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Abstract: ACTIVE, a three-year EU integrating project which began in
March 2008, is using semantic technology to address three particular
requirements of knowledge workers: the need to share information
easily and effectively; the need to give priority to information which is
relevant to the current knowledge worker task; and the need to reuse
and share informal knowledge processes. ACTIVE technology is
relevant to knowledge workers in all sectors. Specifically the results of
ACTIVE are being validated in the consultancy; telecommunications
and engineering sectors.
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l. INTRODUCTION

A. The challenges of knowledge work

This paper describes a project, the goal of which is to use
semantic technology to materially improve the productivity of
knowledge workers in all sectors of the economy.

The project focuses on three particular challenges which we

believe are significant for knowledge workers:

e Sharing knowledge easily and effectively, and without
overwhelming with information®.

e Obtaining the information needed for their current task,
and screening out information which, although it may be
important, is not relevant to the task in hand.

e Reusing and sharing the informal knowledge processes
which characterize so much of their work.

We believe that semantic technology can make a contribution
to each of these. In particular, we are using ontologies to
describe information, task context and knowledge processes.

1 In this paper we will refer on occasions to knowledge and on
occasions to information. There has been much debate over the
difference in meaning between these two words. However, our
goals are practical, and we do not find such debates helpful to these
goals. In our paper, ‘knowledge’ is used in phrases where this
usage is common practice, e.g. knowledge worker, knowledge
management, knowledge description, and ‘information’ is used in
less specific contexts. Generally we use whichever word seems the
more natural English usage.

Supporting this we are using machine learning techniques to
learn these ontological descriptions.

B. Project background

The work described here forms part of ACTIVE, an EU
integrating project, which started in March 2008 and runs until
February 2011. The project has twelve partners: BT, the
project coordinator which also supplies a case study; the
Universities of Karlsruhe and Innsbruck, the Jozef Stefan
Institute, Microsoft Innovation Centre, and iSOCO, all of
whom chiefly provide the research input; Accenture and
Cadence Design Systems, who both provide case studies; FIR
and kea-pro who lead the organizational and user validation
activities respectively; Hermes SoftLab who undertake
systems integration; and Eurescom who provide the project
management. The project budget is €11.9 Million, of which
€8.2 Million comes from the European Commission as part of
the FP7 Programme. More detail about the project and project
partners can be found on the project web-site
(http://www.active-project.eu).

II.  KNOWLEDGE WORK AND KNOWLEDGE WORKERS

The term knowledge worker is generally attributed to Peter
Drucker [1]. Since Drucker’s original use of the term, much
has been written about knowledge workers, who they are,
what they do, and how their number is growing e.g. [2]. For
our purposes we accept as a given that work for an increasing
proportion of people in the world economy involves the use of
mental effort rather than, or for some as well as, physical
labour. To significantly increase economic productivity it is
necessary, therefore, to increase the productivity of this
knowledge-based and knowledge-driven work.

Whilst knowledge workers appear often to be working alone,
e.g. when writing a report, we know from our own experience
that they are critically dependent on colleagues. The
documents they create are often multi-authored and in any
case they frequently need the knowledge of others to assist
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them in achieving their own goals. Therefore improved
knowledge sharing is a key objective of our work.

We also know that these knowledge workers are dependent on
a variety of software tools on computers or other electronic
devices. The shipment figures for Microsoft software stand as
evidence of this. In fact, the tools knowledge workers use can
generally be classified into generic which are used by all
knowledge workers, e.g. word-processing, email; and domain-
specific, e.g. engineering design tools used by specialist
engineers. ACTIVE is considering both sorts of tools.

A significant role of these tools is to deliver information to
their users. However, through these tools knowledge workers
are frequently overwhelmed by information but still lack
information important to their current task. We believe that
the concept of task context is central to improving this
situation.  Knowledge workers need easy access to all
available information which is relevant to their current task.
On the other hand, they need to be screened from information
which is not currently relevant. The availability of a mass of
information irrelevant to the current task makes it harder to
find what is relevant. Constant interruptions which are not
relevant to the current task lead to frequent task-switching;
such task-switching can undermine productivity.  The
management of information, to ensure that what is currently
relevant is given prominence, is therefore vital to increasing
productivity. ~ Of course, we do not mean that other
information, e.g. incoming emails, is simply discarded; it may
be relevant later. Above all, the user himself or herself must
always be in control.

