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Abstract. In ubiquitous environments the transition from data to knowledge is becoming
significant as more and more data is captured by numerous, usually separated technolo-
gies. These technologies are labeled as automated agents, semantic web or ubiquitous
computing. As information is data with a certain meaning and knowledge is information
with understanding how to apply it in a certain situation, the notion of context is empha-
sized. In this paper, we use activity theory to analyze this transition of data to knowledge
in the context of ubiquitous computing and semantic web. We ground our argument to
several examples where human activities are needed in applying information in the eve-
ryday life. As a result, we discuss the claims and promises of semantic web and ubiquit-
ous technologies and to what extent they can be achieved. We argue that the role of
these technologies is in assisting, mediating or supporting the users’ activities and deci-
sion making, not making knowledgeable decisions for their behalf.
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Introduction

In their seminal article, Berners-Lee, Hendler and Lassila (2001) illustrated the
benefits of semantic web through a fictitious example:
“The entertainment system was belting out the Beatles' "We Can Work It Out"
when the phone rang. When Pete answered, his phone turned the sound down
by sending a message to all the other local devices that had a volume control.
His sister, Lucy, was on the line from the doctor's office: "Mom needs to see a
specialist and then has to have a series of physical therapy sessions. Biweekly
or something. I'm going to have my agent set up the appointments." Pete im-
mediately agreed to share the chauffeuring.
At the doctor's office, Lucy instructed her Semantic Web agent through her
handheld Web browser. The agent promptly retrieved information about
Mom's prescribed treatment from the doctor's agent, looked up several lists of
providers, and checked for the ones in-plan for Mom's insurance within a 20-
mile radius of her home and with a rating of excellent or very good on trusted
rating services. It then began trying to find a match between available ap-
pointment times (supplied by the agents of individual providers through their
Web sites) and Pete's and Lucy's busy schedules. [...]
In a few minutes the agent presented them with a plan. Pete didn't like it — Uni-
versity Hospital was all the way across town from Mom's place, and he'd be
driving back in the middle of rush hour. He set his own agent to redo the search
with stricter preferences about location and time. Lucy's agent, having com-
plete trust in Pete's agent in the context of the present task, automatically as-
sisted by supplying access certificates and shortcuts to the data it had already
sorted through.
Almost instantly the new plan was presented: a much closer clinic and earlier
times-but there were two warning notes. First, Pete would have to reschedule a
couple of his less important appointments. He checked what they were-not a
problem. The other was something about the insurance company's list failing to
include this provider under physical therapists: "Service type and insurance
plan status securely verified by other means," the agent reassured him." (ibid. p.
34)
In this paper, we critically examine the claims and promises of semantic web and
related technologies from the viewpoints of context, information and knowledge.
Particularly we want to investigate up to which extent semantic web can be ap-
plied in different situations and context. We aim at developing a complementary
view to the transition of data to knowledge so that correspondences, contradicto-
ries, and/or missing elements and views of context in terms of data and knowledge
can be elucidated. This kind of analysis will reveal opportunities and challenges in
developing applications that exploit contextual information. These include ubi-



quitous computing applications, devices and artifacts, automated agents, semantic
web-applications and data mining applications.

Lieberman and Selker (2000) studied trends in hardware and software that put
demands on contextual issues in computing. First, embedded systems are getting
common in everyday artifacts, allowing them to interact with the environment,
and second, proactive software agents are reducing the users’ burden by taking
over their tasks. In other words, the artifacts are monitoring and gathering infor-
mation from their surroundings and appropriating their activities according to the
events in that context. The idea of proactive software agents also leads to the issue
of context. The agents perform tasks once done by the user, as depicted in the
quote above. Agents collect contents (from the web), process information and ex-
change the results with other programs. These trends emphasize the information
about the context.

A special functionality of agent services is their ability to trace the history of
inference back to the origins of the result and translate this chain of evidence in
such a form that an inference machine on one’s computer can verify the results
and present them to the user for their evaluation of the validity. Under these cir-
cumstances, both the automated agent and the user need to understand the context
in which the inquiry was targeted. This is important as the technology, especially
in the context of information systems, is considered as a mediating technology
(Thompson 1967; Hirschheim et al. 1995). That is, technology does not reproduce
exactly data, information and knowledge, but assists human actors in their interac-
tions favoring the creation, development and sharing of data, information and
knowledge, and decision making.

