GENERAL. An
ADVERTISEMENT fragment is not considered to be relevant; a CATEGORYNAMES
fragment contains only the names of categories, and not the elements that need to be
classified under a category. The punctuation process only picks up the available URLs
corresponding to the important category names from the CATEGORYNAMES
fragments. These URLs will support navigation to the pages containing information
about that category. For fragments with fragment_type equal to GENERAL, it applies
the categorization algorithm on a set of elements belonging to the fragment. The
boundary of each set within the fragment is determined either by an element with
category_no ≠ NOTCATEGORY or by the fragment boundary.

For categorization of elements the punctuation process uses a default technique and
rules from the domain specific Rules.xml file. The default technique tries to identify
the pre-categorized elements. In web documents many information is already
categorized by the author of the document. For example, in a faculty's homepage,
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publication list, research interest, courses taken etc. are often categorized under the
category names like Publications, Research Interest, Courses respectively. Here we
assume a set of elements is pre-categorized if they are preceded by an element having
category_no ≠ NOTCATEGORY. The punctuation process maintains a list of known
categories and selects the set of elements preceded by any of these known category
name. Note that reaching an element with the category_no value OTHERCATEGORY
can be used to signify the end of a list of elements belonging to a known category,
and start of an unknown category. If a set of element cannot be classified under either
a known or an unknown category by the default technique because they are not
preceded by any category name (i.e. they are not pre-categorized), the rule set of the
Rules.xml file is applied to it. For example, in a faculty's home page the person's name
and designation is often placed at the top of the page in an uncategorized way. The
Rules.xml file for this domain can specify the possible attributes such as location,
emphasizer value, keywords (e.g. “professor”, “associate professor”) etc. to identify
and categorize these elements.

A rule is basically a regular expression over some Nonterminals defined under a
Grammar tag. Each category name listed in Categories.xml at any nested depth can
have zero or one rule nested under the Grammar tag. Each Nonterminal definition
contains a DNF (disjunctive normal form) rule. Every clause of the DNF rule can
specify some attributes of an element, for example, whether it is a link or not, number
of words contained, emphasizer value, keywords etc. In the fragmentation phase
every element is checked against these definitions and a positive integer
corresponding to the matched Nonterminal is preserved in the nonterminal field of
that element. Basically the Nonterminal definitions help to identify a single element
with certain characteristics. Sometimes the sequence among these elements serves as
an important identification attribute. For example, in a news paper front page a block
of text containing the word “football” with emphasizer value greater than 3 and
followed by a “full story” link can be categorized under Sports Stories. Our rule
specification captures this sequence through a regular expression over the
Nonterminals. Regular expressions with flexible Nonterminal definitions make the
rule set powerful enough to specify almost any certain characteristics of a set of
elements. The punctuation process applies these rules on a set of uncategorized
elements and the matched sequence is inserted under the corresponding category.

 At the end of this phase, an element can fall into one of two classes. If the element
is classified under a known category, it is considered as relevant and its category
information is preserved. If it is classified under an unknown category (not a listed
category name for the domain), the element is not considered to be relevant and is
dropped. Note that it is easy to change the behavior of the system so that all elements
that are either not classified or are classified under an unknown category are not
dropped, but are gathered under a separate Others link. It is then up to the client
application to decide whether to show this link or to drop it.

As and when each element is categorized under a known category, it is inserted in
a hierarchical summary tree whose root is the corresponding category name. The tree
is built with the aid of the emphasizer values. Each node of the tree contains a pointer
to the corresponding element. Consecutive elements are inserted in the tree in such a
fashion so that an element with higher emphasizer value will be the parent of its
subsequent element with lower emphasizer value. The idea is that a text with higher
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emphasizer value (i.e. bold/strong text or text with bigger font size) is the heading or
title of subsequent text. The summarization algorithm and building the hierarchical
summary tree is similar to the accordion summarization techniques used in Stanford's
Power Browser [3], and the details are omitted here. We just present an outline of the
algorithm to form the summary tree for a single category out of the selected
consecutive elements.
//curr_node is the node under which it will try to
//insert the next element. Root node is a node
//corresponding to the category name having infinite
//emphasizer value.

curr_node = node(category_name);
for every Element E  in the matched set of Elements

while (curr_node.emphasizer<=E.emphasizer)
curr_node = curr_node.parent;

curr_node.insertChild(node(E));
curr_node = curr_node.childNode(E);

The trees for the different categories are then combined to get a single hierarchical
summary tree. The combined tree preserves the category-subcategory hierarchy as
well as the summary trees formed for selected elements in each category.

3.3 Category Profile Manager

Category profile is a pointer to the set of possible categories that can appear in the
page being viewed. As a client navigates from a category to any of its subcategories
we need to update this pointer. The information in each page may be classified under
different categories. Once a link belonging to any of these categories is followed, the
information in the new page already belongs to that category, which may then be
classified under further subcategories. Keeping a pointer to the current set of valid
categories serves two important purposes. Firstly, it helps the system to identify the
valid set of categories in the current page. Categories.xml encodes the category-
subcategory tree for the entire domain. Moreover, the same subcategory may appear
under several different categories. For example, the subcategory Sports may appear in
the front page, the International page, and the Regional page of a news paper.
Therefore the category-subcategory tree can have multiple nodes with same name
having a single rule enlisted in the Rules.xml file. This pointer determines which one
is the valid node in the current context, i.e. under which category to place an element
when the single rule for that category is satisfied. Secondly, there can be same rules
for multiple categories. So applying all rules for all categories on every page may
sometimes categorize an element into a less appropriate category. Maintaining a
pointer to the current set of valid categories narrows down the subset of the rules that
are applicable to a page. In particular, only rules specified for the current set of valid
categories are applied. A category-subcategory tree is created by the server on startup
from the Categories.xml file. As a client requests for a page, the category profile
manager checks the anchor text of the link being clicked. If the anchor text is the
name of any subcategory then it adjusts the pointer accordingly to point to that sub-
tree.
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4 Application to News Domain

The architecture described above has been implemented. Configuration files and rule
sets are plugged in for the News domain to transcode news pages online.  In this
section we describe and show examples of some of the concepts mentioned above
with respect to the News domain.

We have determined some common attributes of News domain based on an
empirical study [10] of 85 popular English news sites of different countries. Firstly
we have determined the typical categories and subcategories present in the entire
News domain. For example, Headlines, Politics, Sports, World etc. are some of the
typical, categories present in a news paper's front page. Similarly Football, Cricket,
Basketball etc. are the common categories found in the Sports page of a news site.
The identifying keywords of these category names are then determined. For example,
the category name International can be identified by the word “International”,
“World” or “Foreign”. The other common structural attributes for relevant
information is also determined. For example, the Headlines are often placed in the
middle (according to the fragment location terminology) of the page with large
enough emphasizer value to make it clearly visible. These common attributes are
found to be very consistent across most of the news sites. Another work [4] regarding
news pages also substantiates this claim. These attributes are then captured formally
in the files Categories.xml and Rules.xml. Fig. 1a and Fig. 1b shows parts of typical
Categories.xml and Rules.xml files respectively for News domain.

In the Categories.xml file the keyword tag for each category specifies the necessary
keywords for identifying a text as that category name. A text is selected as a category
name if it matches any of the keywords specified under the corresponding category
tag. The length attribute of a keyword element specifies the maximum number of
words a text can contain to be selected as that category name. For example, to be
selected as category name Cricket, an element identified by the fragmentation
algorithm must contain the keyword “Cricket” and can be at most two words long.
For example, “Cricket”, “Cricket News”, “Cricket Stories” are all going to be
qualified as the category name Cricket. The category name specification thus gives
the flexibility of capturing a wide variety of texts by relatively less number of
specifications. Note that only the categories and subcategories of interest are needed
to be specified in the Categories.xml file. Information belongs to unspecified
categories and subcategories are automatically detected and categorized under a
separate Others link.

In the Rules.xml file, each Nonterminal is in DNF and each clause of DNF is
defined under a <cl> tag. Each clause can have conditional statements and/or
keywords, for example, the clauses under Cricket_Headlines and Story_Link. In a
conditional statement, the keywords anchorWords and plainTextWords are used to
distinguish between link and plain text. For example, “anchorWords > 2” means that
the accepted element must be a link with anchor text of at least 2 words in length. An
element can match to multiple Nonterminals. In that case the Nonterminal containing
maximum number of clauses is accepted. A rule for a listed category is placed under
the tag having the name of the category. These tags are further nested under the
Grammar tag.
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We next show an example output of the punctuation process using a typical news
page fragment where the information is not pre-categorized. In Fig. 2a the image and
the texts, “Hussain sulks: Indira works damaged.”, “full story”, “Govt braces for
attack in House on Gujarat, drought”, and “full story” are links. Fig. 2b shows the
hierarchical summary tree for the page fragment output by the punctuation process.
Note that the image and the “full story” links are pruned as they were duplicate links.
The elements are selected as relevant by applying rules from the Rules.xml file. The
elements are organized in the tree according to their emphasizer values. The root node
of the tree is the category name under which the elements are selected and it has
infinite emphasizer value. The first and the third elements of Fig. 2a are bold and have
a font size equal to 3; thus their emphasizer values are 4. They are inserted as direct
children of the root node. Other elements have font size equal to 2, therefore their
emphasizer values are 2. These elements have relatively lower emphasizer value and
therefore they are inserted as child node of the first and the third element.
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Trees of the different categories are then combined to get a single hierarchical
summary tree of the entire page, which is then transmitted to the client according to
the protocol running between the server and the client application.

Note that although the application is designed for News domain, a client has full
navigation facility either to any of the domains like Sports, Cricket, Business, Politics
etc. or to just the full story page. The navigation facility to these domains inherently
enables our system to work for those domains.

5 Client Application

In order to use the system, a special application compatible with our transcoding
proxy needs to be installed on a client device. This restriction is kept to optimize the
presentation and to reduce the data transfer between the proxy and a client. This
restriction can be easily removed by adjusting the proxy to output HTML files. In that
case a user can browse using any HTML browser in lieu of all the optimization.

The client application is a simple browser that runs on a Compaq iPAQ PDA. The
server is written in Java and can run on any platform. Normal browsing begins with
typing the URL. After the user has tapped the “Go” button to initiate browsing, the
Pocket PC client sends an appropriate request to the Proxy server. If it is a valid URL
of any known domain, the server sends back the page after all the aforementioned
processing. If the request is for a page from an unknown domain, the server presents
just a hierarchical summary view of the entire page without applying the
categorization algorithm at the punctuation phase. The client browser receives a tree
from the proxy server. Each node of the tree is an element. The tree is displayed as a
conventional tree widget using plus and minus signs. Each node can be expanded or
collapsed using left to right gesture on the corresponding node. To follow a link a user
need to tap on the link. Figures in Appendix show two typical navigation patterns
using our client application.
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6 Results

We have tested our system on almost 80 pages of 30 news sites spanning all over the
world. For the purpose of testing, a human agent determined the relevance and
category of each text and we checked the recall and precision of our system against it.
The human agent was restricted to underscore an element as relevant if and only if the
element belongs to any of the important categories listed in the Categories.xml file.
We have obtained a very good recall, that is almost all the underscored elements were
presented in the client device. The precision was also good. It was seen that very little
irrelevant elements were present at the end of the transcoding and elements were
included in proper categories.

We also compared our system with pages in Avantgo [13] channels. As the pages
of Avantgo channels are created manually and they are commercially successful, we
have taken these pages as the reference for one of the best small screen presentation
of the desktop versions of the pages. Our system was targeted to bring a look and feel
of Avantgo. But Avantgo displays many other links that are not in the desktop version
of the page in question and only available after following some links in the desktop
version. Avantgo pages are transcoded manually and it is optimized in such a way so
that it is a microcosm of the entire site, not of just a page. We never intended to
achieve this and we have done only a page by page transcoding. However, the entire
site can be surfed by following the links from the top level pages. Moreover, our
system allows the user to surf more number of news sites as the transcoding is online
and no manual re-authoring is needed.

There is hardly any performance penalty for transcoding. As all the processing is
done in a powerful proxy and in parallel with page retrieval from the WWW server,
transcoding time has no discernible effect on the page download time on client device.
High page retrieval time always subsumes the processing time and therefore it always
achieves nearly the same performance as compared to any other browser.

7 Conclusions and Future Work

In this paper, we have presented an architecture for online transcoding of web pages
using domain knowledge. The architecture is general enough to handle different
domains by just plugging in two files for each domain. The files capture the domain-
specific knowledge. The developed system requires no server side content adjustment,
and no manual re-authoring of pages. The transcoding process attempts to filter out
only the relevant information from a page and presents it to enable easy searching and
browsing. The developed system also categorizes and summarizes the information
presented to further improve on the time and effort to browse for specific information.
We have tested our system extensively on the News domain and the results obtained
are very good.

We are currently working on extending the system in different ways. Firstly, we
are implementing rule sets for other domains.  Secondly, we are working on
incorporating client profile in the transcoding process to have a better, user-specific
presentation. The client profile can either be specified or can be inferred by watching
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the browsing pattern of the client at the proxy. The current version cannot handle
HTML forms and scripts properly. Transcoding of pages with HTML forms and
scripts are also being investigated.
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Appendix

In a client application the hierarchical summary tree is displayed as a conventional
tree widget using plus (‘+') and minus (‘−') signs. For displaying a node i.e. an
element it shows only the string field of it. In case of displaying a non-leaf node the
application adds a preceding plus or minus sign. A preceding plus sign signifies that it
can be expanded to see its child nodes. A preceding minus implies that it is an
expanded node and can be collapsed. The HTML convention for displaying a link is
preserved, i.e. blue colored and underlined text is a link and can be followed. So in
the displayed page a user can do two types of actions, to expand/collapse a node and
to follow a link. To expand/collapse a node a user needs to do a left to right gesture on
the corresponding text. To follow a link a pen tap is required on the link. In the next
series of figures we will show two typical browsing patterns in the news site
http://www.independent.co.uk. Fig. 3a to Fig. 3d shows a browsing pattern starting
from the front page to a full story under the category Headline and Fig. 4a to Fig. 4b
shows a browsing in another direction through the Sports page.
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Abstract. A framework that provides means for users with special
needs to interact with otherwise not accessible public kiosk systems is
being introduced. On terminals extended by this framework users can
interact with kiosk systems through their own mobile device permitting
them customized means for interaction. Additionally personal
information stored on the mobile device can be used to provide further
assistance to the user. Several psychological studies have been
conducted in order to evaluate this approach.

1 Introduction

The EMBASSI project is a research projected co-funded by the German ministry of
education (BMBF). The goal of this project to develop solutions for supporting the
user in interacting with tomorrow's technical systems. One focus was the multi-modal
interaction. This article describes a framework, which has been developed and
implemented within the EMBASSI project [3]. This framework provides access to
public information systems like e-kiosks (ticket machine, ATM) for everyone. As at
present disabled users are often excluded from the use of public kiosk systems they
were the principal target user group of the system to be developed. Also elderly
people and people that are not used to interaction with information systems are often
not supported so that the demand for a �design for all� has gained increasingly in
importance.

Because of growing perceptive and physical restrictions elderly people have almost
the same problems like (younger) visually impaired and physically disabled people,
i.e. elderly with respect to their needs in accessibility (slower perception, memory
access and actions) could be counted to the group of disabled people. Finally it is
obvious that average users with no disabilities also could profit from an increase in
accessibility and assistance in interaction with public kiosk systems.
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Equipping public kiosk systems with all the input and output devices, which would
be necessary to make them accessible for every user's needs is hardly possible as
handicaps are as diverse as mankind itself. The idea developed within the EMBASSI
project was it to provide an additional interface to public kiosk systems allow users to
access such systems through their own personal interaction agents. Those agents
could be private mobile devices configured to the needs of the individual user. So
visually impaired could use a device with audio in- and output and an additional
Braille-line while the user with motor impairments could use a single-button device.
Terminals should provide an interface for such devices to control the terminal
application without using the terminals user interface. This could be an addition to the
common touch screen and button interfaces which could still be used.

Additionally to the individually configured devices further personalization could
improve accessibility by using user preferences and device profiles for scaling and
pre-configuration of user interfaces and services and for persistent storage of relevant
information. The mobile device could become a real personal assistant in interaction
with real world services [17].

The following chapters are organized as follows. The first chapter will give a short
introduction to related work followed by an overview of the psychological and
technical requirements that have been identified. In the subsequent chapter of the
framework we will give an overview of the framework followed by a more detailed
description of the multi-modal interface framework and the service concept. The
description of an example implementation will give more information on how this
concept can be realized. We will report the results of first evaluations of the
framework and we will then conclude this article with a summary of open questions
that will be subject of future research.

2 Related Work

There are several projects addressing problem of making public information systems
accessible for people with special needs, as there is the Trace Center [22, 24] or the
Archimedes project [20].

Apart from terminal-sided improvements of accessibility like EZ access [9] the
Trace Center takes part in the V2 Universal Remote Console Specification (see [24]
for further information) addressing a standard for remote access to terminal systems.
Other approaches for remote controlling complex applications are for example the
�Personal Universal Controller" (PUC) by the Pittsburgh Pebbles PDA project [12] or
XWeb [13] which defines an architecture for multimodal interaction with applications
based on extended Web protocols (HTTP mainly). Another approach focusing on ad
hoc network of devices allowing interaction by exchanging user interfaces is
described by Newman et al. [11].

While V2 and PUC are focused on defining access and interaction protocols
EMBASSI intends to provide a complete assistance environment rather than a mere
multimodal remote control platform.

Archimedes is another well known project that focuses on alternative access to
information systems like standard desktop computers through special interfaces. It
differs from the EMBASSI project in the aspect that Archimedes intends to define the
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protocol between special I/O components and standard computer platforms rather
than access to information systems in the public.

Another approach for improving accessibility to kiosk systems by providing
multimodal interfaces is developed by the Tivis project that employs XML
technologies to generate different versions of a user interface [21].

An overview of current developments in mobile devices and public kiosk systems
has been given by Reimann [16].

3 Analysis of Requirements

Previous Research has revealed two principal requirements for all users of public
kiosk systems, no matter if disabled or not. For all these people there are the same two
requirements: to recognize the functions of the terminal and to use them for task
managing. The following requirements are common to all kinds of user groups:

• Temporal restrictions: people want to use the terminal at their own pace, without
the thread of early time-outs.

• Mental support: people don't want to remember data like e.g. PIN and would
therefore appreciate support in remembering this kind of data.

Generally: People's wishes are greater than the opportunities for their fulfilment
[23]. For example: When using a cash dispenser (also handicapped and visual
impaired) people want to have the possibility to save (e.g. via CD or another media)
or to print data from the terminal, or to telephone or to use internet or e-mail [4].
Nevertheless there have been identified some improvements that would lead to more
user-friendly terminals for all user groups, as there are:

• Biometric method for identification (e.g. fingerprint, iris-scanning)
• Alternative multimodal access to the terminal.
• A standard layout for keypads is essential for blind people.
• Buttons on the Interface should be adaptable in size
• There should be high contrasts between touch areas, text and background colour.
• If user passes with a fingertip over the screen, he should get speech output

describing the active area his fingers are touching at the time.
• Consistency in command language during the program.
• Graphics, captions, animations, symbols as well as pictures or tables should be

replaced by meaningful verbal descriptions for the screen reader.
• For a better orientation Gorski & Kempke [5] advice multi-speech output: first

voice for screen information; second voice for information about the task-
procedure and third voice for special signs, numbers, symbols, abbreviations.

Some requirements are specific to certain handicapped user groups due to their
specific limitations, those requirements are being listed in the following chapters
grouped by requirements of visually impaired and physically handicapped users.
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3.1 Special Requirements for Visually Impaired People

• Location and self-description of terminals: Where are terminals and if there are
several, which one to choose? What are the services a terminal offers?

• Graphical terminal interfaces have to be adaptable in font size, contrast and
complexity otherwise no autonomous usage possible.

• Braille as only alternative output has severe drawbacks: At outdoor terminals
tactual sensitivity is dramatically reduced with decreasing temperature. The
estimated number of Braille readers in Europe is less than 0.02% of the
population.

• Standardized structures for public terminal interfaces would be very helpful for
blind persons to allow transfer of experience between different applications.

• Physical interactions like inserting cards or money should be reduced as card or
money slots are difficult to be located.

More than non-disabled or handicapped people the visually impaired want to have/get

• A preview what will happen after pressing a key.
• Information step by step.
• Information for orientation in the terminal area.
• A connection to other terminals/or services while using one of them in order to

get more specific information, e.g. like internet.
• Speech recognition and voice output favoured before Braille edition or the relief

through an Avatar (aid through a like a human being figure on the screen).

3.2 Special Requirements for Physically Handicapped People

Physically impaired people are often excluded from the use of public kiosk systems
because interaction components are positioned out of reach or the interface is a touch
screen display, which is operated with fingertips. Physically impaired people often are
limited to minimal movements with eyelid or mouth. If only a forward approach in a
wheelchair is possible, then the maximum height of any interactive element on the
terminal should not exceed 1.2 metres. The lowest height of any operable part of the
user interface should not be less than 0.7 metres. Further physically impaired people
are hindered by early time outs by the machine and they have difficulties to access the
card reader or other physical slots of the machine.

4 Assistance

Assistance gives access to functions assigned to machines. This means functions that
are not accessible because they are unknown to the user or their use requires too much
sensory, cognitive or motor effort from the user. Assistance systems include all the
components of a user interface that support the user in solving a task. According to
[23] assistance by technical components could be necessary for six steps in human
action:
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1. Motivation, activation and goal setting
2. Perception
3. Information integration, generating situation awareness
4. Decision making, action selection
5. Action execution
6. Processing feedback of action results.

To support the use of public terminals for elderly, visually impaired and physically
handicapped people requires assistance in perception, information integration,
generation of situational awareness, decision making and action selection as well as
action execution.

A survey conducted during the initial phase of the EMBASSI project (2000)
inquiring which kinds of technical assistance were desired by the different user
groups revealed that all the three user groups (visually and physically impaired and
non-impaired) preferred a pocket-sized portable assistance system with long stand by
time and visual display a configuration similar to today's palmtops or smart phones.
All users preferred adaptable assistance which could be configured at any time by the
user himself.

Mainly visually impaired users preferred additional means to access terminal
systems going beyond the standard configuration which seems clear as common touch
screens or buttons are hardly usable for them. As shown below handicapped persons
compared to others would in general accept a greater degree of automatic assistance.

Acceptance of Assistance System for Public Kiosk Systems
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Fig. 1. Distribution of the acceptance data between handicapped and not handicapped persons
while operation of terminals with a future assistance system
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5 Framework Overview

In the EMBASSI framework a mobile device serves as personal assistant in
interaction with public terminal systems and other information systems. The personal
device serves as holder of personalized input and output components, as platform for
personal assistive software and as storage for personal information that can support
the user during interaction.

All software modules implemented in this framework are realized as software
agents, independent modules communicating over TCP/IP and  a special protocol an
extended version of the Knowledge Query and Manipulation Language (KQML)[8].
Agents are connected to a router and each router forms an own agent platform. Agents
can dynamically connect to platforms and platforms can be connected dynamically to.

In order to provide access to an existing e-kiosk application with minimal
modification of the original application a narrow interface had to be defined, allowing
the exchange of information of the application state (dynamic contents, interface
presently visible) between application and framework [19]. Application user
interfaces had to be rebuild in a generic user interface description language (XUI, see
below) allowing the delivery of the interfaces to a remote device. On the terminal a
complete autonomous agent platform is installed. There can be different assistant
components on a platform advertising their services.

Fig. 2. Overview of the framework architecture. The terminal application is connected to his
local agent platform through a device controller. Assistance or Service components can be
found on both platforms while only on the client side user interface controllers are located. A
mobile platform (left) can connected to a terminal platform (right) and create a new session in
which all services are available to all components

A mobile device also has a complete agent platform running. One specialized agent is
responsible to control user interaction. It receives abstract user interface descriptions
and hands them on to suitable input and output devices to generate the interface.

How does the mobile device discover the terminal? Over a network the terminal
sends broadcasts advertising its services by sending an XML document containing the
description. When the user chooses to connect to a terminal a TCP-connection is
established and the host-router (the terminal located router) sets up a new session
allowing communication between mobile device and terminal.
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This framework represents a location-aware and dynamic ad-hoc infrastructure that
can be used for any kind of interaction between devices in a continuously changing
environment.

6 The Multimodal Framework

Integration of different multi-modal interaction devices requires several layers of
abstraction as described in the EMBASSI framework [6, 7]. In order to combine and
synchronize input from various sources a central instance receives abstract
notifications of user events. Those event notifications are generated by so called input
filters translating platform and device specific signals into generic events and
sometimes performing low-level fusion of predefined sensor or input device arrays.
System output is distributed by the polymodal output to a set of output components,
so called rendering components, which are responsible for generation and update of
the user interface. While the polymodal output is responsible for the concrete
instances of modality-dependent interfaces the management of the abstract interfaces
is performed by the dialog manager, controlling focus, zoom state and other
parameters. One abstract interface may have several presentations generated by
different rendering components. As part of the framework presented here a dialog
manager, a poly-modal in- and output manager and a prototypical renderer and filter
component for Java Swing® and HTML have been developed and implemented. Also
an abstract description for the user interface the extensible User Interface Language
(XUI) has been developed [18]. The following chapters will give a short overview of
the components and XUI.

6.1 eXtensible User Interface Language

Providing access to existing applications requires a means to create a true
representation of the original applications user interface. Further the presentation on
different devices in different modalities requires a high level of abstraction that allows
convergence between the different platforms. A variety of approaches for a abstract
description of user interface were developed in the past years, as for example the User
Interface Mark-up Language (UIML)[1, 14] or the Mozilla project's Cross Platform
Front End (XPFE) described in the XML-based User Interface Language (XUL) [10]
integrated in their browser. While XUL is designed mainly for graphical user
interfaces UIML claims to provide means for describing user interfaces in an amodal
and platform independent way. Unfortunately present version only provides a syntax
to describe such structures but no set of amodal controls to be applied. Another
promising solution is the model-based eXtensible Interface Markup Language
(XIML) [15] which allows interface definitions on base of user and task models. This
approach is still new and evolving (see [18] for a more detailed discussion).

The eXtensible User Interface language (XUI) is an adaptation of the W3C
XForms specification [2] providing an abstract definition of user interfaces in XML
syntax. W3C XForms defines the next generation web forms standard. W3C XForms
defines a set of abstract user interface components representing an extension to
today's HTML form components. One of the most powerful concepts of the W3C
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XForms addresses the processing of data. The data to be collected from the user or the
state of the user interface is represented and handled in an own structure, which is
called the data model. This model includes a data typing and validation mechanism
which can be used for client side evaluation of user input and which is based on the
W3C schema definitions.

6.2 Control Elements

XUI adapts a subset of user interface elements from XForms, which were considered
to be sufficiently abstract for presentation on any device and in any modality. User
interface elements are defined mainly by the type of data accepted (e.g. �input� can be
used to collect string input, �selectBoolean� allows the choice between two
alternatives). Unlike XForms, where controls are handled as part of a form, which is
submitted as a whole, XUI focuses on the abstraction of an application front-end
allowing direct interaction with an application. Hence every XUI control holds a
separate data model that is submitted directly on user interaction.

XUI also specifies a mechanism for defining events and actions within a user
interface (e.g. enabling or setting visible controls by selecting or unselecting a choice)
that also consists on a subset of XForms events and actions.

6.3 Accessibility

Every XUI control has to hold a caption describing the control. This seems trivial but
in fact many of today's toolkits handle caption and control separately. In Java Swing
for instance a label has to be assigned to a control explicitly. This is often ignored or
forgotten by programmers leading to interfaces where both elements are separate
items related only by their spatial position unperceivable for e.g. a blind user. In XUI
a caption is an integral part of a control describing the control to the user as depicted
in figure. In cooperation with providers of supportive technology for visually and
physically disabled the control set was evaluated and improved in order to achieve a
maximum of accessibility for such users.

6.4 Polymodal In- and Output

The framework as mentioned above is designed to support simultaneous input from
and output to several modalities. The polymodal in- and output (PMIO) is the central
component, which distributes user amodal interface-descriptions to different
modality-specific presentation components and on the other hand integrates input
from several input components.

A new user interface before being distributed to different renderers has to pass a
pipeline of different processing modules, as there are the analysis (e.g. how many
elements; how many items in a selection list; e.g. to change input mode); the
extraction of data model and instance date (e.g. the initial content of fields);
adaptation (e.g. reordering, changing layout, reducing number of controls) and
distribution to the different presentation and input components.

Due to the modular architecture different modules can be plugged into the pipeline.
User input on the other hand is sent by the input components to the PMIO, which has
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to solve competitive inputs and merge additive information. This can be realized e.g.
by tracking temporal relations. After integration of the user input the data is validated
against the control's schema that has been extracted before. On validation success
instance data in the PMIO is updated and send to all registered components and also
to the underlying application core.

6.5 Rendering and Input Components

Rendering components are needed to generate a user side representation of the
application interface. This presentation can be realized in different modalities at the
same time. In the present system there exist renderers for visual output (Java Swing®,
HTML), aural output (IBM Via Voice®), and tactile output. The visual renderers
allow the presentation of XUI interfaces in a common visual way in input with mouse,
keyboard or pen  either as Java Swing Interface or as HTML page on a mobile device
(Compaq iPAQ). The aural renderer is optimised for the use in combination with
visual output addressing the elderly user, users with motor problems or just those
preferring voice commands. The aural renderer reads the caption of the control, which
has the present focus. On a �help� command the hint text is read to the user with
another voice. Navigation can be realized in different ways: by reading the caption of
a control, focus is set to this control; another commands allows, �tabbing� through the
interface. The tactile renderer controls a hardware extension to a common Braille-line
allowing visually impaired to get a low-resolution impression of graphic information.
In interaction with interface controls, certain standard elements like �next�, �ok� or
�abort� can be emphasized by presenting a key symbol on the tactile display.

7 The Service Framework

Within the framework described here a service is represented by the single assistant-
agents rather than the terminal itself (which can serve as host for a variety of
applications. Those agents are publishing their services to the platform they are
registered to. If another platform (e.g. the mobile user's device) connects to this
platform, registered assistants are published to the guest platform and hence are made
available to the user.

Due to the classification of services that is based o standards users and applications
can, without having visited a location or a terminal before, inquire for services
available and then request an offer from the ones that are fitting. Such a general
classification is a necessary precondition for integrating and discovering services in a
heterogeneous and dynamic environment.

7.1 Power of Personalization

Together with the general service concept depicted above individual services or
assistants can be combined in order to obtain the possibility of personalization in a
dynamic and �stateless� environment. As services may not only be located on the
terminal but also on the mobile device those services can be used to store and apply



Multi-modal Framework to Support Users with Special Needs      295

persistent and individual data, like e.g. preferences, personal data, etc. This
information then is not revealed to a terminal that is visited but stays local, to be
processed on the mobile device.

If for instance a user accesses a ticket machine in order to get a ticket back home
the ticket machine itself is not aware of the user personal data, and of course it should
not be so. On the other hand storing personal information like home address on a
mobile device is common practice, either in an address book or in the �owner info
sheet�. So why not using this information in interaction with the ticket machine? In
the framework described here a local assistant could be used to fill in this information
automatically into a request for a ticket. Of course this could be extended further, that
the calendar application on the mobile device could be checked if there is any meeting
that could be missed if choosing the wrong connection, etc.

This is only possible either if there is only a limited amount of static services
knowing each other and implementing clearly defined protocols in order to exchange
data or if there is a general classification and an open protocol that makes it possible
to exchange such requests in a common format.

Each service can offer a user interface that allows the user to interact with the
application directly on his own device by means of the XUI user interface definition.
But there is also a programmatic interface defining a protocol on base of article data
which can be used for inter-assistant communication.

7.2 An Example Implementation: Shopping List Assistant

As a proof of concept an example application of a shopping list assistant has been
implemented. The shopping list assistant is an assistant agent running on the mobile
device allowing the user to keep a local list of goods to be bought. This can be done
offline, for instance at home where no terminal is available. Later, when the user is on
his way downtown by passing by a shopping terminal he can submit this list and in
return receives a priced offer. He now can either edit this offer for new submission or
buy the items on the list. The user can do this by interacting with the local shopping
list assistant providing always the same interface. So no matter where he is or on
which terminal he executes his order, the user does not have to get used to a new
interface every time.

After submitting the order to the terminal the user is forwarded to the terminal
application and can either continue browsing the shop for further articles of follow the
final steps to complete the order (payment, delivery, etc.).

Personalization is realized through a history function, where every article that is
bought is being stored and rated by relevance (frequency, amount, last purchase). So
the user always has a list of articles to choose from and that is ordered by relevance to
him stored persistently on the device. Another personalization function is the
possibility to store shopping lists on the mobile device allowing the user to reuse them
as often as wanted.

Together with a prototypical terminal application an example platform has been
implemented and deployed on several platforms in combination with additional
supportive I/O components (see above).
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8 Evaluation

Several evaluation studies have been carried out during this project. The example
implementation of a shopping terminal (serving as prototype for a arbitrary kiosk
system) and a variety mobile devices equipped with the EMBASSI platform were
used as test bed for a set of psychological evaluations. The multi-modal assistant on
the mobile device should support the user in browsing and interacting with the
terminal-interface.

1. At first, different kinds of multimodal access for visually impaired and
handicapped disabled people were evaluated by usability experts and real users
assessing if disabled and non-disabled people were able to use supply and
functions of the shopping-terminal with a first version of the special multimodal
technical devices (without any help by another person).

2. What kind of assistance under which conditions were be the best support for
visually impaired or non-disabled users and how special assistance functions
should be implemented were inquired in a Wizard of Oz-Simulation.

3. At last the shopping assistance in the second version of the mobile multimodal
systems has been tested and evaluated by usability experts and possible users,
e.g. non-handicapped and physically handicapped people (e. g. with paraplegia at
the neck).

8.1 Results of the First Study

When interacting with the terminal by means of the first version of the personal
assistant visually impaired persons were not able to recognize the user interface or
concept of use without additional social assistance. Only technical aid (screen reader
scanned the screen step by step for speech output, Braille-wave and tactile display)
was not sufficient for solving the shopping task. Most problems resulted in the
synthetic speech output because blind users did not comprehend the given
information. So they did not understand the concept of use, i.e. what  and how to do
it. Additional explanations by the researcher were necessary which had negative
effects on the operational time. As a summary blind people wish an adaptable speech
output referring to sound volume, gender of voice and speech pace. They also wish a
natural speech output, e.g. English words should be translated adequately into proper
German.

Physically handicapped test subjects were offered a special system (with max. 3
sensors to navigate or scan the screen step by step) as well as a mobile touch screen to
solve the shopping task wireless. Most problems occurred by presenting screen
contents because of an unexpected order, e.g. information were not given in the
expected way: from left to right or up to down.

Due to the results of this study the personal assistant devices have undergone a
complete revision addressing the interaction devices, user interfaces and
communication protocols. A second version of those devices has been implemented.
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8.2 Results of the Study with Wizard of Oz-Method
to Simulate Shopping-Assistance

In this study the shopping-terminal system has always been the same but it was
expanded by natural voices (pre-recorded speech snippets) and different kinds of
speech assistance. The speech output was realized by natural male and female
speaking assistants. While the screen contents remained the same, screen information
without relevant button-activity and different kinds of assistive speech were given by
a female voice and information with relevant button-activity were presented by a male
voice. Making the navigation or orientation easier additional higher categories for the
lists of articles were named by a female voice. E.g. the interface showed 12 different
articles of milk but the female voice distinguished between only two categories: long-
life milk and full-cream milk. In each of these categories were less options to choose
from. All these improvements were realized for blind users in order to achieve mental
support, better orientation  and saving of time.

Three kinds of speech assistance were realized and could be described according to
[23] as the following:

1. Assistance through information: given information by female speech was more
than just perception of a button-labelling. User was informed about the
consequences on a pragmatic level, e.g. like tool-tips.

2. Assistance through delegation: assistance does not only support action selection
but also execution. One option is offered. But the user does not have to execute
this alternative by him- or herself. The system does this automatically if the user
agrees. If the user does not agree, the system may recommend another option or it
will wait for further user actions or changes in the progress of solving the task.

3. Assistance through informative execution: the entire action is executed by the
system. The user cannot directly control the operation. He is in a supervisory role
and may switch off this assistance completely, but as long as it is �on', it controls
the process autonomously.

Because of the growing perceptive restrictions of elderly people as we have
discussed above we focussed in our study on comparable user groups of similar age
(36 visually impaired people and 40 non-handicapped people older than 50 years).
Additionally a group of 10 sighted persons older than 50 had to solve the tasks only
with speech output. In this way we wanted to control that the tasks could be solved in
a speech-only manner.  All of them solved four shopping tasks under four different
conditions (with / without time pressure or limit of money). All of them were able to
solve the shopping task on their own with the improved natural speech output and
without social assistance. The best results were achieved with assistance through
informative execution. Different voices were recommended in order to present
different kinds of information: one for global information, one for action-possibilities
and one for help like tool-tips.

8.3 Results of the Evaluation by User Tests

Two mobile multimodal systems have been tested by potential users (non-disabled
and physically handicapped people). Non-disabled persons were divided in two
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groups, one that had to solve the tasks without assistance and the other that could use
the personal assistance device. Each person had to solve various shopping tasks.

The effect of assistance has been evaluated by comparing non-handicapped users
with and without assistance. Further performance of non-handicapped and
handicapped persons has been compared trying to answer the question whether these
personal assistance would allow handicapped to interact as efficiently with the
terminal as the others. In fact results proved that this concept could provide more
independence to handicapped users in interaction with public information systems:

• Even persons with heavy physical impairments were able to use the shopping
terminal by means of the assistance system without additional aid by other
persons. Their performance was almost as precise and complete as performance
of non-handicapped users.

• Even though introducing new interaction concepts when using the personal
assistants the mental load was comparably small in all groups. However persons
without assistance perceive more mental load if they have to memorize things.

• Users of the assistance systems feel smaller physical load when repeating tasks.
• The usability of the assistance systems has been judged well to very well.

However willingness of non-handicapped persons to use this system in their real
life turned out to be limited.

• A major drawback were the long durations mainly physically handicapped users
took to complete the tasks with the assistance system. However through learn-
and assistance effects this duration decreases significantly. Also the number of
interaction steps was greater with than without assistance. But also here the
tendency was decreasing.

In order to reduce required time and effort it would be reasonable to offer
additional assistance to interactions; e.g. in the case of text entries (context sensitive
word forecast); the navigation over the screen (task oriented presets, jump functions);
or paging functions (aid during the selection of stored data).

Willingness of non-handicapped persons to use this system could be increased by
improving the quality of speech in- and output. But it seems a general shortcoming of
this interaction method that reliability and speed still is not at an acceptable level yet.
Adaptable contexts and dictionaries are being developed in order to improve
recognition performance.

9 Conclusion and Outlook

It has been shown that a multi-modal framework for remote access to public
information systems can alleviate user interaction, above all for users with special
needs. The concept of allowing the user to access kiosk systems by means of their
own mobile device has the advantage of not causing huge additional cost for the
service provider if using a pre-existing framework which allows to integrate existing
applications while providing a maximum of customizable and scalable access for the
user. The ubiquitous availability of personal data as basis for personalized services
and interaction to service independent of provider or location seems a promising
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possibility for the future and could be extended to other applications than kiosk
systems, e.g. administrative and municipal infrastructures or alike.

XUI as an amodal and platform independent user interface description language
has proved to allow remote interaction between mobile users and applications through
different modalities and I/O components. Still there is need for improvements
considering the set of available controls and style definitions which are still limited.
Abstraction of local interaction (coded within the interface) should be extended
according to the efforts made in the W3C XForms. Serialization and segmentation of
interaction paths or complex interfaces still is a problem if the client is not aware of
the underlying application logic. Providing abstractions of the task as proposed by
model-based approaches like XIML could serve as basis for further improvements.

When thinking of platform independent application interfaces in most cases the
focus is on providing the same functionality to different platforms through an
equivalent interface. What to our knowledge has not yet been defined is the term of
equivalence of such multi-platform presentations. Does the user perceive different
presentations of the same application as instances of the same interface. Does the user
profit from experience with other presentations of the same interface or does he have
to learn it all new from the start? Are two users interacting on the same application
but on different presentations able to work cooperatively? Do they work on equivalent
interfaces? In other words: what is the measure of equivalence? Equivalence should
be defined as equivalence from the user's point of view or in terms of the user's
mental model of an application. Future research will try address the point of defining
and measuring equivalence of different interface presentations.

