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Abstract. The emergence of ubiquitous computing as a new design
paradigm poses significant challenges for HCl and interaction design.
Traditionally, human-computer interaction has taken place within a
constrained and well-understood domain of experience — single users sitting
at desks and interacting with conventionally-designed computers employing
screens, keyboards and mice for interaction. New opportunities have
engendered considerable interest in “context-aware computing” —
computational systems that can sense and respond to aspects of the settings
in which they are used. However, considerable confusion surrounds the
notion of “context” —what it means, what it includes, and what role it plays
in interactive systems. This paper suggests that the representational stance
implied by conventional interpretations of “context” misinterprets the role of
context in everyday human activity, and proposes an alternative model that
suggests different directions for design.

1 Introduction

One of the major research directionsfor HCI over the past few years has exploring been
the novel forms of interaction that can be achieved by integrating computer technology
with the world in which we live and work. This line of research goes by a number of
names — ubiquitous computing (Weiser, 1991), context-aware computing (Moran and
Dourish, 2001), pervasive computing (Ark and Selker, 1999), embodied interaction
(Dourish, 2001), and more. Although the nomenclature varies, the central ideas are
largely the same. Extrapolating from current trendsin the devel opment of low-cost and
low-power devices, ubiquitous computing proposes a digital future in which computa-
tion is embedded into the fabric of the world around us. In this world, our primary ex-
perience of computation is not with a traditional desktop computer, but rather with a
range of computationally-enhanced devices — pieces of paper, pens, walls, books, ham-
mers, etc. The opportunity implied by this ubiquitous computing vision isto capitalize
our familiarity, skill, and experience in dealing with the everyday world around us. The
world can become an interface to computation, and computation can become an adjunct
to everyday interaction.
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There are many significant research issues that this vision encompasses, but two
have come to particular prominence in HCI. The first is mutual relationship between
physical form and activity; how we can design computationally-enhanced devices and
how their form as much as their interactive ability affects likely patterns of action and
interaction. Researchers have looked towards other design disciplines to better under-
stand the relationship between form and function and to expl ore the permeabl e bound-
ary between physical and digital systems (e.g. Strong and Gaver, 1996; Brave and Dah-
ley, 1997). The second concern, which will be the focus of the discussion here, is how
computation can be made sensitive and responsive to the setting in which it is harnessed
and used. How can sensor technologies allow computational systems to be sensitive to
the settings in which they are used, so that, as we move from one physical or social set-
ting to another, our computational devices can be attuned to these variations?

Whether werefer to it as context-aware computing or by one of its other names, the
notion of “context” playsacentral rolein this second area of investigation. Context has
been a concern in many areas of design and computer science, but it is of central impor-
tance here. One reason is straightforward: when computation is moved “off the desk-
top,” then we suddenly need to understand where it has gone. So, aprimary concernin
ubi quitous computing research isto understand the potential relationship between com-
putation and the context in which it is embedded.

Uses of context vary. For instance, some systems encode context along with infor-
mation so that it can later be used as aretrieval cue. Examples of systems that use con-
text in this way include Lifestreams (Freeman and Gelernter, 1996), Placeless Docu-
ments (Dourish et a., 2000), Where Were We (Minneman et al., 1995), and Forget-me-
not (Lamming and Flynn, 1994). A second approach is to use context dynamically to
tailor the behaviour of the system or its response to patterns of use. Examples of this
sort of approach include Easy Living (Brumit et al., 2000) and the Electronic Tourist
Guide (Cheverst et a ., 2000). Some systems, such as the Conference Assistant (Dey et
al, 2001) combine both.

So, theway in which the notion of “context” has entered the realm of computational
design haslargely been in the form of a set of design challenges — sensor fusion, infor-
mation management, system parameterization, and so forth. At the sametime, designers
have hoped that by incorporating notions of context into interactive technologies, those
technol ogies can be made more sensitive to the detail s of specific settings of use, which
social scientists have often pointed out in critiques of conventional system design
(Suchman, 1987). However, the social and technical ideas sit uneasily together. In this
paper, though, 1 want to discuss this relationship. In particular, | want to step back to
consider abroader question, one which anumber of researchers have recently attempted
to address — just what is context, and what role isit playing in these systems? What is
context doing for us, conceptually? To paraphrase Raymond Carver, What do we talk
about when we talk about context?