This inference chain becomes meaningful once its relation to the concepts of
data and knowledge is considered. Data can be understood as the basic unit of
knowledge. Data, as such, does not contain any meaning being just a collection of
numbers or other forms of signs. On the other hand, once some meaning is at-
tached to data, it becomes information and further knowledge. This meaning is
usually constituted from contextual understanding. That is to say, data becomes
meaningful knowledge once the context, in which the data was created and/or in-
terpreted, is appreciated.

The paper is organized as follows. First, the concept of data, information and
knowledge is briefly discussed. Second, the meaning of context and context-aware
applications are presented. Third, activity theory as a framework to analyze the
concept is summarized, and applied in analyzing three different examples; a group
of concomitant activities, a set of consecutive activities, and a group of conflicting
activities. The article ends with discussion, implications and summary sections.



Transition from data to information and knowledge

Data can be perceived as the basic unit of a collection of signs. The data is thus
just a collection of facts or definitions and therefore meaningless. For example,
the statement “tomorrow is Saturday” per se contains no meaning for a person try-
ing to interpret it. Once a meaning is given to data, it can be referred to as infor-
mation. Information can also be defined as a difference that makes a difference to
somebody (Bateson, 1972). Consequently, information ceases to exist without a
particular subject to whom the information makes sense. The statement “tomor-
row is Saturday” becomes information once it is perceived as a day off the work,
and further, it becomes knowledge when an understanding of the context is incor-
porated. In other words, Saturday is the day to meet the grand-parents because it is
the day off the work, and because of that one has time to visit them.

Knowledge differs from information in that it is about beliefs and commit-
ments. It is a function of a particular stance, perspective or intention emerging in a
specific context. One of the cornerstones of Nonaka and Takeuchi’s (1995)
epistemology of knowledge is the distinction between tacit and explicit know-
ledge. Explicit knowledge refers to the conceptually well organized and articu-
lated knowledge that can be easily shared. The level of the exactness of the expli-
cit knowledge determines the level of context dependability. The more exact the
knowledge is, the more difficult it is to link to a certain situation or context. Yet,
in such a case it is easier to distribute it outside that context as the level of abstrac-
tion is higher. On the other hand, tacit knowledge is embedded with people’s ac-
tivities, it being subjective in contrast to objective explicit knowledge. Tacit
knowledge refers to knowledge which can be confidently used by a person in his
or her activities, but at the same time cannot be satisfactory articulated. For these
reasons, tacit knowledge is always person-bound know-how of how to handle
some particular situation, or to act in some context, making it very difficult to
share. Tacit and explicit modes of knowledge differ radically also in spatial and
temporal aspects. Tacit knowledge is here and now while explicit knowledge is
about objective world — there and then. Tacit knowledge appears in human prac-
tices in an analog form, in contrast to explicit, theory driven digital knowledge.

The transition from data to information and knowledge thus includes under-
standing about the applicability of the data and its context. Data, by definition, has
no meaning. Once it gains some, it becomes information. Further, once one can
understand the consequences and connections of the information, i.e. its context, it
becomes knowledge. For instance, a price of an air ticket (100€) becomes infor-
mation when the currency is understood (100€ and not 100Yen), and knowledge
when put in to a certain context (it is valued cheap by somebody after comparing it
to other airfares). To do this analysis, one has to do several activities: define the
type of data (airfare for a certain route), understand the currency, compare the



prices, and evaluate the appropriateness of the overall results (so that the ticket is
for appropriate day and connection).

The concept of context and context-aware applica-
tions

The context-concept is defined implicitly in research literature. It is often taken
for granted without explicitly pointing out the standpoint, or explained through
examples or, worse, through a circular argument, making the definition vague.
Merriam-Webster Online Dictionary gives two distinctive definitions for the con-
cept of context. First, it refers to the parts of a discourse that surround a word or
passage and can throw light on its meaning. Second, the word context is used to
refer to the interrelated conditions in which something exists or occurs. So, beside
the problem of generality of the definition, there is also a problem of ambiguity in
the English word.

Based on several definitions of the concept of context, Dey et al (2001) sug-
gested two categories: enumerations of examples of context information, and ca-
tegorizations. The former definition approaches context as a box of “information
bricks” (e.g. time, location) to build upon. Yet it does not help in deciding wheth-
er “a brick” should be included. With the latter category (basically “is-a” —type of
definitions), there is a substantial risk of ending up to circular definitions. Sowa
(2000, p. 288) has pointed out an example of circular definition of context and
situation: how the concept of context has been defined in terms of situation, and
vice versa, by different writers.