All knowledge workers engage in processes. Some of these
processes are formal business processes. Typically they are
defined by the organisation; often it is not permissible to
deviate from them. Languages for such processes now exist,
e.g. WS-BPEL? for process execution and BPMN (Business
Process Modelling Notation)® for process description.
However, we observe that knowledge workers create their
own informal processes, which we term knowledge processes.
Examples are the processes which an organisational employee
uses to obtain information on a customer from a variety of
sources; or more generally any processes to obtain
information, e.g. where an experienced individual uses his or
her expertise to determine the most appropriate information
sources; or the processes of arranging the flow of
technological operations in engineering design based on the
specific character of the design artifact and the skill profiles of
involved designers. The processes are frequently not written
down, or if they are then only very informally. This hinders
their reuse even by their creators, and certainly hinders sharing
between colleagues. We need, therefore to provide assistance
to knowledge workers in creating, reusing, sharing and also
improving on these knowledge processes.

2 WS-BPEL (Web Services Business Process Execution Language) is
an OASIS standard, see: http://docs.oasis-
open.org/wshpel/2.0/wsbpel-v2.0.pdf

3 BPMN is an OMG standard, see: http://www.bpmn.org/

Ill.  SEMANTIC TECHNOLOGY FOR KNOWLEDGE TOOLS

Sections | and Il introduced and described three significant
challenges for knowledge workers. This section describes
how semantic technology can be used to create tools to help
respond to those challenges.

A.  Knowledge sharing

Effective knowledge sharing has been widely studied, both
from a technological and an organisational viewpoint. The
challenge is to ensure that knowledge within an organisation is
available to all who need it. For some global organisations
this means that knowledge created on one continent needs to
be available to colleagues on another continent. Sometimes
creators and users of the knowledge will not know each other,
or even be aware of each other.

The innovation which ACTIVE brings to this problem is to
combine two parallel approaches to knowledge representation:
formal and informal. On the one hand, over the last decade or
so, considerable progress has been made in developing formal
techniques for describing and reasoning about knowledge.
These developments are referred to broadly as ‘semantic
technologies’ and are characterised by the use of ontologies to
represent knowledge®. At the same time, and starting in the
hobbyist and consumer world, informal tags have been used to
describe documents and media objects on the web. Such tags
are said to constitute folksonomies. Flickr
(http://www.flickr.com), the web-site for sharing photos, is an
example of this. Recently organisations have begun to use
such techniques for their knowledge sharing. Ontologies and
folksonomies offer different advantages and disadvantages.
The former enable rich knowledge descriptions and machine
reasoning over those descriptions; however the development
and maintenance costs, e.g. the cost of creating the associated
metadata, is relatively high. The latter are easy to use but lack
a descriptive richness and hence do not permit reasoning. The
challenge for ACTIVE is to combine these two approaches, to
obtain as far as possible the benefits of both and minimise the
disadvantages. For example, from observation of how tags are
created and used we aim to learn additional structure, not
defined explicitly by users, and hence to define and refine
ontologies.

B. Knowledge delivery in context

The exploitation of context has already been the subject of
significant research®. Context, though, means different things

* Much of the development of semantic technologies, and particularly
their standardization, has been under the auspices of the W3C, see:
http://www.w3.0rg/2001/sw/

® E.g. see the Sixth International and Interdisciplinary Conference on
Modelling and Using Context, Context 07, http://context-07.ruc.dk/
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to different researchers. To some it means primarily the
environment in which the person is working, e.g. in or away
from the office, and the tools he or she is using, e.g. laptop or
PDA. To others, context is concerned with the specific task an
individual is performing. Our interest is with this latter
meaning, and to make this clear we use the phrase ‘task
context’. The challenge here is to learn task context from the
user’s behaviour, e.g. web-browsing, email usage; to describe
task context semantically; and to prioritise information
delivery according to that context.

C. Knowledge processes

To date, the majority of research relating to processes has had
to do with formal business processes. There has been some
discussion of knowledge processes, often under other names
e.g. [3]. Our challenge is to enable such processes to be
created and edited by users, and also to create process
descriptions automatically for users. The latter means
(automatically) learning from a user, or users, what behaviour
constitutes a commonly used process. As with task context,
we are describing these knowledge processes semantically.

