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Abstract

Work processes are conducted in various contexts and
they involve different tasks, interruptions, activities and
actions. In all of these, tacit knowledge plays a part.
Some part of that tacit knowledge can be externalized and
articulated by continuously monitoring the user’s
activities. Because the desktop environment is an integral
part of almost any office work context, we chart the
demands the unstructured and discontinuous nature of
work puts on the management of desktop working context.
We discuss possibilities to augment the user’s awareness
of his/her desktop working environment by providing a
context-aware application that can act as a map-like
resource for the user’s past activities on the desktop. We
propose using temporal information to couple personal
experiences with representational, more objective aspects
of the context in order to make it possible for the user to
express and retrieve subjectively significant activities
with a minimal effort. We present an abstract model for
designing an application for this purpose.

1. Introduction

Often knowledge management is approached from or-
ganizational perspective. However, knowledge manage-
ment endeavors have faced problems and challenges of
changing organizational culture and people’s work habits.
These can be partly explained through McDermott’s [24]
characteristics of knowing and knowledge. One of the
main characteristic differentiating knowledge from infor-
mation is that knowing is a human act. Knowing and
knowledge, thus, always involves a person who knows.
Consequently, because all human acts take place in some
context, the issues of context and individuals are of major
importance.

Several attempts to conceptualize the context have
been launched, especially in context-aware computing.
Nevertheless, the emphasis has been on the objective fea-
tures of a certain type of environment while users’ subjec-
tive experiences have been left intact. For example, both

Chalmers [3] and Grudin [14] criticize context-aware
computing on overemphasizing the role of location-
awareness at the expense of other kind of information. In
Grudin’s [14] words:

“Temporal context is lost — applications do not gener-
ally record or make much use of a person's history.
Attentional context is missed — applications do not
know where user's attention is focused, whether he or
she is busy or open to interruption, talking to someone
or on the phone, and so forth.” [ibid. p. 283]

Furthermore, Chalmers [3] points out that the user’s
experience and history as a part of the user’s current con-
text is often ignored in context-aware computing research.
The historical aspect of context is important from the per-
sonal knowledge management point of view, because
“knowledge is what we retain as a result of thinking
through a problem, what we remember from the route of
thinking we took through the field.” [24, p. 106]

In this paper we discuss possibilities to combine per-
sonal experiences and certain aspects of the objective,
representational context by using temporal information as
a reference. We identify a set of issues that need to be
considered when designing systems for managing tem-
poral dependencies between one’s personal work activi-
ties. Because of the scope, discussion is limited to
desktop environments. Although desktops are used for
multiple purposes and concurrent activities, we argue that
they have a poor support for the management of work due
to the decoupling of user activities and their contents.
This contradicts with Chalmers’ [3] suggestion of a
general system design goal that interconnects objective
representations of system structure with other more
subjective and historical representations.

Peirce (as cited in [34, p. 294]) has classified context
as actual, modal and intentional. An actual context is a
description of a part of the world (at a specific moment).
A modal context refers to some possibility relative to
what is actual. An intentional context describes what an
agent intends in relation to what is actual. Here, the actual
context is the part of the user’s personal information
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space that is accessed through the desktop environment,
over which the user is supposed to have full control.
Although the desktop environment is an important part of
the working environment, it is only one part of it [2; 36].
Hence, as the intentional context belongs exclusively to a
human agent, there is a fundamental asymmetry between
the human and the computer and in their abilities to con-
trol the context. In this respect, our approach is strongly
human complementary, i.e., endeavors to make
computers to collaborate with humans by exploiting the
unique abilities of the computer to complement humans
[37].

Consequently, we aim at making computers to support
the management of temporal dependencies between per-
sonal activities. We provide a design for an application
which augments the user’s awareness of his/her working
context by allowing the expression and retrieval of land-
marks of actions with minimal effort from the user’s side.
Landmarks refer to the ‘stages’ that have substantial
influence on the user’s intentional context in the course of
actions. They include, for example: accomplishing a task,
being interrupted unexpectedly, shifting between tasks,
recognizing something that might well be valuable with
respect to another situation when doing something else,
and so forth.

