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Abstract

At STMicroelectronics , the Business Intelligence team is daily confronted to exploit
data and information to create reports about manufacturing activities in order to super-
vise it. In such an industrial organization, products change regularly and data can quickly
become obsolete. Consequently, over time, the number of created reports is highly grow-
ing, while knowledge about their creation is lost. These issues are generally true for large
companies, characterized by a continuous evolution of products, technologies and their
complexities. As a result, many problems arise.

First, due to the departure of employees and organization restructuring, knowledge is
increasingly lost and difficulties in managing new one appear. Second, due to the existence
of duplicated and not centralized knowledge, it can quickly become obsolete. This implies
in its turn a waste of time in searching for knowledge, re-developing existing business so-
lutions and therefore a rapid knowledge proliferation. Third, knowledge identification is
not easy, especially when there is no common structure and space for knowledge capital-
ization. Fourth, neglecting knowledge sharing aspects prevents an effective reuse. Finally,
the absence of effective monitoring and maintaining of existing knowledge and its tools
prevent their evolution. As a result, the way knowledge is shared, stored, reused and more
generally capitalized could not be effectively and continuously ensured, especially when
users are capitalizing in their own manner.

This work must address our main research question, which is:

How to ensure a continuous expert knowledge capitalization?

To respond to our research question, we propose a continuous improvement cycle for
knowledge capitalization. Its objective is to effectively and continuously capitalize expert
knowledge while targeting business needs and providing an evolving solution. In fact,
since knowledge is embedded not only in systems and tools, but also in human minds and
practices, involving users throughout our solution definition, development and validation
is a key component for its effectiveness and success. A knowledge capitalization solution
involves therefore people, organizations and technology.

• A first step in our work was to understand the key part of the knowledge storage and
sharing solution. At STMicroelectronics , a wiki is used for knowledge storage and
sharing. Based on a user-centred approach, its use, weaknesses and strengths were
assessed in order to identify areas of progress to accomplish its objectives [1].

• One of previous findings concerns the importance of structuring knowledge in the
wiki. To this end, a user-centred approach for knowledge representation and its
integration in the wiki is proposed. Three complementary characteristics “What,
Why and How” are considered [2, 3]. Each characteristic describes knowledge in
a different level and is modelled in an appropriate way. To integrate knowledge
representation in the capitalization process, transforming represented knowledge to
shareable one is our objective, in our case, through the Wiki.

• Each step is important to ensure an effective use of all what was capitalized and to
generate new knowledge, which leads to new needs and therefore, to knowledge evo-
lution. To this end, two complementary solutions are considered in our proposal for
knowledge evolution, quantitative and qualitative [4]. First, a Business Intelligence
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for Business Intelligence (BI4BI) system is developed. It is in charge of evaluating,
analysing and making decisions about the system itself and its knowledge. Second,
a questionnaire complements our proposal for BI knowledge evolution.

In this work, the Design Science Research methodology was able to target business
needs, to study existing solutions in the literature, to design and implement innovative
solutions for knowledge capitalization, as well as to demonstrate their applicability in the
appropriate environment, and finally, to contribute to theoretical knowledge base.
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Introduction

1 General Introduction

In manufacturing industries, knowledge based service capabilities have been calculated to
be responsible for 65% to 75% of the total added value of the products from these indus-
tries [25]. Knowledge can be on required information, where to look for and how to use
[26]. More generally, knowledge is a key resource in organizations and it becomes a cen-
tral subject for organizational decision making. That is the reason why its capitalization
becomes a crucial daily activity.

Capitalizing knowledge within organizations is a critical component in their growth.
That is why, they always seek to effectively capitalize their expert knowledge [9,26,27]. In
order to learn more about knowledge and its capitalization, some of its characteristics are
presented in the following.

A study done by [25] in industries in Japan, banking, insurance and automotive com-
panies in Europe and US-based internationally operating enterprises, demonstrated several
clear lessons to be learned from the experience of organizations at the forefront of knowl-
edge:

• To identify internal and external knowledge. First, knowledge resides often in in-
dividual people. This is why knowledge capitalization has to be people-oriented.
Second, knowledge is embedded in systems and in different forms. This is why it has
to be also technology-oriented.