The service concept introduced here is presently limited to interaction with public
kiosk systems. In the context of a multi channel information and service infrastructure
such kiosk systems could serve as one alternative channel providing access to real-
world goods. As supplementary to internet shops kiosk systems have the advantage of
immediateness. Goods are available immediately and not only after the order-and-
delivery delay of some days. Such mobile kiosks (mKiosks) could then combine
location aware services, kiosk specific services and traditional internet services
perhaps in combination with so-called WLAN hotspots. The framework presented
here has made a first step into that direction and future research will address
integration of this approach into a multi-channel service infrastructure.
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Abstract. This paper discusses three example studies, that informed
user interface guidelines, developed for a set of different classes of mo-
bile devices. The results of these studies show answers to typical design
problems arising during the development of mobile applications. Fur-
thermore the studies are meant to be examples showing which kind of
studies are required in order to develop a sufficient pool of user inter-
face guidelines covering almost all sorts of mobile devices.

1 Introduction

This paper presents the results of three example studies, which compare different
ways of navigation, selection and interaction implemented on five classes of mobile
devices. These studies were part of an EU funded project (CONSENSUS [3]).
CONSENSUS develops a mark-up language supporting the automatic adaptation of
user interfaces for mobile devices. The mark-up language development process, how-
ever, will not be discussed in this paper. The studies discussed in our paper are three
examples of a large number of empirical studies, which informed the development of
user interface guidelines on which the adaptation process is based.

As one important prerequisite of these studies a device classification was devel-
oped, which enabled us to draw generic conclusions from our studies. The classifica-
tion of the devices was based on an analysis focusing on those device characteristics
that have an influence on users' behaviour and on their perception of the  user inter-
face. This analysis led to three main dimensions defining the eight device classes,
which we finally developed. These dimensions are: presentation structure, supported
input modality, mark-up language. Van Welie and de Groot [11], who also developed
a device classification, used a very similar approach, which was also based on these
three dimensions.

The classification on which we based our empirical studies included eight classes.
The classes ranged from class 0 (speech input and output only) to class 7 (laptop-PC).
Speech interfaces were included because in a lot of mobile contexts (take for example
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car driving) hands-free interaction is required. In this paper only studies with devices
of the classes 0 to 4 will be discussed.

The first study, which we discuss in this paper compares different ways of text
presentation. The second study investigated the optimal depth and breadth of trees
enabling users to navigate through content structures. Finally the third study discusses
how we defined optimal and maximal numbers of list entries for two different kinds
of speech-lists. The studies were conducted with one device of class 1 (typical mobile
WAP-phones; representative: SIEMENS, ME45), one of class 2 (mobile phones with
large colour displays; representative: NOKIA, 7650) two different devices of device
class 3 (a COMPAQ: iPAQ Pocket PC (browser type: Konqueror) and a handspring
treo-Communicator (browser type: Blazer) and one of class 4 (clamshell devices;
representative: NOKIA, Communicator 9210i). Our third study dealt with speech
interaction via fixed line telephones or mobile phones (class 0).

2 Optimising Text Presentations for Reading Tasks

2.1 Motivation

Today's web guidelines, which are dealing with text reading come to the conclusion
that texts should be as short as possible but that users will scroll content pages if they
expect further information which is relevant to their tasks (see e.g. [6], page 115 and
[9], page 77). The splitting of texts into chunks of two or more pages should be
avoided.

Screens of mobile devices, however, are much smaller than the screens for which
“ordinary” web pages are designed. These differences may lead to different rules
regarding the optimal lengths of pages for these devices. Since the handling of screen
elements like scroll bars displayed on mobile devices cause more effort compared to
the handling of such elements on a computer screen, users might tend to prefer a
pagination mechanism. Therefore our hypotheses was that mobile devices are closer
to the book than to the desktop computer and need therefore a metaphor of turning
pages rather than the one of a paper roll.

These and other considerations led us to the set up of this study. We wanted to an-
swer the question, whether users prefer a pagination mechanism or a scrolling
mechanism to read longer texts. Furthermore we wanted to investigate whether these
preferences are device class dependent.

The study was necessary because at the moment there is no empirical data avail-
able, dealing with these questions. Although Buchanan et al. [1] compare different
possibilities to scroll though lists of headlines, these tests are of small relevance for
our questions. Firstly this study is not dealing with longer texts and secondly it is
using interaction techniques, which are not supported by today's state of the art wap-
browsers.

Another goal of this study was to see whether line breaks inside words displayed
on devices of device class 1 and 2 can increase users' reading speed and whether they
are reducing their subjective reading satisfaction.
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2.2 Methodology

Devices of device class 1 to 4 were used for this study. The representative of class 3
was a “COMPAQ: iPAQ Pocket PC”. The test sessions started with a briefing phase
where demographic variables as well as variables concerning users' experiences with
the four device classes were gathered. Subjects who were not familiar with device
class 2 and 4 got a special introduction of the handling of these two device classes.
All subjects were familiar with device classes 1 and 3.

The test of each device class started with the reading of a sample text. This sample
text gave users the possibility to get used to the devices and to the task of reading a
text with it. After that we started the test phase during which users' reading speed,
their comprehension of the text and their reading satisfaction were measured. With
the devices of device class 1 and 2 we compared pagination with scrolling and we
compared also texts, which included line breaks inside words, with texts, which did
not include such line breaks.

After subjects had completed a reading task (the reading time was measured in
seconds), we asked them three questions concerning the content of the text. This
enabled us to measure whether they had understood the text and, more important, we
forced our subjects to read carefully and to make sure that they get the text's main
messages.

The alternative display method was presented to the subjects directly afterwards.
That means that a subject who was first confronted with a text, which he/she had to
scroll, was then confronted with another text, which had to be paged through. A spe-
cial index (see [4]) made sure that the complexity and readability as well as the num-
ber of words of both texts was almost equal. Texts used for tests with mobile phones
included less words and characters than those used for tests with PDAs (mobile
phones: approximately 400 words, PDAs: approximately 550 words). The texts were
in German. We used modified articles of an Austrian newspaper about economical
topics. The texts were slightly changed in order to make sure that they are fulfilling
our requirements.

After the user had finished this alternative text (again the reading time was meas-
ured) the same procedure as described above was repeated. Finally we asked users to
draw a line for each of the two possibilities. The length of the line should express
their reading comfort. Users who were satisfied with the pagination method but not
with the scrolling method drew a longer pagination-line compared to the scrolling-
line and vice versa. The sheet on which users should draw the line included a clear
marker for the starting point of the line that users should draw. These lines enabled us
to measure the exact proportion of users' assessments of both methods.

This procedure was repeated for all the six alternative text displays on our four de-
vices. The test design made sure that order and learning effects could not occur.
Therefore the orders of devices and of text presentation styles were randomised. A
short qualitative interview was conducted at the end of each session.

The pagination was implemented in the following way: At the end of the last line
of the page/card three dots were displayed. Users then had to use a next button to go
to the next page/card. Breaks inside of sentences only occurred once per text when
the texts were displayed on devices of classes 3 and 4. The chunks of text displayed
on devices of class 1 and 2 were implemented as single cards rather than as a whole
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deck. This decision was based on the assumption that users prefer to wait relatively
short periods of time for each chunk and that loading the whole deck at once would
lead to a too long waiting period.

The line breaks inside the words did not include hyphenation because this feature
currently is not supported by state of the art WAP-browsers.

2.3 Results

10 subjects participated in our test sessions. 4 of them were female and 6 male. Their
average age was 27.5 years (Std. Dev.: 7 years). All subjects were experienced users
of device class 1 and 3.

Figure 1 shows a comparison of users' reading speed with the four device classes.
On the left diagram scrolling is compared with pagination. The figure shows that big
differences occur only when devices of device class 1 were used.

For the statistical analysis we used a two-way ANOVA with device class and pres-
entation style (scrolling vs. paging) as within-subjects factors. Both main effects as
well as their interaction were significant (Device classes: F(3.27)=7.03, p=0.001;
Presentation styles: F(1.9)=21.78, p=0.001; Interaction: F(3.27)=30.77, p<0.0005).
Due to the different text lengths the main effect of the device classes cannot be inter-
preted unambiguously. Post hoc analysis of the simple main effects showed that the
time-difference between scrolling and paginating are only significant for device class
1 (F(1.9)=108,4, p<0.0005. The reason for this might be that users who were con-
fronted with devices of device class 1 and who had to page through the texts had to
deal with relatively high total loading times. Since one card only displayed a rather
small number of characters (approximately 45) a relatively high number of cards had
to be loaded in order to read the whole text.

Figure 2 shows the subjects' reading comfort expressed in line lengths.
Again a two-way ANOVA was used to analyse the data. The main effect of the

presentation styles (F(3.27)=15.12, p=0.004) and the interaction effect (F(1.9)=7.42,
p=0.001) were significant, whereas the main effect of the device classes was not
(F(3,27)=2.64, p=0.07). A post hoc analysis of the simple main effects showed, that
similar to the time results the difference between scrolling and pagination is only
significant for device class 1 (F(1.9)=30.69, p<0.0005).

0,00

100,00

200,00

300,00

400,00

Se
co

nd
s

Class 1 Class 2 Class 3 Class 4

Scrolling 
Pagination

0,00

100,00

200,00

300,00

Se
co

nd
s

Class 1 Class 2

No LineBreaks

LineBreaks

Fig. 1. Mean reading speed in seconds: left: Comparison of pagination and scrolling for device
classes 1-4; right: Comparison of line breaks inside words and no such line breaks for device
classes 1 and 2
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Fig. 2. Mean reading comfort in centimeters: left: Comparison of pagination and scrolling for
device classes 1-4; right: Comparison of line breaks inside words and no such line breaks for
device classes 1 and 2 (the longer the line the higher the expressed satisfaction)

The results of this study lead to the conclusion that in general a designer should
have good reasons to use a pagination mechanism instead of a scrolling one. This is
especially true when he/she is designing for devices of class 1.

The tests were conducted with typical content pages, which did not contain inter-
action elements. Our hypothesis was that possibly users prefer to page through the
text displayed on mobile devices because the handling of elements that are supporting
scrolling may be more difficult than the handling of these elements with a typical
desktop PC. Another advantage of pagination might have been that scrolling easily
can lead to a loss of orientation between the lines and that, on the other hand, the
pagination mechanism provides users with pages whose content does not move.

However, the empirical data gathered could not prove that these two possible ad-
vantages outperform the disadvantages of long loading times and of an interaction
mechanism, which is not consistent with today's web sites. That means that as long as
loading times are at today's level there seem to be no clear reasons for pagination.
Some user statements collected during our tests also support this. So a lot of users
complained that the loading times are too long and that they are often loosing the plot
of the texts. Another advantage of the scrolling concept, which was often mentioned
by our subjects, was that scrolling gives them more control over the text. So one user
said, “When I am scrolling I can control the speed. On the other hand the pagination
thing gives me the feeling that the computer controls how fast I am allowed to read.”

Future studies will have to prove whether the results of device class 1 and 2
change if the chunks of text are implemented as decks rather than as single cards.

Figure 1 and Figure 2 (right pictures) show that the differences, which are due to
line breaks inside words, are relatively small. Moreover the reading speed differences
vary between the two device classes. On the other hand we see that these differences
are consistent over both measurements of the users' reading satisfaction. A two-way
repeated measures ANOVA results in a significant main effect for the factor line-
break (F(1.9)=5.98, p=0.037). That means that line breaks inside of words lead to a
lower reading satisfaction.
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3 Content Structures: Depth versus Breadth

3.1 Motivation

Navigation is one of the most critical factors of user interface design. A very impor-
tant aspect of navigation is its structure, which is determined by the number of levels
(depth) and by the number of items per level (breadth). In this context the question
arises, whether it is better to offer a deep structure with few items per level or a broad
one with many items per level. In the literature there are several recommendations
available concerning this issue, but they mainly refer to desktop systems (see
e.g. [6]).

This study aimed at estimating the influence of navigation structures on the
searching performance and on the subjective satisfaction of users.

Our hypothesis was that all items on the same level should be perceptible at a
glance, without forcing users to scroll. Therefore the optimal breadth would be de-
termined by the screen size. We estimated the optimal depth of the navigation struc-
ture of device class 1 and 2 on the basis of available WAP-guidelines (see e.g. [10]).
Regarding device class 3 and 4 we assumed that the structure should not be more than
four levels deep. Starting from the premises mentioned above we defined an assumed
optimal structure for each device class (see the grey coloured fields in Table 1).

Tabel 1. Tested structures per device class. Variations in breadth and depth (ST1, ST2, ST3).
The grey fields indicate the assumed optimal structures

3.2 Methodology

The goal of this study was to compare the assumed optimal structure with two alter-
native structures differing in depth and breadth. We measured users' searching per-
formance and their subjective satisfaction.

Most of the items used for the different structures were terms of yahoo's content
classification. To get reliable data, users had to perform three different search tasks
per structure. Subjects were asked to find different items at the deepest levels of the
structure. Two target items where located in the same main path and one in a second
main path. That means that to reach the second target item users had only to go back
to the middle of the first path, before they could enter the correct sub-path leading to
this second item.

After each task users had been asked to estimate the complexity of the navigation
on a 5 point rating scale. After each device users had to compare the three different
structures in terms of their navigation- and selection-comfort. Again we asked the
subjects to draw a line for each structure. In this case the sheet given to the subjects
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included a clearly defined starting point and a line representing users' subjective
threshold of pain. Users should express their comfort relative to this threshold. (This
threshold-line is also represented in the right hand picture of Figure 3.) Therefore, in
contrast to the first study, in this case, a shorter line meant higher comfort and vice
versa. Additionally we conducted a short qualitative interview where we asked users
to explain their preferences. Again, the tests started with a briefing session.

Devices of device class 1 to 4 were used for our tests. The representative of class 3
was a “handspring treo-Communicator”. Devices and structures had been randomised
between subjects to avoid order and learning effects. Note that the items of the struc-
ture “ST1” on class 4 were displayed side by side in order to use the whole screen
real estate.

3.3 Results

10 subjects participated in these sessions. 5 of them were female and 5 male. Their
average age was 26 years (Std. Dev.: 5 years). Figure 3 (left picture) shows the aver-
age satisfaction ratings of the different types of structures per device class. The higher
the rating the higher was the user satisfaction. As expected, with the exception of
device class 3, there is a small trend towards a preference of the structure “ST1”.

The right picture of Figure 3 shows users' relative ratings expressed in line lengths.
The shorter the line, the higher was the users´ satisfaction. Here the differences of
users' preferences are stronger. Statistical analysis showed significant main effects for
both, device classes (F(3.27)=3.16, p=0.041) and used structure (F(2.18)=4.52,
p=0.026). The interaction effect did not show a significant result (F(6.54)=0.069
p=0.662).

To explore these results in detail we performed post hoc comparisons of the main
effects of the three structures. We observed a significant difference between the
structures “ST1” and “ST2” (F(1.9)=21.38, p=0.001). No significant difference could
be observed between “ST2” and “ST3” (F(1.9)=0.90, p=0.367) and between “ST1”
and “ST3” (F(1.9)=2.80, p= 0.129).
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Finally we calculated the mean search performance per device and structure (see
Figure 4). In all the cases with the exception of device class 2 the most time consum-
ing structure was “ST3”. The outlier (device class 2) was due to a semantic problem
(most of the subjects initially searched in the wrong category). The big differences of
the search performances of device class 4 can be attributed to the deep structure and
also to some semantic problems. Note that the total number of items differed between
the structures presented to our users. Therefore, the search performances can only be
interpreted as possible explanations of users' preferences but not as a source of rec-
ommendations of the optimal structure.

Quantitative as well as qualitative data confirm our assumption that all items on
the same level should be perceptible at a glance. Although the structure “ST2” was
faster in terms of task performance (see Figure 4), subjects preferred the structure
“ST1” (see Figure 3).

Averaged user's preferences of structures “ST2” (broad) and “ST3 (deep) are not
that clear and consistent. Figure 3 shows, that over all device classes, with the excep-
tion of class 2, users preferred “ST3”. The deviation of device class 2 can be attrib-
uted to the specific navigation functionality of the used representative of device class
2. In comparison to the other devices it was hard for the users to navigate back to the
superior levels. The subjects in particular experienced this problem when they had to
navigate through the structure  “ST3”. In this structure (6 levels x 4 items) they had to
navigate six levels deep. For this reason and because of the rather small sample the
post hoc analysis of the line lengths delivered only significant differences between
“ST1” and “ST2”.

In sum the data show at least the tendency that users prefer deep structures to
broad ones although broad ones lead to faster search performances. The most striking
reason is the more concise arrangement of items. This tendency is also reflected in the
user statements gathered during the qualitative interviews.
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4 Maximal and Optimal Lengths of Speech Lists

4.1 Motivation

Speech applications are like conversations between the user and the computer. Con-
versations are characterized by turn-taking, shifts in initiative, and verbal and non-
verbal feedback to indicate understanding.

There are only a few elements, which a designer of voice applications can use to
enable the user to interact with a system. These elements are (1) direct speech input
and (2) the selection from lists of n items. Often these two possibilities have to be
combined. So, for example, a system may first ask the user to utter a certain item and
presents then a list with those items, which match best with the user's speech input.

We distinguish between two kinds of list selection: (1) selections, where the user
knows which item he/she wants to select (known target item) and (2) selections,
where the system presents a list of available items from which the user has to choose
(unknown target item).

Although the adaptability of Miller's [5] well known magic number 7±2 for the de-
sign of visual displays certainly is debatable, it is still well known and accepted when
it comes to the design of telephone systems. Nevertheless, systems which allow both
speech input and output require less memory load than systems which are operated
with the telephone keypad because the user does not have to remember a number
associated with the item she/he wants to choose.

The goal of this study was to investigate how many items can be presented to users
without annoying and overloading them. Both kinds of the lists, which we discussed
above, were tested.

4.2 Methodology

The test was divided into two parts: The first part defined the maximal number of
items, which can be presented in a list when the target item is unknown. The second
test also defined a maximum number of listed items, but in this case the user already
knew which item he/she wanted to select.

The tests were realised with a wizard of oz prototype (see e.g. [8], page 541).
During the tests one person was sitting in another room and was simulating the sys-
tem. She did that by operating a computer on which all the system's commands were
saved as wav-files. The wizard, used a special software to start the wav-files, which
the system presented according to the user's speech inputs. This wav-file then was
transmitted to the user via a telephone line. This approach enabled us to avoid biases
due to voice recognition problems. Note that the only interaction device of our sub-
jects was the telephone receiver. There was no additional display and subjects could
not use the keypad of the telephone to make their selections.

After a briefing session and before the actual test was started users had to go
through a sample test, where they had first to select their favourite season from a list.
Then they should name one number out of ten. After that we started with the first part
of the test.
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First Test (Unknown Target Item)

Subjects were confronted with four lists. These lists contained a selection of 4, 8, 15,
20 convenience foods. (The items included three to nine syllables.) The facilitator
explained the background of this task to the subjects. They should imagine that they
are performing a part of a larger product-ordering task.

First users were confronted with the following text, which the system spoke in
German:

Step1: “Please select one product from the following list. The list contains 4 [8,15,20]
products. After you have heard all list entries, please repeat the product which you
want to order.”

The subjects were instructed that they should really choose the product, which they
would like to have for dinner or for lunch. The four list lengths were presented in
different orders to the subjects to avoid order effects.

If the user then repeated one of the products which was part of the list that was
presented to him/her the system answered:

Step2: “You have selected the product XY? Is that correct?”

If the user then answered yes, the task was finished. If the user gave an answer that
was not part of the list, which was presented to him/her, or if the user asked the sys-
tem to repeat or if the user did not say anything, the system answered:

Step3: “I am sorry, I could not [understand, hear] you. I will repeat the list. When I
mention the product that you want to order, please repeat the product name immedi-
ately.”

After the user had uttered the correct product name the system went to “step 2” and
finished this task.

After each list we asked users to rate the subjective complexity of the task on a
five-point scale. After the subject went through the four lists we encouraged him/her
to express how close the selection process was to the subject's subjective threshold of
pain. Again we made subjects draw lines to express this closeness. On the sheet,
which we gave to our users, the line, marking users' subjective threshold, was 9,5cm
from the starting point of the lines drawn by our subjects. The starting point of the
lines was marked on the sheets that we gave to our subjects. Therefore, the line-
lengths indicated not only the selection comfort but also whether the particular list
length exceeded the user's subjective threshold. Finally we conducted a short qualita-
tive interview and asked users to explain their ratings. Furthermore we asked them to
define the maximum number of list items, which is acceptable for this kind of list
selection.

Second Test (Known Target Item)

In this case we asked users to imagine that they want to edit customer details from a
database. In order to do this they had to select a customer. After this selection we
abandoned the task.
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Users got the following instruction from the system in German:

Step 1: “Please say the name of the customer that you want to edit.”

In the second step the system presented lists of different lengths to the users. These
lists contained the items, which the system associated with the user's input. Four lists
were presented to the users. The lists contained 4, 8, 15 and 20 items. (The items
included one to three syllables.) Again the lists were presented in different orders to
our subjects. The correct name was always two entries before the end of the list. The
system's instruction were as follows:

Step 2: “I could not understand you. I will now read a list with the names, which you
possibly uttered. When I mention the name that you have said, please repeat the name
immediately.”

Then the system presented the lists to the user. After the user has uttered the cor-
rect name the system replied as follows:

Step 3: “You have selected the name XY? Is that correct?”

The user then answered yes, which was the end of the task.

After each task and after the four lists again the same procedure as described above
was repeated.

4.3 Results

The tests were conducted with ten subjects (7 males and 3 females). Their average
age was 28 years (Std. Dev.: 13 years). Figure 5 shows users' ratings of the complex-
ity of the list selection tasks. On the left hand side the figure shows the results of the
selection with unknown target items (convenience foods), on the right hand side it
shows the results of the selection with known target items (names). The next figure
(Figure 6) shows the users' comfort of the selection expressed in line lengths. A
length of more than 9.5cm means that at this point users would prefer another kind of
selection (for example a list, which is divided into sub-lists). Both figures show that
when users know the target item 15 items still seems to be OK, whereas on the other
hand this number is too high for a selection of an unknown target item.
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Fig. 6. Mean complexity and comfort of selection expressed in line lengths (centimetres) left:
Selection of unknown items, right: Selection of known items (The shorter the line the higher
the user satisfaction

Figure 5 and 6 show that if the target item is unknown, there is a clear border,
which lies between list lengths of 8 and of 15 items. For lists where the user knows
the item he/she wants to select, there does not exist such a clear borderline. This can
also be seen when we have a look at the “thresholds of pain”, which were defined by
our subjects during the qualitative interviews and at their confidence intervals. The
mean values of these thresholds can be seen in Figure 7. The 95% confidence interval
for a selection with an unknown target item lies between 8.4 and 13.2 items, whereas
the 95% confidence interval for a selection with a known target item lies between 8.2
and 18 items.

These results show that the optimal number of list entries of lists with unknown
target items should lie around 8. Lists longer than eight are possible but should not
exceed approximately 13 items. This absolute maximum is derived from the confi-
dence interval of users' thresholds of pain and from the fact that there is a clear bor-
derline between lists of 8 and lists of 15 items in terms of selection comfort. Two
users said also that after the 15th item they forgot to listen because then the task was
too demanding for them.
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The results of the second type of list were slightly different. Again, 8 items seem to
be the optimum. So we can say that this number of list entries is optimal independent
form the type of list, which is presented to the user. However, in this case the maxi-
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mum number of possible entries seems to lie higher than in the case discussed above.
On the one hand the confidence interval of users' thresholds is much broader and on
the other hand there are two equal steps (see Figure 6) from lists of eight to lists of 15
and from lists of 15 to lists of 20. Therefore the maximum number of possible list
entries should lie around 18.

Note that all the items of our lists included different numbers of syllables and
words. Future studies will have to investigate the influence of these numbers on users'
subjective satisfaction. An influence seems to be possible since Baddely et al. [2]
could show that the number of syllables influences the number of words that can be
stored in humans' working memory (word length effect).

5 Conclusions

In the last chapters only three of our studies were reported. We discussed a study on
text reading, where we saw that for content pages/cards scrolling seems to be more
appropriate than pagination. In the second study we proved the hypothesis that in a
tree structure all items on the same level should be perceptible at a glance. Finally we
defined optimal and maximal numbers of list entries for two different kinds of
speech-lists.

Our overall approach was to develop a mosaic of empirical tests, which are well
fitting together. In synergy with the already available empirical and qualitative data
they led to a picture of do´s and don't´s included in our user interface guidelines.

Examples of other research questions, which we answered by empirical studies and
whose answers were fed into our guidelines are listed below:

• Task efficiency of direct text input tasks
• Thresholds of pain of unsorted WAP- and html-lists
• Thresholds of pain of sorted WAP- and html-lists
• Navigation through forms (scrolling vs. pagination)
• Comparison between navigation by search entries and by tree-navigation
• Comparison of speech feedback mechanisms of number input
• Definition of mean viewing distances per device class

The three examples presented in this paper show how empirical studies informing
the development of user interface guidelines can be conducted and to which kind of
results they lead. They also show that studies like these can only answer very detailed
questions and that there is an almost infinite number of further open questions. You
cannot assume to cover a broader range of questions with one study because studies
like these include a lot of devices and require carefully chosen set ups.

We want also to emphasise that because of differences inside the device classes the
results have to be analysed very carefully. Often these differences are not obvious
before the actual study has been conducted. Therefore it is important that appropriate
conclusions are drawn from these data.

An example of such a problem was given in chapter 3 (second example study).
There we saw that some users had difficulties to navigate backwards with one of the
representatives of our device classes and some users experienced also other hardware
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related difficulties. That means that users' performance with two devices of one and
the same device class may differ because of hardware- or browser-specific differ-
ences, which are not part of the device class specification.

Future research should focus on the definition of classes, which are minimising
these problems. As long as this concerns the browser capabilities the number of dif-
ferences, which have to be considered, may be manageable. However, when it comes
to hardware differences the number of differences is almost infinite and steadily
growing.

So the challenge of the future development of device classes will be to include
such differences and to define them and their effects on the efficiency and user satis-
faction of each task. Furthermore new classes will have to be developed because of
new products and types of interface designs that are entering the market. Therefore
the three dimensions, which currently are used for the definition of device classes,
will have to be evaluated on a current basis to ensure that they fulfil the requirements
of a device classification including the latest developments.
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Abstract. This paper examines and reviews research methods applied
within the field of mobile human-computer interaction. The purpose is
to provide a snapshot of current practice for studying mobile HCI to
identify shortcomings in the way research is conducted and to propose
opportunities for future approaches. 102 publications on mobile human-
computer interaction research were categorized in a matrix relating their
research methods and purpose. The matrix revealed a number of signifi-
cant trends with a clear bias towards building systems and evaluating
them only in laboratory settings, if at all. Also, gaps in the distribution
of research approaches and purposes were identified; action research,
case studies, field studies and basic research being applied very infre-
quently. Consequently, we argue that the bias towards building systems
and a lack of research for understanding design and use limits the de-
velopment of cumulative knowledge on mobile human computer inter-
action. This in turn inhibits future development of the research field as a
whole.

1 Introduction

The study of human computer interaction for mobile devices is a relatively young
research field in which commercially successful devices have only been available for
less than a decade and leading conferences have only a few years of history. In young
research fields there is often a tendency to be highly opportunity and technology
driven and to focus primarily on producing solutions while reflecting less on method-
ology. This characterized early computer research and can also be seen in relation to
emerging research areas such as virtual and augmented reality. As a research field
matures, examining how the research is being conducted and reflecting on the impact
of this on the knowledge being produced is necessary in order to be able to understand
and influence the future direction of the field. So far, this has not been done consis-
tently within the community of mobile HCI and consequently little knowledge on a
methodological level exists about the research field. This analysis and discussion will
be borne out by this paper.

Inspired by related studies within the field of Information Systems (IS), we aim at
evoking more discussion of research methodology in mobile HCI by presenting a
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snapshot of current research practice within our field, identifying and discussing
shortcomings in present research and opportunities for future approaches.

Focus and reflection on research methodology has been a key subject within infor-
mation system research for decades (see e.g. [1, 3, 5, 8, 11]). Facilitating this discus-
sion, a number of frameworks for describing and categorizing IS-research methods
have been developed (see e.g. [5]), which could also be relevant in relation to discus-
sions of mobile HCI research. Specifically, we find that the classification of computer-
aided software engineering (CASE) research by Wynekoop and Conger [11] demon-
strate a generally usable (and relatively simple) approach to informing the discussion
of research methods applied within a given area. Wynekoop and Conger [11] re-
viewed and classified 40 IS-research papers in a two-dimensional matrix relating re-
search methods and research purpose, providing a picture of the research field facili-
tating discussion of current research practice. In this paper we replicate elements from
this study by applying its overall approach to the field of mobile HCI. In section 2 and
3 we present the categories of research methods and research purposes used in our
classification. In section 4 we describe the conducted review of Mobile HCI research
papers and present a matrix describing the resulting classification. Trends highlighted
by this matrix are then discussed in section 5 and in sections 6 and 7 we indicate limi-
tations, conclude our study and point out paths for further work.

2 Research Methods

Defining and especially differentiating research methods can be a challenge. Defini-
tions are sometimes vague and often different aspects of different methods overlap. As
the purpose of this paper is not to discuss definitions of research methods as such, we
have chosen to apply eight definitions extracted from Wynekoop and Conger [11]
with supplementary input from general references on research methodology in infor-
mation systems [7, 8, 9, 12]. Knowing that these definitions may themselves be ob-
jects for disagreement, we refer to [11, 5] for further discussion of the definitions.

Table 1. Summary of research methods (extracted from Wynekoop and Conger [11])
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In this section, we present and review the eight research methods used in our classifi-
cation of mobile HCI research. For each method, strengths and weaknesses are identi-
fied as well as primary uses and possible application in mobile HCI research. This
discussion is summarized in table 1. As an overall categorization, we group the eight
research methods according to Benbasat's [2] categories of natural, artificial and
environment independent settings.

2.1 Case Studies

Yin [12] defines a case study as �an empirical enquiry that investigates a contempo-
rary phenomenon within its real-life context, especially when the boundaries between
phenomenon and context are not clearly evident�. Thus case studies are often inten-
sive empirical studies of small size entities such as groups, organizations, individuals,
systems or tools with the researcher distinct from the phenomena being studied [11].
When conducting case studies, data is typically collected by a combination of various
qualitative and quantitative means such as observations, interviews and questionnaires
etc. with little experimental or statistical control enforced. The data collected is
grounded in natural settings, typically very rich and sometimes contradictory or incon-
sistent, thus often resulting in complicated analysis. Case studies are particularly well
suited for research focusing on describing and explaining a specific phenomenon and
for developing hypothesis or theory through, for example, applying grounded-theory
approaches. However, case studies are very time demanding and generalizing findings
can be difficult.

Since mobile HCI is a relatively young research area, case studies could be used to
provide rich data explaining phenomena involving mobility or the use of mobile de-
vices in context.

2.2 Field Studies

Generally, field studies are characterized by taking place in �the real world� as op-
posed to in a laboratory setting. Field studies cover a range of qualitative and quanti-
tative approaches from ethnographic studies of phenomena in their social and cultural
context inspired by the discipline of social and cultural anthropology [7] to field ex-
periments in which a number of independent variables are manipulated [11].

Ethnographic field studies are characterized by researchers spending significant
amounts of time in the field and, to some extent, immersing themselves into the envi-
ronment they study. Typically, data is gathered through observations and/or interviews
and the phenomena studied are placed in a social and cultural context. The major
advantage of ethnographic field studies is the generation of large amounts of rich and
grounded data in relatively short time. The major disadvantages are unknown biases
and no guarantee of collected data being representative.

While ethnographic field studies are non-experimental, field experiments are char-
acterized by manipulation of a number of independent variables to observe the influ-
ence on dependant variables in a natural setting. The major advantages of field ex-
periments are increased realism and increased control in comparison to ethnographic
field studies and support for studying complex situated interactions and processes.
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Disadvantages include limited control of experiments and complicated data collection
compared to, for example, experiments in laboratory settings. Furthermore, as experi-
mental manipulation increases, realism typically decreases.

In relation to mobile HCI research, field studies could be applied for either in-
forming design for or understanding of mobility by ethnographic studies of current
practice or for evaluating design or theory by conducting experiments in realistic use
settings.

2.3 Action Research

Originating from the social sciences, action research is a well-established research
method through which researchers not only apply scientific knowledge to an object of
study, but also add to the body of scientific knowledge through that study, thus differ-
entiating action research from applied science or research [8]. Conducting action re-
search, the researcher participates in the intervention of the activity or phenomenon
being studied while at the same time evaluating the results [11]. More specifically,
Rapoport [9] defines action research as aiming �to contribute both to the practical
concerns of people in an immediate problematic situation and to the goals of social
science by joint collaboration within a mutually acceptable ethical framework�.

The advantage of action research is the very close relationship between researchers
and the phenomena of interest. This facilitates first-hand insight, limits researcher
influence on subjects being studied and supports a prosperous way of applying theory
to practice and evaluating its outcome. However, action research is very time con-
suming, and since the researcher takes part in the phenomena studied remaining ob-
jective can be difficult. Also, when participating in the intervention of an activity or
phenomenon, considerations emerge concerning if it is ethically acceptable for a re-
searcher, for example, to conceal knowledge of particular approaches having better
effects than others. Finally, the outcome of this research can be difficult to generalize.

In relation to mobile HCI research, action research could be used for extending
field or case studies by researchers participating actively in real world activities in-
volving mobility, introducing different solutions or theories �on-the-fly� as well as
evaluating their effects and/or validity.

2.4 Laboratory Experiments

In contrast to field studies, laboratory studies are characterized by taking place in a
controlled environment created for the purpose of research. Thus laboratory experi-
ments do not necessarily have to take place in dedicated �laboratories� as such but can
be conducted in various controlled environments such as in an office [10], in a hall-
way [4] or in a simulator [6]. Laboratory experiments facilitate various types of data
being collected using different experimental methods depending on the style of subse-
quent analysis desired. While traditional quantitative measurements of factors such as
error rate and task completion times collected through, for example, cognitive walk-
through methods are suitable for statistical methods of analysis, using more qualitative
approaches such as heuristic evaluation or think-aloud protocols during the conduct of
experimental tasks also produces results suitable for analysis.
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The major advantages of laboratory studies are the opportunity to focus on specific
phenomena of interest and a large degree of experimental control in terms of manipu-
lation of variables before and during the experiment through for example assignment
of test subjects and exposure to different treatment variables [11]. Also, laboratory
experiments are typically highly replicable and facilitate good data collection. Disad-
vantages include limited relation to the real world and an unknown level of gener-
alizability of results outside laboratory settings.

In mobile HCI research, laboratory experiments are suitable for evaluating design
ideas, specific products or theories about design and user interaction in controlled
environments with little or no interference from the real world.

2.5 Survey Research

Surveys usually inform research by providing information from a known sample of
people gathered through various systematic techniques such as questionnaires and
interviews. Using surveys, data is gathered directly from selected respondents and it is
assumed that these are independent of their environment [11]. Typically, data from
questionnaire surveys is collected without researcher intervention and is analyzed
quantitatively while data from interview surveys are analyzed qualitatively.

The major advantages of surveys are that they facilitate large amounts of data to be
gathered with relatively little effort, supporting broad generalization of results. Also a
high level of control regarding sample subjects makes reduction of bias possible thus
increasing validity. However, surveys suffer from providing only snapshots of studied
phenomena and rely highly on the subjective views of respondents.

In mobile HCI research, surveys could, for example, facilitate generalizable infor-
mation being gathered about user needs and requirements for understanding a phe-
nomenon, building theory or developing systems. Also, surveys could be used for
gathering data about the user experience of specific products or designs for evaluation
purposes.

2.6 Applied Research

According to [11] applied research, builds on trial and error on the basis of the re-
searchers capabilities of reasoning through intuition, experience, deduction and in-
duction. Typically the desired goal or outcome of the research process is known in
terms of requirements on some level of abstraction, but methods or techniques for
accomplishing this outcome are unknown and thus sought through applying potentially
relevant research. The advantages of applied research is that it is very goal directed
and (typically) results in some kind of product being produced, which can be evalu-
ated against the initial goals. The major disadvantages of applied research are that
initial solutions may be very limited and not generalizable and that appropriate solu-
tions for accomplishing the desired outcome may not be produced at all.

In mobile HCI research, applied research is relevant in relation to design and im-
plementation of systems, interfaces and techniques, which meet certain requirements
for performance, user interaction, user satisfaction etc.
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2.7 Basic Research

Doing basic research, researchers develop new theories or study well-known problems
to which neither specific solutions nor methods for accomplishing solutions are known
[11]. Like applied research, the approach of basic research is trial and error based
relying on the competences of the researcher. The major advantage of basic research is
the openness of the research facilitated both in terms of approaches and time, allowing
a high level of creativity in the search for methods and solutions. However, basic
research, like applied research, can be very time consuming and there is no guarantee
of any solution eventually being produced.

In relation to mobile HCI, basic research may be applied to the development of
theoretical frameworks for, for example, understanding basic issues of mobility or for
identifying new problems and possible solutions related to human-computer interac-
tion while being mobile.

2.8 Normative Writings

In order to include the significant body of so-called �non-research� writings about
phenomena of interests in their classification of research methods, Wynekoop and
Conger [11] suggests the category of normative writings, covering concept develop-
ment writings, presentation of �truth� and Benbasat's [3] category of �application
descriptions�. While concept development writings organize ideas in order to stimu-
late and indicate directions for future research, such as the case of this paper, norma-
tive writings belonging to the �truth� category present ideas, concepts and sugges-
tions, which seem intuitively correct but are not based on theory or research. Applica-
tion descriptions are defined as �narratives written by practitioners� [11], describing
subjective views on a situation and what worked for them in that particular situation.
The primary advantage of normative writings is that they require little effort to pro-
duce compared to presenting complex theoretical concepts. Disadvantages include
limited theoretical and methodological reflection and limited generalizability.

In mobile HCI, normative writings describing designs and processes that worked
well or did not prove successful may be useful for inspiring future research or design.

3 Research Purpose

Research methods as discussed above and research purpose are typically closely re-
lated but not necessarily determined by one another. Like Wynekoop and Conger [11]
we thus use the second dimension of our matrix for classifying mobile HCI research to
describe research purpose. Populating the categories this dimension we borrow the
categories and definitions of research purposes originally proposed in [1] and also
used in [11]. These are briefly defined below.

Understanding is the purpose of research focusing on finding the meaning of studied
phenomena through e.g. frameworks or theories developed from collected data.



A Review of Mobile HCI Research Methods      323

Engineering is defined as the purpose of research focused towards developing new
systems or parts of systems such as e.g. an interaction technique for mobile phones.

Re-engineering describes the purpose of research focusing on improving existing
systems by redeveloping them such as e.g. adapting a web browser to a small display.

Evaluating is the purpose of research assessing or validating products, theories or
methods e.g. the usability of a specific mobile device design or a theory of interaction.

Describing finally refers to research focusing on defining desirable properties of
products e.g. a mobile system.

4 Classification of Mobile HCI Research

In this section we present a classification of selected mobile human-computer interac-
tion research papers in relation to the research methods and purposes discussed above.

A total of 102 conference and journal papers were classified in relation to the de-
scribed categories of research purpose and research methods applied. These papers
constitute all publications related to mobile human-computer interaction between 2000
and 2002 in the following top-level conference proceeding series and journals:

• Conference on Computer-Human Interaction, CHI, ACM
• Conference on Advanced Visual Interfaces, AVI, ACM
• Conference on User Interface Software and Technology, UIST, ACM
• Conference on Computer-Supported Cooperative Work, CSCW, ACM
• Symposium on Human-Computer Interaction with Mobile Devices, Mobile HCI
• Symposium on Designing Interactive Systems, DIS, ACM
• Transactions on Computer-Human Interaction, TOCHI, ACM
• Journal of Personal and Ubiquitous Computing, Springer-Verlag

While other conferences and journals exist, presenting interesting research on mo-
bile human-computer interaction, we found that the listed conferences and journals
provided a solid and adequately representative base for this study given the number of
publications on the topic and the general level of the reviewing processes for these
conferences and journals.

The 102 papers specifically focusing on mobile human-computer interaction were
identified by thoroughly reading through abstracts (and sometimes introductions) of
all publications between 2000 and 2002 in the listed conference proceeding series and
journals. A paper was selected for the study if it was in any way related to mobile
devices and human-computer interaction. Thus a paper would be omitted if it focused
only on mobile network protocol design or did not involve any aspect of mobility of
users or systems. All papers were printed, numbered, read through and classified over
a period of two weeks by the first author of this paper with particular focus on identi-
fying the purpose of the presented work and the research methods applied in achieving
this. The classification is shown in table 2 below.
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Table 2. Classification of mobile human-computer interaction research. Numbers refer to in-
dexes in the appendix of reviewed mobile HCI research papers bibliography

To ensure consistency, the initial classification of the papers was evaluated by
scanning through all the papers a second time on a single day. To ensure validity, the
second author of this paper subsequently evaluated the classification by blindly classi-
fying 20 randomly selected papers. As this resulted in a number of disparities, all 102
papers were discussed and classified one by one through the collaboration of the two
authors.

