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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



People versus Information: The Evolution of Mobile Technology 3

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 fouch 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
HCL

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



People versus Information: The Evolution of Mobile Technology 7

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 21*
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: “7 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 4"

[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



12 Richard Harper

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 userlsl situation is necessary. For this end, mobile computers need

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 17-31, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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fawareness[ ] 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[ Idefinitions 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
sociall] 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-
plesl 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 cafls, provide for rendering peoplelsl 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 contexts|

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 subjectsleveryday 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].

I Discussions about the usefulness of this kind of [TechnomethodologyIcan be found in [8].



20  Sakari Tamminen et al.

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( There 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 Suchmanls/ [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/Jopportuni-
ties, such as interesting boutiques or cafls. 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 cafl1to meet with her friend. She
got off her tram in front of another caflIthat 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 theylve 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 cafllfor 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 spacel] 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

e
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 onelsl 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 [slowerl] or even [Stops(j 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



Understanding Mobile Contexts 25

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 didnflenjoy 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 onels! 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 [Iwaiting[ lare 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 cornerl). 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 streetl). Another atten-
tion demanding task is manipulating or creating sub-goals [on the fly[I(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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Navigation

Monitoring Side Steps. The phenomenon of occasional side steps, for example
reading onesl email in an Internet cafllon 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 personlsitimetable 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).

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.

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.

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 onels 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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Social Awareness

Communication of Context Information. At the beginning of mobile phone
conversations, it is very common to both ask about and describe onelsl 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).

Recognition of Personal Spaces. The observation that people need to create
onelsl 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'sl 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[1[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 userisl 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.

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 otherisimovements.

User Interfaces

Adapting Interaction Modalities. Our participants rarely just [Wwalkedl[] or
[Wwaited[ '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[Jof 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 usersl 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
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© Springer-Verlag Berlin Heidelberg 2003
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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.

e 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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e  Enrich traffic encounters: Motorcycling would be more fun if moments of visual
interaction between fast moving bikers were enriched.

e 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.

e 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.

e 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 userlslattention. 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.
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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 userslideas 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 [mischiefl/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/lhangouts, such as cafls. 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 i1f 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 seatstsmallness. 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 fool 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.

34 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.
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§ HyperCOb ject L

MetaInformation :
H Ob ject: path
w7 YPETI; dhati HyperOb ject: Sound
ﬁ ‘ ms ‘
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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. 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 /inked with other objects
in the multimedia database. The infegration 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.
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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.



Everyday Wearable Computer Use: A Case Study of an Expert User 63

1widdle'2 <

Fig.1l. 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.! 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.

! 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 [1]. 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[3]. 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.



Everyday Wearable Computer Use: A Case Study of an Expert User 65

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
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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

nouse
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HHH "=
edge enmitting wvs state emitting <(berkeley thesis}
nike:
031302
looking at my data

would like serendipitous use instefll

021302
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what are the hci research guestions

how do you do desktop balloon help in the physical world?

attention
——:t%*% students b:29AH 0.80 (RHAIL Edit Harrow)--L362--47%

Fig.4. An example of notes from a recurring meeting
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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
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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.
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net randonly talking about his cell phone added to wearables list
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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.



Everyday Wearable Computer Use: A Case Study of an Expert User 75

Acknowledgements

This work is funded in part by NSF Career Grant #0093291. Thanks to Amanda
Lyons, Gregory Abowd and Thad Starner for their contributions.