• To preserve and store knowledge within organizations [28] and continuously learn
from their own experiences in order to improve their knowledge infrastructure for the
future.

• To share and communicate knowledge with where it would be needed. Thus, knowl-
edge communication should be supplemented with goal-oriented sharing of experience
and expertise.

• To promote the application of knowledge in the appropriate environment and pro-
cesses. In fact, knowledge is not what we know but it is what we do. Therefore,
knowledge has value only when it is reused.

• To maintain and evolve the quality of knowledge and to anticipate and control the
required one for the future.

• Knowledge capitalization is a constructive and collaborative activity. This stresses
the importance of the multifunctional and multidisciplinary teamwork in knowledge
intensive organizations.

1
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This summary of findings gives a general flavour of what knowledge capitalization is.
It can be seen as knowledge identification, storage, sharing, reuse and evolution. On the
one hand, it should involve users since they are both knowledge sources and consumers,
while promoting their collaboration throughout the knowledge capitalization. On the other
hand, the advent of information technology tools offers new perspectives for knowledge cap-
italization. It consists, therefore, in selecting the most appropriate tools required for each
need and function.

In this thesis, knowledge capitalization is the key aspect to tackle. Our research is ap-
plied to a case study at STMicroelectronics , where we have noted the need for a knowledge
capitalization solution.
However, several problems and challenges should be taken into account to ensure an effec-
tive knowledge capitalization.

Knowledge proliferation:

The rapid growth of companies and of their business needs creates the need for new
tools, techniques and methodologies. At STMicroelectronics , for example, many different
tools are used for business activities, for project management or for knowledge capital-
ization, etc. This implies the increase of the organization’s systems and of knowledge
required and generated throughout their uses. More these systems evolve more knowledge
proliferates [29]. In addition, due to the absence of an effective knowledge monitoring and
maintaining, its capitalization becomes more and more complex and a time consuming task.

Knowledge loss:

Within organizations, the departure of employees and restructuring are increasingly
frequent [30]. When an employee leaves the company, he takes with him his skills and
knowledge. As a result, knowledge is continuously lost and difficulties in managing new
one arise.

Knowledge duplication and obsolescence:

Users tend to reuse, share and store knowledge in their own manner implying knowl-
edge duplication, non-centralization and obsolescence [8]. Therefore, serious consequences
may occur. For example, at STMicroelectronics , miscalculating a manufacturing indicator,
required for dispatching a set of wafers and lots in a set of machines, may disturb piloting
the production line. Such a problem risks to be reproduced especially when knowledge
about indicators, problems and solutions remains obsolete.

Applied to the case study at STMicroelectronics , we introduce in the following our
research question and goals.

2 Research Question and Goals

This PhD thesis was conducted in cooperation with the LIG laboratory (Laboratory of
Informatics of Grenoble) and G-SCOP laboratory (Laboratory of Grenoble for Sciences of
Conception), at STMicroelectronics(Crolles). It is entitled "A continuous improvement cy-
cle for knowledge capitalization" and addresses the problem of how to ensure a continuous
expert knowledge capitalization? while providing an accessible, usable, evolutionary and
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maintainable solution for its users to meet their business needs. Therefore, we suggest a
knowledge capitalization solution including tools and methodologies mainly for knowledge
representation, storage, sharing and evolution.

More precisely, this thesis involves the following contributions:

• Knowledge loss is due to the lack of knowledge sharing before departures and re-
structuring. In order to address this problem, we suggest to study and assess
the existing solutions for knowledge sharing within the organization. To this end,
STMicroelectronics uses a Wiki, called Stiki . Therefore, improving its use to accom-
plish its objectives seems to be our starting point of the knowledge sharing solution.
Based on a user-centred approach, we aim at evaluating its use, weaknesses and
strengths in order to identify areas of progress and meet its objectives [1].