In addition to conscious activities, selective use of
automatically recorded usage data can provide a useful
contextual background for one’s landmarks. We believe
that the time-based combination of landmarks and con-
current usage data could turn out to be important entries
to the user’s personal information space and, further, to
the user’s history of activities. According to Simon [33, p.
55], users can be seen as designers of their own work: the
users can be considered as experts when reflecting upon
their activities in the course of time. They recognize the
essential landmarks of their activities. Thus, providing
users with a map-like resource (i.e. interactive visualiza-
tions) to their past history of activities with an emphasis
on significant landmarks of actions can facilitate the man-
agement of manifold dependencies of individual’s work
in desktop environment. This also helps the individual to
articulate and externalize these activities and tacit knowl-
edge into the organizational context.

2. Need for augmenting user awareness of the
context in desktop environment

The following fictitious use case illustrates some of
the problems related to the working context in desktop
environments.

“John Smith is a software engineer working in a soft-
ware company. He is responsible for the maintenance of
two different software components, A and B.

In the afternoon of an ordinary working day, having
Just checked out the latest version of the source code of
the component A, John is focusing on its specific class
implementation. After a while, he is interrupted by a sig-
nal indicating that he has new email. He shifts to the
email application and recognizes that it is from an im-
portant customer. It is an error report concerning the
component B which should be fixed immediately. The
customer had reported the same error a couple of weeks
earlier, and John distantly remembers having fixed
something in the code of the component B immediately
afterwards. John now checks the date of the earlier email
(March 22th), and then shifts to console window to check
out the differences between the versions committed in
March 21st and 22nd. Unfortunately, there seems to be
quite a lot of changes. Now he recalls that after fixing the
error, he became ‘carried away’ and had done quite a lot
of other changes and minor fixes in the code before com-
mitting the changes to the versioning system. After
browsing the code for half an hour, John is finally able to
locate the piece of code where he made the error fix. But
then the phone rings. It is John's boss asking him to join a
meeting he is having with another customer. John heads
for the meeting. There he gets a task to send some docu-
ments to the customer. On the way back to his office, John
receives a SMS from his wife. It appears that their
daughter is ill and he should go and pick her up from
school as soon as possible.

Next morning John tries to recall what was going on
the day before and what he should start with. Ah! Sending
the documents to the customer he and the boss met yes-
terday. Afterwards, John starts thinking about his
daughter, about her birthday that is coming soon. Maybe
he should buy her a book. John starts the browser,
searches for a book, and ends up bookmarking one for his
wife as well. Then, John shifis his focus on the component
A and continues editing its code.”

The described use case is fictitious but it, nevertheless,
condenses some real issues, some essential and some
more general, of everyday working practices into a short
passage.

e Although working environment is always unique,
desktop environment is the centre of personal infor-
mation space and the crucial part of personal knowl-
edge management in most of the cases.

e The contemporary state of the user's personal informa-
tion space is an end-product of his past interactions
and can be seen as an objectified part of the context.
As Krishnan and Jones [23] put it, the personal
information space evolves over time giving the context
for activities the user performs on his desktop. Dourish
[6] refers to such an objectified account of context as
the representational context in contrast to the
interactional notion of context.
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e The history of activities and the flow of changes made
in personal information space is itself an important
part of the subjective and interactional context.
Dourish [6] characterizes interactional context as
dynamically defined, relational and occasioned
property between objects or activities that arises from
the activity.

e Although the desktop environment itself is potentially
multipurpose and can include specific applications,
most of the desktop environments share a set of office
applications. The use of the 'conventional' applications
is intertwined with the use of more specific applica-
tions.

e Interruptions tend to result in discontinuities in the
tasks beyond the duration of the interruption itself
[25]. In the desktop environment this phenomenon is
common, because usually there is a lack of contextual
reminders of the recent activities. For instance in the
earlier example, John fails to remember the customer’s
request for the component B, but continues his work
on the component A.