Dourish (2004) encapsulated a group of underlying assumptions of the notion
of context in software systems. The context is a form of information, delineable,
and stable, and is separable from an activity. In software systems, the problems in
handling the context are related to encoding and representation. The consideration
of the context as a representational issue misinterprets its role in everyday human
activity. Svanaes (2001) argued against this kind of technology driven approach
where the context is seen as a property of the physical world to be modeled. In-
stead, the context should be perceived as an overall frame, or a horizon, within
which a user makes sense of the world. Technology driven approach to context
also scrutinizes context-aware application designers’ assumptions about the con-
cept of context. In addition, the low penetration of context-aware applications to
“real contexts” obviously leads to scarcity of studies about the implications of
long-term use of ubiquitous applications. As an alternative, Dourish (2004) has
suggested an interactional view to context. There contextuality becomes a rela-
tional property between objects or activities, dynamically defining the scope of its
features. Furthermore, the context is seen as activity-based, occasioned property.



Context-aware applications take advantages of the predictability of people’s
actions in certain situations and places. For example, in a library context, people
usually borrow books, read them there or order an inter-library loan. However,
one may also have a cup of coffee in the library cafeteria, arrange a meeting there
or seek bathroom. All these activities are simple for human beings, the first three
being highly probable, the last three being not so rare either. Nonetheless, design-
ing a context-aware application to the library environment is quite problematic.
For example, automating “mute” ring tone of a mobile phone, according to the
location (i.e. library) is appropriate if one is reading the book, but inappropriate if
one is waiting for another for a meeting. Hence, in order to be able to make a se-
lection about the ring tone, a simple location-based evaluation is not enough. The
data contains information about the location not the purpose of a visit, and conse-
quently cannot be replaced by location-based data. On the other hand, when a re-
levant part of the context is definable, context-aware applications can be success-
ful. For example, in an organization with many computers and printers in different
places, a context-aware application may suggest the nearest printer capable for the
printing job. In this example, the context is framed so that the selection of an ap-
propriate printer is easy — assuming the information about the IT infrastructure
(that is, the distances between all the computer terminals and printers) is provided.
The difference between the aforementioned examples is the level of activity. For
example in the first one it is possible to list probable activities (borrowing a book,
reading newspaper etc.). However, the context there does not restrict other activi-
ties to happen: using the bathroom, having a cup of coffee, meeting people. These
can be described as affordances of the specific context: resource for unanticipated
use!

Activity theory in brief

Activity Theory', founded by Vygotsky, Leontiev and Lurija, is an approach for
studying different forms of human practices as constantly evolving processes. The
unit of analysis is an activity. It is defined as a human or collective endeavor di-
rected to some kind of object. Each activity has its own history, consequently
making a historical analysis essential in order to understand the current situation.
Activity is mediated by artifacts, either technical instruments (tools) or psycholog-
ical instruments (signs). Leontiev further developed the theory and categorized
mediation-component to include also social mediation. Different forms of media-
tion thus include tools, instruments, signs, procedures, machines, methods, laws,
or forms of work organization.

! For examples about activity theory and information systems research, see e.g. Syrjinen & Kuutti
(2006), Korpela et al. (2002), Nardi (1995) and Karlsson and Wistrand (2006)..



Activities are distinguished by their objects. An object can be anything that can
be shared for manipulation and transformation by the performer of the activity.
This transformation of the object into an outcome gives fundamental motives to
the existence of an activity. The tool, which is utilized in the transformation, is at
the same time enabling and constricting the activity. The tool empowers the sub-
ject in the transformation process with the historically collected experience while
simultaneously limiting the interaction to the perspective of that particular tool
(Kuutti 1997). This limitation hides other potential features of the object from the
subject. To this Leontiev added a community-component, which, per se has fea-
tures similar to the tool. It enables and limits the activity by rules and division of
labor. Rules cover both explicit and implicit norms, conventions, and social rela-
tions between the subject and the community. Division of labor refers to the ex-
plicit and implicit organization of community as related to the transformation
process of the object into the outcome/goal. Figure 1 illustrates Leontievs’s ap-
proach to the theory of human activity as depicted by Engestrom (1987).