• In order to address the problems related to knowledge duplication and obsolescence,
the representation and structuring of capitalized knowledge is our next step. To
this end, we aim at studying the way knowledge should be defined, structured and
represented to promote its relevance, completeness and organization. Our solution
will be based on a user-centred approach, where we aim at defining and representing
knowledge characteristics [2] [3]. To integrate knowledge representation in the cap-
italization cycle, our objective is to transform represented knowledge to shareable
ones, in our case at STMicroelectronics , through Stiki .

• Knowledge proliferates more with the absence of a solution for its maintaining and
evolution. To address this problem, knowledge evolution will be the next step in our
knowledge capitalization solution. To this end, our proposal for knowledge evolution
aims at involving two complementary solutions, technical and users’ points of view
[4]. First, based on quantitative evaluation criteria, the quantitative solution is in
charge of evaluating, analysing and making decisions about the knowledge system.
Second, based on qualitative evaluation criteria, a questionnaire will complete our
proposal for knowledge evolution.

To ensure an effective and continuous solution for knowledge capitalization, we based
on the Design Science Research Methodology [5, 31]. It is inherently a problem solving
process that brings design, people and knowledge together, while ensuring a relevant and
rigorous solution.

As a result, in this work, we have been able to target business needs, to study existing
solutions in literature, to design and implement innovative solutions for knowledge capital-
ization, as well as to demonstrate their applicability in the appropriate environment and
to contribute to theoretical knowledge base.

3 Structure of this Thesis

This thesis is structured according to the Design Science Research methodology, as follows:

• Chapter 1 presents the context of work at STMicroelectronics . It provides an intro-
duction of the business context, including, a brief description of the semiconductor
domain, a presentation of STMicroelectronics , its history and its activity. After
defining our problem statement and objectives, we end this chapter with presenting
our research methodology.
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• As a part of the Design Science Research methodology, chapter 2 presents business
needs by addressing the problems faced and the opportunities afforded with the
interaction of people, organizations and technology within STMicroelectronics .

• As a part of the Design Science Research methodology, chapter 3 presents a back-
ground and a literature review on what we draw to conduct our research. They are
related to knowledge capitalization and based on defined business needs.

• As a part of the design cycle of the Design Science Research, chapter 4 constitutes the
core of this thesis. Our proposal for a continuous improvement cycle for knowledge
capitalization is presented and detailed.

• Finally, chapter 5 includes the two last parts of the Design Science Research: appli-
cation in the appropriate environment as well as additions to the knowledge base.
Both represent practical and theoretical contributions of our proposal. Therefore, in
addition to perspectives, they constitute a conclusion of our thesis

4



Chapter 1

Context of Work

1 Introduction

In this chapter, we provide an introduction of our business context, including, a brief
description of the semiconductor domain (section 2) followed by a presentation of the
STMicroelectronics company, its history and its activity (section 3). We get closer to
our workplace by introducing the IT (Information Technology) and Business Intelligence
Activity at STMicroelectronics on which our research is focused. We end this chap-
ter with an overview of the knowledge capitalization problem and current practices at
STMicroelectronics . Studying particularities of this field constitutes an important element
to define our problem statement and objectives (section 4 and 5), to target real issues and to
provide effective solutions applicable, mainly, in our research environment and generally in
other work environments sharing some contextual characteristics with STMicroelectronics .

2 The Semiconductor Domain

STMicroelectronics is a French-Italian company whose main activity is the engineering and
delivery of semiconductors for integrated circuits, an important domain with its specifici-
ties that we detail in the following.

The products of the semiconductor industry are daily present. For example, mobile
phones, cars, computers and televisions, where 250 integrated circuits are used per per-
son per day. In fact, technological advances have the common point of being associated
to the development of its basic component which is the integrated circuit, also known as
microchip, detailed in the following section.

2.1 Production in the Cleanroom Environment

The semiconductor domain offers a wide range of semiconductor components including
transistors, resistors, diodes and opto-electronic components connected to each other on
the same silicon wafer. This constitutes an integrated circuit (invented by Jack Kilby 1 in
1958). An integrated circuit is also known as a microchip.