These issues frame the information intensive work on
a desktop environment. However, they provide only a
framework — no attention is paid on the context specific
issues; for instance, on the details of the work of the soft-
ware engineer in the use case. To tackle with these issues,
a number of ethnomethodologically driven studies have
been carried out [15; 21; 31]. Of these studies unfortu-
nately only a few are on context-aware context.

However, we can learn from existing ethnomethod-
ological studies by generalizing the appropriate finding to
the context-aware context. These might include problems
or challenges faced by people and ways they act in com-
puterized environments. Next, we will demonstrate this
with the help of a study by Ehrlich and Cash [§].
Although they focus on specific professionals, 'search
experts', some general issues of information intensive
work are identified. Customer support personnel and
corporate librarians are familiar with a range of in-
formation sources: different types of computerized (i.e.
web-based on-line databases, CD-ROMs) and printed
materials - and the telephone [8]. However, the tasks the
search specialists do vary a lot, for instance in terms of
search methods and media. As Ehrlich and Cash pointed
out: “other search specialists may range far and wide to
pick up tidbits of information which will eventually be
put to good use.” [ibid. p. 153]. Obviously, when a search
task is less structured, when it spans over a long period of
time, and when it is occasionally interrupted and includes
more work on the desktop, there is a substantially higher
risk for the search specialist to lose the working context.
In the customer support setting, one of the problems was
that an analyst solving a problem and looking up the
tracking database for similar cases did not necessarily

recognize the match between the documents, thus missing

the relevant one [8].

The issue with every day computing is very similar to
the ones that stem from the use case of John Smith and
from Ehrlich and Cash’s [8] studies. In fact, the way
Ehrlich and Cash characterize work agrees with the idea
of everyday computing. "Work, we have come to believe,
is more than tasks and transactions. Making sense of in-
formation is a real-time process, and is often both
collaborative and emergent.” [ibid. p. 164] This reasserts
the wvalidity of applying the principles of everyday
computing also into conventional working environments
with desktops.

Everyday computing emphasises informal and un-
structured activities thus making it relevant also to tra-
ditional working environments with desktops. The fol-
lowing list includes issues that everyday computing [1]
should address.

e Activities may span over a long period of time and do
not have a clear beginning or end. For example, a spe-
cific task that may seem to have been completed some
time ago may require further elaboration.

e Working process is not continuous but might get inter-
rupted, intentionally or accidentally, by the user or by
other people.

e Various concurrent activities take place. Shifts
between activities occur both in the desktop envi-
ronment (shifting from one application to another) and
in the physical environment.

e Time is an important factor. Besides considering time
as an important discriminator, we suggest that tempo-
ral information can also bind concurrent events or
objects together.

e There is a need for associative information models,
because hierarchical information models do not meet
the needs of everyday activities.: the models of infor-
mation for activities are fundamentally associative.
Recent activities may prove out to be a useful source
for associations which may be used for directing pre-
sent activities. Thus, incorporating temporal infor-
mation, i.e. the history of events and changes made in
the personal information space, would be of major
importance.

3. Interoperationality

Despite of the fact that systems are not fully interoper-
able, we are able to operate these systems. In contrast to
interoperability, we use the term interoperationality to
emphasize the role of meaningful human activity in
making non-interoperable systems to work seemingly to-
gether for some meaningful purpose. This is historical in
nature: the meaning emerges in the process of activities.
Consequently, for the present purpose, interoperationality
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also emphasizes subjectivity. That is, personal working
history is meaningful primarily for the person concerned.
A chaotic-looking real-world working environment can
serve as an illustrative analogy: one’s working environ-
ment can appear as a total chaos for a colleague, while, at
the same time, it can remind its user of some important
tasks that should be carried out.

Fischer [10] has argued that the fundamental problem
in system design is how to write software for millions of
users (at design time) while making it work as if it were
designed for each individual user (who is known only at
use time). Inspired by the elaboration of the use case
above, we argue that designing an ideal solution even for
a single person would not be any easier. The difficulty
stems from the fragmentation of the (computerized)
working environment. Looking at the information
systems either from the individual user’s perspective or
from the perspective of an entire organization, the user-
environments or systems are usually made up of several
components or pieces of software. Heterogeneity yielding
to poor interoperability among systems is a well-
addressed problem (c.f. [26]).