Instrument

//N \

Rules Community Division of labour
Figure 1. Components of activity theory (Engestrom 1987).

Activities are carried out through actions or chains of actions, which in turn con-
sist of operations. Activity is directed to satisfy a need through a material or ideal
object, whose perception is the motivation for the activity. Actions are governed
by the conscious goals of the subject. These goals reflect the objective results of
action. Actions are concretized through operations that are started by the condition
and structure of action. To clarify the difference between these concepts, activities
answer to an analytical question “why”, actions to “what” and operations to
“how” (Bertelsen & Badker 2003). Thus, activities are not necessarily conscious
(but may become conscious) while actions are always conscious. Operations pro-
vide conditions of actions. Activities are also longer-term formations in relation to
actions and operations.

However, these levels of activity are not fixed; an action may become an op-
eration through automation/internationalization, and an operation can become an
action through conceptualization’, e.g. in breakdown situations (Bedker 1991).
Also, an activity in one context can be an operation in another.

“An activity can lose its motive and become an action, and an action can be-

come an operation when the goal changes. The motive of some activity may



become the goal of an activity, as a result of which the latter is transformed in-
to some integral activity [...] The mobility of the constituents of activity is also
manifested in the fact that each of them may become a part of a unit or con-
versely come to embrace previously relatively independent units (for example,
some acts may be broken down into a series of successive acts, and, correspon-
dingly, a goal may be broken down into subgoals).” (Davydov et al, 1983, cited
in Kuutti 1997, p. 32).
According to Bertelsen and Bedker (2003), activity system is fundamentally
marked by contradictions. These contradictions are regarded within and between
activity systems as driving forces in human learning and development (Engestrom,
1987). Contradiction indicates a misfit within elements, between them, between
different activities or between different developmental phases of a single activity.
Problems, ruptures, breakdowns, clashes are manifestations of contradiction. For
instance, so called primary contradiction is the contradiction of a commodity be-
tween use and exchange value, e.g. between the best possible solution and a solu-
tion that can be implemented with the resources available (Bertelsen and Bodker
2003).

Example 1: Parallel activities

The first example is about co-authoring process, for instance writing a joint confe-
rence paper. From a technocratic perspective, the object of a writing activity is
text — a sequence of characters, or data. The authors (subjects) input (write) and
edit some text document by using a tool (word processor, typewriter). From a
technology driven viewpoint, the text can be considered as a tangible object. The
problem of co-authoring is thus conceptualized as resolving conflicts of several
actors processing the same data at the same time. For example, there is a docu-
ment consisting of three sections: S1, S2 and S3. The author A edits the text in the
section S3 and, at the same time, another author (B) cuts the section S2 off and
pastes it at the end of the document. An automated co-authoring system could re-
solve this conflict by locking the section S3 once its editing has started (thus
withholding the author B’s access to S3), and later by making an assumption that
the conflict has been resolved as the section S2 has been pasted to the document
(see Figure 2).

Author A’s changes:

Original document: — S1—S2 —S3 chited by A Conflict resolution:
S1-S2-S3 —>Sl—S3editedva—SZ
Author B’s changes:
— S1-S3-S2
Figure 2. Example of individual authors’ changes to document and conflict resolution.

This example illustrates a technological data processing perspective. This kind of
operation-level resolution is not unproblematic and could introduce new conflict-



ing intra-documental references. Clearly, for the author A, the context for editing
the text in section S3 is the original version of the document, namely S1 - S2 - S3
consequently allowing him to refer to the section S2 and assuming the reader is
already familiar with it.

From the author’s perspective, tangible text approach is not appropriate for an
object of writing activity, since initially there is no actual text but a text to be writ-
ten (i.e. an idea of the text). Hence, at some point of the process, the object of
writing is not text, but its idea. In this phase, the idea can be formalized, for ex-
ample, in terms of lists of ideas, drafts and schedule (a plan). This shift from an
idea to a formal representation is knowledge work that is inherently human, al-
though each formal representation captures some relevant aspects of the text.