References

(1]

H. Beyer and K. Holtzblat. Contextual Design: Defining Customer-Centered Sys-
tems, chapter Contextual Inquiry in Practice. Morgan Kaufmann, 1998. 65

A. Kidd. The marks are on the knowledge worker. In Conference proceedings on
Human factors in computing systems, pages 186-191. ACM Press, 1994. 64

K. Lyons and T. Starner. Mobile capture for wearable computer usability testing.
In Proceedings of IEEE International Symposium on Wearable Computing (ISWC
2001), Zurich, Switerland, 2001. 65

J. Moffett, D. Wahila, C. Graefe, J. Siegel, and J. Swart. Enriching the design
process: Developing a wearable operator’s assistant. In IEEFE Intl. Symp. on
Wearable Computers, pages 35-42, Atlanta, GA, 2000. 64

J. Ockerman. Task Guidance and Procedure Context: Aiding Workers in Appro-
priate Procedure Following. PhD thesis, Georgia Institute of Technology, Atlanta,
GA, April 2000. 64

M. Perry, K. O’Hara, A. Sellen, B. Brown, and R. Harper. Dealing with mobil-
ity: understanding access anytime, anywhere. ACM Transactions on Computer-
Human Interaction (TOCHI), 8(4):323-347, 2001. 64

B.J. Rhodes. Just-In-Time Information Retrieval. PhD thesis, MIT Media Lab-
oratory, Cambridge, MA, May 2000. 64

D. A. Ross and B. B. Blasch. Evaluation of orientation interfaces for wearable com-
puters. In Proceedings of IEEE International Symposium on Wearable Computing
(ISWC 2000), pages 51-58, Atlanta, GA, 2000. 64

J. Siegel and M. Bauer. A field usability evaluation of a wearable system. In IEEFE
Intl. Symp. on Wearable Computers, pages 18—22, Cambridge, MA, 1997. 64

T. Starner. Wearable Computing and Context Awareness. PhD thesis, MIT Media
Laboratory, Cambridge, MA, May 1999. 62

R. Want, B. N. Schilit, N.I. Adams, R. Gold, K. Petersen, D. Goldberg, J. R. Ellis,
and M. Weiser. An overview of the PARCTAB ubiquitous computing experiment.
IEEE Personal Communications, 2(6):28-33, Dec 1995. 64



Using Mobile Keypads with Limited Visual Feedback:
Implications to Handheld and Wearable Devices

Miika Silfverberg

Nokia Research Center

P.O. Box 407, FIN-00045 Nokia Group, Finland
miika.silfverberg@nokia.com

Abstract. Mobile devices are often used in busy contexts, where the
operation takes place [t least temporarily [Wwith limited visual infor-
mation. In such blind usel,/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 usel.]
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 hormalland disabled[people. Another widely used
term is éyes-free uise, similarly to hands-free.JWe will use the term blind use in this

paper.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 76-90, 2003.
© Springer-Verlag Berlin Heidelberg 2003



Using Mobile Keypads with Limited Visual Feedback 77

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
dotlJa 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 (d
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 oéne boxl]
wearable devices can be distributed over various parts of the useris/body and clothing.
Also, the keypad and display may be separated, which has special consequences for
visual feedback. As Lehikoinen and Rykkee 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 userls! 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 mobilel]
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 onelsl 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 1.0 113 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[ tubber, 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.

i
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 subjectis/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 Borlandisl 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 subjectis/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 looplLof
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.

1] 2]3 1] 2]3 1] 2]3 1] 2]3

4 6 4 '8 6 415 ]6 415 ]6

718109 718109 7 9 718169

1o |# 1o |# 1o |# 1o |#
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:

e 2 tactile conditions: high tactility vs. low tactility keypad
e 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?[i1sing a scale
from 1 (very difficult)to 7 (ery 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,

o 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 (F6¢ = 4.88, p = .01) and keypad tactility (F ¢ = 4.86,
p = .03). The visual x tactile interaction was not significant (/56 = 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: #;; = -2.80, p < .05; low tactil-
ity: t1; = -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: £; = -1.46, p = .17; low tactility: #;; = -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 (f6 = 18.8, p < .001) and keypad tactility (F;¢6 = 57.6, p
<.001). The visual x tactile interaction was also highly significant (F,e = 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 (¢, = -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 (¢, =-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: ¢;; = -0.84, p = .42; low tactility: ¢;; = -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 (F, 66 = 28.2, p < .001)
and keypad tactility (F; 65 = 54.3, p < .001). The visual x tactile interaction was not
significant (F, 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: #;; = 7.10, p < .001; low tactility: #;; =
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:
t1 =2.57, p <.05; low tactility: #;; = 4.00, p <.01).
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Fig. 6. Average subjective ease ratings for different visual and tactile conditions with 95%
confidence limits

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 éptimal condi-
tionlJwhere 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-
brationl]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.