While in the review presented in Wynekoop and Conger [11] each paper is only at-
tributed to one research method and purpose, this was not possible with all of the
papers on mobile human-computer interaction. Some of the reviewed papers clearly
employed more than one research method and had multiple purposes. A common
example of this would be papers presenting a system engineered by applying research
and subsequently evaluated in a laboratory. Consequently, such papers were given
multiple classifications and appear more than once in table 2 above. As a consequence
of multiple research methods and purposes in the same paper, aggregate percentages
will sometimes amount to more than 100%.
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Table 2 shows that 55% of mobile HCI research falls within the applied category
(56 of 102 papers). The secondly most used method is laboratory experiments being
applied in 31% of the research (32 of 102 papers). 20% of the papers report from field
studies and 8% report from survey studies while 7% are normative writings and 6%
report from case studies. Only 3 papers were classified as basic research and no en-
tries were found for action research. This distribution shows a clear bias towards envi-
ronment independent and artificial setting research in the form of applied and labora-
tory based approaches at the expense of natural setting research focusing on real use
and basic and action research generating theory and refining it in practice.

Looking at the research purpose, 51% of mobile HCI research is done for engi-
neering with additional 10% done for re-engineering. Thus in total, 61% of the re-
search reported involves building systems. 41% of the papers involve evaluation, of
which 71% is done through laboratory experiments 19% through field experiments
and the remaining 10% through surveys. Research for understanding mobile HCI
accounts for 18% of the papers, of which 22% reports from the use of surveys and
22% from field studies. Describing different aspects of mobile HCI accounts for 10%
of the research, of which 50% are in the form of normative writings. Thus within mo-
bile HCI research there is a clear tendency towards building systems and if evaluating
them, doing so in laboratory settings. Understanding and learning from the design and
real use of systems is less prioritized, limiting the generation of a cumulative body of
knowledge on mobile human-computer interaction.

Of the 56 papers applying research, 96% do so for the purpose of engineering or re-
engineering. Thus in total, these two cells in the matrix account for more than 50% of
the mobile HCI research classified. Of the 32 papers in the laboratory experiment
category, 94% use this method for evaluation purposes. Of the 20 papers reporting
from field studies, 40% use this method for evaluation purpose while 25% use it for
engineering. 20% (4 papers) report from field studies for the purpose of understand-
ing. Thus when building systems within mobile HCI research, there is a clear tendency
to do so primarily by trial and error and a lesser tendency to do so based on actual user
studies. Also, controlled environments are used primarily for product evaluation pur-
poses. Field studies are only applied to inform the design of new systems to a limited
extend.

Of the 45 papers reporting applied research with the purpose of engineering sys-
tems, only 37% (17 papers) also report evaluating the produced solutions. 61% of
these evaluations are done through laboratory experiments, 22% through field studies
and the remaining 17% by surveys. Of the 9 papers reporting the re-engineering of
systems, 56% also report evaluations of these systems. 80% of these are through labo-
ratory experiments and 20% through field studies. Thus when building new systems,
there is a tendency towards not evaluating them while when subsequently re-building
them, evaluation is more prevalent. When evaluating engineered or re-engineered
systems, there is a large bias towards applying laboratory-based approaches.
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5 Discussion

Table 2 reveals a lack of focus on real use contexts in relation to engineering and
evaluating mobile systems as well as limited construction and use of theory. While
field studies are being done, natural setting research is not prevalent. One reason for
this may be that applied research and laboratory experiments are simply easier to
conduct and manage than field studies, case studies and action research. Another rea-
son may be that mobile HCI has strong roots in computer science and human-
computer interaction. These fields collectively have a strong bias towards engineering
and evaluating systems, with input from fields such as ethnography only recently
emerging.

Reflecting further on table 2, a number of features seem to characterize the field of
mobile human-computer interaction. Firstly, given the prevalent applied approach to
engineering it seems assumed that we already know what to build and which specific
problems to overcome such as limited screen real estate, limited means for interaction,
dynamic use-contexts and limited network bandwidth. As only a little research actu-
ally addresses the question of what is useful and what is perceived problematic from a
user-perspective and as a qualitative review of the classified papers reveal that
evaluations are often focused on functionality rather than contextual issues, it is diffi-
cult to set aside this assumption and identify and face more fundamental challenges to
mobile human-computer interaction. Secondly, given the limited focus on real-world
studies it seems that the real contexts are not actually important for the mobile system
we build and use and that mobile computer systems are a generically applicable solu-
tion. The view that building and evaluating systems by trial and error is better than
grounding engineering, evaluation and theory in user-based studies weakens research
in mobile HCI. Thirdly, given the fact that only few studies are based on a methodo-
logical foundation, it seems assumed that methodology matters very little in mobile
HCI research. This supposition is problematic as the choice of methods clearly has
influence on the results subsequently produced [8]. From a cognitive psychology per-
spective, for example, problem solving by applied research is viewed as a rather poor
method as it demands huge efforts by researchers that often �translate into poor per-
formance because they require search of a large space of possibilities� [11].

The distribution of research methods and purposes shown in table 2 offers a num-
ber of opportunities in the area of mobile HCI. Firstly, the fact that field studies are
mostly being used for the purpose of evaluation presents the opportunity to use this
method to explore use context and user needs to promote understanding. Field studies
could assist with the translation of needs into new designs and the re-engineering of
existing designs. Mobility is very difficult to emulate in a laboratory setting, as is the
dynamism of changing context. Field studies offer the ideal opportunity for the study
of rich real-world use cases. Learning from other disciplines that have struggled with
the study of similar �slippery� phenomena, such as ethnography in this regard could
provide important insight. The lack of survey and case study research also presents an
opportunity. Information Systems uses these approaches widely, with the former re-
search method often being used to collect large amounts of data from, for example,
actual end-users of a system. In addition this approach offers a good opportunity to
study the use of systems in the hands of a large segment of the population, enabling
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wider reaching generalizations. Case studies within mobile HCI could increase learn-
ing from existing implemented systems within real-world contexts, for example mo-
bile systems and infrastructure within organizations. Such case studies would enable
the close scrutiny of pre-defined phenomena in fixed contexts, which could then be
used to enrich the collective knowledge in the discipline and to enable key issues to be
described and understood. The issues generated could then be used to generate hy-
potheses to propagate further research. The limited use of action research points to
both the lack of a well-established body of theoretical research within the discipline
and the unwillingness to implement mobile systems which are uncertain to succeed
and take a long time to evaluate and implement. This is perhaps not surprising, given
the current cost of such technology and the associated implementation overhead.
Nonetheless, this is, again, an opportunity to develop knowledge in the discipline
through practice and evaluation. Finally, the lack of basic research means that oppor-
tunities exist for the development of theoretical frameworks to promote description
and understanding. In addition, the applicability of theories from other disciplines to
mobile HCI can be examined through basic and action research.

6 Limitations

The presented review of research methods has a number of limitations. First of all, the
categories of research methods can be criticized for being vague and overlapping.
Thus for example, case studies are often done in the field but it is unclear how this
method differs from field studies. If a case study were, on the other hand, conduced in
a controlled environment, how would it be different from a laboratory experiment?
Furthermore, it can be discussed whether the eight categories of methods belong to the
same level of abstraction or if some categories could be subordinated others. Com-
bined with the fact that many research papers provide only little information about
method, it can be difficult to decide which category a specific paper belongs to. Thus
the presented study relies on the researchers comprehension of the categories and
ability to make a qualified judgment on the basis of sometimes scarce information.
Also, it can, of course, be questioned if the selected papers are representative and to
what extent activities within a given area are actually reflected through publications.

7 Conclusions

In this paper we have examined and reviewed research methods within the field of
mobile HCI through classifying 102 research papers. We have identified a number of
significant trends in research purpose and methods with a clear bias towards engi-
neering systems using applied approaches and, if evaluating them, doing so in labora-
tory settings. In addition we have found that research methods examining phenomena
in context such as case studies are not widely used. These findings present a number
of opportunities for further research suggesting the need for a change of emphasis
within the field of mobile HCI.
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Abstract. In recent years, the proliferation in use of the GSM short
message service (or SMS) has prompted numerous studies into person
to person messaging via mobile devices.  However, to date, there has
been relatively little exploration of systems that enable mobile
messaging to (potentially ubiquitous) situated displays rather than the
mobile devices of particular individuals. In this paper, we describe the
results of an ongoing trial to explore the utility of a system that enables
lecturers in a computing department to use their mobile phones to send
messages to digital displays situated outside their offices.

1 Introduction

Perhaps one of the most surprising phenomena to have occurred within the field of
mobile computing within recent years has been the uptake of SMS (or Short Message
Service) text messaging. For example, according to the Mobile Data Association
(MDA), the total number of chargeable person-to-person SMS text messages sent
across the four U.K. GSM network operators during the day between midnight on
31st December 2002 and midnight on 1st January 2003, was 102 million, a 59%
increase compared to figures over the same period in 2002 [3].

One use of SMS that has received little investigation to date is to enable a
(potentially mobile) user to message a display in a particular place rather than a
mobile device owned by a particular individual.  O'Hara et al [4] discuss situated
displays as being �situated at particular locations within our environment� and yet
which, paradoxically, �allow information to be more easily updated dynamically and
remotely�.  Although the origins of our work pre-date this quote, it is exactly this
potential for updating situated displays remotely that forms the focus of this paper.

The Hermes system [2] was designed to explore the issues that arise when office
owners are provided with a digital �office door display'. One issue we wished to
explore was whether the traditional way of posting messages on post-it notes in �semi-
private' places could be enhanced with such a digital equivalent.  One of the major
gains of an electronic system is that it supports remote interaction.  This includes a
web-based interface, email and, most significantly for this paper, SMS.
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There are numerous examples of office door display systems and a full overview of
these and related systems can be found in [2].  However, none of these currently
provide (much less evaluate) an explicit facility for mobile messaging. One
interesting example of a system that utilises SMS messaging in conjunction with
situated display involves a U.K. police force. This police force has developed a
system that enables appropriate personnel to use SMS in order to post road warnings
to displays situated on the roadside [1]. In common with Hermes, the system is
designed to supplement existing approaches. In this case, the existing approach for
alerting anonymous drivers of hazardous road conditions is local radio.

2 A Brief Overview of the HERMES System

Work on developing the Hermes system started in October 2001 and the first unit was
installed outside one of the offices in the computing department in March 2002.
Currently ten Hermes displays are deployed around the department outside the offices
of lecturers, research assistants, PhD students and department secretaries. Figure 1
illustrates a Hermes display and one of the department's corridors containing a
concentration of Hermes displays.

Fig. 1. Picture of an early Hermes display (left) and deployed displays (right)

The functionality supported by the system can be considered from two main
perspectives, namely: the perspective of the owner of the Hermes display and the
perspective of a visitor to the Hermes display.

Owners can create messages to appear on their own Hermes displays. Messages
(which can take the form of text or graphics) can be created on the display itself, via
the Hermes web page, an e-mail client or by sending an SMS text message. This
message is then visible on the door display.

One important aspect of a Calm technology is that it ��engages both the center
and the periphery of our attention, and in fact moves back and forth between the two�
[5]. The Hermes display has just these properties: for a passer-by it does not grab
attention, but for someone visiting the office it is immediately obvious. The situated
nature gives us this flexibility of attention �for free'.

Visitors can also leave messages on an owner's display.  However, once entered,
messages left by visitors are not visible to passers-by. There are two main reasons for
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controlling this aspect of visibility. Firstly, because of the limited display space,
Hermes must give priority to the owner's message. Secondly, we wanted to encourage
owners to feel in control of the personal space represented by their individual Hermes
displays.  The owner can read left messages via a web portal, email or using his or her
Hermes display directly. Owners can also request notification via SMS when a new
message is left on their Hermes display.

A sketch illustrating the basic system architecture of Hermes is shown in figure 2.
A detailed explanation of the architecture is beyond the scope of this paper, but more
details of the approach can be found in [2]. Briefly, at the heart of the system is a
single central server application that stores messages and user profile information,
hosts the Hermes web portal and supports communication with the SMS Gateway.

Fig. 2. The System Architecture of Hermes

3 Motivation for Enabling �Texting� to Hermes Displays

From an early design stage we realized the potential importance of providing the
owners of Hermes displays with the ability to send a message to the display situated
outside their office using their mobile phone. Our reason for providing this facility
was based on personal experiences in the past where we have felt the need to post
messages on our door from some remote location and so have had to phone through to
a secretary or colleague and ask him or her to stick an appropriate post-it note
message on our door. The typical message that a lecturer might ask to be posted
would be something like �Sorry, car problems, away this A.M.�, or �Sorry, running
30 mins late�.  Clearly such an approach disturbs the person being asked to write the
post-it note and requires the person to be contactable (often not the case with very
busy secretaries) and free to perform the task.

Sometimes, the message posted may also be posted to the computing department's
mailing list, e.g. if the person has been taken ill and is likely to be off the entire day.
However, for messages of slightly less importance (or less wide appeal) it is very
unlikely that such an e-mail would be sent. During a typical office day, lecturers have
a series of fixed appointments with students and also maintain a �drop-in' period for
students to discuss problems. A message such as �Running 30 mins late� is therefore
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extremely useful for supporting dynamic rescheduling and for reaching students that
may not read their e-mail in time if  an accompanying e-mail was actually sent.

4 Experience and Analysis

As Hermes has been deployed on a substantial scale and for a prolonged period we
have been able to obtain significant feedback, both to enable evolutionary
improvements and to give us a rich understanding of real use.

The remote messaging facility in Hermes (though not the overall Hermes system)
was primarily envisioned as a feature to support lecturers in the department.
Currently, six of the ten Hermes display owners are lecturers.  Here are views of three
of these lecturers (A, B and C) towards the remote messaging facility who have been
long term Hermes users.

Lecturer A attempted to use the remote messaging feature on a small number of
occasions when the remote messaging feature was first introduced and unfortunately
the reliability of the system was poor. He had found that the messages which he had
sent using SMS had was not appeared on his Hermes display. This early experience
damaged his trust of this aspect of the system and so he has subsequently not used this
feature (although he very frequently posts messages on his Hermes display using the
other approaches available). This lecturer is keen for the system to reassure him that a
message has actually been displayed by providing him with improved feedback.

Lecturer B has used the feature on several occasions. In common with lecturer A
this lecturer started using the feature when it was first introduced and encountered
some reliability problems. However, he has used the remote messaging feature
successfully on several occasions and is prepared to trust the feature. In common with
lecturer A, this lecturer is also keen for a greater level of feedback to be provided to
increase his confidence that a sent message has successfully been displayed.

Lecturer C was issued with a Hermes display several months later than lecturers A
and B at a time when the reliability of the remote messaging feature was very high.
Indeed, this lecturer has used the remote messaging feature fairly frequently for
approximately six months and has not experienced any reliability problems with the
SMS feature. Indeed, he has expressed a strong level of trust in the reliability of the
remote messaging facility.  Examples of his messages include “am running 20
mins late”, “On bus 2.15 - in soon”, “On bus - in shortly”, “Gone
to the gym”, “Derek - in ww burger joint” and “In big q at post
office.. Will be a bit late. C�

As can be seen, Lecturer C's messages include both temporal and location
elements. Also, most messages are not targeted to a specific individual, with the
exception of the message directed to Derek. We specifically asked the lecturer about
his reasons for posting this targeted message and he revealed some interesting points.

It transpired that when the message was sent, lecturer C had an appointment with
Derek in lecturer C's office but was delayed at a working lunch. He did not have
Derek's mobile phone number, but, interestingly, he said he doubted whether he
would have tried to contact Derek by mobile phone anyway (he suspected that Derek
did not regularly carry a mobile phone).  Also, by the time he realized he would be
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late, he doubted that Derek would have received an e-mail in time. Lecturer C also
commented on the situated and �multipurpose� nature of his message, it provided not
only the right notification to Derek but also informed those passing his office that he
was currently delayed and likely to be running late. On this occasion situation, the
SMS to his office door display was his primary means for communication.

5 Discussion and Future Work

In this paper, we have described the results of our initial exploration into a novel
messaging paradigm, which focuses on enabling users to remotely update their
(situated) office door displays.  This has shown that:
Trust and reliability are key issues for this use of messaging. Appropriate feedback is
essential in order to establish confidence that the message has really been displayed
and thus encourage continued use.
This approach supplements existing email, voice and paper systems, but in some
circumstances can become the primary means of communication.

Traditionally, a lecturer might phone a secretary or colleague in order to ask him or
her to place a post-it note message. As envisaged, Hermes has reduced this and so
reduced disturbance, but in addition has encouraged messages such “In big q at
post office.. Will be a bit late” would probably not have warranted a
special phone call to the secretary.

Our current development effort is focused on extending the current level of
feedback provided by the Hermes system, answering one of the key problems
highlighted above.  The sender of a message will be provided with an
acknowledgement when his or her SMS message is actually received by the door
display as opposed to simply received by the SMS gateway (see figure 2).

One area of future work will be to explore the potential use of the Multimedia
Messaging Service (MMS). This will allow the owner of a Hermes display to receive
messages left on his or her door via an MMS capable mobile phone and also to enable
the owner to send multimedia messages to display on the door display.

We also intend to trial the use of situated displays and remote messaging in the
family home. One can envisage a situated display placed in the kitchen with other,
more private, displays situated in other locations around the house, such as outside
bedrooms. Family members would then be able to send messages to situated displays
in addition to, the mobile phones of individual family members.

In summary, we believe that our initial studies suggest the significant potential of
messaging to situated displays, as providing a simple, lightweight and flexible
mechanism for displaying informal notifications to an appropriate location.
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Abstract. The use of architectural and historical information in a mo-
bile environment is investigated in this paper. We have created a system
for dynamic creation of spatio-temporal VRML-models for context aware
clients in a mobile cultural setting. The user can interact and query ob-
jects using standard web interfaces as well interaction in the 3D environ-
ment. We perform a preliminary user evaluation for iterative design of
future versions of the mobile service.

1 Introduction

Recent advances in wireless communication and portable terminals have engen-
dered a new paradigm of computing, called mobile computing. Users are able to
carry portable devices and have access to data and information services regard-
less of their physical location or movement behavior. In the meantime, research
addressing information access and human computer interaction in mobile en-
vironments has proliferated. The Virtual Reality Modeling Language (VRML)
and the World Wide Web (WWW) offer new opportunities to communicate
temporal-spatial architectural information across the desktop. When mobile de-
vices are added, the client-server paradigm is enhanced [1]. In this short paper, we
have investigated the use of VRML to display historical records of buildings on
both desktops, as well as mobile devices, with location information (positioning)
available. We discuss the dynamic creation process of the historical architectural
visualizations (aka cultural-spatial-temporal), and the human computer interac-
tions issues that were encountered in a small test group in a mobile setting. The
system is know as ”TimeMachine” and shall be referred to as such.

There exists previous research in the reconstruction of a city from historical
knowledge and for on-site visualization [2]. Augmented reality has also been
used in various arhaeological projects where location is achieved by tracking
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with reference images [3] [4]. In other areas, generation of VRML city models for
focus based tour animation, with the integration of geo-data sources is becoming
popular [5]. As mobile devices become more advanced, the development of 3D
information systems for mobile users is a growing research area [6].

2 Implementation

The material for the database was obtained from fire-insurance registry of the
Tarmo Insurance Company. They insured most of the buildings in Oulu, and
had documented material covering approximately 80% of the city. The insur-
ance documents have been verified to be accurate by local researchers [7]. The
characteristics for the city of Oulu in 18th and 19th century are quite unique
for the region. The city was fairly large and a major part of the houses were
built from timber logs. The city consisted of a vast number of small wooden
one and one and half story height buildings. The current database covers the
years between two devastating fires in Oulu, 1822-1882. Previous research in
this area which is similar is the reconstruction of 3D virtual buildings from 2D
architectural floor plans [8].

2.1 Creating a Dynamic Model

There are several implementations of VRML as a user interface for databases.
VirtuAL Project is such implementation with case study of the Cathedral of
Wells [9]. Unlike TimeMachine, their system uses a database mainly to store the
multimedia underlying the spatial model. A typical time-model is often using
static VRML files that have been created for a certain moment in time.

In TimeMachine, we have overcome this limitation by using dynamic VRML-
creation that is generated directly from the database that was created from
the insurance documents. The material and the data for each building is in
a database and a model of the city is dynamically created from SQL queries that
the user might have. The implementation uses standard internet components,
such as VRML for the 3D model representation, with a backend architecture of
Apache, mySQL, PHP4 and Java-servlets. The composition of the user interface
is formed on the clientside with standard HTML, VRML and javascript. User
actions and input are posted and prosessed on server-side PHP-scripts. TimeMa-
chine also provides storage for various user definable historic events or models.
The secondary goal of TimeMachine is to study and define object models for
cultural data, which we have labelled Cultural Objects, CObs’. It should be
noted that TimeMachine is not a GIS (Geographic Information System) nor SIS
(Spatial Information System) system, but has common relations to them [10].

The 3D model represents merely dimensions of building, location, slot, block,
colour as material and shoreline. Acheiving photorealistic visual representations
requires significant rendering power, network bandwidth and storage. As such,
the following factors are used to outline the visual characteristics of the spatial
view in TimeMachine. These include the limited knowledge of the appearance
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and details of the buildings; the large dataset growing towards present day;
limited power and rendering capabilities on mobile clients; storage, network and
bandwidth limitations on mobile clients; limitations of using VRML (simple
lighting model).

Sharing the database to the Internet is somewhat straightforward procedure,
allowing desktop and mobile access. However, using VRML makes the site more
dependent on the client connections, browser software, and ability to handle
different constraints demanded by the client. Parameters include level of detail
in the model, textures, other model features such as animations, client operating
system, client hardware type, network throughput and user settings. VRML-
generation for each various client is different, with all optimization performed on
the server-side. This set of continuous transparent flexible optimizations perform
a key role in providing viable contents on a mixture of clients such as mobile
devices.

2.2 TimeMachine as SmartRotuaari Service

TimeMachine is provided as a mobile service in SmartRotuaari, which is a re-
search environment developed in the University of Oulu’s Rotuaari project [11].
It aims at prototyping and empirical evaluation of future context-aware mobile
multimedia services in real end user environment at downtown Oulu. TimeMa-
chine can be launched from location-aware WLAN operated PDA. TimeMachine
receives call with parameters of user identity and position. These are processed
and a rendered VRML model is sent to client from referring point (users’ present
location). The user is able to perform keyword searches, move around the 3D
world, query about specific objects by performing picking operations and so
forth. An example screen shot is found in Figure 1.

3 User Evaluation of TimeMachine in a Mobile Setting

Usability of the service and user experience was assessed with a user evaluation
in real operating situation (see Figure 1). The test users were first given a short
introduction of the service, and then they were asked to carry out four tasks: T1:
to go to year 1826, T2: to move around the church, T3: to find any red, yellow
or green building and name its owner and insurance number, and T4: to find
out the width and length of mayor Appelgren’s house by keyword-based search.
After completing the tasks the test users completed a questionnaire addressing
various aspects of the perceived usability and user experience. The questionnaire
contained two types of questions, of which some were answered on scale 1-5 and
the other with yes/no answer.

The evaluation involved 10 test users, 6 males and 4 females, of which 9
lived in Oulu. Although all test users reported at least average (3 on scale 1-5)
skills and experience in using computers, only two of them had significant prior
experience in using a PDA. None of the test users had used any location-based
services before. For brevity we just summarize some of the main results: all users
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Fig. 1. Two test users with the system, one standing up, and another sitting
down to the right of the photo. The old church from 1826 is still standing in the
immediate background. The building in front of it is only ”recently” constructed

were able to complete tasks T1, T2 and T3 successfully; 7 users completed task
T4 successfully; 7 users thought that TimeMachine was slow; 6 users found the
visual quality of TimeMachine sufficient ; 8 users concluded that they would
have been able to use TimeMachine independently; 9 users would like to use
TimeMachine in the future, as well; 9 users would recommend TimeMachine to
their friends.

4 Conclusions and Future Work

Time Machine Oulu does not seek high-end visualizations, but to give views to
a historic database on various clients, and be able to interact with that data
in 3D. The limitations are acceptable since there are no photographs available
during the time period represented in the dataset. TimeMachine Oulu has been
developed to allow various types of multimedia to be distributed to various
devices, such as PC’s and PDA’s. As the database of original data becomes
larger, there will more and more CObs’ available to be linked into the system,
as the intention now is to increase the richness of the spatio-temporal-cultural
information with the years 1882 to 1939. In addition to the preliminarly user-
test evaluation, we will have a further, more thorough field trial in mid 2003
with over 100 users to gather specific design related feedback which will be
evaluated and used to iterate the next version. Technically, future work includes
more advanced mobile specific interfaces, utilizing location information more
thoroughly and based on feedback from the field trials. As the database expands,
we are particularly looking at what photographic material will be available and
how this can be combined with Image Based Rendering techniques and various
multimedia adaption methods that have been recently become available. We will
also be investigating the use of smart phones (such as the Symbian based Series
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60 phones), and examining non-pen based input methods with a goal to be able
to interact and navigate the system with one hand.
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Abstract. There is a trade-off between security and usability in user
authentication for mobile phones. Since such devices have a poor input
interfaces, 4-digit number passwords are widely used at present. There-
fore, a more secure and user friendly authentication is needed. This paper
proposes a novel authentication method called “Awase-E”. The system
uses image passwords. It, moreover, integrates image registration and
notification interfaces. Image registration enables users to use their fa-
vorite image instead of a text password. Notification gives users a trigger
to take action against a threat when it happens. Awase-E is implemented
so that it has a higher usability even when it is used through a mobile
phone.

1 Introduction

As mobile phones become widely used in various situations, a suitable method
for user authentication is strongly required because they are often used as a user
terminal for e-commerce and mobile banking. We currently, however, only have
the option of using text-based authentication, such as user ID and password.
This, however, is undesirable because of the trade-off problem between security
and usability. It is better to use a longer password to ensure security. This, how-
ever, brings about usability issues such as the difficulty of remembering, recalling
and inputting passwords. In particular, the difficulty of inputting passwords is
critical in mobile phones because of the tedious input interface. In my mobile
phone, for example, string “zetaka” requires 11 times of key typing. A simpli-
fied password, therefore, has been used such as a 4-digit number. However, we
think that this type of authentication does not qualified enough to meet security
requirements for e-commerce and mobile banking.
This paper proposes a novel authentication method for a mobile phone called

“Awase-E”. We assume that it will be used with a mobile phone with a digital
camera. It uses photographic images taken by the users instead of text-based
passwords. We also integrate two kinds of user interfaces into current authenti-
cation frameworks so that it not only improves usability but also enhances its
security.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 347–351, 2003.
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2 Awase-E: Image-Based Authentication
with Image Registration and Notification Interfaces

Awase-E is an authentication system using photographs instead of passwords. It,
moreover, integrates image registration and notification interfaces into current
authentication frameworks (Fig. 1).
The image registration interface enables users to add their favorite images

to the authentication system. As a result, this makes it possible for users to
use their favorite image as a “pass-image”. Almost 20 million users currently
have mobile phones with digital cameras in Japan. Most of them send photos
by E-mail with a few key clicks on the spot. The image registration interface is
implemented using this function. It is implemented separately from a pass-image
setting in order to ensure the security against impersonation attempts. This
function simply enables users to add a photo to the system and a registered photo
does not automatically become a pass-image. In other words, not all registered
images become a pass-image. A user must set at least one pass-image before
authenticating oneself using Awase-E.
The notification interface gives users a trigger to handle a threat practically.

It notifies users of the occurrence of all kinds of events related to the authen-
tication process. For example, Awase-E sends an E-mail to the user who has
registered a photo. The E-mail has a URL. The web page that is linked by that
URL contains the photo that a user has just registered. A user can thus confirm
the registered photo immediately through a web page. If a user receives such
an E-mail even though the user had not registered the photo, it means that
someone has registered it masquerading as a legitimate user. A legitimate user,
therefore, quickly knows when an intrusive attempt has been made. From these
scenarios, we would strongly recommend using Awase-E with mobile phones to
ensure a user’s prompt awareness of a security breach.

Current
authentication

Awase-E

Server User Terminals

Authentication

Setting a password

Authentication

Setting a pass-image

Notification

Image registration

Mobile phone with
digital cameraServer

Fig. 1. Transition between Current and Proposed Authentication Framework
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In this example, the authentication trial consists of four verification stages.
But, the number of verified pass-images are two.

Verification stage

Correct answer

Select
upper center

image

Select
"No pass-image"

Select
lower right

image

Select
"No pass-image"

2nd stage 3rd stage 4th stage1st stage

Pass-Images

Fig. 2. A Detailed Authentication Process in Awase-E(N=4, P=9)

Awase-E keeps an event history of past usage for certain periods for the
purpose of auditing the user’s authentication usage. A user can investigate the
history through a web page. It enables users to check the authentication usage
even if a user has lost their mobile phone.
Awase-E is implemented through both E-mail and Web. Prerequisite require-

ments for a user terminal is that it has access to the above two network service
types. This means that it is also possible to use Awase-E from computers.
The detail of the authentication process is shown in Fig. 2.
One authentication trial consists of N times of verification stages. Awase-

E, of course, authorizes a user as a legitimate user only if all verifications are
successful. In each verification stage, Awase-E shows P pieces of images on the
screen, a user must select a pass-image correctly from them. Only one pass-
image is included in each verification image set. The reason for this is to reduce
the possibility that a randomly selected attacker’s answer would be a correct
answer. We call an image that is not a pass-image as a “decoy image”. The
location of each image in the image set is randomly determined. This means
that the location of both pass-image and decoy images can change each time. It
is also possible that there is no pass-image in an image set. In this case, the user
must answer “no pass-image”.
Awase-E is an easier method for users to complete the authentication process

than before, even when using a mobile phone. The numerical keys on a mobile
phone are uniquely correspond to each of the images on the screen at any given
stage. This enables users to choose any image in the screen with one click. In
using Awase-E, it is possible to authenticate oneself by just N + 1 times of key
types. Moreover, Awase-E does not need to input any text in authenticating
oneself because it uses an E-mail address as a user ID.
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3 Considerations

There are some related works which make an attempt to improve the problem
of password-based authentication and the experimental results clearly indicate
that image-based authentication has an advantage over password or PIN-based
authentication[1, 2] especially in regards to the human interface aspect. It is
easier for a user to memorize an image than a text. It is also easier to identify an
image than recalling a text. However, previously proposed systems make use of
images that are only provided by the system[3]. These system-assigned images
have little relation to the users, and it is possible that a user will forget it as
time goes on, even though it is an image.
Awase-E, then, uses photographs that are taken by users for authentication.

Moreover, Awase-E enables users to add their favorite images to the system and
to use them as pass-image in an easy way. This feature greatly reduces the load
of memorizing and recalling the secret information over using system provided
images. The reason is these images are closely related with the user’s experi-
ence. This means that the user tends to remember the images subconsciously
when the user looks at it. Using photographs also make it easier to generate
and select a pass-image. We think that these advantages result in motivating
users to change their pass-image more frequently. This is a feature that has not
been realized in any current authentication methods. Another benefit of image
registration is that it increases the number of total images in the authentication
database. An image-based authentication, theoretically, has a vast information
space for secret information. It is, however, practically limited by the number of
total images that the system has in its database[1, 2]. In Awase-E, the database
for images continues to expand as time passes.
Awase-E also introduces the case that there is no pass-image in generating

a verification image set. This feature has two merits. One is that it reduces the
number of pass-images that a user must remember. and therefore reduces the
memory load on users. Of course, the case of a user selecting all“no pass-image”
is not allowed for security reasons. The other advantage is that it also enhances
the security level against “Intersection Attack”[1] which is a specialized attack
method to this kind of image-based authentication. The reason is that this kind
of attack can only occur when a pass-image is included in the image set in all
verification stages.
The notification interface gives users the information of an occurrence of an

attack through E-mail and the web. In other words, it gives a trigger to users
to take a response against it. If a user is aware of an attempt that an attacker
impersonates yourself, a user should add a new photo and change their pass-
image to a new one. Current security assessments of existing authentications
are evaluated by statistical methods only. It is clear that Awase-E has the same
security level of N-digit number passwords. We think, however, the evaluation
method ignores the aspect of users in authentication. It is difficult to rectify
the well-known problem that “a user is the weakest link in the security chain”.
Awase-E provides a notification interface to address this issue. We expect that
this type of alerting mechanism has a positive effect on changing the user’s view
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against computer security. The reason is that every user will probably encounter
a malicious attempt in the near future. We believe that notification will become
important in order to ensure the security level in any authentication system,
and mobile terminals will become an essential device that can receive these
notifications immediately on the spot.
The number of verification stages in Awase-E is variable. Awase-E, therefore,

provides a flexible authentication framework that can handle various situations.
For example, to emphasize security over usability, you could configure Awase-E
such that a user must verifies 5 sets and must select a pass-image in 4 of the sets.
On the contrary, if you put weight on usability over security, you can configure
the process such that the user verifies only 3 sets and must select a pass-image
in 1 of the sets.
From these considerations, we believe that Awase-E provides a better authen-

tication framework that addresses both security and usability issues. In other
words, Awase-E satisfies both security and usability issues at higher level than
existing authentication methods.

4 Conclusion

In this paper, we proposed a novel authentication method called “Awase-E” that
is used with mobile phones with digital cameras. We integrate image registration
and notification interfaces into image-based authentication. Image registration
enables users to use their favorite pictures as pass-images. And the notifica-
tion interface gives users a trigger to take appropriate action against malicious
attempts.
Awase-E is easily operable even when used through a mobile phone. Using

a favorite picture as a pass-image reduces the memory load on users regarding se-
cure information and is less memory-intensive than simply using system-assigned
images. The notification function enables users to take appropriate action by
themselves. In other words, it provides users with a method of ensuring the se-
curity of their own right. This feature is important in order to keep the user
from being the weakest link in the security chain. We think that Awase-E re-
alizes a higher level of coexistence in both security and usability than previous
user authentication methods.
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Abstract. It is important that studies are carried out to enable
developers of new products and services to take into consideration the
requirements of the older population and work towards an inclusive
design.  This paper presents two studies carried out to determine the
attitudes and requirements of older users towards location based
services and their needs for mobile phone functions and features.  The
resulting implications and benefits for the developers of future products
and services are briefly discussed.

Technological advances are occurring at a more rapid pace than ever before and have
allowed the development of evermore sophisticated and ubiquitous products and
services.  In order for technology and services to be successful, they need to be
embraced by the population.  An example of this is the mobile phone which is now a
commonly owned device.  Location based services (LBS) are services in which the
location of a person or an object is used to shape or focus the application or service
(Duri 2001). According to a new report from ARC Group1, LBS will account for
over 40% of operators' mobile data services revenues in 2007,

It is apparent that people in modern day society are living longer compared to their
predecessors.  This is leading to an increased number of �Third Agers� (people 55
years and over).  Coleman (2001) estimated that by the year 2020 almost half the
adult population in the UK would be over 50 years of age.  If products and services do
not include this age group in their development processes then market exploitation
will be adversely affected.    Meeting the requirements of the older and younger age
groups can be achieved by taking an inclusive design approach.  Hardie and Plaice
(1991) defined inclusive design as �an approach to creating environments and
products that are usable by all people to the greatest extent possible�.  A question that
needs answering is whether the developers of products and services are taking the

                                                          
1 ARC Group Press Release, LONDON, 19 August 2002 

http://www.arcgroup.com/index.html.
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rapidly growing older population into consideration.  This paper is an initial attempt
to address this need for LBS and mobile phones.

1 A Study on User Requirements and Attitudes for LBS

LBS have yet to penetrate the mainstream consumer market and are still being
developed.  One might say that until recently they were driven primarily by
technological developments therefore a user centered approach has scarcely been
taken.  This short study aimed to explore views, thoughts and attitudes of potential
users towards LBS.  Requirements, preferred applications, advantages and
disadvantages for LBS were identified from the future user's perspective.

1.1 Scenario Development

In order to present a practical example of the use of LBS to the participants, short
scenarios were constructed.  The scenarios were based on the current and possible
future applications of LBS.  The scenarios were constructed after attending an
industry seminar organized by HELIOS Technology UK2 that included delegates from
the major stakeholders in LBS.  In total five future scenarios were constructed.  These
are summarized below:

• Scenario 1:  �Finding your nearest� � traveling to another city and using LBS to
locate a cash point to pay for the taxi fare and using LBS to locate a taxi rank.

• Scenario 2:  �Traveling to a destination� � Organizing a trip to a theme park.
Finding out train times and alternative transport using LBS.  Also identifying a
route to the theme park using LBS.

• Scenario 3:  �Meeting up� � Locating the whereabouts of a friend using LBS on a
night out.  Finding a route to get to them also using LBS.

• Scenario 4: �Virtual Messaging� � Leaving and receiving spatially tagged
messages to and from friends.

• Scenario 5:  �Shopping� � Using LBS to locate products.  Receiving a special
promotional offer through LBS.

1.2 Focus Groups

The participants were split into four groups: �younger males� and �younger females�
(20 �25 yrs old), �older males� and �older females� (55 yrs and above).  In total four
focus groups were conducted with six participants in each focus group.  The
participants voted for the discussion of three out of the possible five scenarios to
explore in each focus group session.

                                                          
2 Seminar titled �Migrating from Ideas to Income� organized by HELIOS Technology in

London, UK. (November 2001)
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1.3 User Requirements

Requirements for LBS were extracted from the discussions within each of the
scenarios.  They were categorized into primary, secondary or tertiary requirements
according to their importance displayed within the discussions that was indicated by
the level of group consensus.  The general requirements of the older participants are
displayed in table 1.  Scenarios 1, 2, 3 and 5 were discussed.

Table 1.  Summary of older users' requirements for LBS categorized into primary secondary
and tertiary requirements. (Numbers indicate which scenarios the requirements were
discussed in)

Primary Secondary Tertiary
Reliability of
information 1,2,3,5

Alternative routes/options 1,2 Flight Bookings 2

Personalization of LBS
services5

Zoom in/out of display 1,3,5 Receipt printing
facility 2

Integration into mobile
phone 1,2,3,5

Large Screen 1,2,3,5 Color Screen 1,2,3,5

Accuracy of information
1,2,3,5

Usable abroad 2,5 Guide book facility
abroad2

Low cost of LBS service
1,2,3,5

Information about charges
for use of LBS service 1,2,3,5

Specific information
about facilities 1,2,5

Ease of use of LBS
device & LBS service
1,2,3,5

Translation facility 2,5

Up to date information
1,2,3,5

Comparison of different
prices of external services 2

Maps for routes 1,3 Check Stock in shops 5
Landmarks for places
1,2,3

Print Facility 1,2,3,5

Directions to places 1,2,3 Ability to locate lost people 3
Access of location
information for police 2

Reserve products in shops 5

Location inside building
5

Security of different places
1,2

It is important to note that the requirements from both the older and younger age
group had similarities (i.e. LBS should be reliable, integrated into mobile phones and
up to date) and differences (i.e. older users required the text on the screens to be clear
and easier to read whilst the younger age group wanted a more interactive service).
This may be due to the difference in prior experience with new services between older
and younger users.  Younger users' were more technologically aware and therefore
had more experience regarding the possible advantages and disadvantages of new
services.
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1.4 Group Attitude Ratings

A group attitude rating (GAR) was given by each of the focus groups for each of the
scenarios discussed.  The averages of the attitude ratings allow comparison of the
acceptance levels of different groups for using LBS within different scenarios.  It is
interesting to note the contrasting attitudes towards LBS between the older and
younger females within the shopping scenario discussion.  The older females viewed
LBS as a service that would facilitate and enhance their shopping activities whereas
the younger females viewed LBS as a hindrance to their social interaction.  Overall
the older age groups (male and female) had a more positive attitude towards LBS
compared to their younger counterparts (male and female).  This is an assuring result
for the developers of LBS and adds to the case of including the older age groups in
the development of new services and products.  The older users were comparing LBS
to mobile phones and strongly suggested that LBS access should be integrated into the
mobile phone.  Therefore considering the mobile phone needs of older users was
thought to be important.

2 Older Users and Mobile Phones

Interviews were carried out with a group of 17 users between the ages of 47 and 79
including 10 males and 7 females. They were generally inexperienced with mobile
phones. Users were asked consider the situation where they were purchasing a new
mobile phone. They were asked to choose from, and rank, a range of 12 features
(printed on cards) divided into 3 categories: usability/ergonomic features, phone
functions, and advanced services. The mean rank of each factor is shown below
(12=high, 1=low):

Table 2.  Mean rankings of required phone features

Feature required Category Mean rank
Easy menus Usability/ergonomics 10.2
Large screen text Usability/ergonomics 8.6
Small/compact Usability/ergonomics 7.9
Large buttons Usability/ergonomics 7.7
Information services Advanced services 5.4
Voice dialing Functions 5.1
Photo messaging Advanced services 4.7
Handling calls intelligently Advanced services 4.3
Radio Functions 2.3
Phone shopping Advanced services 2.2
Ring tones Functions 1.7
Play games Functions 1

Interestingly the four usability/ergonomic factors occupy the top four positions in
the list. The list shows that there is significant interest in an information service
through the phone. There was also some interest in photo-messaging and handling
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calls in helpful ways. However the idea of shopping through the phone received
limited support.   Many preferred to view the real products before buying and also
enjoyed the social aspects of going to shop for, say, groceries on a weekly basis.