Not only is the text shared among the participants in the writing process. The
process includes also knowledge about roles; who is in charge of coordinating the
writing, who will write on which sections/themes, and what language and style is
used, for instance. In the words of activity theory, division of labor and rules are
agreed within the community. In co-authoring the object of activity and, as a con-
sequence, the activity itself evolves. The object and motive undergo changes dur-
ing the activity process, emphasizing the process of doing through which the ob-
ject and motive are revealed. White and Arndt’s (1991) process writing model
captures the intertwined nature of writing process; ideas, texts, structures etc. are
continuously reviewed, reflected and elaborated throughout the process. In this
case, although the tool and tangible part of the object remain the same, the object
and the activity change. The same human initiated action may be related to a
group of activities — which may change during the process. Deleting a sentence
from the text may indicate that the author wants the text to meet some word limit,
make the text easier to read, move the sentence to some other part of the docu-
ment, or even write the same idea by using different terminology.

Example 2: Consecutive activities

The second example illustrates a business administration process. It is simpli-
fied, having only an accountant making entries and a manager making interpreta-
tions of the entries, i.e. about the data. As usual the accountant uses some tool,
bookkeeping software or ERP, to input the numbers according to some predefined
rules and classifications. For instance, an invoice from a hotel can be classified as
a travel cost (accommodation for a company employee), as a representational ex-
pense (accommodation for a customer), or even as a personal cost (company cre-
dit card used for personal costs that need to be reimbursed later). To decide which
category is appropriate, the accountant uses his/her contextual knowledge on ac-
ceptable costs. Entries and the budget situation are followed by a manager. He/she
examines the costs on general level, evaluating only the categories. Thus the com-
pany’s balance sheet is based on the accountants’ contextual knowledge, and how



the manager interprets it. Figure 3 illustrates activity theoretical triangles in this
information flow.

Bookkeeping software Balance sheet

N\

Inspecting and managing

Accaunta Baokkeeping ' Manager iqet situatian

/ \

Rules Community Divigien of labour Rufes Community Division of labour
Figure 3. Activity theoretical illustration of consecutive activities in an administra-
tion process.

Often there are no problems in interpreting individual invoices as the appropri-
ate category is evident and straightforward. However, Saastamoinen (1995; 2005)
stated that even up to 40% of incoming invoices could be considered as excep-
tions. In those situations, accountants, many in big organizations, have to use their
knowledge in decided the “appropriate” category. To make these decisions and
information flow transparent, several methods and rules have been developed, lat-
est being Sarbanes-Oxley act (Damianides, 2005; Kaarst-Brown, 2005). However,
in terms of activity theory, the rules, divisions of labor and tools still provide an
interpretation frame for both accountants and managers. In other words, the hu-
man’s role as an interpreter remains.

Example 3: Conflicting activities

There are many situations in which the knowledge about the context of the ac-
tivity necessitates understanding and knowledge about the other actors’ interests —
those interests being coherent or conflicting. In the co-authoring, the actors
shared the same goal. In the second example, the actors’ goals were on different
levels but not conflicting either. However, conflicting situation are common as
several actors are trying to achieve resources that are limitedly available. In such
situations, other actors’ activities need to be predicted.

An agent-based support for car drivers was provided by Keever and Pol (2002).
They concluded that drivers just need data about incidents and events, situational
analysis of those incidents and events (i.e. information); and the prediction of the
impact of the reported situations (i.e. knowledge). The first two types; “raw” data
and its situational analysis information are relatively easy to provide. However,
the predictions of the impact are very problematic. Even if the situation is correct-
ly described in the agent system, the agent would still need to know to what extent
other drivers are aware of the situations (for example, do they have access to in-
formation from same kind of navigation agent) and how the other drivers will
react to it. The prediction ability of the traffic incident is based on other human



actors’ reactions, and statistical analysis and predictions from earlier incidents.
Figure 4 illustrates activity theoretical triangle for agent-based route planning.

navigation agent
/// k‘\
/// ™
driver ¢ . route planning
N PN
ra 5, ya “w,
-"H k\ ,JH \\
ra NS N\,
v Wi —
rules community division of labour
Figure 4. Activity theoretical illustration of agent-based route planning.

From activity theoretical point of view, the drivers form different kinds of
communities. The types vary; sometimes they are people driving after another
having to be able to react to others actions, sometimes they are people on a same
route, sometimes people with the same technology-agent. In other words, the
communities are formed dynamically, sub-consciously, and continuously. This
becomes significant if it is determined by the common technology. Especially if
there are early-adopters and late-comers in the same community, the system’s
perceived effectiveness and ability to correctly predict the consequences of the
incident are very different. If an agent makes a suggestion for hundreds of drivers
to take the same detour, it might have been better not to get that suggestion at all.
An early-adopter may have learned to trust (or not to trust) the suggestion and act
accordingly. The rules and division of labor are based on traffic regulations and
conventions of the situation.