2 Two Views of Context

My goal in this paper isto present and explore aview of context which differsin some
significant ways from the conventional approach. To do this, it’'s necessary first to ex-
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plore how theidea of context is currently used in ubiquitous or context-aware comput-
ing practice.

2.1 Context as a Representational Problem

Software systems are representational, so a concern with context naturally leads to a
concern with how context can be encoded and represented. For instance, Schilit and
Theimer (1994) define context as “location and the identity of nearby people and ob-
jects.” Ryan et al (1997) define context as“location, identity, environment, and time. In
one of the more extensive investigations of context-based computing, Dey et a. (2001)
define context as “any information that can be used to characterize the situation of en-
tities” and elaborate it as “typically the location, identity, and state of people, groups,
and computational and physical objects.” One of the broadest definitionsis one of the
earliest; Schilit et a. (1994) observe, “ Context encompasses more than just the user’s
location, because other things of interest are also mobile and changing. Context in-
cludes lighting, noise level, network connectivity, communication costs, communica-
tion bandwidth, and even the socia situation; e.g., whether you are with your manager
or with a co-worker.”

Again, my concern hereisnot to compare and critique these specific definitions, but
rather to explore the conceptual work that context is doing here. In particular, | am con-
cerned with the assumptions and commitments that are reflected in these definitions. In
particular, four assumptions seem to underlie the notion of “context” as it operatesin
these systems.

» First, context isinformation. It is something that can be known (and hence encod-
ed and represented much as other information is encoded and represented in soft-
ware systems)

» Second, context is delimited. We can, for some set of applications or application
requirements, define what counts as the context of activities that the application
supports, and do so in advance.

 Third, context is stable. Although the preci se elements of a context representation
might vary from application to application, they do not vary from instanceto in-
stance of an activity or an event. The determination of the relevance of any poten-
tial contextual element can be made once and for all.

» Fourth, and most importantly, context and activity are separable. Activity hap-
pens “within” acontext. The context describes features of the environment within
which the activity takes place, but which are separate from the activity itself. So,
I might be engaged in a conversation, which may be happening in alocation; the
conversation ismy activity, while the location is an aspect of the context. Broad-
ly, athough the ubiquitous computing program wants to observe that there may
be fruitful relationships to be defined between context and content, they can be
defined and described separately; the content or activity is"“within” whilethe con-
text is “without.”

These four assumptions underwrite the notion of context as it appearsin much current
ubiquitous computing research. In particular, the idea that context consists of a set of
features of the environment surrounding generic activities, and that these features can
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be encoded and made available to a software system alongside an encoding of the ac-
tivity itself, isa common assumption in many systems.

In this paper, | want to discuss an aternative view of context and some of itsimpli-
cations. Thisalternative view takes adifferent stance of each of those four assumptions:
* First, rather than considering context to beinformation, it instead arguesthat con-
textuality is a property of information, or of objects. It's arelational property. It
isnot simply the case that something is or isnot context; rather, it may or may not

be contextually relevant to some particular activity.

» Second, rather than considering that context can be delineated and defined it ad-
vance, the alternative view argues that the scope of contextual featuresis defined
dynamically.

» Third, rather than considering that context is stable, it instead argues that context
is particular to each occasion of activity or action. Context is an occasioned prop-
erty, relevant to particular settings, particular instances of action, and particular
partiesto that action.

* Fourth, rather than taking context and content to be two separable entities, it in-
stead arguesthat context arises fromthe activity. Context isn’t just “there,” butis
actively produced, maintained and enacted in the course of the activity at hand.

2.2 Context as an | nteractional Problem

In other words, what | want to do hereisto reconsider context, not as a representational
problem but as an interactional problem. As a representational problem, the central
concern with context is with the questions, “what is context and how can it be encod-
ed?’ What | want to argue here, by turning to social science investigations of everyday
activity, isthat thisrepresentational stance reflects a misunderstanding of the nature and
role of contextuality in actual everyday affairs. Instead, | want to propose an interac-
tional model of context, in which the central concern with context iswith the questions,
“how and why, in the course of their interactions, do peopl e achieve and maintain amu-
tual understanding of the context for their actions?’