The results show that the users were prepared to accept the integration of a range
of services into the mobile phone, provided those services meet their needs and are of
interest to them. Location-based services through the phone might thus be accepted by
older users provided those services meet their needs.

Participants were asked which were the most important factors in learning how to
use their mobile phone. Being shown by a friend or relative was the most important
factor closely followed by use of the handbook.  Exploring on one's own was fairly
important. Only one person stated that a shop demonstration had been useful, and no
one had received telephone support from the supplier. It will be important then for
future location-based services to be very intuitive and additional support may be
required for the users especially the older age groups.
Regarding method of payment, 14 out of the 17 users wanted their phone on a �pay as
you go' basis, only 2 wanted a contract. It is thus in the interest of phone companies to
make the �pay as you go' option attractive in terms of cost and services available, as
this seems the preferred basis for the older user group in the UK.

3 Implications of Older Users on Design

The Mobile industry is moving into a new phase as 3G networks are emerging in
many countries.  The new terminals have many features and learning how to use them
may prove to be difficult for many users especially the older age group.  Furthermore,
if older people cannot perceive the benefits or added value of the device and new
mobile services provided, they would not be willing to invest in them.

The requirements and needs of older users need to be clarified in order to develop
mobile services that are adopted by all possible users. However, the acceptance of
mobile services (and new technology in general) is a gradual process, where users
must understand the value added by services before they are readily accepted and
integrated into everyday life.  Simple and easy-to-use access methods with services
provided by mature technology and with straight forward billing may be the key to
the familiarization of LBS and mobile services for the older age groups.

Many people may have the perception that older users' have more demanding
requirements that conflict with the requirements of their younger counterparts (i.e.
large screen compared to small compact phone).  This may be true to an extent for
both LBS and mobile phones but as displayed by the first study there are many
similarities that should be exploited.  In addition to this, including the older age
groups at a development stage of a new product or service will help identify minor
alterations that may make the product or service more usable not only by the older age
group but the population in general.
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This paper describes an investigation into how haptic output can be
used to deliver guidance to pedestrians, who do not have any particular
disability, to find their way to a particular destination indoors, e.g., a
room in a hospital. A prototype device called GentleGuide was de-
signed iteratively, resolving several design issues for the use of haptic
output. GentleGuide has been assessed experimentally. Our conclusion
is that haptic output offers significant promise both in improving per-
formance and in reducing the disruptiveness of technology. A negative
aspect of exclusively relying on a device like GentleGuide is the re-
duced location and orientation awareness by some participants.

1 Introduction

The haptic modality is relatively unexplored in the domain of mobile human com-
puter interaction. Existing work often focuses on people with a severe visual impair-
ment, e.g., the wearable navigation system by Ertan et al. [2].  This paper presents an
application of haptic output to provide guidance to people without any particular dis-
ability walking inside buildings, e.g., to help first time visitors and patients find their
way through large hospital or office complexes. Contrary to drivers or pilots, pedes-
trians can travel in jagged trajectories, can make shortcuts, can pause and turn back to
easily to correct errors.  Way finding is the task of determining how to get to a desti-
nation and directing the activities needed to get there [3].  Way finding requires si-
multaneous processing of several sources of information: monitoring the environ-
ment, architectural patterns, other people, obstacles, etc.  The visual modality is often
used to display maps or text instructions. However, graphical visual displays usually
require users to operate the device �head down’, thus disrupting their primary tasks.
As a recent evaluation showed, the limited screen space of mobile devices, make
maps and text instructions difficult to use on the move [1].

Three output techniques for providing guidance to blind pedestrians outdoors are
compared in [5]: binaural audio beacons, speech advice and haptic guidance in the
form of shoulder tapping. Their empirical results show a clear advantage of the haptic
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modality, both in objective performance and subjective preference. Notably, some of
their subjects commented that it didn’t compete for their attention, as audio informa-
tion does. A prototype of a haptic device for way finding in complex indoor com-
plexes is described in [6]. The advantage of their device is that it can easily be ignored
or consulted at will.

A range of design options that must be addressed for designing haptic output are
discussed in section 2, in the context of the iterative development of GentleGuide. We
then describe the implementation of the prototype, its experimental assessment and
conclude with some preliminary conclusions from this research.

Although this work focuses on pedestrian navigation, in essence the Gentle Guide
adds an extra modality to navigation feedback in a broader sense.

2 The Design of GentleGuide
The original concept for the GentleGuide was of a wearable haptic device that would
provide the analogue of a little nudge one gives to a disoriented companion to gently
guide them in the correct direction. Pressure seems the obvious way of realizing the
concept of the friendly nudge (see, e.g., [5]). However, mild pressure, tends to be ig-
nored after the initial stimulus, is hard to convey through clothing and may be con-
founded by forces from the environment. Vibration output was eventually selected,
not least because it easy to produce, as tiny vibration alarms are commercially avail-
able (e.g., those used inside mobile telephones).  GentleGuide was developed itera-
tively, by several prototype and test cycles, which concluded on the following points:

• Using a single output device on one wrist is confusing. Two devices, one on each
wrist is more appropriate.

• Vibrations are interpreted by users as a beacon to follow, rather than as a correc-
tive nudge for one’s direction.

• Direction is better encoded in the duration of pulse trains rather than in intensity.
• Vibrations should simply indicate left, right and stop, rather than more refined di-

rections, e.g., 45 degrees to the left or proportional to the change of direction.
• A signal on both wrists, proved very intuitive as a stop signal.

We note that the first two design decisions, contrast the design of [5] for a very
important reasons: contrary to their target users, our users are not visually impaired
and are able to maintain straight line trajectories; i.e., even when lost, the non visually
impaired users will not have the problem of veering.

Eventually, after repeated trials, we settled on the following conventions: 0,7 sec.
right (left) receiver: go to your right (left), 0,7 seconds on both receivers: destination
reached and 1,5 sec. both receivers: wrong direction.  The final GentleGuide proto-
type is shown in fig. 1. The central box generates the navigation signals. The wrist
devices contain a receiver, a decoder used to identify the signal and a battery fed vi-
bration alarm. If the received pulse train is coded for the wrist device, the vibration
alarm will be switched on as long as the pulse train is received. The prototype devices
are housed in a plastic box. This box serves as a resonator for the vibration alarm. The
prototypes are typically technical prototypes: focus was on functionality. Currently
we are working on miniaturizing the devices and to improve their aesthetic appeal.
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.

Fig. 1. (a) GentleGuide control unit and wrist devices (b) GentleGuide worn by a participant

3 Evaluation of GentleGuide
An experiment was conducted to assess the potential of GentleGuide for supporting
way finding by pedestrians indoors. GentleGuide was compared to signage, which is
how way finding inside buildings is currently supported. Because of familiarity with
signage, this puts novel systems at a disadvantage, but improvements upon this
�benchmark’ are necessary for providing added value to the non-blind user who can
read.  The experiment was conducted inside campus buildings that have a complexity
in layout not uncommon for large buildings.

Participants. 16 paid persons (9 male and 7 female) without any disabilities took part
in this study. All subjects are undergraduate students, who were screened so that they
would not be familiar with the buildings where the experiment took place and would
not be involved or familiar in any way with the experiment. They were all familiar
with the signage conventions of the test environment to make the benchmark harder to
match.

Design of the Experiment. A mixed design was followed. The within subjects con-
dition was the use of GentleGuide or signage. The between subjects condition was the
specific route concerned. Each subject had to walk 4 different routes, 2 with the Gen-
tleGuide and 2 with signage in mixed order.  8 subjects using the GentleGuide and 8
different subjects using signage attempted each of our 4 routes.  The actual locations
had been selected with pilot testing to ensure that the signage was adequate.

Independent Variables.  The use of signage or GentleGuide.

Procedure. All way-finding tasks involved finding a room in an office building,
without walking out of the building or going up or down a floor. Subjects were in-
structed to walk at their normal pace; they were introduced to GentleGuide by a brief
written explanation and a 30 sec practice session. The experimenters would walk 5-
6m behind the subjects issuing guidance instructions from the remote control console.
Through pilot testing the appropriate position for issuing the instruction for the turn
had been set to 2 meters before the turn. If subjects would take the wrong turn, they
would be issued a command to stop. If they would ignore this command for more than
5 sec, the task would be declared a failure. Subjects were instructed to follow instruc-
tions, until they would be given a signal that they have arrived. In the visual condi-
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tion, the subjects were allowed to find their way freely. They were stopped if they
walked out of the building. The task then was declared a failure.

Dependent Variables.  By counting how many of the tasks were completed success-
fully the effectiveness of GentleGuide was assessed. The time G it takes to get to the
destination was measured. As a baseline measure, subjects were asked to return to the
starting point at the same pace as they had just walked to get to the destination. This
time, the evaluators would walk 1m behind the participant, telling them well in ad-
vance of approaching turns which way to go. We assume the time back B approxi-
mates the time needed by someone who knows the way. We added these measures for
the two routes where a subject used GentleGuide and the two where signage was
used.  The dependent variable relative delay of getting to somewhere unknown was
calculated as follows τ = (G-B)/B.
The number of errors was counted for the two conditions. An error was simply de-
fined as a subject not making the right decision at a junction point (a point where they
have to turn).  In order to distinguish from a momentary hesitation/confusion, a mar-
gin distance of 2 meters at the wrong direction was allowed. When subjects without
GentleGuide would make an error they had to rectify it with help of signage (as is
normally the case when no advice is sought by passers by). No new errors were
counted till the subject would get back on the right track. Following the tests, subjects
answered several questions to help us assess their subjective experience of the system.

Results. All GentleGuide users got to their destination on all occasions. One subject
got lost when relying on signage. Only on one occasion did a subject make an error
following the GentleGuide while 4 errors were made following the signage.

The average relative delay was 0.08 for the GentleGuide (i.e., subjects were 8%
slower with GentleGuide than when walking back) and 0.40 with the signage.  A one-
tailed related t-Test, showed the difference to be significant (a=0.05). As not all test-
trajectories consisted of 90 degrees turns to the left or right or binary choices, but
more complex patterns were involved, this result suggests that participants easily in-
terpret haptic guidance in combination with their perception of the space around them,
their destination and their trajectory.

The experience of using GentleGuide was reported as positive. Interpretation was
found intuitive and no further training was needed than the 30 seconds. Following
signage seemed to help subjects feel they knew where they were more than when they
used GentleGuide (a 2-tailed Wilkoxon signed ranks test showed this to be significant
at a=0.05). This is partly because in the haptic condition subjects were not told their
destination to avoid contamination of the haptic experiments with visual input. Fur-
ther, continuous, turn-by-turn instructions make it unnecessary for users to actively
plan their path and orientate themselves.  In contrast, signage supports subjects to
build a mental map of their path. Ratings of subjects on 5-point Likert scales, as to
whether they felt confident they were walking the right way, showed a significant
preference for Gentle Guide over signage, (2-tailed Wilkoxon signed ranks test at
a=0.01). Further, the subjective reports by participants seem, in large, to support our
belief that GentleGuide is understandable, pleasant, discrete, efficient, easy to use and
easy to get used to. Mostly it was found helpful. Most ambivalent responses con-
cerned the intuitiveness of the system, with one subject feeling and acting like a robot
following instructions.
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4 Conclusion

Vibration pulses delivered by two wrist-mounted devices are a practical way to de-
liver guidance information for pedestrians indoors. This approach works quite effi-
ciently and reliably. Low-resolution guidance was reliably and effectively interpreted
from the duration of pulses (just 4 types of directions).  Vibrations are more intuitive
when they indicate the direction where the person should go to at junction points,
rather than corrective advice.  A device like the GentleGuide is arguably a non-
disruptive, easily learnable means to support way finding in complex indoors envi-
ronments.  We plan to extend this study to include more complex routes, e.g., includ-
ing multiple floors and open spaces, as well as outdoors tasks where guidance infor-
mation is more commonly needed and signage more often absent. Particularly where
outdoor applications are concerned, an important limitation of continuous guidance
seems to be the loss of orientation by the user. The combination of haptic output with
graphical displays seems to be a promising approach to address this problem.
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Abstract. In this paper, we propose a system to support equipment
check patrol. One of the most difficult tasks for patrol worker is discrimi-
nating the difference of equipment sound in the check spot. The main pur-
pose of our system is to support human hearing by automatic segmenta-
tion, visualization and retrieval of equipment sound. Automatic segmen-
tation function is realized using a new video shot segmentation method.
The method uses fluctuating thresholds according to time transition of
visual changes, and performs automatic segmentation of recorded sound
according to the step of check work. The visualization and the retrieval
functions are based on the spectrum subtraction method and analyzing
technology of the temporal frequency map. This paper shows the eval-
uation result of the segmentation method using equipment check video.
And it also shows the effectiveness of the proposed visualizing and re-
trieval method through an example of electric discharge sound.

1 Introduction

Recently personal visual assistants (PVAs) with wearable micro video camera
which support the human’s memory are widely studied[2, 5]. The main purpose
of these PVAs is support of daily life activities and field works. Our objective
is to develop a mobile PVA for the maintenance worker in the field of electric
power industries. In this paper we propose a system supporting human’s hearing
capability of equipment sound by automatic segmentation, visualization and
retrieval of the sound.

2 Segmentation of Equipment Sound

In order to realize segmentation of sound data corresponding to check work,
we propose a simple and robust video segmentation method. The basic idea
is automatic segmentation of acoustic data by observing the visual change of
video stream captured by a mobile / head-mounted camera. The segmentation
method is based on the idea of classifying the transition of video data statistically.
Our method divides the video stream into stationary shots (“stationary”) and
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transitive shots (“active” and “depressive”). First the sum of frame differences
(dk) is computed by the following equation:

dk =
∑

x,y

q(dist(c(k, x, y), c(k − 1, x, y)), (1)

where c(k, x, y) is the color value of the location x, y in the k-th video frame. The
function dist() returns the Euclidean distance of two color values in a standard
RGB color space (0 < R, G, B < 255) . The function q() is a step function to
reduce the influence of noise. In the next step, the average (µ) and the standard
deviation (σ) of the past n values of differences (dk−n+1, ..., dk) is computed.
The state of frames (“active”, “depressive” or “stationary”) are determined by
the following condition:

if dk > µ + ασ then “active”
elseif dk < µ − βσ then “depressive”
otherwise “stationary”,

(2)

where α and β are parameters controlling the range of the stationary state
(α > 1, β > 1). The states of shots are derived by the state of frames. When
the states of continuous m frames are different from the state of a current shot,
the state of the shot is updated to the same state of the current frame. The
parameters (n, m) influence the constancy of state change.

3 Visualization and Retrieval of Equipment Sound

After the segmentation the audio clips are processed and visualized by a signal
processing technique which is based on the classical spectral subtraction(SS)[1].

At first, the acoustic spectrum distribution of two or more sound information
in the past at the same place is equalized for every frequency band, and let it be
a “base spectrum” in each check place. Let all the base spectrum be expressed as
an m-dimensional vector. The i-th element bsi of a base spectrum bs is computed
from spectrums corresponding to registered sound data as follows,

bsi =
∑

∀sj∈S

sj,i/n, (3)

where S is the set of all the spectrums about a check point, the number of spec-
trums in S is n, sj,i is the i-th element of the spectrum sj. This base spectrum
expresses the sound feature peculiar to the equipment. Furthermore, the base
spectrum of the check place is removed from a spectrum distribution of the sound
data in each check time, and it considers as the characteristic spectrum distribu-
tion in each check time (it is called the temporary spectrum feature). The i-th
element tsj,i of a “temporal spectrum” feature tsj is computed as follows,

tsj,i = |sj,i − bsi|. (4)
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Fig. 1. Comparison of segmentation performance

The temporary spectrum feature will express the feature of the sound in a cer-
tain check time, and the unusual sound observed at the time of check will be
expressed. The spectrum information visualized on the user interface is the result
of filtering this temporary spectrum feature by a fixed sound pressure.

Next, for index creation and retrieval of the equipment sound data, the sta-
tistical partial feature of time-frequency space of the temporal spectrums is ex-
tracted. We use a high dimensional characteristics in the temporal frequency
map as partial feature. We call them L triangle sound patterns. The L triangle
sound pattern is a vector expressed as (vt−1,i, vt,i, vt,i+1), where vt,i is the vector
(i, tst,i) that expresses both frequency and amplitude information of the tempo-
ral spectrum at a sampling time t. The method computes the histogram HL of
all the L triangle sound patterns in the temporal frequency map. The retrieved
feature includes both the direction of time, and the frequency direction. And
the totaled histogram HL is indexed and retrieval is performed using the index.
Similarity is judged by the histogram intersection [6] between the histograms.

4 Evaluation

Our segmentation method has been evaluated for two types of video correspond-
ing to two types of maintenance work style(with/without moving). Three human
subjects did the two types of work. The total length of video recorded by the
wearable camera is 55 minutes (decomposition: total 26 min, 8min30sec per sub-
ject , assembly: total 22min, 7min20sec per subject, patrol: total 7min, 2min15sec
per subject). Three methods including our method, χ2-test [4] method and fixed
interval method[3] were compared. The recall and precision rates are used for
the evaluation (recall = C/(C+I), precision = C/(C+O), where C denotes the
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(a) Electric discharge sound which is not partial discharge
 (Before SS processing)

(b) Continuous partial discharge sound 
(Before SS processing)

(c) Electric discharge sound which is not partial discharge
 (After SS processing)

Acoustic
Spectrum

Temporal 
freaquency 
map of 
acoustic 
spectrum

0.9 3.7 8.3 14.6
Freaquency[kHz]

0

time[s]

2

1

0

dB

(d) Continuous partial discharge sound 
(After SS processing)

Fig. 2. Visualization of electric discharge sound

total number of correct divisions, I denotes the insufficient number of divisions
and O denotes the overflow number of divisions by each method).

Figure 1 plots results on the coordination of the recall and precision axes.
The figures have many points, since we changed the parameters of the methods
and observed the results. The result plots of our method are distributed in the
upper right area (meaning high recall and precision rate) of figure 1. It shows
that the segmentation result of our method is similar to the regular segmentation
that we inspected from the video.

We evaluate our sound processing methods using the video data recorded, in
order to observe the electric discharge phenomenon of electric power equipment.
We selected 87 samples of sound data from the video. The samples include 27
samples (group C) about the partial discharge which is the target phenomenon,
9 samples (group B) which are unrelated to electric discharge phenomena, and
51 samples (group A) about ordinary discharge which are not partial discharge.
Visualization examples by our method are shown in figure 2. It was difficult
to discriminate the change of electric discharge sound in a standard spectro-
gram((a) and (b)). The visualization result of the proposal technique ((c) and
(d)) clearly shows the difference in electric discharge sound. We conducted the
retrieval experiment using the 87 sound samples. The figure 3 visualizes all the
retrieval results. Each rectangle in the figure expresses each sound sample in
a retrieval result. By the figure we can get the new observation that group A in-
cludes the samples (from No. 9 to No.18) which are similar to the samples of the
group C. This shows that the sound retrieval function is effective in detection of
unusual sound.

We evaluate the actual registration and retrieval speed of L triangle pat-
terns1. The average registration speed of 1,000 patterns was 17.7 msec, and the
1 Apple PowerMac G4/733MHz was used.
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Fig. 3. Retrieval result of electric discharge sound

standard deviation was 44.9 msec to register 780,000 pieces of L patterns (It
corresponds to the sound sample for 1400 seconds.).

5 Conclusion

In this paper, we proposed a system which supports the hearing of a check
member with automatic segmentation, visualization and reference technology of
equipment sound. Usability evaluation of the whole system is a future subject.
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Abstract. We are interested in how individuals and communities de-
velop opinions as they design and use new mobile, public-sphere tech-
nologies.  We situate our work among new considerations of ethnogra-
phy, mobile technologies and rhetoric and describe the design and pilot
installation of a new technology called TexTales designed to support
mobile public discourse.

Mobility in the end may supply the means by which the spoils of remote and indirect interaction and
independence flow back into local life, keeping it flexible, preventing the stagnancy which has attended

stability in the past, and furnishing with it the elements of a variegated and many-hued experience.
� John Dewey, The Public and Its Problems.

1 Introduction

How do individuals construct, share and revise opinions about themselves and their
communities and how can new technological tools and ethnographic techniques reflect
and support these processes?

We investigate this question through longitudinal, participatory design where our
goal is to learn how public discourse spheres can be created by building with people
new kinds of communications tools (not just observing and analyzing current commu-
nity communication). In the tradition of Constructionist design [15] and within an
evolving �Citizen Journalism� framework [2], we aim to support the reflexive creation
of two kinds of artifacts: technological tools for public discourse; and dynamic, �in-
termodal texts� created as people use the tools. We consider building these artifacts to
be complementary activities. In our framework, it is equally valid for opinions to
manifest themselves in technologies, in discussions during their design and in conver-
sations during their use. Our assertion is that we can best learn how individuals de-
velop opinions by creating new public spheres in which people construct and critique
both digital and political representations.

Designing for this pluralism brings technological and analytic challenges. To ad-
dress the technological challenge we focus on how newly ubiquitous mobile technolo-
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gies can create public spheres that are fixed neither in time nor space. To address the
analytic challenge, we propose a new kind of �participatory ethnography� in which
distinctions between participant and observer are purposefully blurred, and in which
those who are usually portrayed in ethnographic texts become their authors and critics.
We are not designing using ethnography (as is usual in HCI) but are, instead, design-
ing to help people do their own ethnography. This necessitates a shift not only in how
we think about ethnography but also in how we think about certain kinds of discourse
technologies. The nomadic communications of mobile technologies may constitute
new discourse spheres in which public opinions are constructed, shared and revised
across both time and space in new ways.

An extensive review of the emerging synergies among ethnography, mobile tech-
nology, HCI and rhetoric is beyond the scope of this paper.  However, we can see that
ethnographers are beginning to develop techniques that emphasize �following the
people/thing/metaphor/story/biography/conflict�, are reconsidering definitions of
�field� and �subject� [12] and are articulating new relationships between ethnographic
and digital representations [10]. Mobile technologists are focusing on how hybrid
virtual-physical spaces support different kinds of design contexts [7], �socially trans-
lucent systems� [9] and distributed, �everyday computing� [1]. HCI designers are
practicing new methodologies for �unpacking� tensions between public and private
spaces [14], for applying ethnography to both system design and critique [8, 13] and �
of specific relevance to this project � for helping physical communities establish on-
line presences [5] and visual archives [18]. Finally, rhetoricians are developing new,
but historically based, models of multiple, permeable public spheres [3], relating them
to everyday actions [17] and new technologies [4] and asking what kinds of represen-
tations [11, 16] best support public discourse.

We situate our work at the intersection of these domains. Our goal is to create with
people new exemplars that enrich these synergies and that advance the notion of dy-
namic, technologically-supported public spheres. Here we describe the development
and initial use of one such system � TexTales, a large-scale, public publishing tool in
which individuals create captions for community photos with SMS texts.

2 Designing TexTales

To investigate the notion of technologically supported public spheres, we engaged in a
longitudinal, participatory design relationship with Fatima Mansions, an urban flat
complex near our lab in Dublin, Ireland.  We worked with them over 6 months to take
photos, design interfaces and install TexTales. The community consists of approxi-
mately 700 residents living in 14 4-story apartment blocks built in 1951 and has un-
dergone considerable social and economic change. Of immediate concern is an up-
coming �regeneration� in which all buildings are to be demolished and replaced. The
residents are focused on creating their own ways to understand and manage this
change and are considering the redesign of the physical architecture but also more
abstract notions of community and culture. In short, Fatima is eager to experiment
with constructing new public spheres. Our principal contact in Fatima is the Fatima
History Project, a group that meets weekly to discuss the community's history and,
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increasingly, to debate its future. In an early meeting, the group expressed frustration
with relating their current archiving projects (primarily newsletters and public photo
exhibits) to the community at large. This dissatisfaction, combined with our goal of
researching-by-building new interactive public spheres, served as a starting point for
creating TexTales, a new kind of contemporary, discursive archive.

We first distributed 50 disposable cameras among the residents, asking them ques-
tions like �show me something in your community you love�, �show me something
you hate� and �show me something you'd like someone standing here 100 years from
now to see�1. With these loose guidelines (very few people answered the questions
explicitly), residents began to gather pictures for the new archive. They took over 700
photos and our challenge became finding ways to use these images to spark dialogue
within and about Fatima. Over the course of several weeks, approximately 10 women
from the Fatima History Project surveyed all images, selecting and arranging 90 pho-
tos for the first TexTales installation. Concurrently, at Media Lab Europe, we devel-
oped a technical architecture for large-scale public display and annotation of digital
images. This necessitated selecting a display mechanism (public projection) and sup-
porting a commonly used ubiquitous technology (mobile phones)2.

TexTales has 3 components: custom software interfacing with a Nokia Card Phone
to receive and parse standard SMS text messages; a custom tcl/HTML script to create
the image-text combinations; and a web server to display the interface. Users contrib-
ute a photo caption by sending a text in the form <picture number> <caption>
to the system (e.g. 4 who's that?) and, approximately 20 seconds later, the caption
appears anonymously under the image. Earlier captions appear progressively smaller
and all captions are stored in log files. In designing this interface, we were inspired by
the provocative public projection installations Krystof Wodiczko embeds in social and
architectural spaces [19] as well as the City of Leeds's CityPoems project [6].

3 Pilot Installation

In preparation for a larger launch, we recently conducted a pilot installation of Tex-
Tales in one of Fatima's public squares. The installation began at approximately 9pm
and lasted for about an hour. Approximately 40 people of various ages (the youngest
participant was 8 years old) participated and observed, creating 20 SMS text captions
for 3 different sets of images (27 images in total).

                                                          
1 Thanks to Frank O�Connor, Jeff Cooper and Loyalist College Canada�s photojournalism editing class

for initiating this process and asking these questions.  Thanks to Kodak Canada for donating the cam-
eras.

2 An informal survey confirmed that most Fatima residents have mobile phones and that SMS texting is a
common way of communicating.
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Fig. 1. Clockwise from top left: women of the Fatima History Project editing more than 700
images taken by residents and selecting sets of 9 images for use with TexTales; one of 12 in-
terfaces prepared by the women and used by residents; residents with TexTales. (For technical
reasons, we projected onto the ground; subsequent installations are designed for the community
center's wall)

4 Discussion and Conclusions

Several compromises and decisions emerged during the design and process and pilot
and, while still early, some helpful observations were made.

First, we decided that there would be no filtering of texts sent to the system. Al-
though this risks displaying �inappropriate� texts, we decided that text filters are im-
perfect, easily subverted and do not reflect the language often used in casual conver-
sation. The participants commented that, since the system only displays the latest 3
texts for each image, offensive texts could quickly be deleted from the display (but not
the log file) by sending further texts to the picture. Also although texts were displayed
anonymously, the crowd immediately asked who sent all texts, each caption demand-
ing attribution and inviting conversation. Although authors remain anonymous in the
digital archive, during the installation, their captions were starting points for public
discourse. Thus, the �censorship� and anonymity that existed in the TexTales pilot
installation did not involve blocking content or tracking users but was instead distrib-
uted more subtlety among social, design and technological considerations. TexTales
also attracted interest among a range of residents, with many young children, young
adults and older people observing and participating. The system seemed to support
people easily transitioning between being participants and observers, supporting si-
multaneous contributions from multiple sources and leaving most regulation of the
interaction to the social space surrounding the interface.

TexTales seems to support a new kind of public sphere: it attracts diverse interest,
supporting people as both participants and observers; participation is through mobile
technology that is accessible, appropriate and socially situated; and, TexTales results
in public and publicly-constructed ethnographic �texts� that are available for further
analysis. These observations suggest that ubiquitous mobile technologies offer a new
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opportunity to create dynamic discourse spaces in which people and groups can ex-
periment with creating, sharing and revising personal and public opinions.
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Abstract. This study established a mobile Internet customer satisfaction
(CS) evaluation model using the structural equation model. The factors
affecting the CS were identified, and grouped into three constructs.
Field experts participated in a brainstorming process to extract the
factors affecting the CS. Through experiments, it was shown that CS of
the mobile Internet service was influenced by information quality,
system quality, along with interface quality. For each construct, major
factors were again extracted with their importance. The results would
be of help for strategic improvement of mobile Internet services and
user interface.

1 Introduction

Over the past few years, enormous changes have been made in the information and
telecommunication environment. One of the notable changes is the emergence of the
mobile Internet, and it is now becoming more and more popular. Specifically in
Korea, one of the leading countries in information infrastructure, over 23 millions
used mobile Internet services as of 2001, which is 81% of the total mobile phone
users [1]. Along with the rapid growth of the mobile Internet business, more attention
is being paid to the customer satisfaction (CS). There has been a number of research
work on the CS of wired Internet. To our knowledge, however, scant research has
been reported on the CS of mobile Internet since it is a relatively young research area.

Our study aims to identify the factors affecting the CS, with their relative
importance, and propose a quantitative model that establishes the relationship
between the factors and CS of the mobile Internet services. We adopted the structural
equation model (SEM) technique. SEM is an extension of multivariate statistical
analysis that examines a series of dependence relationships among variables
simultaneously and comprehensively [2]. SEM has been used in many fields
including marketing, human-computer interaction, and in some studies on the wired
Internet [3, 4]. Our results will be directly beneficial to the design of systems and
services in the life cycle of the mobile Internet services.
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2 Modeling

2.1 Contents Categorization

Various types of contents are available in current mobile Internet services. A focus
group interview (FGI) was done to classify those contents into several categories
based on their characteristics. Five experts have participated in the FGI who are
working in one of major mobile Internet service carriers. All the contents were
classified into five categories: entertainment, communication, information/data base,
decoration, and business transaction. NTT DoCoMo's classification scheme of mobile
Internet services was also taken into account.

2.2 Model Building

The five field experts participated in a brainstorming process to extract the factors
affecting the CS. Those factors were finally reduced to 16 relevant ones after
removing redundant and irrelevant factors. Then thirty sample users from
applications' target audience were asked to assess the factors' importance to the CS on
a 7-point Likert-type scale. Statistical factor analysis was carried out to reduce the
factors into several groups. As a result, 16 most important factors were grouped into
three constructs (groups) as shown in Table 1.

Information quality is a function of the value of the output produced by a system as
perceived by the user. System quality is a measure of the information processing
system itself. Interface quality reflects the usability of service and terminal. It is noted
that the first two constructs are consistent with those from previous studies [4]. The
structure of our model for entertainment content is shown in Fig. 1. The model
structure for other representative contents is set to be the same in the study.

2.3 Model Fitting

For model fitting, the sample users were again asked to use the five representative
mobile Internet services. The sample users then rated the factors for each of contents
on a 7 point Likert-type scale. Resultant data was tested for fit with a statistical
package. Fig. 1 shows the results with path coefficients. The model fulfilled the
common test criteria [2], including root mean square error, a ratio of chi-square
statistics to degrees of freedom, and goodness of fit indices. This implies that the
established model is well acceptable with the appropriate factors.

Table 1. Constructs and factors for the Model

Constructs Factors

Information
quality

Responsiveness and feedback, Currency, Accuracy, Structure
and format, Diversity, Timeliness, Completeness, Uniqueness

System quality Reliability, Security, Response time, Accessibility

Interface quality Ease of navigation, Readability, Aesthetic, Ease of terminal
use
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Fig. 1. The model with path coefficients (Entertainment service)

3 Interpretation

In Fig. 1, the factor loading values can be interpreted as follows. If information
quality increases by one unit, CS can then increases by 0.77 units. It is also seen in the
figure that information quality is the most critical factor for the CS of the
entertainment service, followed by system quality and interface quality. And it is also
shown that there exists an interrelationship between information quality and system
quality. For the information quality, the relative importance of timeliness is 2.96 times
of that of responsiveness. If CS increases by one unit, the customer's intention to
reuse this service increases by 0.87 units, while the complaints decrease by 0.63 units.
Once the customer is satisfied with the content and has reuse intention, the chances to
keep using it and to pay more are 1.81 and 1.36 times, respectively, higher than the
chance to recommend this content to friends or acquaintances.

Table 2. Relative importance of constructs for the five representative contents

Entertainment Communication Information/DB Decoration Transaction
Information

(100%)
Information

(100%)
Information

(100%)
Information

(100%)
Information

(100%)
System
(68%)

Interface
(15%)

Interface
(56%)

Interface (74%) Interface
(43%)

Interface
(60%)

System
(3%)

System
(5%)

System
(2%)

System
(29%)

The results for the five contents are summarized in Table 2. In the table, the degree
of relative importance was normalized. The largest factor loading value was set to
100%. In other contents than entertainment, information quality and interface quality
were the most critical factors.
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4 Remarks

This study established a mobile Internet CS evaluation model using SEM. We
identified the factors affecting the CS, with their relative importance, and proposed a
quantitative model that establishes the relationship between the factors and CS of the
mobile Internet services. It was shown that CS of the mobile Internet service is
determined by information quality, system quality, along with interface quality. The
results would be of help for strategic improvement of mobile Internet services and
user interface. This modeling methodology can also be applied to other problems of
human-computer interaction, for example, the usability of mobile device.

Our analysis relied on the data from five experts. To provide more reliable results,
additional data from a large number of experts is needed. In addition, the model can
be expanded model by introducing some business-related factors such as brand image,
price policy, and customer service into the model.
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Abstract. Current commercial software frameworks for the develop-
ment of mobile applications targeted at heterogeneous devices are based
on a paradigm of abstract user interface components (or ‘controls’) that
change its rendering depending on device characteristics. In this paper,
we approach the problem of extending that paradigm to handle adap-
tiveness to user models for the purpose of improving usability. A generic
approach along with its concrete realization on ASP.NET technology is de-
scribed. The approach is centered on the notion of componentized adap-
tive behaviors, that can be easily added to user controls by designers.
These components can also be chained to come up with more complex
behaviors. In addition, some experiences on the automatic, rule-based
dynamic addition of such behaviors to concrete controls based on usage
data are described.

Keywords: Heterogeneous mobile devices, abstract user interface com-
ponents, adaptive hypermedia.

1 Introduction

The design of applications for mobile clients poses significant problems derived
from two essential constraints [1]. On the one hand, these devices usually pro-
vide limited display and interaction capabilities and, on the other hand, their
characteristics are widely diverse. Limitations and heterogeneity entail that the
tasks that should be analyzed for such systems are different from those found
in desktop computers [3], and, as a consequence, the design of the interface
must follow different priorities. In this context, adaptiveness becomes an impor-
tant feature in mobile applications, since it increases navigation efficiency, as has
been addressed in previous studies like [6]. In an effort to cope with heterogeneity
in limited devices, some industrial user interface development frameworks have
been crafted recently. Most notably, Microsoft’s Mobile Internet Toolkit (MIT)1

1 http://www.gotdotnet.com/team/mit/
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and Java Micro Edition2 provide a programming paradigm based on what may
be called ‘abstract user interface components’ (AUIC), which in essence are com-
mon interface components (e.g. lists, labels) that are prepared to be rendered
— and even reshaped — in different ways depending on the characteristics of
the device interacting with them. In this paper, a model for the development of
adaptive interfaces for heterogeneous and limited devices is described, explicitly
targeted towards AUIC-based frameworks. A concrete instantiation of the model
on the MIT framework is also described — both the model and the implemen-
tation are based on previous work described in [4]. The most salient feature of
our approach is that adaptiveness is associated to abstract components, easing
the design of personalized interfaces by means of the possibility of selecting and
arranging some generic adaptive behaviors for specific component instances. In
addition, an initial exploration on the automatic selection of adaptive behaviors
based on usage data has been approached. The rest of this paper is structured
as follows. In Section 2, the principal elements of our model are described in
abstract terms. Section 3 sketches the concrete realization of the model on top
of the MIT framework, along with a brief description of some concrete automatic
adaptation functionality. Finally, conclusions and future research directions are
provided in Section 4.

2 A Model of Composable Adaptive Behaviors

An abstract model of AUIC for personalized mobile applications must provide
modelling constructs for describing devices, interface components and users. In
addition, it must provide a paradigm for expressing adaptations. Devices can be
described by device profiles in the form ℘x = {(pi, vi)|pi ∈ P ∧ vi ∈ type(pi)},
where P denotes a set of device parameters (capabilities) defined in a pre-existing
ontology — as the FIPA device ontology3— and type(p) denotes the type of the
parameter (e.g. integer, string, set, sequence). Parameters may describe software
(e.g. operating system), hardware (e.g. memory, screen height, resolution) or
network (e.g. quality of service) characteristics. A generic attribute-based user
model can be specified by considering in a similar way a set U = {um} where
al(uj) denotes the collection of attribute–value pairs describing the concrete user.
Our model of the structure of the application is limited to describing the AUIC
components in set C that contains, in the form A = {ck|ck ∈ tx}, where tx ∈ T
denotes an specific component type in the set of types T . As usual in component
frameworks, each component type is described by a set of predefined attributes
denoted by at(tx). Types and subtypes may be interrelated in a generalization–
specialization hierarchy so that if type b specializes type a, denoted by a � b,
then at(a) ⊂ at(b). Following the above definitions, our AUIC–centric paradigm

2 http://java.sun.com/j2me/
3 FIPA Device Ontology Specification, doc. number XC00091C, available at
http://www.fipa.org.
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describes adaptation in terms of an ordered sequence of behaviors attached to
each specific component:

b(c) = b1, . . . bl, l ≥ 0, c ∈ t, ti ∈ T (1)

Each bi in expression (1) represents a software entity that transforms the
state of component c by changing some of the values of the attributes in at(t).
Behaviors are also typed, so that each bi has a type h ∈ B. In addition, each type
of behavior h is associated to exactly one type of component in c(h) ∈ T . By
virtue of this association, behaviors of type h can only be applied to components
of that type. Composability can be easily introduced as simple rewriting, so that
a sequence of behaviors br . . . bs can be labelled as bq, so that the new label
functions as a higher-level, more complex behavior that sequentially applies its
contained elements. It should also be noted that order is important in (1) since
the order of processing bi, bj need not produce the same final result than the
order bj , bi. In general, behaviors produce a change in its associated control
dependant on device characteristics and the characteristics of the current user
(or characteristics of one of the groups to which he/she belongs), which can be
denoted abstractly as b : 2U ×C×℘ → C′. All the definitions given above can be
easily recognized in current commercial mobile development frameworks, and in
consequence, they provide a basis for extending them in a straightforward way,
as will be demonstrated in what follows.

3 MIT Implementation of Adaptive Behaviors

Microsoft’s Mobile Internet Toolkit (MIT) provides a server runtime that allows
the automatic adaptive presentation of Web contents to a number of supported
devices. Adaptation is based on a set of mobile server controls, which are an
abstraction of the rendering and interaction features of specific languages like
WML and cHTML (the approach is similar to that of [2] although their scope is
different). In our extension of the MIT, application designers can add personal-
ization behaviors by simply typing it in the control’s definition. For example, the
following code fragment shows the declaration of an abstract component (p ∈ C,
with b(p) = f2, f5) that specializes a list, called PersonalizedList. Note that
two behaviors f5 and f2 are specified in one of the attributes.

<mobile:Form id="Form1" runat="server"> <shadow:PersonalizedList

id="p" runat="server" NAME="p_1" behaviours="f2;f5">

<Item Text="Palacio de la Prensa" Value="http://www.pmc.es/" />

<Item Text="Benlliure" Value="http://www.benlliurecines.es/" />

...

</shadow:PersonalizedList> </mobile:Form>

Behaviors (in T ) are defined in a separate XML file with the following ap-
pearance:
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<behaviors-def> <behavior>

<name>f1</name> <desc> Discard visited links. </desc>

<class>MobilePrb1.DeleteVisitedBehavior</class>

<file>C:\\Inetpub\\wwwroot\\M1\\MobilePrb1.dll</file>

<type>PersonalizedList</type>

</behavior> <behavior> <name>f2</name> ...