Although a new application is designed with its intra-
operational use-context in mind, the problem of interop-
erational use-context remains: the designed system will
be only a part of the working environment. For example,
although specialists and professionals use their dedicated
applications, they also utilize some common programs
(web browser, e-mail). We suggest that as far as desktop
environment is concerned, augmenting the user’s aware-
ness of the working context should address the problem
of interoperationality between different applications
(c.f.[27]).

Unfortunately, the existing desktop applications re-
strict the user’s awareness of the working context as a
whole. To overcome this problem and to address the
challenges and demands elaborated in the previous
chapter, we chart different alternatives to support and
augment the user’s awareness across the boundaries of
existing systems. In order to rise to the challenge, an
application-specific focus is not adequate. The idea of
interoperationality underlines several issues that are
identified, for instance, in everyday computing approach.
In order to concretize and operationalize inter-
operationality in the desktop environment, relevant
technical means are discussed.

4. Desktop environments as platforms for
interoperationality

Desktop environments with a graphical user interface
support some very general level contextual mechanisms.
Clipboard, for example, can be seen as a context mecha-
nism [39]. It has both an intraoperational and interopera-

rable mechanism: contents can be interchanged between
applications and within a single application. Model-View-
Controller (MVC) [29] architecture separates an applica-
tion's data model, user interface, and control logic into
three distinct components: Model, View and Controller.
In spite the fact that single applications seldom
implement the MVC model in its purest form (Smalltalk,
c.f. [12] applications making exceptions), the MVC
model frames the desktop operation system itself as a
whole. The file system corresponds to the Model, the
desktop to the View and the operating system to the
Controller. The file system can be deemed as the storage
for persistent, long-term representations of different
applications' data models and the desktop as the 'con-
tainer' for applications' views. The operating system acts
as the controller over the whole system (e.g., dispatches
the user-events and system-events).

Window-based user interfaces generate user interface
events concurrently with their normal operations. From
the application usage and usability points of view, this
information can be regarded as a potentially fruitful
source of information [18]. Further, as the stream of user
interface events provides a detailed usage history, it is
also a useful source for applications that support the
user’s context-awareness. Thanks to the role of the op-
eration system as a centralized controller of event dis-
patching, these events can be captured without a need for
modifications to the existing applications.

The fact that user interface events (UI) are rich in de-
tail can cause problems, as well. A great many of the Ul
events are application specific providing scarcely any
semantic meaning without appropriate context. For ex-
ample, 'MOUSE PRESSED' may occur when the mouse
cursor is on a button labelled 'Search', or when a scroll
bar is moved, or when one clicks the background. Never-
theless, there are Ul events that inherently include some
contextual information, namely the events indicating
focus shifts between applications (referred to as
‘focus_changed’ events from here on). By confining to
such events that explicitly signal user-initiated shifts
among applications (i.e. interoperational events), the vo-
luminous stream of events can be simplified.

In addition to user interface events, the file system events
could be considered as beneficial for the pursuit of
interoperationality. Namely, binding the currently focused
window (i.e. the window that has been brought in front of
the other(s)) together with events from the file system are
subsumed by a more abstract event level. For example,
the sequence of user-interface and file system events
'focus_changed: MS WORD', 'accessing file: CV.DOC'
and 'changing file: CV.DOC' during a short period of
time constitutes a semantically richer event, namely 'ed-
iting_document. CV.DOC'. The selective combination of
the micro-level user interface with concurrent events from
the file system as discussed earlier, on one hand, reduces
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the amount of data to be captured and, on the other hand,
yields contextually richer events. Consequently, we
suggest that framing the desktop environment through the

MVC model constitutes a promising operational base for

implementing interoperational context-aware

applications.