So, in this model, context isn't something that describes a setting; it’'s something
that people do.

Asaprécis of my argument, one way to think about this by anal ogy with the notion
of “relevance” in conversation. We can think of what people generally mean by context
as denoting akind of middling relevance to the matter at hand. For two people holding
a conversation about a book they lately read, certain topics — such as their immediate
subject of conversation, say the author of the book —are very relevant, while certain oth-
ers — such as the scorer of the winning goal in the 1953 British F.A. Cup Fina — are
irrelevant (unless the book is about sporting trivia, of course). We would not normally
describe either of these as the “context” for the conversation. Instead, the matters that
we might designate as being contextually relevant are ones that may have a genera
bearing on the conversation and assist in its flow and construction — such as these con-
versants' shared history of interaction, the anticipation of an upcoming visit of the au-
thor to alocal bookstore, or their appreciation of the author’s other work. These areis-
sues of intermediate relevance — neither directly relevant nor directly irrelevant. So,
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similarly, the typical conception of context in technical systemsis of information of a
middling relevance — where an action takes place, the people at hand, and so forth.

The essential feature of thisissue of relevance, though, isthat the relevance of acer-
tain matter to the conversation at hand will emerge fromthe conver sation asit proceeds.
The participants may change the subject or otherwise turn a matter from one of mid-
dling relevance to central relevance, or vice versa. They may suddenly realize an as-
sumption that doesn’t hold and need to backtrack to repair the conversation. They might
turn the location of the conversation from “context” to “content” by remarking that it's
too public and place and perhaps they should move elsewhere; and so forth. In other-
wise, the determination of relevance — or of contextuality —is not one that can be made
apriori. It is an emergent feature of the interaction, determined in the moment and in
the doing.

In other words, context and content (or activity) cannot be separated. Context can-
not be a stable, external description of the setting in which activity arises. Instead, it
arises from and is sustained by the activity itself.

To provide some background to this, the next section will discuss some contribu-
tions from a particular analytic approach to social action which is centrally concerned
with the detailed structure of sequences of action. On the basis of this, | will propose an
aterative conception of context in ubiquitous computing and some design consider-
ations.

3 Ethnomethodology

The particular approach to the analysis of social conduct that | will draw on hereis eth-
nomethodology. A detailed explanation of what ethnomethodology is (and why) is not
appropriate here, but let me provide a sketch in very broad strokes. (For more informa-
tion, see Dourish and Button, 1998; Heritage, 1984; Garfinkel, 1967.)

Arguably, the central problem of social science is the “problem of social order”:
Given that social action arises from the independent action of many individuals, how is
it that it can be found, by those individuals, to be orderly, rational, or meaningful ? Ac-
tionintheworld, at all levels, from conversations to courtroom proceedings to political
campaigns, are understandable and meaningful activities, recognizably orderly in the
way they proceed, even though they are outcomes of the separate and individual activ-
ities of individuals who have access only to their own mental lives. How does this
work?

Broadly, we can conceive of two sources for this orderliness — orderliness from
without and orderliness from within.

The first approach suggests that the orderliness of any particular instance of social
action derives from a set of rules, expectations, norms and conventions that have some
broad reality outside the particular occasion of the activity. So, for instance, our society
might embody a set of rules about how particular forms of interaction, such as between
a professor and a student, should proceed, based on a set of concepts such as power,
class, dominance, deference, etc. These concepts, which we internalize in a process of
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socialization, lead to a set of dispositions to act in one way or another, which in turn
shape or mould specific occasions of action.

By contrast, the second approach suggests that the orderliness displayed by social
action arises from within the action itself. It is not imposed from outside, by the action
of broad rules of conduct or socia norms. Instead, it is an achievement of socia actors.
Parties to some activity find, within the circumstances of action, the means to render
that action meaningful and orderly; and, similarly, they make such resources available
to others. In the course of a conversation, for example, participants construct their ut-
terances so as to demonstrate that they are appropriate to the action at hand — so that
they are demonstrably answersto questions, elaborations of points, interjections, agree-
ments, questions, and so forth. Similarly, these demonstrations of appropriateness fur-
nish to others the means to see and understand what is going on as being what is meant
to be going on. So, orderliness or rationality is not an abstract property of activity in
general, but rather is a property of action as enacted by specific individualsin specific
circumstances. The social world is not orderly because people blindly follow socia
rulesthat areimposed on them. Instead, finding the social world orderly and meaningful
is a practical problem that people solve, endlessly and unproblematically, as they go
about their business.