Each behavior definition contains its name and description, the class that
realizes the personalization, the physical file in which the code is located and
the abstract control class it can adapt. This programming model also allows
to customize the behaviors without recompilation. Customized mobile server
controls can be defined by simply subclassing them. For example, the component
called System.Web.UI.MobileControls.List can be subclassed to carry out the
adaptation of lists. The following C# code fragment illustrates it.

public class PersonalizedList: System.Web.UI.MobileControls.List {

private void Page_Load(object sender, System.EventArgs e) {

GeneralPage page = (GeneralPage) this.Page;

ListPersonalization persEngine = new ListPersonalization();

MobileListItemCollection result =

persEngine.getPersonalizedList( this.Items, page.userId,

page.Request.Path, behaviours, restr_disp);

while (this.Items.Count > 0){ this.Items.RemoveAt(0); }

foreach (MobileListItem it in result){

it.Value="ListRedirect.aspx?dest=" + it.Value +

"&page=" + page.Request.Path + "&user=" + page.userId;

this.Items.Add(it);

}

this.ItemsAsLinks = true; }

Basically, the ListPersonalization class encapsulates the behaviors that
depend on the model of the user, which is identified by the userId attribute.
The collection of behaviours is extracted from the declaration of the control (like
the one showed before). The collection called restr disp of device capabilities
is obtained from the run-time information provided by ASP.NET. Note also that
the items in the list are changed to ListRedirect.aspx so that the navigation of
the user is recorded. Behaviors can be aggregated according to the Composite
Filter pattern [7]. The pattern is embedded in the call to getPersonalizedList,
and the reflective capabilities of the .NET framework are used to dynamically
instantiate and invoke the filters.

public MobileListItemCollection getPersonalizedList (

MobileListItemCollection items, string userid, string page,

string behaviours, MobileCapabilities capabilities)

{ ArrayList b = behaviorsParser(behaviours);

foreach (string be in b) {

items = doFilter(items, userid, page, be, capabilities);}

return items; }

Access to the user model server (or a wrapper to existing ones) is implemented as
a standard-based Web Service, allowing for the federation of user model servers
(details are not covered here).
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Behaviors can be selected by designers to improve user experience according
to their knowledge of the context of each specific control instance. But in some
cases, the system may be able to automatically set (or rearrange) behaviors.
Currently, we have formalized some of these updates through rules of two types:
(a) oriented towards performance, e.g. given that o is a sorting behavior and d is
a behavior that removes items in a list: {oi, dj} ⊆ b(c) ⇒ i ≥ j to avoid unneces-
sary sorting processing time, and (b) based on usage patterns. The second cate-
gory aims at direct improvements of usability and require heuristic approaches.
For example, some lists show highly volatile information (like soccer scores), so
that once consulted by the user, they’re rarely re-visited, and they also change
frequently. This usage pattern may be detected whenever periodical variations
are detected, and most users do not consult the list more than once, resulting
in chaining a ‘remove once visited’ behavior to the list. Sorting behaviors are
another case of automatic behavior chaining. Given a static list control l ∈ C,
sorting can be activated if the following rule holds: ∃l.itemi, most visits(l.itemi)
or ∃l.itemi, l.itemj, visits(l.itemi) mgt visits(l.itemj) signifying that there ex-
ist items that receive most of the visits or there are large differences in usage for
different items. Quantifier most and the expression ‘much greater than’ (mgt)
are implemented as described in [5] through fuzzy sets.

4 Conclusions and Future Work

A component-based model has been described for extending AUIC frameworks
with control-oriented adaptation. The model can be easily implemented in ex-
isting commercial frameworks, and a case study of a MIT-based implementation
has been sketched. Future work should deal with the automatic selection of be-
haviors and also with adaptations involving more than one control.
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Abstract. This work is about the use of dynamically produced video
clips to present information on the small screen of a PDA.  These video
clips are part of a museum guide and are built as sequences of pictures
synchronized with a dynamic audio commentary. The transitions among
the pictures are planned according to cinematic techniques.  The
theoretical background is presented, discussing the language of
cinematography and the Rhetorical Structure Theory to analyze
dependency relationships inside a text.  The results of a preliminary
evaluation are also presented and discussed.

1 Introduction

In a museum setting a mobile assistant must provide information in an engaging way,
while helping to focus the visitor's attention on specific exhibits and details. Our work
is about the use of dynamically produced video clips to present information on the
small screen of a PDA.  Starting from a dynamically assembled audio presentation of
a complex exhibit (Not and Zancanaro, 2000), a sequence of pictures is displayed in
combination with an audio commentary where the transitions among them are
planned according to cinematic techniques.  Our hypothesis is that the use of this type
of animation to present an exhibit allows the visitor to better identify the details
introduced by the audio counterpart of the presentation. The language of
cinematography (Metz, 1974) is employed in order to plan the animation and to
synchronize the visual and the verbal parts of the presentation.  At present, we have
completed a first prototype of a multimedia guide that employs cinematic techniques
in presenting information for a fresco at Torre Aquila in Trento, Italy.

Many research projects are exploring the new possibilities offered by Personal
Digital Assistants (PDAs) in a museum setting (for example, see Grinter et al, 2002,
and Not et al., 1998).  Usually, these multimedia guides use static images, while
others employ pre-recorded short video clips about museum exhibits.

                                                          
* This work has been supported by the PEACH and TICCA projects, funded by the Autonomous

Province of Trento.
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2 The Prototype at Torre Aquila

We have applied the idea of using cinematic techniques for presenting details of
artworks in a prototype of a multimedia guide for Torre Aquila; a frescoed tower at
the Buonconsiglio Castle in Trento, Italy.  Our multimedia guide detects the position
of the visitor by means of infrared emitters placed in front of each panel.  Interaction
with the system is both proposed by the system itself and accepted by the user, thus
sharing the responsibility of information access (see figure 1, left).

Fig. 1. Snapshots of the multimedia guide

The multimedia presentation is composed of an audio commentary accompanied
by a sequence of images that appear on the PDA screen and that help the visitor
quickly identify the fresco's details mentioned in the commentary.  For instance, when
a specific detail of the panel is explained by the audio, the PDA may display or
highlight that detail, thus quickly calling the attention of the user to the area in
question. During the presentation, the PDA displays a VCR-style control panel and a
slide bar to signal the length of the video clip and its actual position (see figure 1,
right).  In this manner, the visitor is able to control the delivery of the information as
well as the information that most interests her, while also revisiting sections that
called her attention.

3 The Language of Cinematography

According to (Metz, 1974), cinematic representation is not like a human language,
defined by a set of grammatical rules, yet it is guided by a set of generally accepted
conventions. These guidelines may be used for developing multimedia presentations
that can be best perceived by the viewer.

The shot is the basic unit of a video sequence.  In the field of cinematography a
shot is defined as a continuous view from single camera without interruption.  Since
we only deal with still images, we define a shot as a sequence of camera movements
applied to the same image.  The basic camera movements are pan, from �panorama�,
a rotation of the camera along the x-axis, tilt, a rotation along the y-axis, and dolly, a
rotation along the z-axis.
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Transitions among shots are considered the punctuation symbols of
cinematography; they affect the rhythm of the discourse and the message conveyed by
the video.   A cut occurs when the last frame of a shot is immediately replaced by the
first frame of the following shot.  A fade occurs when one shot gradually replaces
another one either by disappearing (fade out) or by being replaced by the new shot
(fade in). A cross fade (also called dissolve) occurs when two shots are gradually
superimposed during the moment when one is faded out while the other is faded in.

4 Rhetorical Structure Theory

Rhetorical Structure Theory (Mann and Thompson 1987) analyses discourse structure
in terms of dependency trees, with each node of the tree being a segment of text.
Each branch of the tree represents the relationship between two nodes, where one
node is called the nucleus and the other is called the satellite.  The information in the
satellite relates to that found in the nucleus in that it expresses an idea related to what
was said in the nucleus.  This rhetorical relation specifies the coherence relation that
exists between the two portions of text contained in the nodes.  For example, a Cause
rhetorical relation holds when the satellite describes the event that caused what is
contained in the nucleus.  Figure 2, shows an example of a rhetorical tree.  Here the
second paragraph provides background information with respect to the content
expressed in the first paragraph.  This additional information acts as a sort of
reinforcement for what was previously said in the first paragraph and consequently
facilitates the absorption of information.

RST was originally developed as part of work carried out in the computer-based
text generation field.  In a previous work (Not and Zancanaro, 2001), we described a
set of techniques to dynamically compose adaptive presentations of artworks from a
repository of multimedia data annotated with rhetorical relations.  These techniques
have been exploited in an audio-based, location-aware adaptive audio guide described
in (Not et al., 1998).

5 Video Clips on Still Images

In our system, video clips are built by first searching for the sequence of details
mentioned in the audio commentary, deciding the segmentation in shots and then
planning the camera movements in order to smoothly focus on each detail in
synchrony with the verbal part.

In building a video clip, a set of strategies similar to those used in documentaries
are employed.  Two broad classes of strategies have been identified.  The first class
encompasses constraints, imposed by the grammar of cinematography, while the
second deals with conventions normally used in guiding camera movements in the
production of documentaries.

While the constraints are just sequence of forbidden camera movements, the
conventions are expressed in terms of rhetorical structures found in the audio
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commentary.  The verbal part of the documentary always drives the visual part (see
also Rocchi and Zancanaro 2003).

In order to assure a pleasant presentation, constraints on camera movements have
to be imposed. For example, a pan from right to left forbids a subsequent pan from
left to right.  In general, applying any given movement (pan, tilt and zoom) and then
immediately reapplying it on the reverse direction is discouraged because this action
renders the video uncomfortable to watch.

Fig. 2. The �Tournament� example: from the text to the video clip

While constraints on camera movements alone are sufficient to ensure a pleasant
presentation, they do not impact the effectiveness of the video clip.  In order to have a
more engaging presentation, the visual part should not only focus on the right detail at
the right time, but it should also support the presentation of new audio information by
illustrating its relation to information that has been already given.  In this manner,
continuity between the information is built, which in turn facilitates the viewing of the
video clip while stimulating the absorption of new information.

The text in figure 2 can be visually represented with two shots of the same image
(in our example, the tournament) linked by a long cross fade.  First, the image is
presented while the first paragraph is heard over the audio. Then, when the audio
switches to the background information the image is cross-faded with itself.  The
purpose being that of emphasizing the difference between the types of information
provided in the two paragraphs; that is, factual and background information
respectively.

 A rhetorical strategy suggests, on the basis of a rhetorical tree configuration, what
shot segmentation and which transition effect should be applied. The strategies
employed in the Torre Aquila multimedia guide were elicited by a focus group
activity with a documentary director.
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6 Preliminary Evaluation

A formal evaluation of the prototype will start next March at Torre Aquila.
Preliminary studies and pilot tests show encouraging results and interesting effects.

All users became acquainted with the system very quickly.  Most of them used the
PDA as a �3D mouse�, pointing directly to the infrared emitters to speed up the
localization.  Future investigations will evaluate how users can be more directly
involved in the process of localization.

Most of the users complained before actually using the system that a video
sequence on a PDA would distract their attention from the real artwork. After a short
interaction with the system, however, they appreciated the possibility of quickly
localizing small details on the fresco. This demonstrates that use of cinematic
techniques in a multimedia guide can be effective particularly when explaining
complex painting.  The different effects that the verbal and the visual parts of the
presentation have on the user's attention are yet to be investigated.

7 Conclusions

This paper has discussed how cinematic techniques can be used in a multimedia
museum guide to have a more pleasant and effective presentation of information.
Video clips are built by first searching for the sequence of details mentioned in the
audio commentary, deciding the segmentation in shots and then planning the camera
movements in order to smoothly focus on each detail in synchrony with the verbal
counterpart.  In our approach, the verbal part always drives the visual part.  Future
work will investigate the introduction of a more interactive structure to the video
sequences.
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Abstract. Although online, handheld, mobile computers offer new
possibilities in searching and retrieving information on-the-go, the fast-
paced, �sit-forward� style of interaction may not be appropriate for all
user search needs. In this paper, we explore how a handheld computer
can be used to enable interactive search experiences that vary in pace
from fast and immediate through to reflective and delayed. We describe
a system that asynchronously combines an offline handheld computer
and an online desktop Personal Computer, and discuss some results of
an initial user evaluation.

1 Introduction

Almost all web searches are carried out while the user is sitting at a conventional,
desktop Personal Computer (PC) connected to the Internet. It is likely, though, that
search needs take shape away from the desktop, stimulated by activities a user is
involved in, such as attending a meeting or listening to a presentation or lecture.

Mobile, handheld devices are beginning to be used to provide online search access.
Clearly, these services will be useful, especially to meet specific, focused and urgent
information needs. However, these approaches ask much of the user who has to
engage in a cognitively demanding, �sit-forward�, foreground information seeking
process [3].

For some use-contexts and information needs, this burden is unhelpful and
inappropriate. Sometimes search is a background user activity � the information need
does not have to be satisfied immediately and the process of satisfying the need is not
the user's main focus.  For example, a seminar participant might be interested in
discovering more about something mentioned by the speaker; however, if they began
to search online immediately, they would quickly lose track of the rest of the talk.

In this paper, we present a prototype system that aims to support background
information seeking while still enabling more engaged, focused searching. The work
explores how a mobile device can be combined asynchronously with a desktop PC to
permit such shifts in the user's interactive pace.
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2 The Laid-Back Search Tool

The laid-back tool enables users to capture background information needs in situ over
time. It also provides them with facilities to use search results, later, in a number of
ways and at varying paces of interaction. The approach asynchronously combines a
handheld computer with a desktop PC. Myers and his group have combined these two
types of device, in synchronous ways, for other sorts of user needs [6].

The user enters search terms on an offline handheld computer. They can record
simple keyword searches and use the �advanced search� interface to restrict the scope
of the search to a particular web site etc. (Fig. 1). The handheld application checks for
duplicate entries and allows the complete set of queries to be viewed and edited.

The handheld, then, gives the user greater support for query noting than when they
simply use paper and pen; but, as with paper and pen, the user's main focus � such as
listening to a talk � is not disrupted greatly while their search need is captured.

When the handheld is reconnected to the PC, the queries are automatically sent to a
search engine (Google �). For each query, the search engine returns a result set and
this, along with the web pages associated with each result, is copied to the handheld.
In this way, the user's searches are guaranteed to be performed, even if the user has
forgotten about the notes they made, or has no time to do the searches manually.

 
Fig. 1: Handheld application for query capture. In the left-hand screenshot, the user is entering
a new query (�mobile usability�), using handwriting recognition input, and a list of all
previously entered queries is shown. One of the queries (�mobile ink� �tablet) was entered
using the �Advanced Search� interface (see screenshot to the right)

Later, the user can browse the search results on the handheld offline, wherever they
are. They can view a list of all the queries recorded � along with the date and time
each was input � and access the downloaded result sets and associated web pages (see
Fig. 2). Millions of handheld users are already using services such as Avantgo
(www.avantgo.com) to read web pages offline; our approach extends this popular
activity to search.
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Fig. 2. Viewing the search results, offline, on a handheld computer. User views a list of queries
captured over time (left). After selecting a query, e.g., �hci  bibliography�, a search result list is
then available (centre). For each result, a set of web pages (to a depth specified by the user) are
accessible offline: the screenshot on the right shows the top-level page for the first search
engine result; clicking on further links (e.g. �Definition of HCI�) will retrieve further cached
pages

As well as accessing queries and results on the handheld, this information is also
available on the desktop PC via a specially built browser tool. This tool also allows
the user to carry out further searches online, thereby interactively refining the results
of the initial, handheld captured queries.

To explore an alternative, further use of the handheld gathered queries, we are
adapting the Collage Machine [4], developed by Kerne. The approach involves
extracting images and key text from each search result web page. As the analysis
proceeds, for each handheld captured query, a composite collage of this information is
built (Fig. 3). The aim is to investigate the benefits of a calmer approach to
information discovery. The Collage can be displayed on a desktop and much larger
displays. We are also investigating the use of the technique on the handheld screen.

Google� has recently begun to offer a search result �viewer�1: this displays results
for a single query as a continuously scrolling slide show. The user can �lean-back�
and watch as the results are automatically presented. We are investigating how sets of
search queries captured by the handheld, over time, could be presented using this sort
of viewer to further provide a �relaxed� form of search.

The prototype, then, allows the user to vary the pace of their search activities. They
can use the conventional, fast-paced, �sit-forward� approach to follow-up results of
recorded queries online. At the other end of the pace spectrum, they can �lean-back�
and simply observe a collage or slide-show of results. Half-way between the �sit-
forward� and �lean-back� is, what could be called, the  �laid-back� pace that is seen
when  terms are captured and a user browses results offline on the handheld. Here, the
interaction is not as fast, time pressured and transient as the �sit-forward� mode but
also it is not as slow, passive or minimally engaging as �lean-back�.

                                                          
1 http://labs.google.com/gviewer.html
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Fig. 3. Collage created by the Collage Machine [4] given search queries captured by the
handheld device. This collage is made up of images extracted from web pages that match the
query terms shown in Figure 2 � for example, there are graphics from Nokia (the logo is on the
�mobile hci� website), Venice tourist sites and digital ink screenshots from Microsoft

3 Related Approaches

Aridor et al [1], have demonstrated a related offline/online search system. Their
scheme �pushes� information from a PC-based intelligent agent to a handheld device.
The laid-back system, in contrast, is a �pull� technology, with the user directly
requesting searches that arise in their everyday contexts.

Other researchers have looked at linking physical contexts while mobile with later
online information access. The InfoPoint [5], for instance, is a hand-held device that
allows users to capture information from objects tagged with a visual code.  One of
the applications discussed by the researchers, is a conference aid that allows users to
grab web URLs from research posters. On return from the conference, the data is
transferred from the InfoPoint and the associated information viewed on a web
browser.

4 User Evaluation

Three experienced handheld computer users were given the prototype system for a
two-week initial user study. We asked them to record observations about the system
each day in a diary. At the end of the trial, we interviewed each user individually.

An analysis of their diaries and the interview transcripts showed that the subjects
used the handheld system in a range of contexts: e.g., while watching television;
during meetings; while on the telephone; and, at their desk when planning their daily
tasks. Although they all noted the potential benefits of the system, they also
encountered three interesting problems.

Firstly, the users saw their handheld device as a medium to make �rough� notes.
For example, they said they paid less attention to spelling when they used their
device. For the search application, such �inaccuracies� caused problems.



394      Matt Jones et al.

Secondly, all three users regularly used other handheld applications like the
notepad during meetings. They indicated a preference for a search capture tool that
integrated better with these other applications. The XLibris digital library appliance
[7] illustrates a possible approach. It is a handheld device that enables users to read
and manipulate documents. Readers can highlight terms and make annotations. The
system generates hypertext links to related documents based on these user
interactions.

Finally, in common with many other systems, they also reported frustrations in
trying to read web pages designed for the large screen on the handheld device [2].

5 Conclusions

In this paper we have challenged the notion of the fully connected �eager� mobile
computer user whom many mobile HCI researchers focus on. We wish to put forward
the notion that this type of interaction is not always appropriate and that mobile users
have a range of tasks with varying degrees of urgency. The design goal for our system
was to present a tool which supports a variety of urgencies (sit-forward, laid-back &
lean-back) for a common task (searching). Our hope is that other interaction designers
will not become lured into supporting only sit-forward tasks, simply because the
technology now allows it, but will remember that being laid-back is also a noble goal.
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Abstract. This paper shows applied usability rules and guidelines by
means of a UMTS trial application. The application was designed for
the PocketPC environment, running within its own full screen user inter-
face. All user interface elements were designed completely new to pro-
vide the necessary added value for the end user that 3G is promising.

1 Introduction

During the last years PDAs (Personal Digital Assistants) were getting very popular
among users, enabling them to look up information such as appointments, notes,
addresses and even emails anytime and anywhere. With the launch of UMTS the
possibilities for mobile applications will greatly expand. New services using instant
connectivity to provide push / pull capability of data, localization and personalization
will emerge. In the future we can communicate in a much richer way than just by
voice as we are doing it today with our mobile phones.

The chasm between availability and execution of transactions is going to vanish,
making it possible to spend our time in a much more efficient and effective way.

UMTS provides the necessary technology, but its success is profoundly dependent
on the offered mobile applications and their mobile quality.

1.1 How to Define Mobile Quality?

The quality of a mobile application or service is rated by the user according to the
offered added value. Key questions that arise are:

• Which tasks can I do on the fly?
• How valuable or needful is the application / service for me?
• Is it easy to access and use the application / service?
• What is the price for it?

Each of these questions encompasses further sub-questions. Of course not all ques-
tions can be measured with concrete answers and some sub-questions may affect the
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evaluation of other questions. Except for the costs, all questions are direct related to
the mobile device, the user and his or her possible tasks.

2 Application Example

The following application was created as a Siemens UMTS trial to promote UMTS.
During the development phase it was very important that the application meets the
promised expectations of 3G as well as offers a very high usability to the user. The
application shows that it's possible to create complex usable applications on mobile
devices despite all the given limitations.

Again consider that the application is developed for the PocketPC environment. All
user interactions will be conducted over pen input.

2.1 �3G Chat On Air'

�3G Chat on Air' is a mobile chat application with avatars which enables its users to
communicate with each other. As such �3G Chat on Air' can be classified as commu-
nity application since the members of a chat session will establish a temporary com-
panionship.

Basically the whole application is a normal chat application, but only on the first
sight.

The main idea is that users are not only represented over their text messages to the
other participants but also over one specific avatar. The user can choose between
eleven different avatars. Another important aspect of chat applications is the usage of
so called emoticons, like :-) or :-<.

In �3G Chat on Air' the user can also express and change their personal mood over
an easy to use slider. Each time the slider is set to a different mood level the expres-
sion of the avatar is changing in a funny animation. This animation is then shown on
each of the participants' devices. But users can take actions on each other too. For
example it is possible to kiss or slab another participant as well as scream or whisper
to each other. Other features that are available: supports up to twenty participants,
synthetic speech output and compatible with IRC (Internet Relay Chat).

2.1.1 Applied Design Decisions and Usability Rules

Target Users

The target user group for the chat application is determined by the younger generation
and all those who are addicted to messaging (e.g. SMS). The goal was to create an
application that delivers the expectations of these users as much as possible. Further-
more the application should deliver outstanding fun and excitement. Therefore we
decided to exclude the look of the PocketPC operating system as far as it was possible
from the application because it does not meet our demands to create a visual attractive
environment for the user. This makes it necessary to create a new user interface with
its own look and feel.
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Fig. 1. Screenshots from 3G Chat on Air, collective chat (left) and private chat (right)

Application Layout (Main Use Case)

We have taken the whole screen size of 240x320 pixels as application area, thus
maximizing the available area for information for the user. Figure 1 shows the state of
an active chat session between participants. The taskbar in the middle of the screen
solves two problems. First it contains the available functions that can be executed by
the user. Second it also separates the screen into two areas. The lower area shows the
usual text messages whereas the upper area is defined to display the chat avatars. Thus
greatly improves the self-descriptiveness of the chat.

Ease of Use, Readability, Controls and Behavior

Emoticons are very difficult to enter over the embedded virtual software keyboard.
We invented an emotion-slider that facilitates and substitutes the input of textual
emoticons. The user can adjust the emotional expression of his or her avatar just by
moving the emotion-slider to one of its five positions. The selected text fonts, size,
colors and contrasts ensuring good readability and recognizability even if the applica-
tion is used in bright daylight. The text area provides sufficient space for 10 messages
before vertical scrolling within the text area gets active. We disallowed horizontal
scrolling in the application, because usability tests with news portals showed that
horizontal scrolling leads to bad readability for longer texts.  The user can also replay
a complete or partial history of chat contributions. Although the taskbar contains four
different control sections and over twenty possible user actions it stays within its own
boundaries. Thus it will never conceal important information inside the avatar section
or inside the text section. Different from desktop applications the screen area for mo-
bile applications is underlying a higher complexity (measured in number of different
user interface elements according to screen size). To create a steady and neat flow of
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events on the user interface is very important because it reduces the subjectively
sensed screen complexity of the user. The solution for the taskbar was a little bit tricky
but at the end it worked fine. We defined an easy to understand menu-expand-select-
shrink mechanism. It is able to expand temporarily to the right, concealing two other
controls that are not within the same use-case branch which means that there exists no
interaction violence.

Feedback of User Actions

Since we have not used the available widget set and behavior of the underlying pro-
gramming language we had to ensure that appropriate interaction feedback is available
to the user. Each selectable icon on the screen is designed to be available in two states:
unselected (normal state) and selected (action state). Some actions of the taskbar (e.g.
kissing or slapping) require the further selection of another avatar in order to get
transacted. The question was how to transmit the need for this second selection to the
user. First we had the idea to place a simple request message on the screen. We dis-
carded this solution because we wanted to have a fluent flow of events when an action
of the taskbar is triggered. Now the second needed selection is visually demanded
from the user by highlighting the other avatars with blinking rectangles around them,
inducing the user to make a selection. Anyway, what happens if the user makes no
selection? The whole action will be discontinued if there is no detected selection
within a timeframe of 2 seconds.

To support appropriate feedback regarding the origin of text contributions we de-
cided to place the responsible avatar on a pedestal for a certain amount of time or until
the next contribution takes place. To raise the attention of the user we decided that
each avatar that is placed on the pedestal is shown larger than the other avatars
around.

Concurrent Events and Interaction Violation

Due to the high level of possible concurrent events in this application (remember the
many connected users) we have inspected each condition of the chat for possible in-
teraction violation. For example interaction violation occurs by presenting more than
one message-window at the same time to the user. In this case the second message
conceals the first one leaving a possible bad impression of message handling to the
user (violation of controllability). Such violations can be found by extensive applica-
tion testing after the coding. A more reliable method is to generate and analyze a non-
deterministic finite automat (NFA) or state transition diagram for all major use cases.
The latter ones can help you detecting interaction violation early during the design
phase. The found interaction violations can than be considered in the usage concept
before coding has even started.

Hiding Menus

In order to reduce screen complexity and maximizing user experience we used the
concept of hiding menus for functions that are only used casually or once during the
application session (e.g. close application, change background image, profile infor-
mation). The hiding menu is located at the top right corner of the screen.
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3 Summary

New and adapted user interface design strategies which are overcoming the limitations
of today's mobile devices are indispensable to design usable mobile applications. With
the upcoming of UMTS and WLan we need smart user interface metaphors and con-
cepts which are taking into account the characteristics of mobile restrictions. Visual
design greatly helps to convey and express information efficient and elegant to the
user. As stated before mobile applications will change the way we communicate and
live. The key factor remains the user. Therefore always remember: It's not the device
that's mobile � it's the user.
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Abstract. In this paper, we introduce a mobile communication tool
which uses location and schedule information. From the lessons learned
by conducting user studies on our previous system, we made
improvements by implementing the use of mobile phones equipped
with a GPS and a J2ME. We conducted user studies for this new
system, and the results showed that differences in the size of the area in
which users move about as they conduct their daily activities might
account for their different preferences.

1 Introduction

The spread of cellular phones, email, and mobile computers have freed human beings
from the restrictions of time and place. Although human beings use these tools daily
and appreciate the advantages they offer, their use has spurred new problems. In a
mobile environment, it is particularly difficult to find out where a person is located at
any one time, and what media he or she is using or can be contacted by, since this can
quickly change. Many researchers have explored how to provide awareness
information to help distributed collaborators communicate smoothly. Especially with
the increasingly widespread use of mobile phones, researchers have been studying
how to provide meaningful awareness information to anyone, anywhere, in order to
facilitate communication among persons in a mobile environment [1-5].

We have developed and tested a mobile communication tool called �iCAMS,�
which uses location and schedule information to connect callers with callees [6]. The
iCAMS which is designed to be used with cellular phones, is a dynamic address book
on the WWW. It is a client/server system designed to make CHTML (Compact
HTML) enabled mobile phones an integrated part of the communication network of
companies. With the lessons provided from trials using the iCAMS system, we
developed a new mobile communication tool with the J2ME (Java 2 Micro Edition)
called �iCAMS2,� and have conducted user studies to test its effectiveness. Our aim
with the iCAMS2, which uses J2ME and GPS, is to improve user interfaces and
location information precision. In this paper, we introduce our new system, and
present the results of the user studies conducted on the user interface of this system.
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2 System Implementation

2.1 iCAMS

The intended users of the iCAMS would be friends willing to share their location or
other sensitive information with each other. Each user carries a PHS, a type of cellular
phone that contains an email client and a WWW browser, which also works as a
location sensor. To obtain location information, our system utilizes a location
detection service provided by NTT DoCoMo, which performs localization through the
cell phone network, with a precision of about 100m. The location information for
each user is detected every fifteen minutes, and users input schedule information with
a WWW browser in a PHS. Whenever a user accesses our WWW server, a PHP script
queries the database and returns a CHTML file called �Top Page.� Using the latest
location information, the file sorts other users in their nearest order of position. It also
shows whether they are moving or not, and in which direction they are located in
relation to the user. When clicking an entry in the Top Page, another PHP script
queries the database and returns a CHTML file called �Member Page�. This file
contains more detailed location information on the user, as well as a list of telephone
numbers and email addresses for the selected user, which are sorted by registered
rules concerning locations and schedules. For example, if a person is in his/her house,
the phone number of the house might be listed first. If that person is in a meeting in
his/her office, that person's office email address would be listed first. The caller can
find out which channel is the best for the callee by looking in the Member page. Even
if the mobile phone number is listed second in the list, the caller can make a call to the
callee in case contact is urgently required.

We previously conducted user studies in Tokyo on the iCAMS for eight weeks
with a group of students and another group of small-office workers [6]. These
problems were found: 1) Because the system performs location detection with a
precision of about 100m, users couldn't find out if the user they were trying to contact
was in the same building or in an adjacent building. 2) Using PHP scripts slowed
down the server response, and users were bothered by the fact that in order to get
some of the member pages, they needed to use the same frequency to access the
server. 3) The list sorted using the nearest order of position didn't show who and who
were together.
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2.2 iCAMS2

In response to these comments, we developed a new mobile communication tool, the
�iCAMS2,� for cellular phones that have a GPS and J2ME built in (Fig. 2).  The
precision of location information detected with a GPS in a mobile phone is about
10m-50m, and therefore the location information precision problem is alleviated.  In
the iCAMS2, location information is detected in the client program every fifteen
minutes (and only when activated by the user). The client program in the mobile
phone is a Java MIDlet which communicates with a Java Servlet in the WWW server.
The Servlet keeps a connection pool to the database, which improves the speed of the
server response. The Servlet transmits queries to the database, and the information
requested is then returned via the http connection according to a request from the
client program, which enables the transmission of all of the information needed on the
other users in one connection. By developing the client as a MIDlet, it is possible to
visualize the relationship between each user's location, and therefore it might be
possible to detect who and who are together.

We conducted user studies on the iCAMS2 for seven weeks in Tokyo with a group
of students and another group of small-office workers. The group of small-office
workers consisted of the same persons who had participated in the user study on the
iCAMS. Because the same group participated, it would be possible to make a valid
comparison between the iCAMS and iCAMS2. We changed the interfaces every week
during the first five weeks, and the users evaluated them following the user studies (in
the remaining two weeks, the interface was the same as that used in the fifth week).

In the first week of the study, the list of users was sorted in the nearest order of
position of each user. In the second week, the location name was shown under each
name in the list of users. Users could estimate, from viewing the names of these
locations, who and who were together. After the third week, location information was
shown on a grid. A user's location was shown as a black circle, and the name was
shown beside the circle. Users could change the scale of the grid (100m, 1km, 5km,
10km, 25km), and when the distance between users was under the selected scale, the
users' names were shown in a list next to a circle, which showed who and who were
together. In the fourth and fifth week, the location information of the selected user
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was shown at the bottom of the grid. From the first to the fourth weeks, selecting one
user resulted in another panel being shown, which showed the location information of
the person selected or the communication channels list. In the fifth week, the
communication channels list were shown in a popup panel. We analyzed the logs in
the server and administered questionnaires and interviews to all of the users at the end
of the study. We would especially like to present the results we obtained on the user
interface.

Fig. 3.  Changes of user interfaces in the user studies

Our user interfaces were roughly classified into methods which showed the
relations of user's locations in a sorted list in their nearest order of position or
mapping, and methods which showed detailed location information and sorted
communication channels which showed another panel or a popup panel. We presented
four combinations, all of which the users evaluated. All persons in the group of
students (five persons) gave the combination of the mapping and the popup panel the
highest rating. However, four persons in the group of small-office workers liked this
combination, but the remaining five persons gave the combination of the sorted list
and popup panel the highest rating. These differences seemed to be due to the size of
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the space in which the users moved about. Because the students spent most of their
time on campus (an area of about 1km), they found the 100m-grid easy to use, and
were able to grasp their position relation at one glance without changing the scale of
the map. However, the small-office workers moved around within an area of about
10km, and therefore sometimes had to change the scale of the map in order to
determine their position in relation to others. They had to reduce the scale in order to
see where other persons with whom they might have a chance to meet were, but had
to magnify the scale to see their location relation with all members for knowing the
context of the group. Those who liked the sorted list told us that reducing and
magnifying the scale was bothersome, and that it would be best if they were able to
view a sorted list which visually presented who and who were together.

3 Conclusions

In this paper, we introduced a mobile communication tool using location and schedule
information, and evaluated its user interface. Because different models of mobile
phones contain Java virtual machines that operate at different speeds, it wasn't
possible to determine differences between the users' responses based on the
differences in the types of mobile phones they owned. We utilized a GPS in detecting
location information, however, the users weren't able to find out if another user was in
the same building or in an adjacent building. In order to solve this problem, it will be
necessary to integrate an indoor location system. However, there were merits to
develop our system with Java, and it would be advantageous among the user interface
in the client program to visualize the relationship between each user's location and to
show the communication channels list in a popup panel.
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Abstract. This paper describes ongoing research into the understanding
and modeling of physical environments for the development of mobile
location aware information services. The value of a location aware
information service relies fundamentally on the relations to its physical
surroundings within the context of the social settings of its users. Based
on methods developed within architecture proposing the use of
ethnographic field studies for acquiring insight into people's use of
physical environments, a research design is proposed for describing and
analyzing the relations between architectural, social and informational
space of the recently built Federation Square in Melbourne, Australia.
Preliminary outcomes of this study indicate that the proposed research
design assists in understanding and modeling a physical environment
and identifying a number of shortcomings valuable for the development
of location aware information services for such environments.

1 Introduction

The value of a mobile location aware information service relies fundamentally on the
relations to its immediate surroundings within the context of the social settings of its
users. Whereas many location based information services such as mobile tourist
guides deliver information based entirely on their user's x, y coordinates in physical
space [13] other factors such as existing information in our surroundings, the built
environment itself and the use of that environment by other people also have an
impact on our perception of specific locations � our �locatedness�. Locatedness is
derived from the synchronicity of three overlapping layers: the social world [12] that
we currently belong to; the physical space or built environment we are inhabiting; and
the informational space augmenting that environment, telling us where we are, where
we can go [5] and what individual actions and collective activities are supported [8].
This information layer can be implemented in various forms ranging from static
signposts, dynamic digital maps through to mobile information devices providing
�just-in-place� [7] information to support the activities of visitors. Consequentially,
architectural, social and informational space all affect the requirements for mobile
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location based information services and hence need to be understood and modeled in
order to support design. Within the field of architecture the importance of context in
the design of built environments has long been understood [2]. With interest growing
in the field of HCI into the importance of context for improving the usability and
usefulness of digitally enhanced environments and mobile information systems [1, 4,
6, 11, 13] there is a case for applying architectural methods to inform design of such
systems. For the purpose of supporting the generation of insight into the design of
mobile location aware information services, this paper takes architectural methods
used retrospectively to analyze and proactively to inform the design of built
environments and applies them to the challenge of identifying, understanding and
modeling properties of architectural, informational and social aspects of an
environment that contributes to a persons sense of locatedness.

2 Analyzing Physical Environments

Architectural design has a history of incorporation of social theories and user needs
into design decisions. Thus the issue of usability has implicitly been a key issue in the
design of spaces for human habitation for centuries. In a study of the legibility of
cities, Kevin Lynch [9] developed a method for visual analysis of city precincts,
diagramming the interplay of visible elements in the environment that contribute to
peoples environmental image of a place through descriptions of key aspects of the
space held by people as they navigate and orient themselves within city precincts. To
establish the imageability of the precincts being studied, Lynch carried out two basic
analyses. Firstly, a field reconnaissance was done by an architecturally trained
observer mapping the presence of elements in the physical environment and making
subjective judgments about their visible contribution to the image of the city.
Secondly, interviews were conducted with people who either lived or worked in that
area, which included asking participants to describe features of the city from memory,
draw sketches of the city, and making imaginary trips to destinations within the city
precinct. Similar to Lynch, Christopher Alexander [3] empirically investigated the
interplay between architectural space and its inhabitants, identifying a �checklist� of
plausible solutions for the design of towns, buildings and constructions in the form of
�design patterns�. Design patterns describe solutions to design problems within a
given context and come with empirical evidence for their validity. Similar to the
diagrams and descriptions produced by Lynch, Alexandrian patterns form a sort of
�rich picture� of context and form including photographs, sketches and text. While
these methods have proved valuable within architecture, they may also prove useful
for analyzing the interplay between architectural, social and informational space for
the purpose of location aware mobile information service design.

3 The Study: Federation Square

Federation Square, opened in October 2002, is a collection of buildings and public
spaces designed to provide a civic focus for the city, which through architectural
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excellence and incorporation of digital technologies aims to be �Between the Virtual
and the Real�.  However, public acceptance is low. Although one architectural critic
described the visitor experience as �liberating bewilderment� [10], in reality most
people just find this frustrating.  Thus visitors to the square are still asking the
questions: What is the purpose of this space? What kinds of facilities and activities
are available here? How do I find my way around this space? etc.

Inspired by Lynch and Alexander a three-step study was designed to investigate
relations between informational, physical and social space at Federation Square.

1. Qualitative observations of informational space in terms of static and dynamic
signposts and people's use of the information provided, leading to the description
of elements in informational space in terms of properties such as visibility of
signage, legibility, and content of the signs classified into categories such as way
finding, advertising and general information. The informational space is
documented through photographs annotated to plan views of the square (fig. 1).

2. Qualitative observations of physical space identifying architectural surfaces and
features (e.g. paths, sitting surfaces etc.) in terms of their contribution to the
legibility of the public square where form is indicating function, and classifying
them in accordance with Alexander's class of design patterns defining �individual
buildings and the space between buildings�. Like informational space,
architectural space is documented through annotated plan views of the square.

3. Observations and contextual interviews focusing on social space in terms of
human groupings, activities and flow within the physical space focusing on the
social activities facilitated by the space and the emergent social patterns which
evolve from use of it. Social space is documented through annotated plan views
of the square illustrating flow, groupings, scenarios etc. (fig. 2).

Fig. 1. Preliminary annotated plan view of Federation Square showing the location of a number
of static and dynamic signposts
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Fig. 2. Preliminary observations of flow and grouping of people

Following the empirical observations and interviews, the annotated plan views
recording the results of each of the three field audits, including sketches, photographs
and written notes are overlaid in such a way that features from all layers are visible
concurrently.  This is done in order to look for emergent relationships between the
layers such as architectural space supporting (or not supporting) flow of people, or
social space being supported (or not supported) by informational space, informing the
requirements for an information system to enhance legibility of the environment.

Although Federation Square was designed to represent excellence in relating
architectural space and state-of-the-art digital displays, a number of limitations in the
relation between informational, physical and social space were identified:

1. Poorly designed static signposts: many of the signposts around the site are
located on divergent surfaces, which means that arrows and related labels are
often not both visible when approaching them, so the full contextual meaning of
the sign is lost. It appears that aesthetic design choices have taken precedence
over usefulness (fig. 1E).

2. Poorly designed dynamic displays: most dynamic displays are not being used for
contextual information dissemination, but rather display �mood� video and text,
such as old movies and famous quotations. The problem here is that there is no
other provision of the information needed to support activity within this space (a
cinema), and therefore people need to queue at the service counter to ask basic
questions such as �What films are showing?� and �What does it cost to go to the
cinema?� (fig. 1C).

3. Vertical scrolling dynamic displays unreadable: vertical displays whose purpose
it is to support flow and navigation between different levels of this building are
completely unreadable, and in an attempt to compensate for that, only display
part of the information needed to move around the space. Again it seems that
aesthetic design considerations were primary (fig. 1A). To support poor
information design temporary signposts have had to be put up displaying
information necessary to support basic way finding (fig. 1B, 1D).



Understanding and Modeling Physical Environments for Mobile Location      409

4 Conclusions and Future Work

The research design proposed is based on architectural methods for representing and
analyzing components of the built environment.  Based on preliminary findings, this
also seems to be an appropriate methodology for auditing social space and
informational space and their relationship to physical space, and will assist in
understanding and modeling the layered complexity of that environment. By making
diagrammatic representations of factors influencing a person's locatedness within a
physical space, it will be possible to make visual connections between these factors
and from there advise design of effective mobile information services.

Future work includes completion of a full audit of social space, information space
and architectural space of Federation Square, and representation of the findings in a
form supporting analysis of interacting factors that traverse virtual, social and
physical boundaries. The aim is to develop and evaluate a representation for this
knowledge to inform the design of a mobile location aware information system, and
to position these findings within an HCI approach for understanding context.
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Abstract. Searching books in large libraries can be a difficult task for
novice library users. This paper presents SmartLibrary, a location-
aware mobile library service demonstrated in the main library of the
University of Oulu. The service provides map-based guidance to books
and collections on a PDA. SmartLibrary is a completely software-based
solution, which can be provisioned atop a WLAN installed for wireless
Internet access, without any additional hardware. In a user evaluation
conducted with over 30 patrons SmartLibrary was preferred over
traditional shelf classification for finding books. After user evaluation
the main library added SmartLibrary into their standard customer
service.