5. A Model for a context-aware application

A model for an application that supports awareness
between different applications is presented in Figure 1.
The emphasis is on interoperationality: capturing and rep-
resenting the past activities of a user. In this, we take ad-
vantage of the operational means that the desktop system

provides and were discussed earlier.
To articulate the idea of the application, we have used

Desktop environment

Model
(the file system)

components from a context-aware application toolkit
from Dey et al. [4] (they bind the framework with the
physical context and emphasize sensor-data, but we sug-
gest that the toolkit is applicable also as a framework for
conventional desktop applications augmenting the user’s
context-awareness): Context widgets support a uniform
interface that allows the applications to acquire contextual
information; Inferpreters generalize contextual in-
formation by raising its level of abstraction; Aggregators
gather logically related information relevant for an
application and make it available within a single software
component.

The context-aware application model decouples the
collation of usage data and presenting the data to two
separate components or submodels: the context-aggre-
gator and the context-view. These components are dis-

cussed in more detail below.

View

(application windows)

Controller (the operating system)

Context-aggregator

Interpreter A

(eg. inferring

Context-Widget A

»
hlld (filesystem changes)

Interpreter B

(inferring
supplemental

information

y information

about the type
and location of

the file)

Context-Widget B

(focus changes)

User’s input
(categorization,
folders to be
tracked, etc.)

Context-view

about the
window)

Application

(interactive view of past

% User’s input
= (categorization,
landmark tags, i
metacomments, etc.) i

Figure 1: The model of the application.
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5.1. Gathering the past activities: context-aggre-
gator

The context-aggregator encapsulates interfacing with
the operating system and acts as a repository for the past
activities of the user.

The Context-widget A gathers the file system events
and the Interpreter A conducts file specific abstractions
on these events (e.g. if the files concerned are internet
temporary files, it infers the URL and/or the topic of the
page). The Context-widget B keeps an eye on focus
changes in the user interface and uses the Interpreter B to
attach extra information about the context (e.g. infers the
name of the focused window). The extra information
attached depends on the type of the activity: a landmark
of actions is supplemented with more detailed informa-
tion than the other activities.

On the general level, the way the Aggregator operates
is similar to the techniques for synchronization and
searching applied in usability research. These techniques
are based on the idea of synchronizing and cross-indexing
UI events with other sources of data [18]. In the case of
the Aggregator, the focus-information from the context-
widget B is bound with the corresponding file changes
events from the Context-widget A according to their tem-
poral relation.

In the following a sample user-scenario is provided in
order to illustrate the functionality of the Aggregator on
an abstract level. Let WF(z) denote the window that has
gained the focus at the 7 and let FiS(?) be the file system
event with respect to time # (see the corresponding time-
lines in the Figure 2).

Wr1) @ @ @ o —
FS(1) o @ ®
! Tl T2 T3 T4 T5 T6 T7

Editing the document: ‘Browsing the web

Figure 2: Binding focus and file events together.

Now, consider the following scenario: the user
launches an application, let's say a word processor, at the
time 71. Consequently, the application window gets the
focus and the corresponding event WF(TI) is recorded.
After writing for a while, the user decides to save the
document: the file creation event is recorded in FS(72).
Further, at the time 73 the user launches a web browser
for checking an article. This causes a new focus changing
event at WF(T3). After the user has entered the URL, a

web page is fetched — and the corresponding file appears
in the temporary internet files folder. This change in file
system is recorded as FS(74). At the time T35, the user
shifts back to edit the document, and the word processor
application gains the focus — WF(T5). Finally, the user
saves the document and quits the word processor: events
FS(T6) and WT(T7) are recorded respectively. The gray
blocks in Figure 2 illustrate how the Aggregator binds the
focus events with the corresponding file events.

The interaction between the user and the context-ag-
gregator happens through the context-view. The user’s
input is threefold: preferences, categorizations, and land-
marks. Preferences include, for instance, the folders to be
tracked. Categorizations are states (e.g. should the con-
text-aggregator be recording the user’s activities or not)
or identifiers (e.g. “Work’, ‘Leisure’, ‘Critical computing
article’) of long-term activities. Categorization informa-
tion is of use for both of the context-widgets. The user’s
request for a landmark ‘forces’ the Context-widget B to
make a ‘focus changed’ record and supply it with supple-
mental information about the context.