4 Being Ordinary

Ethnomethodology is concerned with socia action in general, and its approach to ex-
amining how orderliness of action arises from within has been applied to a wide range
of formsof social action, from the conduct of science (Garfinkel et al., 1981) to crossing
the street (Sudnow, 1972). One subfield of ethnomethodology, Conversation Analysis,
applies the ethnomethodol ogical perspectiveto the analysis of naturally-occurring con-
versations. Conversation Analysis seeksto uncover how the organization and meaning-
fulness of aspoken conduct isachieved, inreal time, by the conversational participants.
The founder of the field of Conversation Analysis was Harvey Sacks. Sacks ana-
lyzed fragments of naturally-occurring conversation to uncover the unnoticed mecha-
nisms by which people would manage the conversation as it proceeded. In his paper
“OnDoing ‘Being Ordinary’,” Sacks (1984) explores the question of ordinary actionin
away that, first, helps to make the description of ethnomethodol ogy above alittle more
concrete, and, second, casts some light on a ethnomethodol ogical view of context.

The topic of the paper is the ordinary character of everyday activity, the very fact
that most things are ordinary and unremarkable. In particular, Sacks is concerned with
ordinariness as afeature of conversation, addressing the question, “how is the ordinari-
ness of activities displayed, understood, and achieved in the course of conversation?’
Recalling the discussion of relevance earlier, it's clear that ordinarinessisacrucial fea
ture of everyday conversation. Any given utterance rests on an uncountable number of
assumptions and background understandings that are part of the ordinary fabric of daily
life for the speaker and hearer. So, when someone tells me, “| saw an accident on my
way to the bank thismorning,” | hear that the accident is something out of the ordinary,
something worth reporting. Crucially, however, | do not question that going to the bank
is something that this person might do, that they generally engage in acts of going plac-
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es, that accidents are things that might happen in the sorts of places one might be when
going to banks, that mornings are atime that people might be about their business, that
an accident is something that can be seen, etc. These are ordinary matters, and no ex-
planation for them need be sought or provided. If it were not possible to designate these
things as simply ordinary, conversation would be impossible. So the question of ordi-
narinessis a central one for studies of conversation.

The main element of Sacks' analysisis that activities or features of action are not
simply “ordinary” in their own right, but rather are designated as (and recognized as)
ordinary by social actorsin the course of their activities. So, for example, if welook at
conversational speech, we can see that the ways in which specific topics or events are
woven into the speech serves to designate them as being ordinary or unremarkable.
What people report in speech is not simply states of affairs, but the ordinary nature of
those states of affairs, and thisis done by the way in which they are spoken about or not
spoken about. Reporting on a scene witnessed in the street al so reports that the withess-
ing of that scene is anormal, unremarkable, ordinary thing that a speaker has aright to
have done. We mutually understand, and reinforce in the course of our interactions,
what it is that ordinary people do in ordinary circumstances; and it is the mutual recog-
nition of this very ordinariness that allows us to designate activities as being ordinary,
unremarkable and expected.

More broadly, this applies not only to conversation but also to action. As Sacks ob-
serves, people are unlikely to say, “Hey, let’s do something ordinary tonight”; but none
the less, what we do when we spend an ordinary evening is engage in activities that we
know or anticipate that many other people are doing as ordinary courses of action. In
both action and conversation, “being ordinary” is something that peoplework at, by act-
ing in ways that they understand to be the normal activities of the groups of which they
are members, and making no issue out of them in the course of their interactions. The
ordinariness of everyday affairs is an accomplishment of social actors; unquestioned,
unnoticed, but an accomplishment nonethel ess.

Ordinary-ness, in addition, is relative to particular communities and sets of activi-
ties. The ordinary and mundane features of livefor research scientists are quite different
from those for bank robbers and astronauts. So, while astronauts might refer to or orient
to occasions of Africa passing over their heads, and do so in ways that designate those
asclearly and obviously ordinary courses of events, those same references would clear-
ly not be ordinary thingsfor other groups of people. Ordinariness, too, isrelative to par-
ticular sets of circumstances; ordinary ways of acting on airplanes and at parties are
clearly different.