1 Introduction

Many location-aware mobile services have been proposed for public spaces such as
museums and exhibition areas. Costa Aquarium in Genoa, Italy [1], and
Exploratorium in San Fransisco, US [2], are examples of exhibition areas enhancing
the visitor experience with mobile multimedia guides. User tests have also been
conducted on those guides to find out usability issues and user acceptance.

In museum multimedia systems, location information is typically used in one hand
to aid navigation, and in other hand to show user information of the exhibits nearby.
In libraries, the user needs are different. Library patrons are typically searching for a
particular book, or books concerning a certain topic. The problem is how to locate the
target material from the numerous shelves of the library. The traditional solution is to
classify the books into holdings and shelf classes. The solution works well if the user
is familiar with the shelf classification. For larger libraries, however, there can be tens
of holdings, hundreds of classes and thousands of shelves. This results in especially
novice library users consulting the library personnel for personal guidance, which
consumes the library's resources.
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This paper describes SmartLibrary, a location-aware mobile library service, which
helps users to find books and other material from the library. The help is provided in
form of map-based guidance to the target bookshelf on a PDA. The guidance is
integrated to the online catalog of library, so that books retrieved from the catalog can
be located. Using a mobile device, the patrons of the library can access the online
resources anywhere within the library, not only from the public stationary terminals
available in the library. Wireless connectivity is provided in form of WLAN (IEEE
802.11b). The devices can also be positioned, which enables dynamic guidance from
user's location to the books. The service is a completely software-based solution,
which can be provisioned atop a WLAN installed for wireless Internet access, without
any additional hardware. We demonstrate the service in the main library of University
of Oulu. We also present a user evaluation of the service with real patrons of the
library.

To our best knowledge, there are not many proposals for location-aware services
for libraries. Jones et al. [3] conducted a scenario-based user survey to find out what
kind of mobile library services the patrons would prefer to use. The survey included a
scenario where a user is provided with mobile access to the on-line catalogs of the
library. The scenario was evaluated with a service prototype, which included static
map-based guidance functionality in a small library. The test users were enthusiastic
about the ability to access on-line catalogs from all locations in the library building.
The users suggested, however, that the map-based guidance might be more useful
within larger libraries.

Reitmayr & Schmalstieg [4] and Nagao & Rekimoto [5] have proposed mobile
augmented reality applications for locating books from library bookshelves. Their
systems, used with wearable computers, locate users and books using visual tracking
of markers or barcodes attached to the shelves and books. The required equipment
and changes to physical shelves, however, make it difficult and expensive to employ
those systems in large public libraries.

2 SmartLibrary

We illustrate the use of SmartLibrary with a following scenario: �A user is visiting
the library the first time. He is intended to find a certain novel by Tolkien. The user
takes his mobile client and opens the library web pages. He inputs the name of the
novel as search parameter. He is returned the result entry of the book. The location
code of the book is �P L 820/89engl Tolkien J. R. R.�, pointing to the publicly
available holding of English books. The user does not know where the holding is
located in the library, so he asks SmartLibrary for guidance. The shelf containing the
book is shown on a library map, as well as the shortest path from the user's current
location to the shelf. The user follows the guidance to the shelf and finds the book
easily.�

SmartLibrary service is built on top of two existing systems, namely OULA and
SmartWare [6]. OULA is the online catalog of the library of University of Oulu.
SmartWare is a prototype system architecture built in University of Oulu for
providing context-aware mobile multimedia services.
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We demonstrate SmartLibrary in the main library of University of Oulu. Fig. 1(a)
shows the locations of the WLAN access points installed in the first floor of the
library for wireless Internet access. We used six access points to ensure more accurate
WLAN positioning of the mobile device. Positioning is implemented with Ekahau's
positioning technology [7], based on WLAN signal strength measurements.

Fig. 1(b) shows the run-time view of the architecture of SmartLibrary. There are
three executables in the client domain: Ekahau client, SmartServices software and a
web browser. Ekahau client measures the WLAN signal properties on the client
device and sends them to Ekahau Positioning Engine, which calculates the location
estimate for the client. Web browser is used to browse the OULA-pda user interface.
OULA-pda is a web application tailored for small devices such as PDA's, providing a
simple yet powerful access to the OULA database. User invokes the guidance service
in SmartServices software by clicking a hyperlink. SmartServices communicates with
SmartWare server in order to locate the user and the shelves. The locations of the
bookshelves are stored in the SmartWare database. The location information of the
user and the shelves are transferred to the guidance service user interface via the
SmartWare server.

Fig. 1(c) illustrates the definition of a query for a book authored by Tolkien.
Fig. 1(d) shows the presentation of the entries matching the query. By clicking the
�Locate�- link of the book of interest the user gets access to the map-based guidance
visualized in Fig. 1(e). In the map view the red dot denotes the location of the user,
while the rectangular icon shows the shelf where the requested book resides.

3 Evaluation

A user test was conducted to find out if SmartLibrary really helps the library users in
finding books. The goal was also to get feedback on usability and user experience.

In the test, the supervisor first gave the user a brief description of the SmartLibrary
service and taught her how to use it by showing an example. The user was then given
two tasks: first, to find a certain book by Tolkien, and second, any issue of a certain
economic science periodical. Half of the users completed the first task using public
desktop library terminals providing shelf classification, and the other half using
SmartLibrary providing map-based guidance. The terminal was changed between the
tasks. The supervisor followed the user and he was the only one the user was allowed
to ask for help. After the tasks were completed, the users were asked to fill in a
questionnaire containing multiple-choice questions and space for feedback.

Total 32 users, 14 females and 18 males, participated in the evaluation. The users
were randomly selected among the library customers. The age of the participants
varied between 19 and 49 years with median of 24, and most of them were university
students. 66 % of the subjects had been customers of the library over two years. 46 %
used OULA every week, while 9 % had never used OULA before. 25 % of the users
had used a PDA device before the test. The users were also asked to estimate their
experience in using the shelf classification system on a four-level scale (1 = low, 4 =
high), most of them grading their experience to level 2.
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(a) (b)

(c) (d) (e)

Fig. 1. (a) The locations of WLAN base stations in the first floor of the main library of
University of Oulu. (b) The run-time architecture diagram of SmartLibrary. (c) The query
definition UI of OULA-pda. (d) The results of the query. (e) Visualization of the map-based
guidance to the shelf containing the book searched for

(a) (b)

Fig. 2. Laboriousness of the book searching methods
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After completing the two tasks, the users were asked which of the two methods
they would prefer for finding books in the library and why. All males and 64 % of
females chose map-based guidance. The users were also asked to judge how laborious
it was to find a book from the library using shelf classification or map-based
guidance, on a four-level scale (1 = very laborious, 4 = very easy). Fig. 2(a) shows
that the laboriousness of shelf classification correlated heavily with the users'
experience in using the shelf classification system. The average laboriousness value
for the shelf classification was 2.53, while the corresponding value for map-based
guidance was somewhat better 3.16. Fig. 2(b) shows the distribution of the
laboriousness estimates of the two searching methods. 16 % of the users considered
the shelf classification as �very laborious', and 22 % �very easy'. None of the users
regarded map-based guidance as �very laborious'. The figures show that finding books
with map-based guidance of SmartLibrary was considered generally easier in
comparison to shelf classification.

4 Conclusions and Future Work

We presented SmartLibrary, location-aware mobile library service. User evaluation
conducted in the main library of University of Oulu showed that SmartLibrary helps
the library users to find books easier in comparison to conventional shelf
classification. After evaluation the library added SmartLibrary into their standard
customer service. To promote the use of the service the library loans out PDA's to its
customers. As the customers use the service, we continue collecting user feedback for
further improvements of the user interface.

We consider adding textual instructions and landmarks into the guidance informa-
tion. As there are collections also in other floors of the main library, we are develop-
ing solutions for guiding the customers between floors, as well. We are also building
support for mobile phones, especially for the new smart phones equipped with a web
browser.
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Abstract. This paper describes a new type of application, which we
foresee will be available on mobile devices in the future. In this paper we
describe how we designed the application. The application is a parking
ticket application (V-Ticket) for use on mobile devices. The application
tries to match the needs of the user whilst taking into account the prob-
lems inherent in small wireless handheld devices such as limited network
bandwidth, limited processing power and display dimensions.

1 Introduction

We wished to build a practical application for use on a mobile device. We brain-
stormed various possible concepts and this resulted in the scenario of a user
wishing to buy a parking ticket. Scenarios have been used in the past to aid
designers in building applications which take into account users needs[1, 2]. We
first of all used a conceptual scenario to aid us in our discussions with users and
to help us collect user stories. ISO13407[3] recommends that we should under-
stand the specific context of use and try to understand and specify the users’
requirements. By collecting user stories and incorporating these into our concep-
tual scenarios we hoped that we were fulfilling part of the ISO13407 remit. Some
of the issues raised by users were common place and recognisable to all of us who
have undertaken the task of purchasing a parking ticket e.g. not having enough
change for the ticket machine, paying for time not used, having to locate the
nearest ticket machine and having to dispose of the ticket after use. We further
learned that users have only a very limited time span in which to carry out the
task of ordering a ticket. After collating the user stories we began to move away
from a very conceptual scenario to a more concrete one. For each of the user
stories in the corpus we worked through the descriptions identify the various
objects and the actions that are performed. From this we constructed a concrete
scenario that contained more detail and more precise information about the ap-
plication and how the user would interact with it. We then moved onto the third
part of our user centred design process: production of possible design solutions.

In the first part of the paper we describe the application and how it is antic-
ipated the user will interact with it. In the second and third parts we describe
the underlying architecture. In the final part of the paper we look to the future
and describe the user trials we will undertake.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 417–421, 2003.
c© Springer-Verlag Berlin Heidelberg 2003
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2 Application

2.1 The Application (User View)

The application enables a user to order a parking ticket via their handheld device
if it has a GPRS connection. The following steps are carried out by the user in
order for them to be able to download the application and access the service:

1. Apply for the service via a website.
2. Fill in an electronic application form (this requests the following information

from the user: name, car registration, phone number, two security questions
and email address.

3. Download the application to their mobile device (this only takes a few sec-
onds and only needs to be done once).

In our discussions with users they raised the point that they may share one or
more cars, therefore the system enables the user to registration more than one
car. We realised that this was an important addition to the application as a car
can play an important role in a user’s family and company life. Figure 1 shows
the three screens that a user would have to navigate to order a ticket. The screen
on the left hand side is the first screen the user will see. The interface offers the
following menu options: order a new ticket, cancel a ticket, or view a ticket. If
the user decides to order a ticket they merely have to scroll down to ‘Order
Ticket‘ and press ’Submit’. Once they have done this the next interface appears
which has a list of the vehicle licence plates they have registered. The user in
Figure 1 has registered three licence plates and has decided to choose the first
licence plate. The user merely scrolls (using the ‘up and down‘ cursor buttons) to
the appropriate licence number to select it and then presses ’Send’. Pressing the
’Send’ button initiates the ticket ordering process. After the ticket is registered
in the database, the server sends information back to the user which indicates
that the ticket ordering process was successful (how the confirmation looks to
the user is shown in the right most screen).

The user stories had alerted us to the fact that the users would like to know
how long they have been parked for; therefore we included this possibility in
the design of the application. This option allows the user transparent control
and interaction at any time. Figure 2 depicts the three step sequence to view

Fig. 1. Ordering Interfaces
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Fig. 2. View Ticket Status

Fig. 3. Menu sequence for cancelling tickets

a current ticket for a licence plate. The user can easily and quickly view the
current ticket and know how long it is since they ordered it, in this case 17
minutes. The user can then either return to the main menu or exit the program.
By selecting the second item on the main menu as it is depicted in Figure 3 the
ticket cancelling process is initiated. The display shows the active ticket.

Again it can clearly be seen how easy it is for the user to navigate the system
and complete the task.

2.2 The Application (System View)

We now explain, the same operations from the systems point of view, this in-
cludes a concise explanation of the underlying database. Once the user has regis-
tered on the website the user’s details are captured and a password is automati-
cally generated and emailed or sent via SMS to the user. This password must be
used the first time the user activates the application or when the user’s details
change i.e. when the user wants to add a new vehicle license plate or change
their personal details. We realize that this does not provide an adequate level
of security and would, therefore propose that the password could be used for
signing device dependent information using asymmetric encryption techniques.
After the validation of a user (e.g. checks to ensure authenticity of phone num-
ber etc) and system checks (e.g. the person is not already registered) have taken
place each user’s registration information is stored in the systems database. The
database stores information about the cars, which are uniquely identified by the
license plate number. The concept of user groups (families or businesses) implies
that each car may be shared by several users and each user may have access
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to more than one car, a separate table in the database defines the relationship
between the user and the cars they have registered. Once all information about
user and their cars is stored in the database the user can start to order tickets.

2.3 System Architecture Overview

In this section we give a brief overview of how data and instructions are ex-
changed between the mobile device and the server. The components and tech-
nologies used in order to produce this prototype application are also explained.

During registration the user has to select at least one service, e.g. the V-
Ticket application. As figure 4 depicts, the V-Ticket application may be one of
many services offered by a provider. The user can add or delete an application
via the internet or directly from their mobile. If the user wishes to add a new,
or delete, an old application the the management software checks whether the
new or existing service is available and initiates either a cancellation or a setup
operation.

We used Java 2 Micro Edition software to help us write the code for the
mobile application (API[4]). The communication between the mobile clients and
the server is realized by using an open source implementation called kXML-
RPC[6] of the XML-RPC[9] protocol which was preferred over kSOAP[5] because
of its simplicity. Basically, XML-RPC allows remote procedure calls between
a mobile device and a server in a straight forward manner using XML. On
the server side XML-RPC is integrated into a Servlet based environment which
connects to a MySQL[10] database.

Service providerService location
�
�
�

�
�
�

�
�
�

�
�
�

data exchange
V−ticket appl.

(i)

(ii)

V−ticket
appl. request

V−ticket
appl. response

(iii)

Fig. 4. System Architecture Overview

3 Discussion and Future Work

We found that we had many problems in realizing the application. The first
problem we encountered in building the application was how complex should it
be? For example should we include in our conceptual scenario the possibility of
businesses registering their whole fleet of cars? Should the order of the menu
change once the user has ordered a ticket with view ticket coming first? What
words should we use to confirm the ticket status? We found that discussing the
parking ticket scenario with users helped us to concretize the main functions that
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the application should have. It also helped us to decide that the first prototype
application would not take into account the company concept as we could not, as
yet, deal with the security issues. On the wording and ordering of the menus we
tried to make the interaction as quick and as straightforward as possible. When
we were in doubt as to whether we were making the correct choices we would
go back to the users who had worked through the original parking scenario with
us and ask them their opinion. We did this by sending them the screen shots of
the application and a short explanation of the envisioned interaction.

We think that this application shows the future possibilities for such appli-
cations and is an improvement on the existing SMS system which allows a user
to pay for parking via SMS, as that system setup requires the user to pay in
advance for their parking or via credit card. This application gives the user the
freedom to order tickets whenever they want, for as many different cars as they
want and to pay for the parking at their normal billing time. We expect that in
the next few months we will undertake some live trials of the application (we
have already conducted some mock trials) in Vienna. We would like to add that
this is only one possible use for an application of this type and in fact this type
of application could be used quickly and easily to pay for all sorts of services.
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Abstract. In this paper we propose a wearable vision interface system
named “I’m Here!” to support a user’s remembrance of object location
in everyday life. The system enables users to retrieve certain information
from a video database that has recorded a set of the latest scenes of target
objects which were held by the user and were observed from the users’
viewpoint. We propose the object recognition method to associate the
video database with the name of objects observed in the video. The offline
experiments demonstrate that the system is useful enough to recognize
the objects.

1 Introduction

We propose a wearable vision system to help the user remember where portable,
rigid objects are placed in his/her everyday circumstances. This system retrieves
the last recorded video of a user’s viewpoint including the target object from
a video database termed “video memory”.

In the field of wearable computing for memory-aid, a Video Albuming sys-
tem [1] is proposed to support a user’s memory retrieval. The Video Albuming
system always records a video of the user’s viewpoint in his/her video memory,
and analyses context information included in the video memory. The “I’m Here!”
system follows the concept of the Video Albuming system, and focuses on the
idea that users forget where they placed objects. DyPERS [2] assists users by
reminding them of information about an object. This is accomplished by replay-
ing a video explicitly associated with a snapshot of the object. In contrast, our
system can retrieve the video without a user’s explicit association, because the
“I’m Here!” system automatically associates the video memory with the previ-
ously registered objects. The registration of an object is done by simply holding
the object and gazing at it. Hide and Seek [3] is a system that navigates with the
frequency of sound how far an object is placed from the user. The small devices
attached to the target objects are each assigned a unique ID. In the “I’m Here!”
system, a user simply has to wear some devices and there is no need to place
such devices in the real world.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 422–427, 2003.
c© Springer-Verlag Berlin Heidelberg 2003
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2 Design Concepts of the System

The “I’m Here!” system shows a user the latest video recorded when he/she
lastly held a target object through a head-mounted display. Viewing the video
that was observed by his/her head-mounted camera, he/she can remember where
and when he/she placed the object. Ultimately we expect that the system will
act as if the object itself sends a message, such as “I’m Here!” to the user.

As depicted in figure 1(a), the user registers an object by holding and rotating
it in view of his/her head-mounted camera. The system extracts visual informa-
tion of the object from the video and records its features with the object’s name
as assigned by the user.

In the user’s everyday life, the system continuously records a video of the
user’s viewpoint in a video memory. Simultaneously, the system identifies an
observed object, held by the user, as the registered one. Using the result of iden-
tification, the system then associates the name of the identified object with the
video and automatically constructs an index of video memory, which is named
“augmented memory.”

Figure 1(b) shows a scene of object retrieval. The user, via the selective list
of registered objects, assigns a name to the object so as to remember where it
is placed. The retrieved video is displayed as shown in figure 1 (b).

3 System Implementation

We have developed a prototype of the “I’m Here!” system. The hardware mainly
consists of a head-mounted camera called “ObjectCam”, a wearable PC, and
a head-mounted display (HMD). The ObjectCam captures the user’s viewpoint
image. The PC executes the processes of the system. The HMD shows the user
system information and the retrieved video.

(a) A video of user’s view-
point at object registration

(b) The system interface and a dis-
played video at object retrieval

Fig. 1. Support for object remembrance using video memory
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3.1 Camera and Display Devices

(a) Head-
mounted
devices

(b) Block diagram of
the ObjectCam

(c) Extracting an object
image

Fig. 2. Newly developed camera and display device

Figure 2(a) denotes head-mounted camera and display devices. We have
newly developed an “ObjectCam,” which is a head-mounted combined camera
device, to extract an object image from a user’s viewpoint image. A frame of the
image consists of a color and an infra-red (IR) image for each field (figure 2(b)).
An IR image displays the reflected IR luminance caused by the IR light source on
the devices [4]. The system obtains the object image by eliminating background
regions from the viewpoint image with the luminance of the IR image, and hand
regions by using skin color (figure 2(c)).

3.2 System Functions

Figure 3 shows both the system function provided to the user and the process di-
agram of each function. In “object registration” (figure 3(A)) the system records
a video of the object held and manipulated by the user. The object is observed
in several appearances from the user’s viewpoint in everyday life. The system
thus extracts the images of the object in several appearances from the video
memory. The image groups are made from the extracted object images, based

Fig. 3. System functional diagram
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on the appearances of the objects. The system constructs the feature values from
representative images of each group.

In “object observation” (figure 3(B)) the system abstracts the object feature
values from the user’s viewpoint images just as in the case of figure 3(A). Com-
paring the target object with registered objects, the system makes a decision
based on their feature values. The system records the user’s viewpoint image,
and labels the image with the registered object name if the target object is
recognized as one of the registered objects.

When the user wants to remember where one of registered object is, he/she
selects the target object from the list of registered objects (figure 3(C)). The
system retrieves the name of the target object from the augmented memory,
and obtains the last recorded video of the target object. Lastly, the system
displays the retrieved video to users through the HMD.

3.3 Object Recognition

A {H-Z-C} feature value of an object image consists of {H, Z, C} elements.
These elements are obtained from each pixel of the image. {H} is a hue value.
{Z} is an IR luminance value. {C} is a group of pixels divided by the distance
from the median point of the silhouette of the object image. The {H-Z-C}
feature value denotes a 3D distribution. The equation 1 and 2 show the {H-Z-C}
feature value expressed by Integrated Probabilistic Histogram value (IPH) in the
case of j ∈ H, k ∈ Z, and l ∈ C.

IPH(j, k, l) =
∑

i

N
(
j − Hi, σH(Si)

)×N
(
k − Zi, σZ(Si)

)×Cil (1)

Cil =




1 : l =
[
Li

L

]

0 : l �=
[
Li

L

]
L : const.

(2)

When {Hi, Zi, Si} means a value of the ith pixel, N(j−Hi, σH) and N(k−Zi, σZ)
are normal distribution functions. σH(Si) and σZ(Si) denote dispersion values
of distribution based on the exponential decreasing function including Si in the
exponent part. The element Li denotes the distance between the median point
of the silhouette of the object image and the ith pixel.

The similarity between two {H-Z-C} feature values is calculated by the Sum
of Absolute Difference (SAD) method. The system compares a feature value of an
observed object with feature values of registered objects to identify the observed
object. The system then selects the most similar object from the entire group of
registered objects when the similarity shows higher than the preset threshold.

4 Experimental Results

We have estimated the recognition performance of the system through an offline
experiment. The test images were recorded under fluorescent lights. As depicted
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Fig. 4. Test objects

Table 1. Recognition
rate

in Figure 4, Test group (a) consists of the images of ten objects, and test group
(b) consists of twenty objects including the objects in (a), and an additional
ten objects. The images of an object consist of twenty different configurations
of distance and perspective.

We compared the {H-Z-C} method with the {H}, {H-C} or {H-Z} method
in terms of recognition rate. The result of recognition allows a matching be-
tween patterns in the same object. Table 1 shows results of the experiment. The
recognition rate using the {H-Z-C} method is the highest among the methods.
Furthermore, the decrease in the recognition rate caused by the increase of the
number of test objects is shown, but the decrease using the {H-Z-C} method is
significantly smaller than other methods.

From the result, we found that the {H-Z-C} method is more robust when the
number of registered objects increases. We believe that the proposed {H-Z-C}
method is appropriate for object recognition in “I’m Here!”

5 Concluding Remarks

In this paper we proposed the “I’m Here!” system, which is a wearable interface
system for remembering where an object used in everyday life was placed. The
performance of object recognition directly affects the performance of the system
in its adequacy of support.

The proposed “I’m Here!” system supports retrieving only the objects placed
by the user himself/herself. We are planning to apply the system to support the
case where the objects have been moved and placed by others. In everyday life,
a human sequentially handles objects to perform a task. For instance, when
he/she wants to have a cup of coffee, he/she prepares his/her cup, boils water in
a kettle, and stirs the coffee with a spoon. We are also extending the “I’m Here!”
system to recognize the sequence of accesses to objects in a task to suggest to
the user what objects should be used and where they are placed.
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Abstract. In previous works we have been developing a tourism
support prototype that offers a proven solution for aspects of multi-
platform, personalization and spatial-awareness. The aim of this paper
is to analyze its drawbacks and to propose a framework and the
underlying architecture, inspired by the model-based approach, to solve
those relying on the principle of abstraction. It consists of a reflexive
architecture that allows specifying a generic user interface (UI)
independently of the rest of the implementation, fulfilling the plasticity
property. Developers only have to focus on modelling the functionality
of the application �residing at a base level-, leaving the interface to a
meta level, constructing thereby interfaces �on the fly�. The generation
of the UI is not carried out until run-time, translating automatically
abstract interaction components to concrete ones according to the
device, the user’s features and the current context, accordingly reusable
in other applications.

1 Introduction

Mobile computing offers the possibility of dramatically expanding the versatility of
computers, by bringing them off the desktop and into new and unique contexts. As it
grows, it offers a wider variety of devices suitable for multiple and varied contexts of
use1. However, to take advantage of all these new possibilities, UI designers are
forced to accommodate a growing variety of devices and contexts of use, as well as to
solve any contextual or environmental changes, in order to satisfy all the demanded
features: adaptivity, context-awareness, multi-platform, while preserving usability.

In this line, what we intend is to exploit the possibilities of mobile computing in
the tourism sector. Our specific aim is to develop a generic tourism support tool that
gets together all of the mentioned features, applicable to any tourist enclave. This is
the same purpose that in the PALIO project [1].
                                                          
1 It includes a set of environment parameters (values of variables) that describe a

particular context where the interaction takes place by a determined user [12].
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The previous prototype we developed �tested and published in [2]- already solved
the adaptation to the device and to the user’s profile, by providing a specific template
in XSL (eXtensible Style Language) adapted to each context of use. However, that
solution had strong limitations because it requires as many versions as contexts of
use. Because of the increasing availability of diverse devices, this will grow quickly
and cause great problems for maintenance and coherence.

These considerations motivate the development of a more generic methodology
that allows specifying a unique, generic and abstract UI2, flexible enough to serve
multiple sources of physical variations. The goal is to guarantee usability continuity
under any variation, while minimizing development and maintenance costs. This
capacity of adaptation from a same generic UI to different contexts of use, without
reducing usability, is called plasticity property, a concept defined in [3].

Model-based (MB) approach provides methods for supporting the systematic
development of application interfaces formalizing and exploiting all of the relevant
aspects of the UI in declarative models that get together all the different requirements
of each context of use, and store the conceptual representation of the interface [4]. See
[5] to look up a complete overview of some of the best-known MB techniques.

The current MB-IDEs are criticized because they mostly support the generation of
form-based UIs only [6], leaving the problem of content adaptation flexibility and
coherence unsolved [7]. Task models need to be improved for addressing the problem
of plasticity. In our opinion, on one hand the set of models taken into account is quite
limited, and on the other hand, the resulting MB systems are in general substantially
static, leaving without solving the anticipation to contextual changes, as it occurs, for
example, in ARTStudio (Adaptation by Reification and Translation) [8]. Another
aspect that we miss is the lack of semantic information inside the models.

Particularly we have revised in depth the MB techniques developed for three
members of the RedWhale: Eisenstein, Vanderdonckt and Puerta [9], the method for
Universal Design of UIs in [10], as well as a framework for supporting plasticity [3].
This last recaptures the notion of Presentation Unit presented in TRIDENT [11] to set
the foundations of a canonical representation for the abstract UI. ARTStudio provides
a concrete, although incomplete, application of the design time aspect of this
framework. On the contrary, Probe [12] deals with the run time aspect for the
detection of context changes, although not formalized yet as an environmental model.

It is also worthy to mention other alternatives to MB techniques, like UMLi [13] or
UIML [14], although there is no language that are completely device independent and
integrates all the aspects of content adaptability [7].

The design and implementation base proposed in this paper consist of the provision
of as many concrete components of interface as necessary, adaptable to different
contexts and formalised through models, such as it is advocated by the component-
oriented paradigm. The suitable component will be automatically selected according
to the user’s technology (device) and preferences, using some concepts and heuristics.
In this line, we are thinking of JavaBeans components -portable, platform-
independent, event-support (mechanism to relay and react to changes of state),

                                                          
2 Canonical expression of abstract domain concepts and functions to be translated to

diverse concrete objects, prevailing the functionality in any case. Thus, it is
interactor independent (Thevenin, 1999).
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resusable software-, which provide support to adaptivity. JavaBeans will make up our
concrete interaction objects, called basewidgets. The abstract interaction objects, the
metawidgets, provide a high abstraction level at which design decisions are made. The
rest of the application will work making use of the abstract interface components. The
translation of abstract to concrete components, and the relation between functionality
and interface are situated at a meta level of a typical reflexive architecture.

2 Our Proposal
2.1 Environment Recognition

As a tourism support tool, our system has to solve all kind of spatial consultations,
providing the spatial-awareness property. In order to offer environment recognition, a
detailed spatial model from the real world is required, which has to be built and
integrated into the architecture. The modelling is solved using an object-oriented
approach �making so the adaptation to each particular case easier, following the
ontology concept-, in an XML-based language. We call this model Augmented World
model (AW-m). It provides an integrated and homogeneous view of the data.

The automatic extraction of the objects in the model that may interest the user �
according to his profile and current state- with regard to position, is being delegated to
a spatial data managing module: the Nexus platform [15]. It consists of a global and
open infrastructure, sufficiently versatile to contact to any spatial-awareness
application �independently of its functionality-, provided that the application works
with XML-based languages to define the AW-m, and also with XML-based query
languages to formulate the queries. It is currently being developed at the University of
Stuttgart. For more details about how to join our prototype, consult [2].

The essential components of the AW-m are the static geographical objects �places
of interest to be visited-, the location information of some mobile objects, and also
virtual objects that provide additional information or services to Nexus users. The
answer to a query consists of a list of matching objects in a particular zone. For
example, a list of the nearest restaurants with their respective attributes -address and
menu-, if it is lunchtime, or a list of the castles that can be visited in the zone,
according to attributes such as historical period and visiting timetable. This would be
suitable if our user had a certain preference for History. There are a lot of parameters
related to the user that also take part in the adaptation. See [2].

2.2 The Reflexive Architecture

Under an object-oriented reflexive architecture view [16], a system is considered to be
integrated by two parts: the application part and the reflexive part, which reside at two
different levels: the base level and the meta level, respectively. The application is
represented at the base level and is manipulated by the meta level. Both levels are
connected causally, so that changes in the base level are reflected in the meta level.
The meta level is formed by objects that carry out computation about a system
materialized by objects at the base level. The base level contains program objects that
solve a problem in a platform and return information about the application domain.
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Our objective consists of developing a system where the part destined to
contemplate the interface and the part destined to the functionality are independent.
At the base level, following the abstraction principle, there is no conception of
interface. The interface will be taken on at the meta level, at run-time, fixing which
concrete interface components will represent the functionality described by the
abstract ones, depending on the device and the user’s profile. Other responsibilities of
the meta level will be the interaction validation, the aid to the user in his actions, etc,
in a transparent way. The base level can be formed, independently of its functionality,
by a control structure similar to a states machine �or state-transition diagram-, where
each state is associated with a dialogue which is at the same time associated to a task,
all of them identified in the design phase. Fig. 1 represents the whole idea.

Fig. 1.  Reflexive architecture and distribution of responsibilities

The models that we consider relevant for our purpose are the next ones: user
model, task model, dialogue model, presentation model, platform model �explicit
expression of the target platforms in terms of quantified physical resources-, and
finally a contextual model -to take into account daily aspects like the time, the day of
the week, weather condition, etc, which also can influence in the adaptation.

We don’t have devised yet a framework for the development of plastic UIs, but
until now, the ideas we can bring forward are the following ones:

• the connections between the platform and the presentation model acquire crucial
importance because they lead in a great deal the transition from abstract
components to concrete ones

• in the presentation model, interactors should specify the abstract data types they
are able to handle. Complementarily, abstract data type description should
provide the information necessary to perform the mapping between a domain
concept and a set of candidate interactors

• we think that not necessarily all models should be involved all the time.
According to that, we can distinguish two phases in the generation of the concrete
UI. In the first phase they will act the context, user, task and AW-m models. And
in the second one the presentation, platform and dialogue models
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• domain objects should be ranked according to their level of importance in the
task domain involved, and particularized to each user’s profile, covering so the
semantic aspect. This will help the rendering process, using suitable heuristics

3 Conclusions

This paper presents the preliminary ideas to devise a framework and the underlying
architecture to develop plastic �highly adaptable- UIs �on the fly� -where interaction
and domain components are independent, i.e., based on the Model-View-Controller
pattern. These ideas need to be elaborated, completed and formalized with a more
thorough analysis to devise an operative framework. That will be our future work.

Reflection is proposed as the mechanism to carry out the crystallization from
abstract to concrete components, taking into consideration as many contextual aspects
as necessary, trying to overcome the challenges posed by mobile computing. Another
advantage of this mechanism is that the developer only has to focus on modelling the
functionality of the application, leaving the interface to a meta level.
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Abstract. This paper addresses context awareness of user interaction in
real spaces where a number of places devoted to interaction are defined,
following a concept called interaction locus (IL). In the IL a coordi-
nated set of information notifies the user about the specific nature of the
place he/she has currently entered. The interaction takes place through
mobile devices which manage the context of the user, and is mediated
by two agents that are called the genius loci and the numen of the user.
Context awareness is achieved by cooperation between the two agents,
which interact according to the user history and the place interaction
opportunities. An implementation architecture is described, suited for
mixed reality environments. A case study related to cultural heritage is
presented.

1 Introduction

In this paper we elaborate on a novel approach to interaction in lightweight mixed
reality environments, i.e., mixed reality environments [5] where humans interact with
small portable devices, which has been presented and discussed in earlier papers [1,3].
Here we present an architecture for implementing Experiential Interaction Paradigms
(EIP) in a context-aware mobile environment [2]. EIPs extend the Positional Interac-
tion Paradigms, where humans participate to the interaction with their body, whose
position is tracked by some input device and considered as one of the main data for
interaction. In EIPs the experience of a user interacting with a system becomes an
important source of knowledge. To deal with such knowledge we propose a method-
ology and a system architecture for the observation of the interaction and for the rec-
ognition of recurrent user behaviors. The approach aims at supporting the user during
navigation and interaction, and also at supporting the designer in the discovery of
usability problems and in the consequent improvement of system design.

The approach is based on a set of cooperating agents [4], which act keeping track
of the initial background of the human involved in the experience and of the relevant
interaction in order to facilitate further interaction. Agents become aware of the con-
text and able to adapt their behavior to it.
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The approach is based also on the interaction locus (IL) concept, introduced in the
context of a research that aimed at resolving current weaknesses for interaction inside
3D environments [6]. In the context of this paper an interaction locus is a connected
portion of space characterized by the presence of an underlying base world, the possi-
bility of perceiving when a user enters and exits the IL, and the presence of identifi-
able interaction devices which support the exchange of information between the user
and the world. In a mixed reality environment an interaction locus is the part of the
world to which experiences are attached, i.e., the part of the world in which the user
can interact with the embedded computing devices.

Different types of interaction devices receive user input and provide information to
the user: interactive objects, on which the user operates directly, which change their
state or their appearance as a consequence of the user interaction; artifacts, mediators
of the interaction between the user and the world, which make evident to the user
interaction opportunities that  would otherwise be unknown; dynamic information
objects, which modify their state or appearance, e.g., show up or hide, as a conse-
quence of the user interaction on other devices in the environment.

2 Agent-Mediated Interaction

The interaction between a user and the objects of an interaction locus is observed and
mediated by two agents, one associated to the locus, and the other associated to the
user. The agent bound to the IL knows the information opportunities of the specific
place and the interaction possibilities, therefore is able to assist the user in exploring
the place. Borrowing the terminology from ancient roman religion we call such an
agent a genius loci, a kind of local divinity who takes care of the place by giving the
visitors the opportunity to get most benefit from its exploration. The agent can per-
ceive the user behavior and actions such as entering and exiting the IL, moving freely
or along paths, interacting with artifacts and interactive objects, etc. It is of course
limited in perception to what the user is able to manifest about him/herself. Therefore,
the agent is bound to the presence of a number of �sensors� in the scene, that are the
devices which sense the user actions.

Also the user has his/her own genius, that we call numen, a kind of guardian angel
who follows the user during navigation by accumulating and managing knowledge
about him/her. The numen knows the user character (the profile), can accumulate the
exploration history across several places, and is able to interact with the genii of the
different places in order to give them information about how to help the user in
his/her visit. The two agents mediate the interaction between a user and a rich and
differentiated environment accumulating, maintaining and exchanging knowledge
about the user and the interaction place. Figure 1 pictorially describes this scenario in
a virtual exhibition application; the genius loci is represented by a snake.

The communication protocol between a user numen and a genius loci is activated
when the user enters an IL and is defined by four steps. (1) The genius loci reacts to
the user presence and starts a dialog with the user numen, by asking information about
the user. (2) The numen gives the genius the information requested. In particular, the
numen knows two kinds of information: a user profile, which is a static collection of
properties and data about the user, and a user history, which is a set of data about
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previous user actions collected during exploration, transmitted by the genii of the
other loci visited. (3) On the basis of the information provided by the numen, the
genius is able to modify, if needed, the properties of interaction in that locus [1]. (4)
On exiting the interaction locus, the genius loci returns to the numen the result of its
observations, i.e., the discovered patterns of interactions for that locus. The numen
decides, according to its own knowledge base (i.e., the user profile and the accumu-
lated knowledge about other genii observations), how to consider the received infor-
mation, which is processed according to the numen rules. More details can be found
in [1]. Both types of agents are context-aware. The context of the numen is constituted
by the user and by the genius loci; the numen adapts its knowledge according to the
data received by the genius loci and to the current state of the user. The context of the
genius loci is constituted by the user and by the numen; the genius loci determines its
own behavior according to the data on the user obtained by the numen, to its current
perception of the user and to its knowledge of the IL itself.

Fig. 1. The genius loci mediating the user actions

3 An Implementation Architecture

Figure 2 describes an architecture targeted towards distributed context-aware interac-
tion in mixed-reality environments, implementing the concepts described above. The
monitoring of the user position in the real world requires a special attention, because
of the errors that occur in determining it using, e.g., GPS technology.

For diminishing the impact of errors, we split the components for monitoring the
user position from the representational and proactive part of the system. Two different
3D representations of the real 3D scene where the user interaction will take place are
modeled: the 3D base world with the associated experience layer containing a 3D
model of the scene to display on the PDA and a set of ILs mapped over this model
with their genii loci, and the 3D internal representation of the real scene. The latter
representation is not meant for visualization purposes and contains only a georefer-
enced set of volumetric sensors that have the same geometric limits of the set of ILs
used for the experience layer. The positional parameters of the user received by the
GPS are compared with the limits of these volumetric sensors. The result of the
monitoring activity is passed to the filter component that interprets data.

For example, if the user stays in a certain position for some time, the filter may in-
fer that the user doesn't move because he/she's looking to something interesting and
therefore he/she's probably inside an interaction locus, even if the raw GPS data
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communicates that the user is on an �empty' area. The filtered information is then
passed in the form of updated positional data for the current camera of the 3D experi-
ence layer, i.e., the viewpoint in the 3D scene as seen by the user on the PDA screen.
The filter may be programmed for sending a continuous correction of the raw data or
for sending the coordinates of a significant stable point of view on a certain IL, once it
has inferred that the user is inside the IL. The software simulator discussed below
uses the second approach.

Concerning the user input, we can distinguish two different categories of data: user
profile, that is made of data collected from the user at the beginning of the interaction,
and usage data, that are generated by the user during the interaction. Besides, there is
a third category of data coming from the environment (time, weather, light, etc.) that
can be meaningful for the interaction and therefore may be monitored from the sys-
tem.

A specific component of the architecture, the experience selector, composes the
mixed reality experience, selecting the experience layer and the associated 3D internal
representation. The experience selection is guided by the user, through the choice of
his/her profile at the beginning of the interaction. The experience selector will com-
pose the experience according to the mapping between experiences and user profiles,
determined in the authoring phase [6]. The user is enabled to change the profile dur-
ing the interaction. In that case, the experience selector will be responsible for coordi-
nating the actions necessary to conclude the current experience in a consistent way
and to load the experience layer related to the new choice.

The filtered user position and the user interaction with the mobile device are caught
by a set of sensors embedded in the experience layer. Activation and changes of their
significant parameters are communicated to the script components of the world. These
script components are embedded into the experience layer and implement the genii
loci. Their function is to collect the user actions perceived through the sensors in
specific areas of the environment (the ILs) and to mediate the action of the associated
interactive objects.  Each script component runs a separate computation process. The
state of the computation is maintained consistent by a different component, the expe-
rience handler, external to the 3D world; it implements the numen entity discussed
above. The experience handler receives information from the script components con-
cerning the usage data; besides, it accesses the user profile and environmental data as
input for its coordination activity. The accumulated knowledge is filtered and passed
to the script components that will pilot the interaction objects.