EON AMR Tender - Microsoft Outlook

D. Three interlocking themes

We do not see knowledge sharing, task context and knowledge
processes as being independent themes. They all three interact
closely with each other. Knowledge sharing needs to take
account of the particular current task context, and of the
current process being negotiated by the user. Both task
context and current process influence what shared knowledge
can be presented usefully to the user. Conversely, both
knowledge processes and task contexts are themselves
shareable. Certainly, a big advantage of describing knowledge
processes is being able to share them with co-workers.
Similarly, context, i.e. the knowledge that a set of information
objects are all related and relate to a particular task, is also
something which can be valuably shared. Finally, the way a
user negotiates a process can be a clue to the current task
context; and knowing the task context will assist in guiding the
user through a process.

The technology also has to come together at the user interface.
For this we have the ACTIVE Knowledge Workspace
(AKWS). This does not replace any existing user
applications; we expect that users will continue to use their
current applications.  The AKWS sits alongside those
applications and influences how they present information to
the user.

ACTIVE Context Manager ACTIVE Quest Tracker - AMR hosting
From subject Ben Johnson Hll Selected Questin context EON AMR Tender AMR hosting v
i EON Purchasing Manager
EON AM R ben@eon.com Invitation to AMR tender ban@ean:com Tool Resource Date/Time
T d simonk@bt.com kick-off AMR tender process phone +89 123 123-567 Outlook Mail:internal offerfor outlook needed 1.3.2008 08:13
enaer . m 5 IE http://www.bt.com/amr/hosting/prices 1.3.2008 08:17
katarina@bt.com resoiwng |Egal I55ues on ownershlp John Doe IE http://www.vodafone.com/amr/hosting/prices | 1.3.2008 08:25
ohn@eon.com EON position on ownership EON Legal Advisor Word Tendering Selection Criteria.doc 1.3.2008 08:35
ACTIVE Testcasing simon@bt.com internal offer for hosting needed john@eon.com BT Wiki URL:AMR hosting template 1.3.2008 08:45
o phane +99 123 123-551 word Appendix I.doc 1.3.2008 08:50
= hosting@bt.com offerfor EON AMR hosting
UBS hosting — -
dan@bt.com aditional data for traffic volume Katarina Black
Sales Workshop Prep BT Legal Advisor
katarina@bt com

5 EON AMR tender repasitory -

LL-OUT SERVICE [1460]

EON AMR tender invitation.doc he different Service levels is done on two
General conditions.doc
Tendering selection criteria.doc
Proposal template.xls
Contract sample.pdf
Appendixl.doc
Appendixll.doc

5. ng to milestone area

ing to milestone area

The Service levels are defined according to Roll-out Service. If the service is
delivered according to the milestone (Quality A) the price for the service is according
to the price matrix.

If the AMM platform installation area milestone date is not met. the service price will
be adjusted according to the "Penalty Points" shown i Table 7.

The "Penalty point value" is 4000 SEK for Roll-out services.
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Planning AMR hosting

6.2 Service delivered in Quality D

Service level requirements - Microsoft Word BT Sales Wiki
Pages related to the topic AMR hosting

c._ﬂ.rfﬁ_g urahon- S_E_m_p temp \.a:e If the delvery of an operation service is n the quality D category. the Service

- - Provider must have am understanding of the consequences for not reaching the ¢
level target. The consequences of failing to deliver during this period of time ar
shown in Table 9

Pricing schemas
Setupcost structure
Pricing checklist

The "Penalty pomt value" 15 250 SEK for AMM Operation Services.

Table 9. Service penahy for Quality D

| Penalty points SERVO401 | SERVD402 | SERVD403

| Number of week late - 1 week 1 1 1

| Number of week late - 2 weeks 15 15 15
Number of week late - § weeks. 2 2 2

| Number of week late - 4 weeks 3 3 3

| Number of week late - 5 weeks. 4 4 4

| Number of week late - § weeks

Lormore 10 10 10

7 SERVICE LEVEL PENALTIES ON ADDITIONAL SERVICES [1462]

The payments and penalties according to the different Service levels are done o

Figure 1 ACTIVE Knowledge Workspace user interface



Figure 1 shows a conceptual design of the AKWS user
interface. The top left box is the ACTIVE context manager.
This shows that ‘EON AMR Tender’ is the currently active
context. Other contexts available to the user are ‘ACTIVE
Testcasing’, ‘UBS hosting’, ‘Sales Workshop Prep’, and
‘Personal’. The user would be able to switch context by
clicking on one of these; or the system might determine from
the user’s activities that a context switch has taken place.
Within the Outlook application, top centre, the emails either
all relate to the current context, or are ordered according to
their relevance to that context. The same principal applies for
the other applications shown in the Figure.