Discussion and implications

Previously several examples about situations where the meaning of context and
contextual information are emphasized were presented. In the cases; library, ad-
ministrative process, co-authoring and route-planning, the automation of opera-
tions is problematic. In the library, the phone cannot automatically switch to si-
lent-mode as there might be conditions when it must be heard. Administrative
process cannot be automated as all invoices cannot be processed in a standardized
manner because of numerous exceptions, and in co-authoring, the deletion of a
written sentence may have dissimilar implications. Yet there are conditions when
the automation of operations can be done. A mobile phone may cross-check loca-
tion-based data with a calendar and suggests itself to be silenced under certain
conditions. Invoices are standard most of the cases. Co-authoring and route-
planning may learn from previous activities and propose something. In other
words, something can be done. The questions remain: up to what extend the oper-
ations can be automated? To which extend the data can be handled automatically,



and when some information, or knowledge, is needed to process it correctly? To
what extend the transformation of data to knowledge can be automated, or can it
even be possible?

These questions were already identified by Berners-Lee et al. (2001) in their
seminal article. Until now, they have not been fully answered. We believe it is due
to several reasons. First, semantic web and its spin-off technologies deal mainly
with data and information. Knowledge is approached only as explicit knowledge
leaving tacit knowledge intact. Second, creating the “sets of interference rules”
and “structured collections of information” is not evident as illustrated by the co-
authoring and route-planning examples. Bowker and Star (1999) discussed that
classifying things, i.e. creating rules for collections of information, is all about
compromises. Thus, strictly defining and even naming automatically a number of
knowledge-intensive activities is nearly impossible. In these situations, human
intervention is needed. Third, even if one would be able to create such rules and
collection, the shifts and changes of foci between activities, actions and operations
complicate the case. As the administrative process example points out, exceptions
are common, so if a set of rules for some operation is created, the exception forces
the system to abandon them. If it does not do it, the exception is dealt in an inap-
propriate manner. Fourth, human activity is needed in coding the meta-text for the
information. In other words, once some content is created, it needs to be entered
twice: once as the actual content, again as its meta-data. Grudin (1994) discussed
the disparity of work and its benefits in the context of groupware applications. He
argued that the extra work done for a task, for instance voice annotating a docu-
ment, is something that does not get done regularly unless one sees its benefits.
This, in the context of semantic web, means that the meta-data does not get en-
tered regularly as it is extra work for someone. This lack of activities decays the
base for semantic web.

Although these obstacles are severe for developing semantic web, something
can and has been done. However, the question: “up to what extend” remains. If
knowledge, information and data are bound together with activity theory, i.e. the
terms of activity, action and operation, their relationship can be discussed. From
the human-machine asymmetry point of view, machine operates on data and in-
formation levels. Human endeavor has no such limitations. From activity theory
point of view, activities are directed to satisfy a need through a material or ideal
object. Thus, answering “why”-questions requires thorough understanding, or
knowledge, about the situation. As shown in the earlier examples, this cannot be
automated. Meanwhile actions are governed by the conscious goals of the subjects.
These “what”-questions are more difficult as sometimes a machine can make cor-
rect suggestions by guessing the subject’s conscious goal (e.g. in route planning).
Yet this will raise new problems as we will discuss later. However, as long as the
processing does not require human processing capabilities or intervention, it can
be given to computers. According to activity theory all operations, as long as they



remain operations, can be automated while activities and actions remain human
capabilities.

Computerized multi-agent systems try to adapt the idea of modeling beliefs,
desires, and intentions of other actors. For example, an agent may monitor stock
exchange rate and make recommendations to buy/sell, or even buy/sell directly
without human intervention, by using some rules in making predictions. The sys-
tem should be able to evaluate the other stakeholders’ operations, activities and
intentions, and learn to understand their behavior, beliefs, desires and intentions,
in order to be successful. However, although the system may work as wanted (i.e.
make money) for a limited number of people, a myriad of agents doing the same
produce different outcome: they all operate by using a more or less similar set of
rules, leading the same outcome (i.e. not making the money). Minsky (Riecken
1994) discussed multi-agent systems and referred beliefs, desires and intentions to
as “common sense”, which are crucial in all knowledge work. The idea of a ra-
tional agent having beliefs (informational state), desires (motivational state) and
intentions (deliberative state) implies that agents act on activity level. Lenat (1995)
attempted to model common sense in a large knowledge base by using some
propositions. However, it is still questionable if his endeavor will be successful
and if it is, to what extent.