1Jack St. Clair Kilby, (November 8, 1923 – June 20, 2005) was an American electrical engineer who
took part (along with Robert Noyce) in the realization of the first integrated circuit while working at Texas
Instruments in 1958).
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To produce an integrated circuit, it is necessary to perform several steps on various
equipments .
The production of an integrated circuit is generally performed on silicon wafers. Figures
1.1 summarizes the manufacturing process. From a silicon bar (1), we obtain the wafer (2)
which will serve as a support for the achievement of circuits. Through a series of operations
of deposit of insulating film, conductors, or photosensitive (3) lithography operation (4),
etching, doping, insulation (5, 6, 7), interconnection (8) and cutting (9), we integrate the
components on chips which will then be assembled in housings prior for their incorporation
in applications.

Fig. 1.1. Processes of a microchip manufacturing

6



CHAPTER 1. CONTEXT OF WORK

In order to maintain their continuity and sustainability, semiconductor industries should
master their manufacturing processes, which are characterized by [9, 32]:

• An increasing complexity: the semiconductor domain is a fast evolving domain where
technologies become more and more complex and could be quickly obsolete. This
requires the production of different functions, design and manufacturing options, as
well as more complex technologies.

• A consuming time and resources processes: complexity extends the development time
of the technological platform and implies the use of new manufacturing methods and
design tools. Since, equipments are working almost systematically, all production
processes are revealed consequently very difficult to master and require human and
material resources.

• An innovative rhythm: the innovative rhythm in the semi conductor industry requires
a new technology and development process every 2 years. Continuous analysis and
optimisation are required. To this end, generation development must be agile in order
to learn from experiments of other technology generations. In this way, production
processes can be changed and adapted to the new conditions.

• A big impact on technology: changes that will be made for one technology could
also impact another technology. Therefore it is necessary to exchange information
between the different technology generations during their development.

• A very uncertain environment: today, companies change their organizations per-
manently, and they are confronted with more turbulent, flexible, uncertain organiza-
tional and environmental conditions. Therefore, it is crucial to maintain the exchange
between the different technological and organizational structures and to adapt to new
situations and strategies.

• A variety of technology options and products: semiconductor manufacturing has
created a variety of technological options due to the variety of products involving
different areas as telecommunications, automotive and general public.

Among other solutions, STMicroelectronics has opted for the use of a Business Intelligence

system in order to supervise its production system. Its context is detailed in the following.

3 The Context at STMicroelectronics

This section provides an introduction to the STMicroelectronics ’ Business Intelligence

system. We demonstrate the need for knowledge capitalization in this context through the
study of the Business Intelligence activity in this organization.

3.1 STMicroelectronics Presentation

STMicroelectronics is one of the leaders in the semiconductor domain. STMicroelectronics

is a French-Italian fusion between the microelectronic branch of Thomson and the SGS
Microelectronica in 1987. A brief presentation of its history is given in the following:

• 1987: creation of the alliance SGS-Thomson. In June 30, 1987, a merger
between SGS (Società Generale Semiconduttori), the Italian company of integrated
circuits and Thomson Semiconductors, led to the creation of the French company
SGS-Thomson. This merger allowed to consolidate the knowledge of both companies
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in the field of microelectronics and to create a European leader in the semiconductors
field.

• 1992: construction of Crolles site. In order to limit risks and share devel-
opment and production costs, in 1989, SGS-Thomson and Philips Semiconductors
launched the project "Grenoble 92" to develop the technology CMOS 350nm where
the Crolles200 clean rooms have been built since 1992 .

• 1998: birth of STMicroelectronics. SGS-Thomson changed its name after the
withdrawal of Thomson in 1998 and became STMicroelectronics .

• 2002: expansion of the Crolles site. In 2002, Motorola Semiconductors joined
the technology partnership ST-Philips, where the Alliance Crolles300 has been cre-
ated and a new 300mm manufacturing unit has been constructed, in a clean room of
10000m2.

• 2007: partnership with IBM. In May 2007, it was the end of the Crolles300
Alliance and the beginning of a technological partnership with IBM.