11.1%
12% T
=
g 10%
e
= 8%
S 6%
(]
o)
& 4%
q>9 1.8%
< 2% 0.4% ﬁ
0% s w— ‘ ‘
High tactile +  High tactile Neither
high visual
Feedback

Fig. 7. Average error rates - redrawn



88  Miika Silfverberg

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 onelslthumb(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 userlsl 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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© Springer-Verlag Berlin Heidelberg 2003
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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 4™ 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).

35 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
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1-none | 2 - audio | 2 - visual | 3 - audio | 3 - visual | 4 - none | 5 - none |6 - visual | 7 - none
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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 2™ and 3™ 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

2" auditory -0.375%
2" visual -0.322%
4™ no feedback -0.210%*
3" visual -0.159
1* no feedback -0.142%
3 auditory -0.086
2.5. s time-out period

6" visual -0.130%
7" no feedback -0.033

5™ 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 Ist 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: » 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 ( X 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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Fig. 4. Coefficient of variation (%) and mean RT for each condition
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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.

Error pct, SSKC
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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 3™
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 important!. 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’

! 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.
© Springer-Verlag Berlin Heidelberg 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

e —
i____T_‘_'A’f-
|

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
—_ press | g,
release

T2 | s
multicast B multicast
[A, T2, T] 7 Ts Ss3 [B,S2,S]
Accept when Accept when
| T2-T3|<C2and | S2-83|<C2and
| T-S|<CH |[T-S|<C1

(C1, C2 are constants)

Fig.2. SyncTap packet exchange protocol
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2nd try

v

Packets timings are used to distinguish SyncTap events from other

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
press ——
T1 ¥ TS
Xa, Xb : private keys
Ya, Yb: public keys
T=T2-T1 release S=82-81
Xa = random / \ Xb = random
Ya=GXamod P T2 b -S2 | yp = GXo mod P
multicast multicast
A T2, T, Ya] T "53| B 52,8, Yb]
Accept when < : > Accept when
| T2-T3|<C2and < > | S2-83|<C2and
|T-S|<Ct |T-S|<Ct
K = Yb*@ mod P v A\ 4 K = YaXo mod P
encrypted communication using
Kas a shared secret key (C1, C2, P, G are constants)

Fig. 5. Establishing secure communication: The Diffie-Hellman key exchange
protocol is used to create a shared secret key K



110 Jun Rekimoto et al.

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.

(d)

Fig. 6. SyncTap operations can be used in various settings. (a) A Digital camera
and a PC. (b) Connecting two PCs. (¢) 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,,
URLSs) 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

beam

e
c .
g

2

synchronized action
SyncTap

press

Network Connection

)

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 screen®. 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.

po1 — | ]
PC2 ﬂ ﬂ H
PC3 ﬂ ﬂ

]

lsec <>

Fig.9. Timing records when establishing SyncTap pairs

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 [3, 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.
© Springer-Verlag Berlin Heidelberg 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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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 12t"
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 group', 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,

! 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 minutes?. 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|
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Map 11 4 7
Text 1 0 !
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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

user enters an hotspot / audio starts

in map interface

A

user switches back

user switches to picture

in map interface with audio

in picture interface with audio

audio has finished

user switches back
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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 useris 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(llocation 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.

L. Chittaro (Ed.): Mobile HCI 2003, LNCS 2795, pp. 131-144, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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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 usersipositions, 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
pagesidonnected 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.c.,
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 userslocations 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 userisl 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[la 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 rooms representation by selecting one of the
devicelsl 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
discoveryi 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.

33 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
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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:

e 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.

e 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:

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

e 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.

e  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 90L 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: Qlis associated with Al 11is associated with Bl 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@@/[IThus, 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 userslattention 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.
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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). E