A software simulator of the architecture described in Figure 2 has been built. The
main components, a GPS simulator for streaming user position data and a prototypical
user interface have been implemented. We used VRML, the language for describing
geometry and interaction primitives related to a 3D environment, for building the
experience layer and all the components embedded inside of it. GeoVRML [7], an
extension of the VRML language that allows to represent accurately georeferenced
data, has been used for building the 3D internal representation of the environment.
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Fig. 2. An architecture for interaction in mixed reality environments

4 A Case Study

In order to test the potentialities of the system in a real case study, we started a col-
laboration with the National Archaeological Museum of Altino, located near to a
roman archeological site nearby Venice, Italy. We used three different sets of interac-
tion loci to map the archaeological area, corresponding to three different user profiles:
the student, the average visitor and the expert. We are currently working on the im-
plementation of different proactive behaviors. In the experimental scenario, visitors
are free to wander through the open area. Each time the user enters a locus that was
never visited by him/her, a 3D representation of the IL is visualized on the lower part
of the PDA interface, an auditory description of the locus starts and a portion of a
roman coin is added on the right upper part of the interface. When the user enters the
last locus left to visit, an additional message informs him/her that there are no other
interesting places in the archeological area. Besides, if the user enters a locus already
visited, no portion of coin is added and an alternative text or audio message advises
him/her of this condition.  This behavior results from the interaction between the
numen and the genius loci. Each time the user enters an IL, the genius loci notifies the
numen the event. The numen passes to the genius loci the accumulated patterns of
interaction related with previous user actions, which include the information that the
current locus has already been visited. The genius loci uses this information to acti-
vate the standard behavior (add a new portion to the coin and start standard descrip-
tion of the location) or to start the alternative messages discussed above.
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Abstract. The goal of this work is the design of an environment for
supporting run time migration of Web applications among different plat-
forms. This allows users interacting with a Web application to change
device and continue their interaction from the same point. The migra-
tion takes into account the runtime state of the interactive application
and the different features of the devices involved. We consider Web ap-
plications developed through a multiple-level approach using: the defi-
nition of the tasks to support, the abstract description of the user inter-
face, and the actual code. The runtime migration engine exploits infor-
mation regarding the application runtime state and higher level infor-
mation on the available target platforms. Runtime application data are
used to achieve interaction continuity, while information on the different
platform types involved are deployed to adapt the application’s appear-
ance and behaviour to the specific device.

1 Introduction

A wide variety of devices is now available on the market, and people are more and
more likely to operate in a multiplatform environment where different platforms have
different interaction capabilities. Many efforts are currently aimed at allowing users to
interact through multiple devices. A framework discussing the issues associated with
applications that can be spread over different surface areas, each supporting diverse
user interaction techniques, is discussed in [1]. In our work we focus on Web-enabled
platforms. For example, a user browsing the net with a PDA touch screen or a mobile
phone keypad would be more comfortable using the mouse and keyboard of a station-
ary PC. Conversely, a user may be entering private data through a stationary PC and
wish for the greater privacy afforded by a PDA. In both cases, a multiplatform migra-
tion service would be necessary, by which the user could interact with web applica-
tions while changing devices and still maintaining interaction continuity. There are
two main issues concerning this kind of service. Firstly, the diversity in features of the
platforms involved in migration, like different screen size, interaction facilities, proc-
essing power and energy supply, can make a Web application developed for a desk-
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top, unsuitable for a PDA and vice versa. Thus, an application cannot migrate as it is
from one device to another, and must be adapted at runtime, taking into account the
diversity of the devices involved [2]. The second issue concerns interaction continuity.
Users who want the application to migrate, do not want to have to restart the applica-
tion on the new device; they want to continue their interaction from the same point
where they left off, without having to re-enter the same data and going through the
same long series of links to get to the page they were visiting on the previous device
[3]. Two main kinds of information are relevant in performing migration: static infor-
mation refers to the features of the devices, whereas runtime information refers to the
state of the migrating application that can be summarised by the history of user inter-
actions with the application, including visited pages, submitted data and results of
previous data processing. There are several techniques for migrating user interfaces to
different devices, in particular to small screens, and most of them rely on size reduc-
tion and data summarisation [4], with the risk of making the application unusable
because objects on the page are difficult to recognise. Herein we focus on interaction
continuity and device adaptation at runtime that takes into account usability principles.
We consider different platform-specific versions of the same application, starting with
a general task model [5] from which we generate the actual application by means of
the TERESA tool [6]. We take into account the migration of TERESA-generated
applications, for which a description of the pages and the interactions that they sup-
port, are produced by the tool itself, at different abstraction levels. Runtime data on
the state of the application for which migration is required will be collected locally
from the platform requesting migration. This information is transmitted to the server in
order to recreate the corresponding state in the application for the target device.

2 Generating Device Aware Web Applications

We consider Web applications developed through a multiple-level approach able to
obtain versions suitable for different kinds of devices and platforms. The starting point
is the task model of a nomadic application that can be accessed through different plat-
forms. The general model is refined for each of the specific platform that must be
supported by the application and by means of the TERESA tool, different implemen-
tations are generated fitting different platform features and according to usability
principles. The main levels involved in the generation process are:

1. Task Model (TM): describes the logical activities that must be performed by users
in order to reach their goals. A set of attributes is defined for each task and  tasks
are composed by semantic and temporal relations.

2. Abstract User Interface (AUI): defines the main characteristics of the interaction
objects supporting task performance, abstracting from low level details. AUIs are
defined in terms of presentations identifying the set of user interface elements
perceivable at the same time. These elements are represented as interactors being
Abstract Interaction Objects (AIO) described in terms of their main semantic ef-
fects.
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3. Concrete User Interface (CUI): this is the implementation level, the actual user
interface produced for a specific device in a given implementation language as
Java, XHTML and so on.

3 Runtime Migration Cases

Different types of runtime migration can be identified, along with different levels of
complexity for each one of them:

• Total Migration: the client application migrates totally from a device to the other.
• Control Migration: the client application is divided into two parts, one for user

interaction (control part) and one for information presentation (presentation part).
The control part remains on one device, while the presentation one migrates to the
other device, or vice versa [7].

• Mixed Migration: the client application is split into several parts, concerning both
control and presentation and different parts are distributed over two or more de-
vices.

In our work, we focus on Total Migration, with the goal to support a runtime mi-
gration that takes into account the differences between the two platforms involved.
TERESA structures an interactive application into presentations and transitions among
them. When we migrate a presentation from a platform to another one the runtime
support first identifies the closest presentation in the target platform. The difference
between presentations in different platforms is calculated in terms of the number of
logical tasks supported. A task can be supported through different interaction tech-
niques. However, the logical meaning of the task is still the same. Taking into account
interactive applications developed by means of TERESA we can identify the follow-
ing situations concerning the runtime migration of a presentations between two plat-
forms:

• The migrating presentation corresponds to one target presentation supporting:

• Same number of tasks.
• Lower number of tasks.
• Higher number of tasks

• The migrating presentation corresponds to multiple target presentations that make
an exact partition of the task set associated with it.

• Multiple presentations in the source platform correspond to one presentation in
the target platform.

4 Our Migration Solution

Information concerning the platform asking for migration, and the state of the appli-
cation running over it, is collected and elaborated in order to activate the application
on the target platform without losing interaction continuity. Since the presentation
number and the tasks supported by the various platforms can be different, it is not
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possible to create a one-to-one correspondence between presentations for different
platforms. Source and target platform versions are generated by TERESA separately,
using the information contained in the two corresponding task models. One important
issue is how to identify the presentation for the target platform corresponding to the
one active on the platform requesting migration while maintaining the state of its in-
teraction objects. The run-time state, consisting of the visualized page and the state of
its objects, is mapped first onto the corresponding abstract presentation and then onto
the corresponding set of tasks. The page to be visualized on the target device will be
identified using the inverse process: from the set of tasks to support the tool identifies
the most similar abstract presentation and then the corresponding page in the applica-
tion version for the target platform. Similarity is calculated in terms of tasks sup-
ported, the more the tasks associated to the two presentations are similar, the more the
presentations are similar. Presentation similarity is the basic criterion to be considered,
but under particular conditions it cannot be enough. When the migrating presentation
supports a task set that is associated with multiple presentations in the target version,
each of them supporting the same number of tasks, similarity degree will be the same
for each potential target presentation. Thus, a further criterion should be used to de-
cide which target presentation to activate. To this end, we use the identification of the
target presentation supporting the task associated with the interaction object last modi-
fied by the user, since it is more bound to continue interaction from that point.

Once the corresponding presentation has been identified, it is necessary to calculate
the state of the objects contained in the page that will be sent to the target device. For
this purpose, runtime data referring to the runtime state of the application will be asso-
ciated to the corresponding AIOs and adapted to the object implementation for the
target device.

5 Migration Service Architecture

We aim at supporting Web application migration for a wide variety of devices like
desktops, laptops, PDAs, cellular phones and generally any device able to access the
Internet through a browser. Our migration service relies on a server machine working
both as a Web server storing the platform specific implementations of the application,
making them accessible to client platforms, as well as a migration server, managing
context information to support migration requests. Client platforms use the migration
client loaded from the server in order to enabling or disabling the possibility of re-
ceiving incoming applications and migrating Web applications. References to all plat-
forms, which enabled the reception of incoming applications, are stored in the server.
When a platform asks for migration, the request sent by the locally running migration
client, reaches the migration server, which will deploy both runtime and static context
data to perform the presentation mapping process as described in Section 4. The cor-
responding page and its runtime context for the target device will be finally sent to the
migration client that will open locally a browser window allowing the user to continue
its interaction (the sequence of functionalities to perform is indicated in Figure 1).
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Fig. 1.  The Migration Process

6 Conclusions and Future Work

We have discussed an architecture to support migratory Web interfaces. A first pro-
totype for total migration of applications obtained through the TERESA tool has been
developed. We are now improving the collection of run-time state data in order to
make it more complete and improve the support of interaction continuity. Future work
will be dedicated to extending this approach in order to address other types of user
interface migrations.

This work has been supported by the CAMELEON project (http://
giove.cnuce.cnr.it/cameleon.html). We thank colleagues for useful discussions.
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Abstract. Mobile work situations within home care of the elderly re-
quire immediate and ubiquitous access to patient-oriented data. We in-
tend to develop a mobile information system that provides correct in-
formation in a proper way to the right person in the appropriate occa-
sion of care. This requires a thorough user needs analysis that so far of-
ten has been neglected during systems development in health care. We
conducted the user needs analysis in interdisciplinary working groups in
order to achieve a holistic view of the entire work process. This allows
for the development of not only patient-oriented but care process ori-
ented systems. In this paper, we describe how the user needs analysis
was conducted, the impact of this work on the user group and some of
the requirements found to be specific for mobile IT-support for home
care of the elderly.

1 Introduction

Ageing of population, growing mobility in society and growing shortage of staff re-
sources in the health care sector require new models for information handling and
communication in order to guarantee quality-oriented health care of the elderly.

Home care of the elderly today is performed by different types of care providers:
medical personnel such as general practitioners or district nurses, and community
service personnel in charge of non-medical services as e.g. the patient's daily hygiene.

Even though these care providers, especially the community service personnel,
have a mobile work situation, they very rarely have any mobile IT tools supporting
their work. Most mobile access to information is today paper based, which is not only
inflexible, but also a risk when it comes to documenting new information and sharing
information within the working group. Important information is often not documented
correctly due to the fact that it has to be remembered until the care providers reach
their office. As a consequence, it is often not communicated to other personnel that
need the information in order to be able to provide high quality care.
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IT-systems available in health care today have very rarely taken the end user's
needs into account when developed, but have traditionally been the tools of adminis-
trators rather than clinicians. Especially the community service personnel have rarely
been in focus for user-centred systems development. The user needs have subse-
quently not been sufficiently described and analysed, making a thorough user needs
analysis necessary before developing a new IT-support in this area. A user group with
very little experience when it comes to IT and often insufficient consciousness of the
entire work process makes it difficult to identify the care providers needs and re-
quirements. Health care professionals have their primary focus on the quality of health
care they provide for their patients and therefore the IT-system must be developed to
be as transparent as possible to let the users keep the focus on the patient and to sup-
port and not hamper clinical work processes. Usage of existing and modified HCI-
methods and techniques during user needs and requirements analysis is therefore of
great value.

2 Method

In order to identify and describe the different care provider's needs when it comes to a
mobile work situation, a user-centred system development approach is followed [1]. In
iterative seminars, interdisciplinary working groups define future user-oriented work
scenarios and develop prototypes. During seminar work, methods like brainstorming,
scenario building and in depth interviews are used. The iterative seminar process aims
at analyzing and improving the practical and organizational work as well as identify-
ing the user needs and requirements of the forthcoming information technology in
different work situations.

The importance of having a process oriented view of the work, that takes different
care provider's needs into account requires that the analysis is done in interdisciplinary
working groups. The general practitioners (GPs), district nurses and community serv-
ice personnel work together with researchers in medical informatics and human-
computer interaction in order to detail the specific work scenarios. The use of obser-
vation and participation according to the Master-Apprentice approach described by
Lave and Wenger [2], together with interview techniques for work analysis in interdis-
ciplinary seminars has resulted in a user needs analysis.

3 Results

The approach described above has been used for the user needs analysis in one re-
search project and will be used in a second project shortly, both focusing on mobile
home care for the elderly. The first project OLD@HOME (Technical Support for
Mobile CloseCare) [3] focuses on providing a seamless and consistent information
flow between different care providers involved in the home care of elderly people,
using different mobile information technologies. By improving the tools for the per-
sonnel in their mobile work situations the project aims at providing elderly people
with better and improved health care in their homes and in the primary health care.
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The VIHO-project (Efficient computer support in care for the elderly) will focus on
the development of both organisation and technology. Mobile tools for the home care
personnel will be developed together with the end users to fully support their mobile
work with mobile technology.

While working in interdisciplinary seminar sessions the conclusion has been made
that different care providers have similar yet distinct needs. The different users all
need to access information in their mobile work situation, but the kind of information
and the optimal way of presenting it differs.

3.1 The Care Process � A Team Work

The shift from user-centred care towards patient-centred care demands new require-
ments in the development and integration of mobile IT-support for home care. It is
becoming increasingly more important to consider the care process as a team effort,
rather than isolated events performed by a single profession. IT-support has tradition-
ally been developed for one care provider or specialist, but the entire care process is
performed by several care providers who communicate and share information. There-
fore, new systems should not only be patient-oriented but care process oriented.

When analyzing the care providers different mobile work situations in the interdis-
ciplinary working groups a holistic view of the care process is achieved. This has
given the members of the working groups a deeper insight in each others work and an
understanding of the different needs and how they can support each other in the speci-
fied work situations.

3.2 Shared Information

The requirements from the personnel working together around one patient, but with
different specialities, are specified in the interdisciplinary seminar sessions. In order to
provide good quality care, the health care professionals need access to both their own
clinical documentation about the patient as well as the other professionals' documen-
tation. Any relevant information about the patient has to be collected and presented in
a comprehensive way to the personnel while taking care of the patient at home.

3.3 Avoiding Information Overload

When introducing a new mobile tool that gives the users access to all available infor-
mation, there is a risk that they cannot make optimal use of this tool due to �informa-
tion overload�. Therefore the amount of information has to be reduced, carefully se-
lected and presented in a user friendly way. Different categories of care providers
need different views on a common set of data, depending on both their respective
needs and the limitations of the mobile device they are using.

3.4 Different Interfaces and Devices

Devices such as today's personal digital assistants (PDA's), Tablet PC's and laptops
can be used as supporting tools for the personnel working in the home care of the
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elderly. The choice of device is made depending on the different care providers work
situation and requirements. It is extremely important that the device is designed for the
needs originated in a specific work situation and suited to the environment in which it
will be used. Portable devices often have small displays and less memory than an
ordinary PC, which demands optimization of the information presented on the screen.
Today's mobile devices also suffer from inadequate access time and transfer limita-
tions. The information selected to be displayed must therefore be relevant, not just to
avoid cognitive information overload but also to optimize the graphical user interfaces
for correct information presentation and to attain good usability [4].

4 Conclusions

In order to develop a mobile health care system that provides correct information in a
proper way to the right person in the appropriate occasion of care a thorough user
needs analysis is necessary. By conducting this in interdisciplinary working groups a
holistic view of the work process can be achieved and systems developed from this
basis will be not only patient-oriented but care process oriented.

The health care professionals need information both from their own information
system, e.g. specified parts from the patient's records, and the other professionals'
systems independently if they belong to community health service, primary care, sec-
ondary care or a private care giver.

When the users are given access to all available information, there is a risk that they
cannot make optimal use of it due to �information overload�. Therefore, the amount of
information has to be reduced, carefully selected and presented in a user friendly way.

Immediate and ubiquitous access to patient-oriented data will be needed in specific
work situations for different kinds of care providers. The different users will use dif-
ferent tools or techniques to access various types of medical information.

4.1 Future Work

New methods for information visualization and interaction, which adapt to new mo-
bile environments, are called for. Prototypes for mobile visualisation of, and interac-
tion with, medical information for some specific clinical work situations in order to
support the process of clinical decision-making in an optimal way will be developed.
This work aims to confirm and substantiate the requirements identified so far, and
within this research work, the graphical user interface for the different views of the
prototypes as well as the modes of user interaction will be developed.
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Abstract. Most research in context-aware computing offers definitions
of context that consist solely of measurable information. Using mobile
telephony as an example of a computing area, we provide a set of context
information relevant to the area drawn from a qualitative case study:
identity, location, time and present activity. After arguing that these
context measures are not the same for other areas of computing, three
guidelines for designing context-aware features for mobile telephony are
provided. We conclude that context information should be defined for the
area in which the researcher is present instead of attempting to provide
an overall definition of context.

1 Introduction

Context-aware computing describes the applications or devices that adapt ac-
cording to situational variables [1]. Since it was coined in 1994 [4], numerous
definitions of context have been provided, both in relation to the development
of context-aware applications and in relation to theoretical contributions to the
area. The first studies defined context as environmental measures, where more
recent definitions acknowledge that context is more than that; for example they
also include features such as the individual’s internal state. However, until now,
no common view or definition has been dominant.

To counteract this search for a broad ranging definition of context, the goal of
this paper is to analyze and rank-order context information for a specific domain:
Mobile telephony. The purpose of this is to provide the area with guidelines about
which context information should be supported in context-aware applications.
The domain is chosen as an example of an area that is likely to benefit from
context-aware features. The context information is found through a case study
exploring the use of mobile telephony and its communication facilities.

First related work in the field of context-aware computing is reviewed, and
second, the case study of mobile phone use is presented. Third, the findings of
context information are presented and we provide three guidelines for designing
context-aware applications for mobile communication. Finally, we conclude and
suggest further research.
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2 Context-Aware Computing

Context-aware computing is a recent area of research and through the last
decade, many context-aware applications have been developed. Context-aware
applications include the Olivetti Active Badge system [7] and the Conference
Guide [2]. The first application is a stationary service, rerouting phone calls
to the phone closest to the individual and the latter is a handheld guide for
conference attendants.

The early work often only defined context in terms of measurable information.
Schilit and Theimer defined it as location, nearby people and objects and changes
to those objects [4] and many researchers just added new sensor information to
the list in their definition of context [2, 5]. Other, more theoretical approaches,
claim that context is a fluid notion, not possible to describe in terms of measur-
able variables and that a definition should comprise such vague measures as the
individuals previous experience [3]. The difference between the two approaches is
that application oriented research defines context in relation to their application,
where theoretically oriented research attempts to provide a broad definition of
context that can be used in the general area of context-aware computing.

Unlike general context-aware applications, only a few applications focus on
mobile telephony and even fewer are actually employed in real consumer devices.
An example of a context enabled application is the context-call application by
Schmidt et al. [5]. It enables the user to preset his/her context, for example, to
settings like ‘meeting’, ‘working’ or ‘at home’ and have the information available
to potential callers. Context-aware applications actually used in mobile tele-
phony today include location tracking features offered by some phone service
providers [6].

3 Case Study and Research Method

The context measure study was designed as an exploratory case study of con-
text measures in mobile telephony. By interviewing high-level users of mobile
telephony, the users’ contextual cues of the communication situation are traced.
The study consists of eight qualitative interviews carried out in the participants’
own environment. It was structured into six parts with questions regarding demo-
graphics, three measures of context, general use of mobile phones and a scenario.
The purpose of the study is to trace the context information in play in mobile
communication and to obtain results that can help in providing guidelines for
designing context-aware applications.

3.1 Participants

The participants were selected among heavy users of mobile telephony, to get the
most thorough insight into their use; their age range is therefore fairly young.
People with a variety of occupations were chosen to get broad range of mobile
phone use among the participants. The details are listed in table 1.
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Table 1. Participant description

Participant Age and gender Occupation Had a mobile phone for

p1 21, female Service assistant 7 years
p2 21, female Retail assistant 3 years
p3 25, male Graduate student 7 years
p4 26, female Graduate student 6 1/2 years
p5 21, male Military service 6 years
p6 27, female Freelance consultant 7 years
p7 19, male Unemployed 4 years
p8 29, female Research assistant 6 years

4 Four Pieces of Context Information

The participants all express that their reactions and behavior within their use
of mobile phones depend on the overall situation. When elaborating on the
more specific situational cues, the information that they exchange and rely on
in their communication is fairly consistent. A surprisingly few number of specific
measures are in play; the participants mainly mention four. Some other measures
are also mentioned but have, according to the participants, limited influence on
the overall situation. These secondary measures include whom the person is
together with as well as time of day. The specific context information that the
participants consider as part of the overall situation is ranked by importance
according to the participants:

– Identity of the other person
– Location of both communicators
– Relative time of the receiver of the call
– Present activity of both communicators

Identity is the major factor in communication situations; the participants all
agree that how they act and react depends highly on who they are communicat-
ing with. This information is technically supported by caller id, meaning that
the information is (usually) available immediately in the conversation.

Location is ranked as the second most important context measure that users
rely on, which supports the development of location tracking applications in
mobile telephony, such as location tracking service mentioned in section 2. Lo-
cation, however, is a complex piece of information because participants refer to
it at several levels of detail, such as in a specific building or office, or ‘on the
bus’. These nuances are difficult to support technically.

Although time seems to be a simple piece of context information, the finding
was that actual time did not matter very much to the users; relative time, defined
as the communicator’s time limit before a new activity, on the other hand, was
important. Many of the participants inferred, as one of the first things, if the
receiver had ‘time to talk’. This piece of context information is fairly complex
and important to support by technological means, however, because it is a fairly
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important part of the context in mobile telephony, the information should not
be ignored in the design of context-aware applications.

The finding that present activity is an important context measure supports
the applications that facilitate the display of activity information [5]. However
since it is ranked last, these types of applications might not be as relevant as
claimed and a more simple version of this function could be a profile tracker
based solely on location information.

One relevant observation is that users seem to be satisfied with how the
context is already communicated verbally. The exchange of context information
is in many cases even seen as a positive part of the conversation, which opens up
the question if context-aware functions are appropriate to mobile telephony. The
findings of the case study resulted in a set of guidelines that should be observed
in designing context-aware functionality for applications in the area.

5 Guidelines for Context-Aware Mobile Services

The case study illustrates that the context information relevant in the mobile
communication situation is very different from other areas of computing. For
example, the use of stationary work stations where location information is less
dominant if not unimportant. Based on the findings of the case study, the fol-
lowing guidelines for designing context-aware applications for mobile telephony
are proposed:

1. Provide context information at the time of the users’ need
2. Make sure that it is not more desirable for the user to obtain the facilitated

context information in another way, e.g. verbally
3. When context information is too complex to support technically it can be

broken down to sub-information for the user to interpret

Each guideline is exemplified by context information from the case study:
Considering guideline 1, for example, the context information of ‘present activity’
is not relevant to anyone at anytime; it should be displayed only to potential
callers, for example after the number is dialed, but before the call has been put
through. The second guideline is derived from the result that users often want
to infer context information verbally. Context information such as location of
the receiver is also difficult to acquire technologically; displaying the position of
the user’s closest GSM antenna will in many cases only give a fragmented notion
of where the person is. Therefore this information is more easy communicated
verbally at the moment of communication. An example of applying the third
guideline relates to the participants’ need for relative time information. This
is a complex piece of information not measurable by technology; it is likely
that breaking the information down to display the next scheduled appointment
provides at least a partial notion of relative time.

From these guidelines it should now be evident that it is not appropriate to
use an overall definition of context to develop context-aware applications; the
context information differs according to the domain of interest. It is our belief
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that researchers should analyze context information for their domain in order
to facilitate the design of context-aware applications, instead of attempting to
provide an overall definition of context as a concept.

6 Conclusions and Further Research

We have stated how defining context in relation to context-aware computing
can lead to confusion about how context information should be handled in re-
search. We suggested limiting the definition to a special area, mobile telephony
and after reviewing work in context-aware computing, we presented the case
study, which provides the foundation for context information that comprise the
communication situation in mobile telephony. Finally, we provided three design
guidelines for developing context-aware computing in the area of mobile tele-
phony. We concluded that a wide-ranging definition of context is not useful for
for designing actual applications, but that each specific area needs to find which
context measures are relevant to support.

Because of the study’s qualitative nature, the suggested guidelines could ben-
efit from quantitative research. It should also be considered how people perceive
actual context-aware features in mobile telephony, to evaluate the actual need
for these interactive features and the provided guidelines.
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Abstract. In this paper we present our component architecture consid-
ering HCI as a technical service of a business component just like secu-
rity or persistence. The dialog between UI and business components is
managed by an interaction/coordination service that allows the recon-
figuration of components without modifying them. Such a service has
proved its interest in software engineering and we will show that it is
well adapted to handle adaptation of HCI.

1 Introduction

This paper deals with Human Computer Interaction (HCI) adaptation. Its motivation
comes from new requirements from ubiquitous computing where the desktop PC is
being progressively replaced or extended by new devices such as graphic tablets,
PDAs and mobile phones whose User Interfaces (UI) cannot be identical. Current
practices in HCI engineering still consist in developing one interface per target plat-
form. This case-by-case method entails extremely high development and maintenance
costs. Another requirement specific to a mobile application is to be dynamically
adaptable to the mobile users’ requirements (for example to be able to dynamically
load/unload new functional tasks). In the field of software engineering, components
and reconfiguration mechanisms exist, but these results have never been applied to
HCI. The originality of our component architecture1 is to consider HCI as technical
services of a business component (which contains only the application logical part)
just like security or persistence. So, we can manage the dialog between UI and busi-
ness components by an interaction/coordination service that allows the reconfiguration
of components without modifying their source code. Such a service has proved its in-
terest in software engineering and seems to be well adapted to handle HCI adaptation.

In the first section, we briefly present the kind of applications and adaptations we
target. The second section describes through examples our component model that al-
lows adaptation. Finally we conclude with our perspectives.

                                                          
1 This work is financially supported by the �Réseau National en Technologie du Logiciel�.
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2 Which Kind of Application? Which Kind of Adaptation?

We mainly target applications following Application Service Provider constraints. An
illustrative scenario is the case of a management firm building customized applications
specifically for each client. Applications are built from an existing library of compo-
nents such as Customer, Salesperson, Bill, and Stock. These components can be spe-
cialized and statically or dynamically assembled. We focus on two main goals.

The first goal is to allow a user to get a homogeneous and coherent HCI whatever
the device is. HCI must be adaptable to the device: a salesperson must be able to
transfer the application from PC to PDA and PDA to PC. UI components have to be
remodelled to follow screen constraints or device limitations. Many research works on
multi platform UI covers this problematic. Solutions are often built around markup
languages [7,8] that can be translated into concrete interface languages. Most of them
are too systematic and do not take into account plasticity of UI except recent works
such as [9,12]. Nevertheless, no solution is well designed for component specification.

The second goal is to fill the gap between the components assembly construction of
the application’s business side, and the classical single-component construction of the
application UI, which makes the HCI development and maintenance difficult. We
should be able to merge/unmerge UI components according to the business compo-
nents assembly. At design time, an application can be built from two components
statically assembled together (Customer and Bill in order to invoice the firm custom-
ers). But, sometimes, the assembly should be dynamic (at runtime). E.g., in order to
facilitate interactivity between the customer and the salesperson, the salesperson must
be able to dynamically load a Stock business component on his PDA and confirm
whether an article is still available or not. The new HCI has to integrate the Stock UI
components. In the following we will say that HCI must be adaptable to business con-
straints. In HCI research, no work directly addresses the problematic of merg-
ing/unmerging components at HCI level. Although classical component-based models
(EJB, CCM, .Net) generally propose a static components assembly in the components
integration step, only research works [2,3,4] allow dynamically adding or removing a
new component. Our solution is based on the independent language ISL and on the
interactions service Noah2 [1] which reifies interactions between components and al-
lows to dynamically changing the behaviour of components linked by an interaction.

3 Adaptation of UI Components

Our component architecture is based on three main parts: (a) the interaction service
which prepares components for interacting together and its associated interaction
server which stores interaction patterns and binds/unbinds components with interac-
tions (cf. [1] for details on this part), (b) the UI components associated with their
business components (cf. 3.1), (c) the merging service for UI components (cf. 3.2).

                                                          
2 Noah is currently available for the Java RMI and Java EJB platforms. Other implementations

of this interaction model have proved its generalization.
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3.1 A Component Architecture Integrating UI Components

The originality of our component architecture is to consider HCI as an orthogonal
property of a business component. So we split UI in standalone components. In this
architecture, a business component can be connected to its UI components by means
of software interactions. In this case, these interactions represent the communication
controller (as in the Arch model [6]). For example, the Customer business component
can have two kinds of HCI: one for the customer and another one for the staff service.
In the component architecture, the interaction server allows to register and use inter-
action/coordination schema to assemble business components and to interact with their
technical components3. In Fig. 1, the interaction Controller between a component
Customer and its graphical representation contains a rule that implies updating the
Customer’s logical name when the widget Name is modified. When the Customer and
its UI component are unbound, the Customer is no longer visualized.

Fig. 1. UI and Business Components

In our model, the UI component contains two parts described by a UI specification:
the abstract UI and one or several concrete UI (cf. Fig. 1). The UI specification is de-
scribed with a small platform independent language, SUNML (for Simple Unified
Natural Mark up Language) similar to other multiplatform mark-up languages.
SUNML has the particularity to be simple and adapted to structural assembly. The few
available abstract widgets of this language (Interface, Dialog, List, Element and Link)
can be assembled in order to represent a larger range of abstract widgets (like menu
and matrix). The abstract UI is the SUNML object reification (abstract tree). Render-
ers project the abstract representation into concrete UI in specific platform languages
(for instance Swing, VXML and HTML renderers).

                                                          
3 The interaction model enforces the commutability and associability of integration i.e. these

components can be merged in any order without changing the integration consistency.
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3.2 A Component Architecture Helping UI Components Merging

The software interactions maintain the consistency between business components and
their potential HCI. To manage dynamic adaptation, this solution allows to dynami-
cally changing the UI representation of the business components and its corresponding
interactions, depending on the context. This aspect needs a set of predefined interac-
tions patterns and SUNML specifications for this application. The structural assembly
of a UI component can be expressed statically in a SUNML file or dynamically com-
puted using the abstract UI. The structural merging/unmerging service manages dy-
namic assembly using a specific UI merging language based on merging rules (union,
intersection, selection): e.g. the union operator is used when the merged UI should
correspond to the union of each set of widgets, and the substitution operator when a
widget common for each merged UI should be unified (Fig. 2). The resulting assembly
becomes a new UI component, which can be assembled or rendered as the other UI
components.

Fig. 2. Structural merging of UI components

4 Conclusion

In this paper, we have briefly presented the specificity of our component-based archi-
tecture. One of the main advantages of SUNML is that it provides a HCI component-
based construction which allows reusing existing HCI components. SUNML is simple
but this could be considered as a disadvantage due to the limited usability of the gen-
erated UI. Moreover the renderers do not integrate the checking of interface plasticity.
The main difficulties will be to solve plasticity problems of component merging. Our
objective is to propose a programming environment integrating HCI adaptation. The
first implementation of this environment already contains a SUNML editor and parser,
Swing and VoiceXML renderers, a merging service, the Noah server and the Noah
service. The programming environment is under development. We will improve its fa-
cilities to change one of the basic components (e.g. SUNML parser) and to add new
components (e.g. a renderer). So we are optimistic on the integration of HCI research
results such as user interface plasticity [10] and context specification tool [11]. In the
future, we aim to deal with distributed HCI. In this case, the abstract part could be lo-
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cated on the server side and the concrete parts on several devices. For this purpose, we
intend to use the Noah server, which allows the components to run on different de-
vices at the same time. Finally, the HCI could be migrable, thanks to the user interface
abstract reification, which can maintain HCI data.
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Abstract. Augmented Reality technologies, which enable virtual object
overlay on real images, are useful for interactive tele-instruction.  Cur-
rent advances in mobile computing and imaging technologies enabled
image capture on small mobile devices (e.g., PDA's) using micro cam-
eras.  However, this imaging capability is not being efficiently lever-
aged, not yielding many useful applications.  In this paper, an interac-
tive mobile tele-instruction technology is described where an on-site
non-expert can be instructed using graphics and text annotations created
by an off-site expert.  For tracking and 3D visualization, augmented re-
ality technologies are applied.

1 Introduction

Augmented Reality (AR) is a human computer interaction technology used to enhance
the user's perception of and interaction with the real and the virtual environments [1].
Using AR technologies, users can perceive computer-generated virtual objects as well
as the real environment.  Applications of AR include assembly [2], architecture [3],
medicine [4], and collaboration [5].  AR technologies can be also applied to tele-
instruction and tele-manipulation through superimposed graphical and text annotations
composed by remote experts.  On-site users, instructed by virtual information, are able
to interact with the user's real environment, and successfully perform given tasks.
This tele-instruction system, if implemented on mobile device, is a mobile and col-
laborative AR system [8].

Recent advances in mobile technologies allow for applications that require higher
computation than before.  Wireless communication services also become easily acces-
sible in wide range of area.  For example, Korean government, in cooperation with
Intel Korea and LG-IBM, started �Mobile Jeju� project to provide wireless LAN
services over Jeju island.  In addition, micro cameras are available for PDA's and
mobile phones. Therefore, mobile technologies combined with wireless communica-
tion services form basis for AR-based tele-instruction systems.

There are several issues for mobile tele-instruction system design: mobile comput-
ing power, device categories, image analysis & pose computation, and interactive AR
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authoring.  n this paper, these design issues are discussed.  Interactive AR technolo-
gies are also introduced including pose computation, 3D feature calibration, graphics
overlay, and AR authoring.  Lastly, implementation methods of marker-detection and
pose computation are described.

2 System Architecture

For mobile tele-instruction, two types of sensory information can be provided to the
on-site users: visual and aural information.  Aural communication is convenient for
general information exchange including questioning and answering.  Visual informa-
tion is effective when the text information is spatially linked to a specific part of the
real environment or when the information takes graphical form.  AR technologies are
used to maintain spatial linkage between the real environment and virtual text or
graphical information.

The scenario of our tele-instruction system is as follows.  The on-site user posts
questions with two or more snap shots of the user's real environment.  The remote
expert provides answers with relevant text and graphical information (instruction) that
are spatially linked to the real environment.  Three-dimensional positions of certain
points are computed to build spatial linkage between the virtual and the real objects.
The provided visual information remains visually linked to the real environment im-
ages as the on-site user pans or zooms in the environment while practicing the instruc-
tions (Fig. 1).

For AR-based mobile tele-instruction system, several tasks are required:  interac-
tive AR authoring, 3D feature calibration, image analysis and pose computation, and
virtual information visualization.  AR authoring is performed by a remote expert on
the remote server, while pose computation and visualization are generally computed
on the mobile client.  These components are depicted in Fig. 1.

 

AR Authoring
3D Calibration

 

 On-site User Remote Expert
Questions
Initial imagesImage Acquisition 

User Interaction 

Answers
Annotations (linked to RE)

View Changes 
Pose Computation 

& Visualization 

 

Interactive AR Authoring 
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Fig. 1. Mobile Tele-instruction System: Scenario (left) and Main Components (right)

3 Design Issues

In this section, mobile tele-instruction system design issues are introduced and dis-
cussed. The issues include mobile computation, mobile device categories, image
analysis & pose computation, and interactive AR authoring.
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3.1 Mobile Computation

On desktop, notebook, or wearable computers, AR systems are performed in real-
time: in most cases, frame rates are above 10 fps.  However, despite of recent ad-
vances in mobile technologies, real-time image processing, and hence, real-time AR
tracking and visualization are not feasible for small mobile devices such as PDA's and
mobile phones.

Alternatively, still images can be used to provide instructions and virtual annota-
tions on user's hand-held mobile units periodically (e.g., every one second) or on
user's request.  Because augmented images are displayed on user's hand-held devices,
non-continuous display would not much reduce user's perception of the environment.

3.2 Mobile Device Categories

Small mobile devices can be categorized mainly into PDA's and mobile phones.
PDA's provide stylus and touch-screen that are useful for user interaction, especially
in AR-based tele-instruction.  Graphics capabilities of PDA's have been also ad-
vanced.  As an example, 3D graphics libraries are available for Windows CE based
PDA's [7].  Owing to technology availability, image analysis, camera pose computa-
tion, and 3D virtual information visualization can be performed on PDA's (Fig. 2).

Remote Server

Mobile Client

Remote Expert
Wireless communications

On-site User Interactive AR 
Authoring 

Image Analysis &
Pose Computation
Virtual Info. 
Visualization 

Questions 
(aural, visual) 
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        3D models) 

3D Feature 
Calibration 

Fig. 2. Tele-instruction System for PDA's
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Fig. 3. Tele-instruction System for Mobile Phones

On the contrary, user-interaction and graphics capabilities of mobile phones do not
meet the requirements of AR-based tele-instruction.  The computational capabilities
are also below the requirements of image processing and other computations.  For
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tele-instruction on mobile phones, arrow keys can be used, in place of stylus, to select
a region from the sub-areas (grids) of the captured image.  Image processing, pose
computation, and graphics overlay can be performed on the remote server based on
the images sent to the server.  The resulting augmented images can be transferred back
to the on-site client (Fig. 3).  The Role of mobile phones is to send acquired images to
the remote server, and display the received augmented images.

3.3 Image Analysis & Pose Computation

Images produced by micro cameras of mobile devices are of low quality, and may be
involved in high degrees of lens distortion and lots of noise.  Lens distortion can be
recovered by off-line calibration.  Use of Gaussian filters can reduce noise in the im-
age.  In order to reduce computation for image analysis, simple artificially-designed
markers can be used.  Three or more of these markers (with their known 3D positions
and detected 2D image space positions) can be used for camera pose computation.

Low computational pose computation methods can be also employed.  Instead of
optimization methods or iterative methods, which require initial estimates, closed-
form methods can be used for marker-based pose computation.  Multiple solution
problems of closed-form methods can be solved by switching between solutions based
on user's selection.

3.4 Interactive AR Authoring

Virtual annotations can be interactively created by remote experts.  To build spatial
linkage between the real environment and the virtual information, 3D positions of
certain features need to be calculated.  With two or more images, 3D positions can be
recursively calculated [6].

Rotation Push / pull

Fig. 4. An Example of 2D Graphical Annotations

Given 3D positions of certain points, virtual information can be rendered in the
forms of text, 2D graphics, and 3D graphics.  Text can be used to add explanation to
certain parts of the environment.  In most cases, 2D graphics is enough to provide
assembly or maintenance instructions.  For example, frequently-used instructions such
as rotation and push / pull can be denoted using 2D graphical primitives (Fig. 4).  For
rendering 3D objects (e.g., CAD models), 3D graphics libraries [7] can be used.

4 Implementation and Conclusion

Major parts of the AR-based tele-instruction system have been implemented targeting
a PDA-based tele-instruction applied to copy machine maintenance.  In this applica-
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tion, an on-site non-expert asks for remote expert's instruction in case of copy machine
mal-function.  The image analysis, pose computation, and 2D / 3D visualization are
performed on the PDA, while interactive AR authoring and 3D feature calibration are
performed on the remote server.

To reduce computation, low computational methods were employed.  For image
analysis, a simple blob search algorithm was used to search for dark markers under
favorable illumination conditions.  When marker detection algorithm fails, users can
use stylus to manually point on the markers.  These markers are used for camera pose
computation.  For pose computation, classical three-point method was used [9].

In this paper, a low computational AR-based tele-instruction method was intro-
duced.  Using this method, dynamically created virtual information can be rendered on
user's mobile device periodically or on user's request.  The virtual information pro-
vides step-by-step instruction to the on-site user.
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Abstract. This study generally is purposed to develop a mobile
augmentative and alternative communication system (hereinafter
referred to as "a mobile  AAC system"). Also the device is aimed as a
mobile AAC system for HCI, allowing a handicapped person to make a
general communication with others in a free and convenient manner.
This study specifically presents a method of predicting predictions,
which contributes to reducing the size of the mobile system. This
method includes selecting vocabulary and classifying it by domains so
as to meet the characteristics of the  mobile AAC communication, using
a noun thesaurus for semantic analysis, and building a sub-category
dictionary. Predicting predicates by selecting symbols in accordance
with this method is tested and the utility thereof is confirmed.

1 Introduction

Our society rapidly changes as information communication technology develops, and
our daily life greatly becomes convenient.  The progress in technology allows us to
easily get data in a desired format in a desired place. However, the technology of
processing language mostly depends upon inputting words by using a keyboard.
Handicapped people, who have problems in using a keyboard to input words, are left
isolated from various information.  Although systems utilizing the voice-recognition
technology are developed, such is never helpful to auditorily handicapped persons
who can talk only with finger language.