• 2017: expansion of the cleanroom. 8000 m2 of additional cleanroom is planned
for 2017 allowing a better reception capacity of new equipments and advanced tech-
nology.

The Crolles site is composed of two different entities (Crolles200 and Crolles300) hav-
ing the same business but they do not produce the same products. Indeed, both entities
produce microchips, but the different sizes of produced wafers involves different manufac-
turing techniques and equipments. Crolles200 produces microchips on wafers of 200mm
diameter (8 inches) while Crolles300 on wafers of 300mm diameter (12 inches). That is
why the manufacturing technology used in Crolles200 is less evolved than in Crolles300.

STMicroelectronics has research and design departments, manufacturing sites and sales
offices in many countries. It is a manufacturer of semiconductors, which conceives, produces
and sells a wide range of integrated circuits and other electronic products, finding appli-
cation in the areas of telecommunication, automotive computers. Besides, new types of
emerging applications require microelectronic which closely interact with the surrounding
environment in different physical domains (optical, mechanical, acoustical, biological, etc.).

Within STMicroelectronics , our research is mainly focused on the Crolles site in France,
which is one of the biggest R&D sites. In fact, having both a production plant and a R&D
unit enables rapid interactions within the organization and promotes its activity. Today,
the entire site of Crolles has around 4200 employees.

In this work, we focus our research on the Crolles300 site because among the two
sites, it is the one developing a real BI system with its different components (ETL, Data
warehouse, Reporting, etc.), that constitutes our research context.

3.2 The IT and Business Intelligence Activities at STMicroelectronics

Crolles300

This section provides details about the general context of application at STMicroelectronics .
In a first stage, we present the IT department, its users, its functions, its issues and its
working conditions within the Crolles300 site. This demonstrates how they are confronted
with the need to manage a complex system, while considering their business activity within
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the organization.

In a second stage, particularities of the Business Intelligence activity, one service of the
IT department of the Crolles300 site, are detailed. This constitutes our research and appli-
cation context. Introducing the Business Intelligence activity in general and its challenges
within the organization will conduct us to our research problem and objectives, described
later.

3.2.1 The IT Department at STMicroelectronics Crolles300

The use of information systems is deeply embedded in all stages of the business activ-
ity in the Crolles300 plant. Table 1.1 summarizes some business activities supported by
information systems of Crolles300. Through its use, the IT department’s mission is:

• to support Crolles300 information systems in order to guarantee process conditions,
application high availability and easy and quick access to the right information at
the right time, for example, by real-time monitoring for equipment maintenance,

• to maintain and adapt over time Crolles300 information systems to the level required
by a world class 300mm Manufacturing and R&D, for example with:

– fully robust architecture of information systems

– internal competencies and partnership with IT suppliers, with regular training
for new technologies and projects management

– delivering productivity advantages translating directly into a greater technical
and economical competitiveness

• to enrich Crolles300 information systems with the integration of new software mod-
ules needed by the latest technologies

In Crolles300, to support the information systems activity, the IT team has to deal with
a complex technological system. Considering all functional areas, it includes more than
60 applications, about 430 physical servers and over 12 terabytes of data, stored in the
application dababases, where data is mostly handled by oracle databases. IT engineers and
developers must be able to employ advanced methods and techniques in order to maintain
its effective use and respond to their daily needs.

In addition to the Crolles300 site, STMicroelectronics Crolles is composed of another
one which is the Crolles200 site having the same business but not the same products.
Actually, each site has its own strategies, technologies, products, plant and employees.
Recently, the IT departments of both sites were merged, in order to reduce the number of
used systems to facilitate the management of their uses and to unify their practices. As a
result, the number of employees, tools, systems, information and, more generally, resources
were duplicated. Not only resources that have been increased but also their daily prac-
tices, strategies and knowledge. A merge in such a large industrial company has different
important consequences and requires, therefore, a big work of unification, understanding,
cleaning, transfer of competencies between and within teams and more generally their ac-
tivities management.