So, three significant aspects of ordinariness emerge from this analysis. First, ordi-
nariness is something that we do; rather than simply being a stable feature of the world,
it isactively managed and achieved in the course of interaction. Second, thisisamutual

1. Famously, Garfinkel (1967) describes a set of “breaching experiments” in which he would have his stu-
dents engage in actions whose ordinariness lay outside the circumstances of their production — e.g. acting
in their family homes as if they were in a hotel, or stubbornly refusing to accept others' most basic state-
ments. These experiments were designed to reveal the active processes of interpretation and production of
ordinary action that underpin everyday affairs.
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achievement; ordinariness must be both produced and recognized by the parties to an
interaction. Third, it isrelative to particular communities and activities; it isafeature of
forms of competent language use for groups of language users.

4.1 Ordinariness and Context

Itis, no doubt, reasonably clear why Sacks' discussion of ordinarinessisrelevant here.
Ordinariness is an occasioned property of action in just the same way as context. Like
ordinariness, context is managed moment by moment, achieved by those carrying out
some activity together, and relative to that activity and to the forms of action and en-
gagement that it entails. Sacks' discussion of ordinariness as an achievement of social
actorsillustrates what | mean by turning from something as a “representational” prob-
lem to an “interactional” problem.

Having outlined this alternative model of context, | want to go on now to consider
some of itsconsequencesfor interactive system design. Todo this, | need to placethings
in alarger frame.

5 Practice

| have argued that context is afeature of interaction. The traditional concern in context-
based systemsis to be able to use the context in order to discriminate or elaborate the
meaning of the user’ sactivity. If activity isthe site of contextual manipulation, then this
move argues for a link between action and meaning as the primary concern of ubiqui-
tous computing. We find the link between these two in the concept of practice.

In HCI and CSCW, we are familiar with the concern with work practice, as ex-
pressed by ethnographic and other “rich description” approaches to studies of working
settings (Plowman et a., 1995; Luff et al., 2000). In these areas, the informal under-
standing of practiceis"“the detail of what people actually do” (in contrast to the formal
procedures that organizational rulebooks might suggest that people ought to do.) The
concern with designing software systems around the details of real needs and real use
has led to an interest in techniques that can help uncover practice.

In his book “Communities of Practice,” Etienne Wenger puts forward a richer no-
tion of practice. For Wenger, practice is not merely about what people do, but about
what they experience in the doing. “Practice,” he explains, “isfirst and foremost a pro-
cess by which we can experience the world and our engagement with it as meaningful.”
(Wenger, 1998:51)

Wenger’s focus on meaning comes from his particular interest in learning within
communities of practice. As an example, take the case of an apprentice shoemaker. On
hisfirst day on the job, he encounters a host of different pieces of leather, but beyond
basic characteristics like shape and color, he has no way to discriminate between them.
They simply do not mean very much to him. However, as he becomes more skilled, be-
ing gradually brought into the center of the community of practice, he lowly learns to
see the leather as a shoemaker sees it. His experiences and devel oping skills teach him
new ways to assess, understand, and encounter the leather. He begins to understand it
asit relates to the practice of shoemaking. It takes on new meaning in terms of its du-
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rability, workability, weaknesses, and the opportunities it holds for particular sorts of
use in the hands of a skilled shoemaker. The same sort of argument applies beyond the
obvious examples of physical skill. So, for example, the process of computer science
education involves teaching students not just how computer systems work, but how to
see the world as computer scientists do. For example, it teaches people a stance from
which the world reveals itself to them as available for certain kinds of representation
and automation. Practice — the practice of being acomputer scientist, or the practice of
being a shoemaker —is about finding the world meaningful, in terms of the actions that
it affords. Asone acquires these skills, new aspects of the environment become relevant
for the activities that one performs. The scope of potential context broadens.