IV.  APPLYING THE TECHNOLOGY

Our technology is applicable to knowledge workers in all
sectors. However, we are initially applying it in three sectors:
consultancy, telecommunications and engineering.  These
three case studies all present particular challenges and together
they are enabling us to thoroughly validate the technology,
both from the technical, user and organizational viewpoints.

The three case studies are in many ways complementary. The
consultancy case study will very much test the scaleability of
our technology. The telecoms example has similar
requirements to that of consultancy, with a particular need to
source information from a number of different systems.
Finally, the engineering case study has very specific
requirements related to a very specific engineering situation.
This case study will validate that our technology can be
applied to specialized knowledge worker roles.

A. Consultancy

Our consultancy case study is based within Accenture
(http://www.accenture.com), a global outsourcing and
consulting company. Accenture’s business derives largely
from large-scale client projects in the areas of technology,
business process outsourcing, and business consulting. While
Accenture’s portfolio is extremely broad, a few notable
examples of specific types of client engagements include
systems integration, application renewal, application
outsourcing (e.g., for supply chain applications), business
process outsourcing (e.g., for help desks), business strategy
consulting, customer relationship management, and marketing.
Accenture has clients in a wide variety of industries: for
example, Accenture services clients from retail to government
to the financial and automotive industries. In effect, every
major industry is represented in Accenture’s client base.
Accenture currently has about 180,000 employees around the
world. As a consequence, as noted above, this case study will
significantly test the scaleability of our technology.

The Accenture case study supports three particular user
activities:

e non-task specific knowledge inquiry;

e  proposal writing;

e creation of marketing material.

1) Non-task specific knowledge inquiry

Most enterprise knowledge management systems, including
Accenture’s, are set up for the “prototypical” user with no
specific task in mind. This is necessitated by the fact that
Accenture is a large and complex company, which results in
its employees needing information for various different tasks.
For instance, they may want to find information on previous
Accenture projects, they may want to get an overview of a
specific technology, or they may be interested in learning
about a particular group within Accenture, such as Accenture
Technology Labs. Also, they may need information within the
context of various enterprise tasks; two of which are described
in the following sub-sections. Because of the variety of tasks,
as with any search system, it is very important to provide a
“general-purpose” knowledge management system with no
specific user or task in mind, general enough that it can be
used in many different contexts. Of course, even in striving
for maximum generality, we still want to direct our effort
towards the typical Accenture user, rather than, for instance,
the typical internet user.

2) Proposal writing

As most consulting companies, Accenture wins contracts from
clients by responding to Requests for Proposals (RFPSs).
which requires writing a proposal. Such proposals include a
discussion of the current problem, how Accenture plans to
address it, why the client should choose to hire Accenture
rather than its competitors, the experience Accenture has in the
given space, etc. The current practice of proposal writing at
Accenture involves the use of standard processes on the one
hand, but also a variety of ad-hoc mechanisms on the other.
Accenture has a set of standard processes called Accenture
Selling Methods. Those methods are collections of guidelines
for common selling tasks, such as proposal writing. The
methods guide the employee through the task by giving
instructions about what information to gather, what documents
to create, and so forth. Every employee is strongly encouraged
to use this methodology. but it is also supplemented by other
practices: calling contacts that may have information on
similar projects, using search to locate similar proposals, using
instant messenger or email to gather additional information
from colleagues and friends, and so forth. This is in line with
the goals of ACTIVE that merge the top-down formal business
processes with bottom-up informal processes that individuals
in enterprises tend to use. In ACTIVE we will be
investigating a number of research directions which we
believe can make the proposal writing process more efficient
by supplying users with information that is particularly useful
in this context. For instance, we can allow users to find
experts, which in turn will help them find relevant
information.