Actually, this merge allowed us to identify, study and compare existing practices and
tools in both IT departments. Tools are summarized in table 1.2.
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Applications

domains

Service in

charge of the

application

Functions

SAFIR (Single
Application Fab
InteRface)

Decisional Solu-
tions

Management of the production
activity, equipment maintenance
and management of the production
model (web environment)

TGV (Tool for
Global Visibility)

Decisional Solu-
tions

Datawarehouse: production data
collection, processing and archiving
business indicators

SPACE Process Control
and Automation

Equipment alarms management

R2R (Run to
Run)

Process Control
and Automation

Metrology and dynamic adjustment
of the production process

MFA (Move to
Full Auto)

Process Control
& Automation
and Decisional
Solutions

Automation of the production ac-
tivity: dispatching, scheduling and
monitoring. It involves the equip-
ments management and the trans-
port system

MES (Manufac-
turing Execution
System)

Manufacturing
Execution System

Production management: monitor-
ing the production state, historical
data archiving, storage of all pro-
duction processes, etc.

Table 1.1. Business activities supported by the information system in the Crolles300 [24]

Crolles300 Crolles200

SAFIR (Single Application Fab In-
teRface)

ISA (Interactive Software Applica-
tion)

SAFIR dispatchers and scheduler ISA dispatchers
SAFIR Reporting portal Intranet Manuf and Daily Report
Reporting APF C300 Reporting APF C300 and dev6i
Reporting TGV Reporting DW
Alarm Reporting Local C300 Alarm Reporting Local C200
Totem C300 Totem C200
Stiki Sharepoint
Etc.. Etc..

Table 1.2. Tools in Crolles300 and Crolles200
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Strengths

Both technical and functional competences and expertise
Sharing skills on similar work perimeters
Coherent functional area (same language, same concepts, sometimes same users)
Weaknesses

Many unknown applications and old technologies
Very few common applications
Functional perimeter of one site is not well known by the other one
Many departures of employees
Opportunities

New environment, new applications and new technologies
A larger scope: a better overview and more development opportunities
Sharing, collaboration, exchange of best practices, solution reuse, comparison and
evolution of existing technologies
Threats

Important work for documentation, storage and cleaning
Risk of knowledge loss
Ability to absorb new projects, technologies and practices

Table 1.3. SWOT results

A SWOT analysis [33] was realized in order to evaluate the Strengths, Weaknesses, Op-
portunities and Threats involved in the merge of the Crolles200 and Crolles300 IT teams.
Actually, conducting a SWOT analysis consists in performing diagnostics, using a set of
strategic analysis models. On the one hand, opportunities and threats in the external en-
vironment to the organization are identified. On the other hand, strengths and weaknesses
of the strategic business area are identified. For our purpose, we focus only on findings
related to knowledge capitalization.

To summarize, the confrontation between the results established through the SWOT
model, will feed the next step for identifying objectives and solutions. Particularly, analysing
these results will help us to identify real issues and consequences resulting of the merge
between teams and to target effective solutions matching with the new work environment.
Table 1.3 summarizes the SWOT results.

Basically, thanks to the SWOT results, we were able to target what we are inter-
ested in: unifying their work conditions and technologies, in collaboratively and effectively
sharing and reusing their knowledge and competencies, and in taking advantage of both
sites’ reciprocal experiences in supervising the production system. In our research, we fo-
cus on the Business Intelligence solution for analysing and making decisions on its activity.

Actually, BI is at the core of these systems and is impacted by these changes. It
offers organizations potential for gaining insights in order to support decision making and
ensures effectiveness in access to quality information from a variety of sources stored in
different forms. In a first stage, we focus on the Business Intelligence activity, within the
"Decisional Solutions" section of the IT department at Crolles300.
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3.2.2 Introduction to Business Intelligence in Crolles300

BI Architecture

To achieve end-to-end visibility into business critical functions, STMicroelectronics

needs to access volumes of data and information every day to make better decisions, for
example, about the daily manufacturing activity. This is performed by means of collecting,
storing and managing data [34]. Used BI applications and methodologies aim to support
a deeper understanding of the business [34] and a provision of the appropriate data with
the appropriate quality according to users’ needs [35].