So, the concept of practice is one that unites action and meaning. It describes how
theworld revealsitself to us asonethat is meaningful for particular sorts of actions, and
asaresult of our participation in communities. As competent social actorsin particular
domains, we can find the world and the settings we encounter as meaningful. This uni-
fication of action and meaning is also central to the question of context, since context is
essentially about the waysin which actions can be rendered as meaningful —how a par-
ticular action, for example, becomes meaningful for others by dint of where it was per-
formed, when, or with whom. The questions raised earlier — what constitutes context,
how people may orient to features of the world as contextual or central, how relevance
is managed, etc. — are questions of practice.

What iscrucia to the interactional (rather than representational) view isto see prac-
tice as a dynamic process. It evolves and adapts. As technologists, then, our concernis
not simply to support particular forms of practice, but to support the evolution of prac-
tice—the “conversation with materials’ (Schan, 1983) out of which emerges new forms
of action and meaning.

Thisis no mean challenge. Nor is it a single, distinguishable goal. Rather, it isa
broad agenda for research in interactive system design. As a result, then, no absolute
solutions can be presented here. Instead, | will give examplesthat servetoillustrate the
potential design consequences of a primary concern with practice and evolution.

6 Practice and Technology

Asdiscussed above, the representational view of context arose as aresponseto practical
problems on the part of system designers. So, if practice is the lens through which we
can resolve the problems of context, then what does that imply for the design of new
technical artifacts and systems?

One starting point is to set out some general principles that govern this form if in-
teraction. Some of these are outlined elsewhere (Dourish, 2001). Here, | will put for-
ward just one, and illustrate it with some examples.

By turning our attention from “context” (as a set of descriptive features of settings)
to “practice” (forms of engagement with those settings), we assigned a central role to
the meanings that people find in the world and the meanings of their actions there in
terms of the consequences and interpretations of those actions for themselves and for
others. The important point, however, isthat we now see those meanings as essentially
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open-ended; we recogni ze that part of what peopl e are doing when they adopt and adapt
technologies, incorporating them into their own work, is creating and communicating
new meanings though those technologies as their working practices evolve. So, the
principle we need to bear in mind here is that Users, not Designers, Control Meaning.
This means that meaning emerges at a point of use, rather than being predefined by the
system developer. So, we incorporate this principle into system designs by exploring
technologies in which interpretation and meaning are aspects of how the systems are
used, moment-to-moment.

Here are three examples, drawn from ongoing work.

6.1 Systemsthat Display Their Context

This design principle draws our attention to the way that users of computer systems
need to form interpretations of the state of the machinein order to determine appropriate
courses of action. Hutchins et al. (1986) identifies the “ gulf of interpretation” — the dif-
ficulty of interpreting the system’s state as a response to the user’s command — as one
of the mgjor problemsthat HCI design attemptsto address, but this problem extends be-
yond simply the execution of commands. Especially in modern networked systems,
matching action to the state of the system can be extremely problematic. Typical inter-
faces systematically hidethe details of their operation, even though those detailsare fre-
guently crucial to an evaluation of the current state of the system. Hasthe system paused
because it’s working, because of a network problem, or because of low memory?

One solution to this problem is to consider how a system can display aspects of its
own context — its activity and the resources around which that activity is organized.
Looking again at the issue of practice, the goal isto alow the system to reveal aricher
picture of activities, and so provide users with a more nuanced interpretation of the
meaning of the system’s action (Dourish, 1995).

As an example, one domain where we are currently exploring this approach isin
that of security of networked systems. Technical investigations of security have provid-
ed uswith systems that can offer mathematically provable encryption, zero-knowledge
proofs, etc. For users, though, the central question is, “is this system secure enough for
the task | need to perform now?’ Two things are striking about this question. First, that
“secure” and “secure enough” are quite different things; and second, that most interac-
tive systems do not provide end users with the means to make a reasonable determina-
tion of the degree of security currently available.

Current work is investigating the extent to which visualization techniques can pro-
vide users with a dynamic understanding of the security configuration of their system
and its applications, and thus provide them with the resources to make these sorts of de-
terminations. Thisis clearly not a question of simply defining degrees of security, nor
of prescribing secure and insecure operations; but rather, all owing the user to make con-
tinual determinations of the potential consegquences of their actions and their opportu-
nitiesto reconfigure or realign the technol ogies through which they are conducting their
actions.