The context-aggregator model (Figure 1) does not de-
scribe the contents of the contextual information attached
to a landmark of actions. Instead, it encapsulates the logic
of selecting relevant contextual information in the Inter-
preter B. In the following, a general and rather straight-
forward approach to the implementation of the Interpreter
B is described. In this approach, each automatically and
transparently recorded ‘focus change’ record includes the
following fields: 1) a timestamp, 2) a reference to the ap-
plication running on the window having the focus, 3) a
user defined categorization. When the user explicitly
forces the system to make a landmark, the previously de-
scribed record is extended by a snapshot of the focused
window, and other data provided by the user (e.g. a com-
ment).

The two streams of events shown side-by-side in
Figure 2 give an idea of how the context-aggregator
works. Nevertheless, the true potential of merged streams
is only revealed by powerful visualizations.

5.2. Visualizing the past activities: the context-
view

The context-view provides a visual front-end to the
context-aggregator’s repository. From the user’s point of
view, the context-view acts as a map-like resource to the
user’s past activities.

In general, different usage data visualization tech-
niques allow researchers to exploit their innate visual
analysis capabilities to analyze results [18]. These tech-
niques have traditionally been used by the usability ex-
perts and not by the end-users. Yet, as Simon [33] argued,
users can be considered as experts when reflecting on
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their activities, thus it might turn out to be beneficial to
provide similar visualization techniques in an interactive
form for the end-users.

For visualizing events that span over substantially long
period of time, a calendar-type of visualization is useful
[13]. Our concept of cumulative history of events refers to
the idea of categorizing and visualizing the usage data
without paying attention to the micro-level temporal de-
pendencies. This is closely related to ’history-enriched
digital objects’ [19] — an approach that is based on the
idea that real world objects accumulate signs of “wear”
when used and that scuffing informs future usage. Hill et
al. [20] illustrated the idea in the domain of document
processing: every episode of reading and editing a docu-
ment leaves its mark to the document.

Figure 3 presents an example of how to effectively
visualize a cumulative history of events. A view of John
Smith’s cumulative history of events during one week is
presented. Besides giving an overview and useful insights
of the workload of the week, the cumulative history of
events can facilitate the search of some particular task or
activity. For example, John recalls that he had been
working almost a day on the component A during the
week. So, most probably it was Tuesday, when he had
made the major changes there.

Figure 3 illustrates how low-frequency events have
been generated from a number of high-frequency events.
The events range from high-frequency micro-level inter-
actions that are short-lived and mostly synchronous, to
high-level interactions that are of low-frequency and to a
large extent asynchronous [18; 32]. The view in Figure 3
can thus be seen as a ‘plan’ that was never explicitly
made but, nevertheless, materialized through the user’s
activities. The interconnectedness of plans and actions is
related to Suchman’s [35] idea of plans as representations
of situated actions.

21. Mon 22. Tue 23. Wed 24. Thu 25. Fri
Urogsea!
Component A Component B Other

Figure 3: An overview of John Smith’s activities from the
past week.

The calendar view in Figure 3 shows a discontinuous,
low-granularity view of actions over a substantially long
period of time. It provides an overview to thematic
changes in the user’s long term activities. The legends
‘Urgent!” and ‘Fixed!” in Figure 3 represent landmarks of
actions, i.e. stages that the user has explicitly considered
significant with respect to ongoing work.

Figure 4 shows the zoomed-in view of the activities on
Tuesday 10 — 11 am. It represents the same landmarks of
actions as in the calendar view. Thus, these landmarks of
actions act as ‘hooks’ between long-term, low-frequency
activities and micro-level activities. The black bars in
Figure 4 indicate constant focus on a specific application.
Labels above the bars refer to a particular content (that
was disambiguated from the filename or application win-
dow in the context-aggregator component). These labels
act as reference points to corresponding contents. Land-
mark labels (e.g. ‘Urgent!”’) refer to supplemental
information provided by the context-aggregator (e.g. a
snapshot of the window).

22. Tue Fived!
! ]

www.cnn

21.

++
C++IDE v
< |10 am— 11 am l

Component A

Component B Other
Figure 4: Activities spanning over an hour of time.