So they have to be assisted by other devices. A variety of a mobile AAC devices
and techniques are now existing. One of them is the sentence generation system
which should be adaptable to mobile AAC(augmentative and alternative
communication). It should be made as easy for the users as possible. So we use pre-
stored messages and message prediction techniques(1). Both methods are called
acceleration techniques because their purpose is to increase the speed of
communication.  Most of the word-based techniques use a frequency of use for word
prediction.  The software presents word choices based on previously written words(1).
Sometimes they also use abbreviation expansion system, but users must memorize a
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lot of encoded words(2). Recently it has been developed by selecting semantic symbol
by users and lexical sense analysis for prediction(3).

This study  presents a method for predicting predicates, thereby allowing the size
of the system to be reduced.  The method includes building a noun thesaurus based on
concepts used to browser information in a natural-language process and building a
sub-category dictionary.

2 Classification of Vocabulary

Since the device is aimed as a mobile AAC system, situations of conversation and
type of handicaps should be considered, and vocabulary is required to be collected
and classified in accordance with ages.  Domains are classified into restaurant, home,
transportation, shopping and hospital etc.  Vocabulary frequently used regardless of
place is classified into a main vocabulary section.

The purpose of classifying vocabulary is to provide users with mostly frequently
used terms or vocabulary in a specific place so that the users can easily select desired
vocabulary. If the vocabulary is classified in accordance with domains, prediction
reliability will increase.

Each domain is provided with the vocabulary found in finger-language related sites
or general conversation texts and the vocabulary selected by those who are engaged in
the special education. The vocabulary is classified into words/expressions for the
input part and words/expressions for the predicate prediction part. The input part
mainly includes nouns, each of which has a corresponding semantic symbol, and the
predicate prediction part includes verbs, adjective-form verbs and application form of
verbs. The domain of place is divided into regions such as home, restaurant,
transportation and hospital. The vocabulary is classified in accordance with regions.
Greeting expressions and auxiliary words are classified to belong to the main
vocabulary section.

3 Method for Predicting Predicates

The Korean language is called as a "situation-centered language", since situation,
meaning and context play a more important role rather than syntactic characteristics.
Predicts are modified by complements to specifically express a situation.  The use of
complements are restricted depending upon the situation expressed by predicts, which
is called "sub-categorization."  Thesaurus refers to a dictionary that shows a hierarchy
of the vocabulary including predicts and words meaningfully related thereto. The
vocabulary is arranged by separating a sentence into an input part and a predicate
prediction part. A semantic symbol corresponding to a noun is formed by morphemes.
As for nouns, a semantic symbol for each noun is provided, thereby building up
database based on concepts.

In order to predict predicates, required is a step of deriving what is desired to be
expressed by matching the meanings of the vocabulary, as represented in a noun
thesaurus, and the situations expressed by predicates, as contained in a pattern
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dictionary, with the semantic dependency.  This is referred to as a "limited selection, "
and predicates are predicted by the limited selection. Predicate application forms are
classified by domains. Field for predicate application enables making various
sentences and changing basic predicate forms to desired application forms.

A sub-categorization dictionary is build up based on the thesaurus, sentence pattern
and predicate application forms. The sub-categorization dictionary includes basic
forms of predicates, application form, and nouns related to predicates, and
postpositional words, together with the meanings thereof. The sub-categorization
dictionary is based on the reference numbers of sentences, application forms of
predicates, and postpositional words to be added to nouns that are inputted.
Thesaurus dictionary of nouns and sub-categorization dictionary are build-up and
predicates for an inputted semantic symbol are presented by the limited selection.
The mostly often-used predicates are located on the very top of the pop menu.

Input   noun

Display Verb by selection restriction

Verb�s application selection

Selectioned Verb is Positioned in top of pop-up m enu

Sentence generation

thesaurus RESETsubcartegorization

Verb box

Postaffix auto input

Fig. 1.  Flow of  Formation of  Sentence

4 Results

The transportation domain is taken as an example for explaining the structure in
accordance with the a mobile AAC system.  Main vocabulary that is often used
regardless of place, including greeting words, is provided on the right side.  The
vocabulary for each branch is provided at the center, together with their semantic
symbols.  The semantic symbols for the same branch are located near one another, so
that those related semantic symbols are easily accessible.  The semantic symbols
belong to the identical branch are colored with the identical color so that symbols for
a branch can be clearly distinguished from those for another branch.  The semantic
symbols are pictures associated with the meaning of the vocabulary, which are
provided together with words so that a user can easily recognize what the symbols
mean.  However, since semantic symbols specifically used for the mobile  AAC
system have not yet been developed, the images, as included in the clip art, are
instead employed.
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When a user selects a semantic symbol, the message, "the selected word," appears
before the word corresponding to the symbol is displayed.  If the right side of the
mouse is clicked the semantic analysis and the limited selection for the word are made
on the basis of the noun thesaurus and the sub-categorization dictionary.  Fig. 2 shows
how the corresponding phrase is outputted and possible predicates are presented by
the limited selection on a pop-up menu, when "train ticket for Pusan" is inputted by
the corresponding semantic symbol.  The predicates are presented in basic forms
thereof and also provided with the marks such as . ? !  , which are required when the
type of sentence is changed.  If a user selects the basic form of predicate, the predicate
is converted to a desired application form.  Postpositional words are properly added
before a complete sentence is produced at the top of the right side.

Fig. 2.  Structure I in accordance with mobile  AAC System (Predicted Predicates)

Fig. 3. Structure II in accordance with mobile ACC system (Completion of Sentence after
Predicate Selection)
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Figure 3 shows the process for producing a complete sentence, which includes
selecting a semantic symbol, selecting a desired predicate on a pop-menu, selecting a
desired application form of the predicate, and adding proper postpositional words.

Further, in order to increase the accuracy in predicting predicates, predicates once
selected by a user may be seen on the very top of the pop-menu, when the next
predicate is selected.  As a result, frequently used predicates are located on the upper
part of the pop-menu.

5 Conclusion

The mobile  AAC system is a kind of communication device for handicapped people.
In the system, a method for predicating predicates is provided, thereby reducing the
size of device.  Noun thesaurus and the sub-categorization dictionary are build up,
which enables predicting predicates.  Application forms of predicates are presented to
provide sentences more suited to a conversation. According to the system,
postpositional words are properly added to nouns, thereby helping a user having a
limited knowledge of grammar to make a perfect sentence.  It is not easy to symbolize
all the vocabulary in a limited-sized device.  In particular, it is more difficult to
symbolize predicates than nouns, because specifying states or actions meant by
predicates into symbols is not simple work.  Thus, an attempt to predict predicates by
the semantic symbolization is so desirable.  The system, in combination with a
synthetic voice system, will be developed to be a conversation system.

Our country is yet in the infant stage in developing a mobile AAC system, while
other advanced countries have seen some progress in studying the related field, while
developing various models.  The currently developed a mobile AAC system does not
apply to all types of handicapped.  The present study is purposed to develop terminals
for handicapped people in terms of intellectual human interface, which will contribute
to upgrade the level of the existing terminals.  Accordingly, in order to realize more
substantial a mobile AAC system, a complex study on various fields including a
mobile AAC system's size, weight, design and electronics is required.
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Abstract. Navigation support will form a critical component of future
mobile computing systems. However, the ability of people to navigate
in unfamiliar environments can vary substantially. In this paper, it is
argued that the current generation of mobile devices and associated
software does not adequately support the navigational requirements of a
broad segment of users and that alternative strategies and design criteria
need to be considered.

1 Introduction

Mobile computing is likely to be the next major computer-usage paradigm. As such,
the area remains the focus of much research as advances in pervasive computing,
wearable computing and location-aware computing testifies. One service that is
considered fundamental in future mobile computing environments is that of
navigation support. Such support could encompass an electronic map with the user's
position highlighted in real-time or, perhaps, route planning and direction giving.

Researchers have known for some time that males and females adopt different
strategies when navigating in the real world [1]. The reason for this difference,
possible routed in anthropology, is still unclear but indications are that males have a
somewhat higher spatial ability than females. Though navigation aids are starting to
proliferate under various guises, there are no indications that the differing spatial
abilities of their target population are being considered and addressed. In short, the
female population is currently at a disadvantage when using current navigation tools;
a disadvantage that may have serious ramifications when carrying out their everyday
work. A critical challenge for researchers in mobile HCI is to identify design
principles that can compensate for and ultimately eliminate this disadvantage.

In the following sections, the current state-of-the-art in electronic navigation is
briefly outlined. After this, Gulliver's Genie, a mobile electronic tourist guide is
introduced. The results of evaluations conducted on it are then analysed and discussed
in terms of the gender differences that emerged.
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2 Advances in Electronic Navigation

Though there exists quite a number of technologies that can be used to determine
position, techniques using satellites are by far the most prevalent The Global
Positioning System (GPS) is the most popular system at present and is being used in
many diverse areas. Reasons for its success include among others, reliability and
worldwide coverage. GLONASS, deployed by the Russian Federation, offers similar
features to GPS. It is important to remember that both GPS and GLONASS were
designed with military applications in mind and remain under the control of their
respective defence ministries. More recently, the EU have launched the Galileo
initiative, a system oriented towards the needs of civilians and includes safeguards
regarding the status and reliability of the positioning signal. Galileo is scheduled to be
fully operational by 2008. In the meantime, significant effort is being expended in the
area of Satellite Based Augmentation Systems (SBASs) which seek to augment the
original GPS signal with addition data leading to more accurate position readings.

An alternative to satellite techniques includes approaches based on the topologies
of cellular telecommunication networks. The impetus for research into such
techniques came from the FCC's E-911 directive, which stipulates that network
operators must be able to pinpoint an emergency call to within 100 meters on average.
Technically, deploying networks that utilise these techniques has proved somewhat
difficult. However, the next generation or Third Generation (3G) of cellular networks
will actively support a number of such techniques.

3 A Mobile Electronic Tourist Guide

A portable electronic guide that tourists could carry around with them while exploring
a city is regarded by some as an archetypal mobile computing application. A number
of prototypes of such systems have been developed in the laboratory, for example,
CRUMPET [2] and GUIDE [3]. Likewise, a number of commercial products have
also been developed including Vindigo [4] and Port@ble Guide [5].

3.1 Gulliver's Genie

Gulliver's Genie [6] was developed to provide navigation and location-aware services
to tourists. An additional benefit that it can offer is a better understanding of how
tourists act when exploring an outdoor environment. The system is hosted on a PDA
which is connected to a set of back-end servers via a wireless data connection. GPS is
used for determining position and a suite of intelligent agents has been developed for
anticipating the tourist's requirements. Adaptivity is a key principal underpinning the
Genie so all information presented to the tourist has been adapted to their location,
orientation and interest profile.
Navigation support is delivered via a geocoded electronic map. In essence, this is an
electronic image of an appropriately scaled map that has been tagged with such
information as facilitates the swift resolution of a GPS position into its corresponding
point on the electronic map. The map itself, supplied by the local municipal authority,
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shows routes and buildings. However, any item that is of likely to be of interest to
tourists has been highlighted and labelled (Fig. 1). As the tourist explores their
environment, their position and orientation on the map is highlighted and
continuously updated. In this way, they can see their position relative to the various
attractions at a glance. The option of explicitly scrolling the map is also available.

Fig. 1. The Genie's navigation screen. In this case the tourist is approaching a church

3.2 Evaluation

A thorough user evaluation of the Genie has been carried out here on the campus of
University College Dublin. Though relatively modern, the campus contains a number
of historical building as well as being adorned with various works of art. Participants
were invited to take a tour of the campus with the Genie for about 40 minutes.  On
completion, a questionnaire was filled in which, amongst other things, tried to
ascertain how they rated the Genie as an aid when navigating. The sample group
consisted of 40 subjects of which less than half were female (46%). Though most of
the participants had some experience of computing, a small majority (56%) did not
have any prior experience of PDAs. Initial reaction to the Genie was favourable with
over 85% of participants indicating satisfaction with the system. From a navigational
perspective, just over half (51%) identified navigation support as the Genie's most
important feature. It also emerged that females were significantly more dependant on
external aids such as maps (t(35) = 2.03, p < 0.05) and guides (t(35) = 2.65, p < 0.05).
To identify differences when using the Genie and to formulate solutions for a better
design that would address the specific needs of female users, we investigated both
sense of direction and the manner of using the Genie. Without identifying statistically
significant differences, the males' sense of direction surpasses the females' sense of
direction. In fact, twice as many females (40%) consider their sense of direction as
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poor or average, against 21% of males who gave the same estimation (Fig. 2). With
respect to the manner of using the system, we identified a difference regarding the
rotation of the device. When asked about the Genie's support for orientation, female
users admitted to rotating the PDA so that the map coincided with their own
immediate heading significantly more often than males (t(35) = 2.09, p < 0.05).
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Fig. 2. Users' sense of direction

3.3 Implications for Navigation

Results of the evaluations clearly indicate that users see navigation support as a useful
and desirable feature. Findings suggest not only the necessity but also the means for
improving system usability to specifically address the needs of female subjects, a
significant segment of potential users.  The option of being able to ascertain their
position at all times was an attractive feature and helped in maintaining good position
and orientation awareness. Naturally this provided a comfort and reassurance to some
thus facilitating a more proactive and adventurous approach to exploration.

3.4 Some Possible Solutions

Some clues as to how the navigation issue might be addressed have been gleaned
from further analysis of the evaluation feedback.

• Automatic map rotation which would match the user's heading: This solution is
suggested by the previously presented findings, as well as being mentioned in the
users' answers regarding system improvements.  This (optional) facility would
enable users gain a better spatial awareness and orientation. The position on the
map and its corresponding position in the real world would be easily identified
thus reducing the cognitive overload associated with the manual rotation of the
device.

• Improved Position: While GPS enables position readings to within 20 meters on
average, this can make the association between one�'s actual position and that on
the electronic map somewhat difficult. If an SBAS can be used, readings of up to
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five meters in accuracy can be obtained thus improving the situation
dramatically.

• 3D Interface: Augmenting the electronic map with its 3D equivalent was another
suggestion as to how the interface might be improved. In this case, the user
would have the option of selecting their preferred mode. When using a 3D
interface, the user would have the 3D equivalent of the real world in front of
them. However, the success of such an approach is closely related to the
availability of more accurate position readings as any divergence between the 3D
scene and its geographic equivalent would be even more pronounced than when
using a normal 2D map.

4 Future Work

An immediate priority is to improve the accuracy of the position readings available to
the Genie by using an SBAS, probably the European Geostationary Navigation
Overlay Service (EGNOS). Different applications involving 3D representations of
real or virtual environments have been developed with the purpose of improving
user's navigation. However, few attempts have been concerned with the usability of
PDA devices supporting navigational tasks. Tourist attractions could be emphasised
by presenting them in a 3D form at the user's request, in the context of a 2D map. This
would enable the users to maintain their orientation due to the bird's eye view
afforded by the 2D map, as well as providing additional information on landmarks of
interest. Therefore, the development of a mixed 3D landmark representation in the
context of 2D maps, is another direction which should be tested by further studies.
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Abstract. The successful and effective mobile services of the future
will be those that meet the needs of users. Therefore, any mobile
service design project must have the needs of users paramount in its
thinking. In order to keep the characteristics and needs of a user
population to the fore throughout design and development, the
technique of Personas is examined. This technique involves creating a
set of composite characters to represent a target population. An obvious
challenge is the choice of the set of Personas to represent a given
population. This paper discusses how this choice might be made on the
basis of a statistical analysis of a user population.

1 Rationale

People vary in their needs and therefore HCI professionals need valid ways of
capturing this diversity. Too often, these individual differences can be overlooked and
talk of �the user� may focus on qualities or attributes that are not grounded in data.
Further, when data has been collected it is important that it is communicated in ways
that are easy-to-understand and memorable. To address these points we explore the
use of �Principal Components Analysis� and �Personas�. We argue that these
techniques have a place in the toolkit of HCI professionals.

2 Background:
Can Technology Enable Community Interaction?

The examination of the techniques presented here comes from the work of the
NOMAD project. This project, begun in 2002, is a collaboration between the Irish
Institutes of Technology at Dun Laoghaire, Dundalk and Waterford. The overall aim
of this three year project is to study what technical, process or HCI design techniques
work best when designing for the mobile environment. In furthering this work
NOMAD is using a demonstrator application focused on enhancing the community
life of academic institutions with particular focus on student life.
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The campus environment contains a diverse user base ideally suited to
experimental deployment of innovative services. Full time and part time students,
support staff, academic staff, administration and visitors all interact with the campus
environment in many different ways, with differing objectives and utilizing both
manual and automated process.

The data here are designed to measure �Social Capital�. Whereas Physical Capital
refers to physical objects and Human Capital refers to properties of individuals, Social
Capital refers to connections among individuals � social networks and the norms of
reciprocity and trustworthiness that arise from them [1]. Technology may have a role
in enhancing social relations and Resnick [2] has coined the term
�SocioTechnicalCapital� to refer to productive technology-mediated social relations.

Given the goal of the demonstrator application it was felt that a study to measure
Social Capital in the student community would provide the basis for extracting
relevant Personas for the population. In our research we adapted an existing measure
of Social Capital [3] as a tool for understanding key user characteristics with respect
to the community of students. The target population were students in a particular third
level college. The on-line questionnaire was completed anonymously by students in
class.

3 Characterising the Mobile User with Personas

A Persona can be defined as a composite character that is used to convey key
characteristics of a population in a memorable fashion. For example, �Kate is a 30
year old school teacher who uses her mobile mainly for social purposes, she values
security etc.� By constructing a set of such Personas the key aspects of the
population's attitudes and behaviours can be captured. Although Personas originated
in field of marketing, Cooper [4] has presented a case for their use in design.

Personas act as a medium for communication. How many design team members
will read or remember detailed market research and usability reports? Personas take
advantage of the mind's ability to extrapolate from partial knowledge of people to
create coherent characters and project them into new situations [5]. For instance, in
attempting to answer questions like. �Why are we building this feature?� we can
instead ask �Would Kate use this feature?� The team may well develop a sense of
�Kate's� attitude to the feature by extrapolating their knowledge of �Kate� but in the
absence of specific knowledge of a single real user's attitude to the feature.

It is important to remember that this technique is not necessarily meant to replace
primary sources of user data but rather to complement it. In any case, Cooper [4]
argues that designing for any one external person is better that trying to design
vaguely for everyone or, worse still, specifically for oneself.

A key question in using this technique is how to choose a set of Personas for a
given user population. This can be carried out in a semi-intuitive fashion. Recently,
Grudin and Pruitt [5] have argued that Cooper appeals to intuition rather than data.
Instead they emphasize Personas constructed on the basis on empirical data. This
paper outlines an attempt by the authors to create a set of Personas from a statistical
analysis of a user population.
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4 Characterising the Mobile User
Using Principal Components Analysis (PCA)

Principal Components Analysis (PCA) is a multivariate technique enabling a large
data set to be simplified. When research reports contain only single variable statistics
about a population this does not tell you how the information is inter-related. For
example, if 50% of users want feature X and 50% of users what feature Y, this does
not tell you whether the same people want both or everyone wants either X or Y. The
truth is likely to be somewhere in between. When the list of questions expands we can
see that we need techniques for capturing the inter-relationships between data and
communicating these findings in ways that people find easy to grasp. In PCA,
variables that are correlated with one another and which are also largely independent
of other subsets of variables are combined. These factors are thought to represent
underlying processes that have created the correlations among variables.

Table 1. Principal Components derived from the data showing the questions with the highest
factor loadings

Principal Component 1
(High Social Capital) Factor  Loadings
Most people can be trusted 0.68
People in college can be trusted 0.56
All things considered I would say I am happy 0.55
There are several people at college with whom I can
discuss difficulties 0.58

Principal Component 2
(College/Neighbourhood Focus)
Inadequate transport is a barrier to being involved in
college life 0.59

Distance from home to college is a barrier to being
involved in college life 0.56

People in the neighbourhood where I live can be trusted 0.56

From a randomly selected set of eight classes across a range of subject disciplines,
85 students were asked to complete the questionnaire and 79 questionnaires were
completed. The responses to the questionnaire were coded numerically (i.e. Strongly
Agree=1, Agree=2, Neutral=3, Disagree=4, Strongly Disagree 5) and entered into an
SPSS spreadsheet for analysis.

Principal Component Analysis (PCA) was applied to the responses to the
questionnaire in order to help explain some of the relationships between variables.
The aim was to uncover patterns of responses that might be usefully represented in
Personas. In PCA, the linear combination of variables that accounts for the largest
amount of variance in the sample is the first Principal Component. The second
Principal Component is the linear combination of the variables, uncorrelated with the
first Component, that accounts for the maximum amount of the remaining variation in
the data, and so on. There are statistical considerations to how many Components
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should be extracted but here we focus on generating two Components � since that
would yield four Personas (any more Personas being unwieldy).

In order to assist the interpretation of the factors, they were rotated using the
Equamax method (a combination of orthogonal and oblique rotation methods).
Table 1 shows the questions that were highly associated with the first two Principal
Components. These groups of questions were examined in order to identify the
common underlying themes. These were defined as being �High Social Capital� and
�College/Neighbourhood Focussed�.

Therefore, all the individuals in the study can be said to vary along these two
dimensions and Figure 1 shows preliminary Personas derived from these dimensions.
The horizontal axis in Figure 1 shows increasing Social Capital; the vertical axis
shows increasing college versus neighbourhood focus.

5 Discussion

Principal Component Analysis is a powerful tool for data reduction that aims to
capture the underlying patterns in complex data. We have applied this method to the
problem of representing characteristics of the mobile user. The resulting profiles
summarize the characteristics that tend to go together measured by people's answers
to a questionnaire. These descriptions lead to particular Personas that would certainly
not have emerged from sifting through the questionnaires in an unsystematic way. We
would expect that the long term value is that the Personas built upon this data have
greater validity than those derived from a partial reading of the data or worse, from
imagination of researchers and software developers.

The results must be interpreted bearing in mind one aspect of human thinking that
is both a strength and a weakness: the ability to make projections based upon partial
data. This means that people will tend to infer characteristics of someone based upon
partial information. It is better to base this on data.

One question that emerges is whether Personas should have characteristics that are
more �central� or more �extreme�. On the one hand �extreme� characteristics may be
more memorable on the other hand they are less realistic.

One question differentiating people in the analysis is the existing degree of
affiliation (trust) they feel towards their college community. Can technology alone be
used to enhance or develop interaction between people who are already alienated?
This seems unlikely. However, if mobile information services are linked to existing
contacts (e.g. fellow students who are already known), there may be potential for
enhancing Social Capital.

So an advantage of these techniques may be to help a design team focus on a
Persona (section of the population) with the most potential for making use of a service
idea � in this context, it might be students who are focused more towards their
neighbourhood due to considerations such as distance e.g. �Hometown Harry�. The
eventual outcome is to allow developers to imagine �Hometown Harry� in a mobile
context and ask the question �would Harry use this feature?� and then to derive useful
answers.

Finally, the authors would like to thank their colleagues Aisling Hickey, Cyril
Connolly along with the anonymous reviewers for their help in preparing this paper.



480      John Greaney and Mark Riordan

Fig. 1. Personas developed from the Principal Components in Table 1. The scatterplot shows
individuals in the study in relation to the two Principal Components
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Abstract. In this paper, we describe a near-complete Pocket PC imple-
mentation of a Mobile Multi-Modal Interaction (M3I) platform for pe-
destrian navigation. The platform is designed to easily support indoor
and outdoor navigation tasks, and uses the combination of several mo-
dalities for presentation output and user input. Whereas 2D/3D-graphics
and synthesized speech are used to present useful information on routes
and places, fused input from embedded speech and gesture recognition
engines allow for situated user interaction.

1 Introduction

Mobile navigation services are becoming one of the more successful applications of
3G mobile communication. However, the use of a navigation and exploration system
on the go, poses special requirements on the design of appropriate presentation and
interaction techniques. This paper presents our M3I-platform, which incorporates
different presentation and interaction techniques to provide flexible and robust levels
of user interaction in an indoor and outdoor environment. Our M3I-platform is unique
in that it combines mobile 2D/3D graphics with synthesized speech generation, and
the fusion of both speech and gesture input through the use of multiple recognizers.
All of this functionality is embedded on a predominantly off-the-shelf mobile device.

Different approaches to mobile navigation and exploration services have been in-
vestigated in the past. Whereas first versions ran on laptops [1,2] with limited interac-
tion possibilities, more recent approaches use PDAs [3] that are equipped with touch-
screens and therefore allow for at least simple stylus gestures. Some of the newer
approaches combine 2D and 3D representations of the environment [4]. A strong
focus on distributed multi-modal interaction is demonstrated in [5]. Whereas all these
systems focus on single aspects of mobile multi-modal user interactions, the M3I-
platform presented here aims at combining all of these features on one mobile device
to support users in navigating and exploring the real world.
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2 Design Requirements

The navigation system allows a user to download predefined routes onto a PDA, and
then select a route for indoor and outdoor pedestrian navigation and exploration. The
navigation mode directs a user from start to destination through combined speech and
graphics output, as shown in Fig.1. The exploration mode relaxes the direction infor-
mation presented through speech and graphics, and instead allows the user to freely
roam or explore a place. The navigation mode is best suited when a user is either
under a high cognitive load (e.g. business people), or simply uninterested with their
immediate surroundings, while the exploration mode is best suited to people with
more time (e.g. travelers). For natural and flexible use, such a system must also be
multi-modal. Route descriptions may be presented via 2D/3D graphic visualizations
and an audio headset, and user input can take the form of combined speech and stylus
requests, incorporating objects on the PDA's display, or objects in the real world
around them (see Fig. 2). Possible user inputs are for example �what is that [ges-
ture]?�, or �describe this [gesture] church�. The language and objects that the user
refers to on the map, such as parks, churches, museums, and other buildings, must also
be known to the system. This requires the incorporation of dynamic speech grammars
and graphics that can adapt to a changing environment. Other features of the system
include the ability to zoom and to rotate the map (reduces the user's cognitive load in
associating the map with the environment [6]), a birdseye and egocentric view (ego-
centric shown in Fig.1 and 2), and a feature to record memos to geographical locations
on the map.

3 The M3I Navigation Platform

The pedestrian navigation system comprises a navigation server and a Pocket PC. The
Pocket PC component developed in C/C++, incorporates the IBM Embedded Via-
Voice formant-based speech synthesizer and dynamic rule grammar based recognizer.
The 2D- and 3D-graphics are generated via the embedded Cortona VRML1-browser.
A magnetic compass provides the user's (i.e. the PDA's) current facing direction used
in determining gestures. GPS provides further sensor information such as velocity and
direction, and is also required to locate the user when outside. Infrared beacons are
used to locate a user when inside. PDA communication with the server is via a stan-
dard HTTP connection, for example through a bluetooth capable GPRS/UMTS mo-
bile phone, WLAN, or a USB desktop connection.

3.1 GIS Server

The only part of this system that is not embedded on the Pocket PC is a custom made
GIS server, based on the open source GRASS2 project. It generates the graphic and

                                                          
1 Virtual Reality Markup Language
2 More information on the grass project can be found at http://grass.baylor.edu
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text-based route descriptions for a particular trip, and contains street names and very
limited landmark information. This is not currently being processed on the PDA due
to performance issues. Outdoor navigation is based on commercially available mate-
rial from NavTech, but data on indoor floor plans and detailed landmark information
(e.g. opening hours, cost and description) have to be modeled by hand. All informa-
tion that is necessary for the presentation and interaction is collected into a set of
XML files and passed to the embedded components of the M3I-platform.

3.2 Speech

The speech synthesizer receives navigational data such as street names, distance,
turning angle and landmark information from the XML files, from which it then gen-
erates appropriate route descriptions. Long, middle and short phrases are created for
each segment and presented to the user in combination with graphics.
The recognizer currently implements the use of static rule grammars that cover com-
mand-and-control functionality (e.g. zoom in), trip queries (e.g. where is my start?),
and simple multi-modal interaction (e.g. what is that [gesture]). It is now intended to
extend this functionality by incorporating dynamic rule grammars that can more
closely model objects on the map such as landmarks and streets. These objects are
generally difficult to manage because they change when a new map is loaded. Aside
from the base functionality provided by our static pre-compiled grammars, three sets
of dynamic grammars (see Fig. 1) provide extended interaction for the user.

The first dynamic grammar will allow for interaction with landmark types, while
the second will allow for interaction with specific street and landmark names. These
grammars will be created each time a map is loaded, but due to the large amount of
specific street and landmark information, the latter will only be activated upon re-
quest. A third grammar analogous to information found in tourist pamphlets (e.g.
description, opening hours, cost) will allow for detailed interaction with the individual
landmarks. This interaction is landmark dependent as the different landmarks includ-
ing parks, churches and museums all display significantly different characteristics. The
above strategy, in combination with our relatively small map sizes, and acoustic mod-
els designed for hand-held devices will allow for robust rates of user-recognition.

Fig.1. Static and dynamic speech grammars, and a PDA screen-shot of a route containing
landmark interaction objects



484      Rainer Wasinger et al.

3.3 Gesture and Sensor Fusion

The fusion of speech with gesture increases the flexibility and naturalness of a user's
interaction. It also supports a more robust level of interaction in that non-conflicting
but overlapped verbal and gesture segments (e.g. describe this [gesture] church') can
reduce the recognition search space. This also gives rise to the need to unify results, as
described in [7]. We use a blackboard architecture to capture the results of gesture,
speech and sensor input, and a media fusion module to combine these inputs based on
timestamps. Gesture input can be either intra, in that the user points to an object on
the display through the use of a stylus, or it can be extra in that the PDA is used as a
pointing stick to point at an object in the real world. Intra gestures are currently lim-
ited to �point-like' gestures that can be used to query landmarks, but we plan to extend
this to include �line-like' gestures that will enable the querying of street names. Intra
and extra gestures are both illustrated in Fig. 2.

Extra gestures are currently detected with the help of a magnetic compass/GPS CF-
Card from Pointstar that is inserted into the PDA. Based on the movement and the
position of the PDA, the system is able to answer requests on the landmarks that a user
is currently looking at. These sensors can also provide information on the user's ve-
locity (e.g. stopped, walking, running), and whether the device is being looked at by
the user. This allows for better adaptation of the presentation, for example by placing
higher importance on either the graphical or speech modality. Sensor fusion is also
used to improve localization by combining information from infrared beacons, GPS
and the magnetic compass. A further improvement is achieved through map-matching,
i.e. snapping the user to the closest point on a route segment of their current path.

Fig. 2. Intra and extra gestures respectively

3.4 3D Graphics

The graphics architecture of the M3I-platform is based on the Cortona VRML 3D
component, which consists of three layers. The bottom layer deals with the loading
and rendering of the 3D-VRML scene. All visible objects are represented as nodes in
a scene graph, and interaction through gesture is provided by adding touch-sensors to
geometry nodes. The middle layer provides a generic C++ class that implements the
functionality to model interactive 3D objects as a complex collection of basic VRML
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nodes, and provides simple methods for creation and localization. On the upper layer,
the application derives classes to represent landmarks, users and media-icons from the
generic 3D object class. These classes store all symbolic information about the object
such as name and description, and also define the individual 3D geometry in VRML
code. The consistent object-oriented representation of all localized objects in the ap-
plication, allows for the handling of both data and graphics by a single object refer-
ence. This simplifies the unification of object references in the media fusion module,
based on timestamps.

4 Conclusions

In this paper we have described the design issues arising in the implementation of our
M3I-platform for pedestrian navigation and exploration. The platform combines
2D/3D-graphics and synthesized route descriptions, with combined speech and gesture
recognition. It is unique in embedding all of this functionality on a mobile device. The
system is near completion and has been demonstrated in the German cities of Saar-
brücken and Munich for both indoor and outdoor use. Future work will take the form
of user studies, and we plan to make parts of the M3I platform publicly available on
completion.
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Abstract. Breakthroughs in mobile and wireless technologies have rev-
olutionized the world in virtually every aspect. While much work has
been and is being done regarding the opportunities and challenges aris-
ing from these technologies, much less exists on the unique opportunities
and implications the same devices present and raise to users with special
needs. Furthermore, the existing little work is normally specific to only
a certain type of disability or device. While addressing a specific type of
disability or mobile device has its place, it is also significant to ensure
that one is operating based on a holistic perspective/framework of the
entire audience of the disabled mobile device users.

1 Introduction

Advances in mobile and wireless technologies have, to a great extent, revolu-
tionized the world. A user carrying out one or many parallel activities, from
virtually anywhere at anytime while at the same time interacting with other
user(s) has become commonplace. While the opportunities, challenges and ben-
efits stemming from mobile device usage are clearly evident and widely published,
much less exists about the unique opportunities and requirements mobile devices
present and pose to users who have special needs. There have been and are var-
ious efforts pertaining to mobile devices and users with special needs. Most of
the efforts have addressed the two arenas as two independent or separate as-
pects. Surprisingly enough, the few research efforts that cover both arenas are
normally specific to only a certain type of disability (or even device). We should
quickly point out that we do commend such efforts as they venture to ensure
that a certain type of disability (or device) is addressed to reasonable depth.
While we acknowledge that addressing only a particular type of disability (or
mobile device) has its place, we do however find it also worth to operate based
on a rather comprehensive or holistic framework of the entire audience of the
disabled mobile device users. A few related efforts are discussed in the sequel.
� The work presented in this paper is funded by the Italian Ministry for Ed-
ucation, University and Research (MIUR) through the MAIS (Multichannel
Adaptive Information Systems) project. More information can be found at
http://black.elet.polimi.it/mais.
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Fellbaum’s enlightening work on general speech and hearing technology [1]
has some hints on the same technology with respect to the deaf and the speech
impaired. Although Freitas et al [2] focus on mobile phones, their work does par-
tially propose various ideas that can be helpful toward meeting the special needs
of the disabled and the elderly. Abascal et al [3] explore various implications
on the elderly, emanating from the use of mobile phones. The research effort [4]
presents display techniques to aid visually impaired users by the enhancement of
the screen objects whereas [5] focuses on the use of haptic interfaces for motion-
impaired users. Though existing accessibility standards e.g. the ones proposed
by ETSI 1 often pertain to the wide arena of Information and Communications
Technologies (ICTs), they have resourceful information that can be exploited in
mobile computing to support users with special needs.

The primary purpose of this paper is to describe the unique opportuni-
ties that mobile devices present to users with special needs such as the dis-
abled/impaired, the elderly, and the sick. Rather than focusing on a certain
type of disability or mobile device, the paper presents the discussion based on
a more holistic perspective of this type of user audience.

2 Opportunities for Users with Special Needs

This section starts by presenting an analysis of the unique opportunities for users
with special needs that are offered by mobile devices. It should be pointed out
that such users do have special requirements. Toward ensuring that their special
needs are catered for, this section later describes various approaches that can be
used to address the special challenges facing such users in the context of mobile
computing.

2.1 What the Mobile Devices Offer to the Disabled

The core benefit concerning the use of mobile devices for disabled users is that the
devices’ mobility and connectivity can assure the users a constant “companion”.
The applications of mobile devices for disabled users fall in the following three
classes:

Mobiles as an Aid to Carry Out Functions: Mobile devices can host ap-
plications that permit the users to be actively involved in everyday activities, as
though they were not disabled e.g. the physically impaired can use the devices
to remotely instruct PCs [6] or even lifts, doors, ATMs, etc.

Mobiles as a Means to Communicate: Since the devices are mobile and
can be connected, the disabled users can always carry them and communicate
with them. Communication from virtually anywhere is hence rendered easier.
In fact, the devices can function even when the user’s inherent communication
functionalities are impaired [7].
1 http://www.etsi.org
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Mobiles as Assistants: Mobile devices can exploit the context which is in
itself a great opportunity for the disabled e.g. advising the users of particular
dangers, acting as guides, etc.

Besides the foregoing direct opportunities deriving from the increase in avail-
ability, there are also some indirect opportunities arising from the use of mobile
devices including:

Non-conventional Interactions: Many of the standard settings are no longer
applicable in mobile computing. The foregoing challenge is indeed an opportunity
to carry out corresponding studies. For instance, investigating relevant interac-
tion paradigms that take into account users with special needs. (Section 2.2 has
more information on such aspects.)

Democratization: Through mobile devices, computing technology is no longer
a territory of a selected few. In part, the extended user audience stems from
the declining cost of mobile and wireless technologies, and the type of opera-
tions/work mobile devices are designed to support. Consequently, more disabled
users have managed to access or acquire the devices. (Section 2.2 has more in-
formation on the economic aspect.)

2.2 Toward Fulfilling the Users’ Special Needs

As it was observed in Section 2.1, mobile devices present many opportunities for
the elderly, the impaired/disabled, and the sick. Nonetheless, the users have spe-
cial needs/requirements. In the sequel, is a discussion of various approaches that
can be adopted toward fulfilling the special needs of these users while interacting
with mobile devices.

Alerting Techniques: Mobile devices should use alerting techniques that can
be comprehended by users with special needs. Alerts are often signaled in an
audible (sound), visible (flashing light) and felt (vibrating transducer) form.
The alert is also coupled with some message/cue (e.g. audio, graphical/icon,
text) pointing out what the alert is for.

Wearability: The market of mobile devices and wireless technologies offers
a lot toward rendering mobile devices wearable. With wearability, the disabled
user need not worry about physically reaching or misplacing the device. An
interesting example is the wearable PDA for the blind 2.
2 http:// www.freedomscientific.com
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Non-conventional Input and Output Paradigms Auditory Services and
Interfaces: Despite the challenges that come with auditory interfaces [1], they
still can be very useful to the disabled especially the physically impaired and/or
the visually impaired. It is important to ensure that the voice interface has a vol-
ume control that is easily accessible. Speech input and output devices (hearing
aids) for mobile devices do exist and some can actually be worn. There are
also various services that go together with voice interfaces. For any audio out-
put/input, it is highly desirable, though non-trivial, that the system be able to
make available the corresponding textual output/input and vice versa, if the
situation demands so. On the whole, it might be worth exploring the relevance
of enabling mobile devices to support/handle input and output in various data
formats and being able to interpret from any of the formats and convert to any
of the formats.

Visual Interfaces: The small screen size of mobile devices has been a major
challenge in ubiquitous computing. It would be interesting to see how existing
proposals could be useful in addressing problems that the disabled experience
when using the small screens. It might be worth investigating the effectiveness of
developing customized/personalized visual output devices for users with special
needs. Using pictorial representations to represent functionalities offered by the
mobile device can be helpful especially to the cognitively impaired. On another
note, the mobile device could offer an optional and special character set with
fewer characters and that of a larger size than the standard set.

Keyboards/keypads: As far as the keyboard/keypad is concerned, special key-
boards/keypads may be considered. The keyboards/keypads could still offer the
traditional 5-key dot/cue. It could be important to providing tactile, audio, and
visual cues on the keyboard/keypad. Moreover a strong contrast of the keys and
the labels should be adopted; in fact contrasting should be effectively applied to
the whole device. Further, disabled users might find a simple keyboard/keypad
having only a few (and slightly bigger) key buttons reasonably sufficient. Such
a keyboard/keypad would enable the users (including the cognitively impaired)
to easily/quickly perform operations.

Simple and Shallow Menu/Command System: The mobile device should en-
able the user to access certain functionality without having to go through a lot
of steps. The menu/command system should be easy to understand, simple and
direct, with help (described in the next discussion on Multilevel assistance) when-
ever necessary.

Multilevel Assistance: This assistance/help facility may comprise two lay-
ers for instance local/device-based help and remote/service center-based help.
On the whole, help should be directly/easily accessible, interactive and easy to
understand/interpret. Some circumstances would necessitate the automatic acti-
vation of help (e.g. connectivity status, battery status). Consider in some detail
the latter example of battery status. If the device’s battery needs recharging,
the device could use the aforementioned alerting techniques. If the user does not
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respond to the alert (local help), the device could activate service center-based
help by notifying the center about the situation.

User Interface Considerations: The user interface could be designed in
a manner such that it adapts its interaction mechanism(s) and presentation
style(s) in order to meet the specific needs of a particular disabled user. Such
a feature essentially requires that various aspects of the particular user be mod-
eled. Such aspects include: the user, the information, and the context. Moreover,
it is worth embracing the design for all or universal design approach [8, 9].

Economic Aspects: It is gratifying to observe that the prices of mobile de-
vices and wireless technologies are decreasing. However, the prices are still fairly
high for the disabled users who normally are financially disadvantaged. Various
stakeholders regarding matters pertaining to pricing and social welfare e.g. gov-
ernment(s), organizations, etc should help to make the mobile devices affordable
to users with special needs (e.g. subsidized prices, donations). It is interesting to
realize that, though design for all may be costly in the short-term, it is ultimately
beneficial not only to the users but also to businesses.

3 Conclusions

In this paper we have addressed the question of the unique opportunities mobile
devices offer to the disabled. We have also presented various approaches that can
be used toward meeting the special needs of the disabled. A lot of work is yet to be
done and the success of the next generation of user interfaces and devices depends
in part on our understanding of how disabled users can benefit from these new
technologies and in part on the evolution of markets and political/sociological
directions. There is still much to be done, novel and otherwise, toward supporting
the exploitation of this great opportunity and addressing respective challenges.
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