3) Creation of marketing material
Accenture Marketing, a division of Accenture, frequently
designs marketing information for specific clients.  For
instance, a variety of marketing material may accompany a
proposal that is submitted to a client. Such marketing material
will commonly include information about previous projects
that Accenture has done for the same client, credentials
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information, as well as general information about Accenture
and its successes. We plan to improve the ability of people to
create these marketing materials by helping them find better
information faster. Oftentimes, information about previous
projects cannot simply be obtained from the central Accenture
data repository. This is because many documents created
within the context of a client project are client-proprietary and
may not be shared with all Accenture personnel, and so
information does not always reach those that should get access
to it. The second challenge is the duplication of work. Within
marketing, many client-specific artifacts are created that could
be reused in other projects. This, however, is sometimes
difficult, simply because people often create similar materials
without each others’ knowledge. While related to the first area
for improvement, the two are not exactly the same, and should
be addressed in a different way.

B. Telecommunications

BT Business, a business unit of BT Retail®, is tasked to supply
integrated Information Technology (IT) and communications
services and solutions to UK-based small to medium
enterprises (SME)’. It is estimated that the UK’s SMEs total
spend on their IT and telecoms needs is around £18bn a year.
Accordingly, there are significant opportunities for BT to
grow its revenues in this sector. However, unless BT can
become more responsive and get better and quicker at turning
sales opportunities into contracted business, significant
revenue generation opportunities may be missed.

At a senior management level, there is a strong awareness that
maximizing collective knowledge and skills across BT
Business, through, for example, more effective knowledge
sharing and reuse, has the potential to reduce the length of the
sales cycle significantly®. The BT case study will therefore
focus on the knowledge transfer and information needs of the
front line sales people that operate in the ‘Corporate Sales’ and
‘ICT & Solutions’ units of BT Business, that is the technical
consultants, the solution consultants, and the sales specialists
working on current sales opportunities.

Front-line sales people tend to work on multiple projects and
need to be agile in their response to various work demands. In
general, there is an increasing demand on the use of their time.
As a result, they need to be able to switch quickly between
tasks and have all information of relevance to their current
task easily at hand; they should not have to search around for

® For information about the BT Group, see http://www.btplc.com; for
information about BT Retail in particular, see
http://www.btplc.com/Thegroup/Companyprofile/Groupbusinesses/
BTRetail

" SMEs are characterised by their diversity, for example an SME
could be anything from a start-up or ‘micro-business’ with 1-10
employees through to a substantial ‘medium-sized business’ having
between 250 and 500 employees.

8 In the context of this paper, the sales cycle is the period from initial
customer engagement to contract sign-off.

such information as they change from one working context to
another. Currently, within BT, much of the information and
documentation needed to support a sales opportunity is held in
multiple systems, and is not easy to access quickly. By taking
into account the context in which people work, ACTIVE
technology will give access to relevant information and
knowledge more easily, for example it will be used to
prioritise the presentation of sales, product and design
documentation, and relevant emails. ACTIVE technology will
also identify and put people in contact with other experts in
the relevant area.

Customer relationship building is also a key area of focus.
BT’s sales specialists and sales consultants are encouraged to
build an informed knowledge of their customers, for example
to understand their customers’ principal areas of business,
their operations, their goals and, where possible, their business
plans. Currently, the information that aids this understanding
is held in a number of different systems and information
sources, and takes time to compile. In order to help the
specialist or consultant enhance their customer knowledge,
ACTIVE technology will be used to collate customer-specific
information according to a person’s work-context.

There is considerable potential for people operating in various
roles in BT Business ‘Corporate Sales” and ‘ICT & Solutions’
to re-use existing solutions, or at least elements of those
solutions, in support of new sales opportunities. The key
problem here is that people may not be aware of prior relevant
work, and so it is quite possible that time is expended
unnecessarily designing solutions that are similar, at least in
part, to those that have already been worked on. A better
awareness of current solutions to specific business problems
and the business domains in which those solutions are being
applied should enable common solution patterns to be
identified, and enable reuse of previously deployed solutions.
This has the potential to reduce the sales cycle time
considerably.

Finally, there is a wealth of tacit knowledge within BT which
could be used to support new sales opportunities and which is
not currently being used to best effect across BT Business.
ACTIVE technology will therefore be used to convert tacit
and currently unshared knowledge, the so called ‘hidden
intelligence’ of BT, into transferable, interoperable and
actionable knowledge that will support more effective
collaboration across the various units of BT Business involved
in a sales opportunity.