Onecritical issue hereis the dynamic nature of security and configuration informa-
tion. Thisisespecially important in mobile settings. Most laptops, for instance, are used
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to connect through many different network arrangements, from the office, home, or on
the road. Similarly, handheld devices move through environments in which they are
handed off from one network infrastructure to another. The flipside of the “ seamless ac-
cess’ to which most mobile systems aspire is the systematic hiding of network hetero-
geneity; but it is precisely that heterogeneity that determines users' assessment of secu-
rity. While maintaining seamless access, our approach aims to visualize aspects of this
heterogeneity, and so allow users to explore the technical context in which their appli-
cations operate.

6.2 Architectures for Adaptation

One of the consequences of how information systems are incorporated into different
settings and acquire different meaningsin the course of their useisthat they are adapted
to the different settings in which they are used. A number of researchers have studied
aspects of tailorability (how systems can be adjusted by their users to suit individual
needs) and adaptation (how systems can infer patterns of actions of users and adapt
themselves to them). Examples include the work of Mackay (1990), MacLean et al.
(1990), and Mgrch and Mehandjiev (2000). However, athough they are strongly relat-
ed, these two areas of work focus on different issues. Tailorable systems place control
in the hands of users, but frequently offer control only over surface-level features of the
system’ s behaviour, such as user interface structure and appearance, short cuts, and de-
faults. In turn, adaptive systems may address more foundational issues (including com-
ponent distribution, optimization, etc.) but generally operate autonomously. One of our
interests is in what sorts of infrastructures allow for user-initiated customization of
“deep” software structures.

In prior research, | haveinvestigated the use of “reflective” architecturesto support
thissort of deep customization (Dourish, 1998). Current investigation isfocused on less
computationally expensive mechanismsfor achieving similar ends, specifically for sup-
porting “migratory” applications — ones that move from place to place and from device
todevice. Our infrastructure, called Emigre, usesrun-time XML -based architectural de-
scriptions (Dashofy et al., 2001) to allow applicationsto reconfigure themselvesto local
technical conditions (e.g. device and bandwidth availability) and patterns of use (e.g.
synchronous or asynchronous interaction). The important point, again, isthat the inter-
nal system structures that affect how the system can be used are available for some de-
gree of user inspection and manipulation, and that thisreflective activity befairly seam-
lesdly integrated with conventional use, by analogy with the way that everyday objects
are available to use both as artifacts and tools simultaneously.

So, in this approach, the system’s own structure and action become available as
context for making decisions about adaptation and configuration of device resources.

6.3  Structuresin Information Spaces

In information work, the meaningfulness of information for people’ s work is often en-
coded in the structures by which that information is organized. For example, Bowker
and Star (1999) have provided a detailed exploration of the way that structures of clas-
sification and their use reflect and embody tacit understandings of the meaning of in-
formation for particular groups. Similarly, in some work on the use of classification
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structures in engineering work, we observed the ways that information structuresin a
single organi zation were intimately tied to particular forms of use, causing problemsfor
the mutual intelligibility of information (Dourish et al., 1999).

We are interested in the ways in which we can provide information workers with
interfaces that give them a direct experience of the structures by which information is
organized, especialy in collaborative settings. Drawing on research into spatial hyper-
text (Marshall and Shipman, 1993), we are building systems for collaborative sense-
making in which structures are directly accessible as part of an information-centric
model of interaction. In traditional hypertext systems, such as on the Web, users orga-
nize information by creating explicit structures of links from one item to another. By
contrast, spatial hypertext systems allow users to organize information in free-form
two-dimensional space, much like layout out cards on atable; by drawing on principles
of human perception, the system analyses the layout of the information to find struc-
turesthat are visually salient to users, such as clusters, piles, columns, tables, etc.

This style of interaction has a number of valuable properties, but acouple are rele-
vant here. Thefirstisthat usersinteract directly with the information objectsrather than
with abstract structures by which those objects are organized. Thereisno separation be-
tween two levels of control. The second isthat structure emergesin the course of a us-
ers’ interaction, rather than having to be specified all at once or in advance of the actual
data being incorporated. The third, in a collaborative setting, is that users negotiate the
structures by which information will be organized, incrementally building on each oth-
er’swork in creating a collective organization for information that reflects their imme-
diate needs, concerns, and understandings.