Altogether, the example of context-view (Figures 3
and 4) acts as an interactive visualization to the user’s
past activities in the desktop environment. The context-
view described here facilitates getting a visual overview
of activities emphasizing the landmarks of actions. It also
helps the retrieval of supplemental information.

The view in Figure 4 adopts techniques from usability
research where results of performing selection or abstrac-
tion on an event stream are visualized using a timeline
[18]. The difference in our case is that the information is
used by the user of the system instead of the system’s de-
signer or researcher.

6. Related approaches

There is a collection of related studies that have ad-
dressed the importance of temporal information and the
user’s activity-history in managing personal or collabo-
rative information space. However, none of them has em-
phasized the user’s subjective evaluation of the signifi-
cance of ongoing activity (i.e. landmarks of actions) the
same way that we have.
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Fenstermacher and Ginsburg [9] have presented a
framework that monitors higher level user-events to learn
how people access, create, and modify information. De-
spite the surface-level similarity to our approach, their
emphasis is on organizational level benefits instead of
personal information management: enabling feedback on
usage of information sources, getting usage-data of fre-
quently connected series of activities for user-interface
designers, etc. Their framework takes advantage of Win-
dows Component Object Model (COM) and is, thus, re-
stricted to Windows environment.

In some suggested solutions, the role of time in orga-
nizing information has been emphasized. For example,
Rekimoto’s [30] time-centric approach integrates histori-
cal perspective to the user’s personal information space:
the user can ‘travel’ in time and the whole environment
changes to the time in question. Lifestreams [11] provides
a storage model of its own for organizing data time-wise
in a personal workspace. These solutions differ from ours
in trying to extend or change the desktop metaphor as a
whole. Also Edwards and Mynatt [7] and Hayashi et al.
[17] have addressed the importance of time related infor-
mation. Edwards and Mynatt’s Timewarp-toolkit [7]
makes it possible to build applications that can handle
documents with multiple timelines. Hayashi et al. [17]
have focused on web-documents and how to provide an
activity-based perspective on them to help knowledge
workers. These approaches are directed more towards
supporting collaboration. Also, they try to provide new
data infrastructures and new applications instead of
building on the existing applications in contrast to our
approach.

TimeSpace [23] is an example of how to use temporal
information in personal information space management
and augment the existing desktop environment. It
provides activity-oriented document-centric virtual work-
spaces, within which temporal layouts of information
items are represented for retrieval, and shows an
overview of activities. Nevertheless, it does not take into
account user’s experience on the significance of the dif-
ferent activities.

There are some intuitive solutions for visualizing
documents or records over time. ThemeRiver [16], for
example, can be used for visualizing thematic changes in
a large document collection over time. Especially relevant
from our point of view is the LifeLines [28]: it introduces
an intuitive and general technique for representing a vari-
ety of personal history records — similar to our context-
view.

7. Discussion

“While most people tacitly understand what context is,
they find it hard to elucidate” [5, p. 4]. In this respect,
desktop environment makes no exception. We argue that
contextual issues concerning the desktop environment are
far from trivial and the research efforts directed towards
context-aware computing could provide a fruitful basis
for designing desktop applications as well. The debate on
defining the context in context-aware computing can, on
one hand, increase the understanding of the individual
user’s working context in desktop environments. On the
other hand, the critique on different definitions of context
in context-aware computing can point out tacit assump-
tions that have steered the design of desktop applications.
As Chalmers [3] has asserted, designers do influence and
constrain the predetermination of meaning and the con-
textualization of a design.