However, automated agents are not embodied. Their interface towards reality is
limited and artificial, initiated by human beings. Therefore their epistemology is
limited as well as is their ability to change the ontological presuppositions (beliefs
as information structure). In contrast, the idea of embodied mind emphasizes the
importance of human sensor-motor system in reasoning. As Lakoff and Johnson
(1999, p. 43) stated, “it is a crucial part of the explanation of why it is possible for
our concepts to fit so well with the way we function in the world.” Human actors’
beliefs about the division of labor and community-memberships are important in
decision making as route-planning example illustrated. These make the idea of
automated agents taking part in knowledge creation process science fiction, unfor-
tunately.

Semantic web is “based on the idea of having data on the Web defined and
linked such that it can be used for more effective discovery, automation, integra-
tion, and reuse across various applications” (Hendler et al. 2002). The idea of se-
mantic web, exploiting the vast amount of data of the web for a knowledge base,
is no doubt interesting. However, in Nonaka and Takeuchi’s (1995) knowledge
creation process, semantic web focuses on combining explicit, digital knowledge.
It does not consider internalizing, socializing or externalizing the knowledge.
From the activity theoretical point of view, i.e. when the data could be used, se-
mantic web focuses on execution of data, doing some pre-defined operations on it
as we have discussed earlier. Therefore, the idea of discovering, integrating and
reusing data from the web is great, but it needs a human actor to extrapolate and
use it in some context.



In ubiquitous computing, the computers are everywhere. They are usable and
used in every situation, every context. However, again the automation of technol-
ogies is not straightforward. The examples of problems in co-authoring, mobile
phone in a library and route-planning illustrate the problems faced in ubiquitous
computing. Considering these issues with ISD paradigms (Hirschheim et al. 1995;
livari et al. 2001) provides an interesting viewpoint. It seems that automated
agents, semantic web and ubiquitous computing inherit epistemological and onto-
logical foundations from functionalism. First two examples stretch towards social
relativism as actors’ subjective issues are emphasized meanwhile route-planning
presents a conflict in the world-order. One can thus consider when this foundation
is appropriate, up to what extent the “chosen paradigm” is appropriate and suita-
ble. For example, at night the route suggested by the agent might be right as there
is less traffic, while at day-time the result is less suitable. Should this evaluation
be done by the technology or by a human actor? Following our earlier argument,
we suggest that the scope of ubiquitous computing should be on providing infor-
mation for human decision making. Thus, instead of focusing on a system or sys-
tems evaluating and deciding an appropriate activity for humans, it could be more
productive to consider how could ubiquitous computing technologies (tools) help
best individuals (subjects) in achieving their goals (objects).

Summary and conclusion

In this paper we have discussed the potentialities and shortcomings of ubiquitous
technologies in taking different contexts and situations into consideration. As seen,
the role of current technologies and applications seem to be more on providing
data and information rather than knowledge and decision making. At least this is
how the users should consider the output. Also, an endeavor of attempting to de-
sign systems that would provide “knowledge” would be currently doomed. There
are simply too many factors (including other humans) affecting the human activi-
ties and decisions that cannot be currently considered. Appropriate “knowledge-
able” agent would also require understanding about the context where the activity
is taking place.

Activity theory perceives different forms of human practices as constantly
evolving processes and provides a frame for understanding human practices. An
activity can be seen as the minimal meaningful context for understanding individ-
ual actions. Real-life situations always involve some intertwined and connected
web of activities that can be distinguished by their objects. In connected activities,
with very different objects, participation can cause tensions and distortions. These
tensions and distortions are contradiction points where the participants need to
intervene, where their interpretation of a situation, their knowledge is needed.
This is a point which cannot be resolved automatically. Contextual knowledge is
needed and the problem remains: how to acquire it?



Ubiquitous computing aims at the ubiquity of information and context. As we
have argued, the problem there is the technology, a tool, which cannot compre-
hend the context in a manner that is sufficient for subjects to achieve their objec-
tives. No matter whether there are automated software agents, semantic web ap-
plications, or context-aware applications, they are still technologies. Although we
like them, we need new ways of approaching their utilization.
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