As in the previous examples, this approach to information organization sees the
structure and meaning of interaction arising out of the detail of that interaction itself.
The system is specifically designed to allow forms of practice to emerge and evolve,
rather than requiring users to fit their work and their information into predefined pat-
terns.

7 Context and Embodied Action

What | have been presenting here is an alternative view of context in interaction. This
is not simply a different technical model or a different design for how context can be
represented. Rather, it is a different proposal about what context is. The difference is
significant. In particular, it undermines the idea that, somehow, by encoding contextual
information, interactive systems can be brought closer to the situated or embedded
models suggested by socia analysts (Suchman, 1987). This project fails because it re-
lies on a set of assumptions about context — the assumptions outlined in §2.1 — that do
not hold in practice.

In contrast, | have presented a model of context here which in which context and
activity are mutually constituent. This approach isonethat | have been calling “embod-
ied interaction.” The essential feature of embodied interaction isthe idea, asillustrated
above, of allowing usersto negotiate and evolve systems of practice and meaning in the
course of their interaction with information systems.
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One feature of the examples that might seem unexpected is that they do not simply
deal with the traditional domain of context-aware computing — mobile devices embed-
ded in sensor networks, responding to different situations of use. Thisis certainly un-
usual within the frame of reference adopted by the “context-aware” applications dis-
cussed at the beginning of this exploration. However, the reason for this transition may
be clearer in terms of the discussion as presented here. Embodied interaction encom-
passes more than simply physically-available interfaces. Embodiment is not about
physical reality, but rather about availability for engagement. The embodied-interaction
perspective is concerned with the way in which the meaningfulness of artifacts arises
out of their use within systems of practice.

So, embodied interaction encompasses but extends beyond the physical, and so be-
yond the scope of physically-based ubiquitous computing or tangible interfaces (I shii
and Ullmer, 1997). The principles underlying these interfaces — in terms of how they
mediate meaningful interaction between individuals— are broader ones, and the role of
context in interactive systems is broader than that conceived of by many definitions of
“context-aware computing.” Theimportance of context isnot what it isbut what it does
ininteraction —therolethat it plays and the waysin which it is sustained and managed.
The physical world is one in which we can see this at work, but by no means the only
one. So, those who identify context-aware computing as acritical agendafor the devel-
opment of interactive systems are, clearly, quite right to do so; where they may be less
sure-footed isin defining context-aware computing as the responsiveness of interactive
technologies to predefined features of the times and placesin which it is used.

8 Conclusions

“Context” is a slippery notion. Perhaps appropriately, it is a concept that keeps to the
periphery, and slips away when one attempts to defineit. The goal here has not been to
define it, but rather to ask what “work” the term is doing as it is used in contemporary
research in HCI. In particular, | have been concerned here with approaches to context
that assume some stable separation between the “context” and “content” of activities
that people might perform. This separation is at the heart of proposalsto capture or rep-
resent context, which is clearly a meaningless claim if we cannot nail down at least
something that is to be captured or represented. However, studies of everyday action
and interaction seem to provide grounds to question this assumption.

In addition, moving away from this representational view of context lets us see that
the same basic insights into how context operates are applicable beyond the traditional
embedded-interactive-device model of ubiquitous computing. Indeed, if we take“ubig-
uitous computing” seriously, then we should be applying its ideas ubiquitously, not just
in the relatively narrow areas of interaction with handheld and embedded devices.

The title of this paper is adapted from that of the Raymond Carver short story,
“What we talk about when we talk about love.” The genius of Carver’'swork isin its
detailed exploration of the mundanereality of everyday life. The approach outlined here
also takes the mundane details of lived experience as the basis for understanding con-
text, not as a stable description of the world, but as the outcome of embodied practice.
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Looking at everyday action, then, pays off in two ways. Firgt, it bringsto our atten-
tion a set of problems about the waysin which context is conceived of in current design
practice. Second, it provides us with a potential solution by furnishing us with the
means to understand where our attention might instead be directed. The problem is not
that context does not matter; it matters a great deal. Rather, the problem is that context
is being continually renegotiated and defined in the course of action, and through this
negotiation, the actions that individuals undertake can become intdligible and mean-
ingful to each other.

Context isa central issue for HCI design and for interactive systems more broadly.
The goal of the work described here isto find the right scope of the problem.
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