We have come up with an imaginary use case that we
have analysed in order to depict and illustrate some prob-
lems the user faces when disassembling his working con-
text. Applying this kind of artificial use case, on one
hand, facilitates highlighting some relevant concerns and,
on the other hand, creates a substantial risk towards pur-
pose-orientation, i.e., building the use case to fit with the
argument. One of the main assumptions delimiting the
scope of the article is that of desktop environment being a
central part of knowledge-worker’s working environment
- and this very same assumption or premise is behind the
imaginary use case. Despite being situated in a specific
working environment (i.e. one of software developer’s)
we see that the use case promotes a set of general aspects
of desktop working (e.g. interruptions, long-term
activities and shifts between the activities). Thus, we
argue that it can serve as an ‘archetype’ for desktop
working. Reflecting the issues from the analysis of the
use case on a study of information intensive work (e.g.
[8]) reveals that our list of features is well in line with the
issues raised in everyday computing, showing the need
for managing temporal dependencies between one’s
personal activities. In order to bring this rather abstract
design requirement into operational level, we have come
up with the concept of interoperationality. We use the
concept of interoperationality in contrast to a more
technology-oriented concept of interoperability.

In our approach, the starting point has been in personal
work and in desktop environment. This involves a techni-
cal challenge of finding the least common denominator in
these kinds of circumstances. In order to tackle this chal-
lenge and, at the same time, to emphasize the nature of
desktop work from the user’s point of view, we have ad-
dressed the unstructured shifts between different applica-
tions and contents in the course of time. There is no need
to change the way people work. What we offer instead is
a new “map-like resource” on the person’s working
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history. From the systems design point of view, this, on
one hand, suggests a new class of applications supporting
user’s awareness of the desktop working environment as
a whole and, on the other hand, helps in charting
resources and means the desktop environment provides
for the implementation of such applications.

We have proposed an abstract application model that
conceptualizes the management of temporal dependencies
between one’s personal activities. The model comprises
both system level and user interface level descriptions.
The idea of landmark of action addresses an important
issue that has not been discussed before. Namely, that the
user can have tacit knowledge of that the thing he/she is
focused on at a certain moment is important and should
be captured for a later use either for the person herself or
for organizational purposes. The application we have
modelled emphasizes proactivity of the user, i.e. it is up
to the user to express when something important is going
on. However, the question of what remains: what is the
thing he or she is focused on? The abstract model we
have proposed (Figure 1) does not take a fixed stance on
this issue, but we have offered a rather straightforward
and application independent proposal for a solution to this
problem. There are some limitations in this generic
solution: for example, not all applications store and
retrieve their data from the filesystem. However, it is still
possible to attach some other data to the landmark
(window capture, data from the clipboard etc.)

We believe that the interoperational approach for ‘pre-
senting the past’ of user’s own work would make the user
an expert when reflecting on his own work. The examples
and related studies demonstrate a need for such support.
The system is still a paper prototype, but the model drafts
some specifications for the implementation.

8. Conclusion

In this paper we have focused on individual user, per-
sonal knowledge management, and intrapersonal aspects
of the working context. However, we have also taken into
consideration that intersubjective aspects create different
demands and restrictions on intrasubjective working envi-
ronment. We have considered the debates on CSCW and
on context-aware computing and taken a rather practical
stance in our work with respect to the expansion of digi-
talization. Although almost all contemporary working
environments are partially digitalized, we share Kirsh’s
[22] assumption about the limits of the extent to which a
physical space can be digitally augmented and reshaped.
Rhetorically, one can ask how the contemporary digital-
ized working environment can meet the needs of one’s
work context.

The articulation of one's working context enables per-
sonal knowledge management and, consequently, sharing

the knowledge with others. When Ehrlich and Cash [8]
studied corporate librarians, they found that the ability to
retrace the information retrieval process of the individual
information seekers would promote organisational know-
ing. This is in line with McDermott’s [24] characteriza-
tion of knowing and knowledge: knowing is in actions of
individuals. Thus, supporting personal information man-
agement by articulating personal knowledge through
automated capturing of activities would enable the
knowledge to be shared among other people within the
organisation, when needed and wanted.

A very special feature of the solution described in the
article is that it will provide valuable usage data of itself
and the whole desktop environment as a side-product
through its usage. This feature certainly is a sword of Da-
mocles: on one hand, the application can be helpful not
only for the user and for researchers, on the other hand,
the application can be misused and the user’s privacy in-
fringed. Will the organization monitor users' activities
even more than is the case currently if retrospective in-
formation on these activities becomes more easily avail-
able?
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