C. Engineering

Cadence Design Systems GmbH (http://www.cadence.com) is
an engineering design services provider in the domain of
microelectronics and integrated circuits. Cadence’s case study
deals with eliciting tacit design process knowledge from the
everyday practice of design engineers in this engineering
design domain. The objective of the case study is to develop
and validate a system for acquiring and managing explicit and
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finely grained knowledge about electronics design (in terms of
methodologies, processes, activities, actors, best practices,
software tools etc.) Though design technology in the field is
well defined, the processes still remain very stochastic. Some
important reasons for process dynamics are: (i) design goals
may change in the course of a process; (ii) involved designers
may have different skills, capabilities and tool preferences;
(iii) even the order of some phases (activities) can not be
deterministically pre-set for any possible type of an artifact
under design. A design process therefore develops
dynamically. At every step, a decision needs to be made
concerning which of the admissible continuation design paths
is more productive. The challenge is that the knowledge to
support such decisions is tacit, subjective and can not be fully
elicited and made explicit by interviewing designers. In
particular, designers often employ their intuition and
experience when reasoning about facilitation dependencies
among design activities situated in design environments.

Our approach in ACTIVE is to record the performance of
engineering design processes in the everyday practice of
experienced  designers.  Several  concurrently  and
autonomously executed design processes will be tagged by the
ACTIVE software components injected in the Cadence
Workbench software. The components produce process tags in
the form of “ticks”. These ticks are stored in the knowledge
base. Many design engineers, distributed over several
development teams and several engineering design processes,
will use the ACTIVated Cadence Workbench in their work.
Therefore, we may consider such a usage as a collaborative
engineering design process tagging. Process mining
components use this “ticks” knowledgebase to devise the
sequences of atomic activities and compound tasks executed in
the tagged processes. Process execution paths are thereby
recorded in the knowledge base. At each point of decision
making a designer has to choose the best productive
continuation path for his current process using activity or task
patterns prescribed by the technology or in-house policy.
Several admissible alternatives may appear to be possible. For
those, advice is solicited from the ACTIVE Workspace
software. The ACTIVE Workspace suggests the most highly
ranked continuation path appropriate for the context of the
current process using performance comparisons of other
processes in similar contexts, already recorded in the past.

This case study draws on previous work by Cadence in which
background knowledge was developed to formalize loosely
defined, dynamic, structurally ramified, time bound, stochastic
processes of engineering design in microelectronics. In this
work both a modelling framework and a suite of ontologies
were developed. The core and extension ontologies of the suite
[5, 4] are used for representing knowledge about dynamic
engineering design processes and design systems as process
environments comprising actors, resources and tools. The
upper-level ontology [6] serves as a semantic bridge to
foundational theories representing common sense. The
modeling approach is based on the understanding that an
engineering design process is a process of knowledge
transformation which passes through several states. Each state

is the state of affairs in which a particular representation of a
design artifact or several representations are added after being
elaborated by a design activity leading to this state. Evidently,
the overall goal of a design process is reaching the target state
of affairs in which all the representations are elaborated in a
way to meet the requirements. Each time the continuation of
the process is decided by choosing an activity from the set of
admissible alternatives for that state. Engineering design
processes are situated in and factually executed by the design
system comprising designers, resources, tools, normative
regulations.

V.  NEXT STEPS

The ACTIVE project is currently at an early stage; in parallel
with initial technical activity by the technology providers in
the project, the case studies have been undertaking a more
detailed understanding of user requirements. The
development philosophy is cyclical. That is to say, at the end
of each year case study prototypes will be developed to obtain
user feedback. The objective of the feedback phase will be to
validate the technology technically, and also from the user and
organization perspective, i.e. by the benefit it brings the user
and the user’s organization. The validation phases will occupy
two to three months at the end of each of years 1 and 2. In the
final six months of the project there will be a fuller validation
phase. The overall development philosophy is illustrated in
Figure 2.

The next step therefore is to bring the current technology
developments together to create initial case study prototypes
which will be presented to the case study communities late in
2008 and early in 2009. Feedback from this exercise will then
influence developments during the second year of ACTIVE.
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Figure 2 ACTIVE development methodology
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