Briefly, as presented in figure 1.2, STMicroelectronics employs a traditional BI archi-
tecture including several tools:

• To access to data sources, for example, Model, FMM and MES (Manufacturing
execution Systems) databases, in charge of storing production data. Each one is
different from the other in terms of technology, storing process and data uses.

• To Extract, Transform and Load data, with an ETL [36] process, into a dimensional
databases called a datawarehouse. At STMicroelectronics , it is called TGV (Tool for
Global Visibility), where data is represented with a particular BI modelling structure.

• To use decision making tools, for example, analysis, mining or reporting tools (Busi-
ness Objects at STMicroelectronics).

Fig. 1.2. Business Intelligence architecture at STMicroelectronics

At STMicroelectronics , BI is mainly used for reporting the manufacturing activities,
using appropriate tools. It allows having a periodically view on the activity evolution
and efficiency, equipment maintenance and productivity. One of the most used report at
STMicroelectronics is about products uses required to continuously supervise successful
produced wafers and lots as well as rejected ones.

12



CHAPTER 1. CONTEXT OF WORK

Fig. 1.3. The Business Intelligence System at STMicroelectronics

In addition to these tasks, we consider that a BI system should promote the right ex-
ploitation of obtained results. Generally, results of BI are presented in the form of reports
of different natures. To promote the right use and made decisions, such reports should be
stored, shared and documented in order to be effectively reused. This is the reason why
the BI System at STMicroelectronics is composed of not only BI technical tools but also of
knowledge management tools, where each one has its own functions and objectives, while
interacting between each other, as shown in figure 1.3.

• A data warehouse is the core technical solution to design BI platforms. It is the
collector of several and different data from various transactional information systems
for analytical purpose [19, 37]. At STMicroelectronics, it treats manufacturing data
about processes’ evolution.

• Business Objects (BO) is the world’s leading BI software company and it is owned
by SAP 2. BO allows accessing to data stored in rational databases, data warehouses
and integrated applications (ERP, etc.) [38]. At STMicroelectronics , it is used for
querying, reporting and monitoring data about the production activity.

• Safir Reporting Portal is the platform for reports sharing. It allows Reporting en-
gineers at STMicroelectronics publishing created reports and making them avail-
able for users, for example, for manufacturing or process control engineers, requiring
daily reports about the production activity. It integrates some functionalities, such
as managing favourite reports, sharing them with colleagues or accessing to their
documentation in Stiki , presented in the following.

• Stiki is a STMicroelectronics ’ wiki, designed and implemented in 2009 to cover the
support, technical, business and project documentation, mainly within the IT depart-
ment. Currently, in the Reporting team, it is used as the main tool for knowledge
sharing in the BI system as shown in our previous work [1]. We evaluated its use in
order to identify areas of progress to accomplish its objectives for knowledge sharing.

2
www.sap.com
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Fig. 1.4. BI users at STMicroelectronics

• Blog Crolles300 is the notification platform used by the Reporting team to notify
users by email for each new creation or update of a report. The email redirects them
to a brief description of the report and its links to Safir and Stiki .

BI Stakeholders

At STMicroelectronics , three different profiles, having different needs and skills, use
the BI system. They interact between each other and should deal with such a complex
system. As shown in figure 1.4, users could be:

• An end user: he is the client asking for the creation of a report for his business needs
and he is its final user.

• A business expert: he provides the work methodology when a BI need occurs and
he ensures consistency, alignment and relevance of users’ needs and ensures good
communication and use of the report.

• A BI expert: he creates reports and maintains the BI system. Thanks to a collabo-
rative work with both end users and business experts, he bases on his experience to
align users’ needs with defined specifications in order to provide the most appropriate
solution.

As depicted in figure 1.4, to create a report, for example about the last month pro-
duction activity, an end user transmits his needs and the main objective of the required
report to a business expert (1). This one treats the request, defines requirements and the
wished result and transmits them to a BI expert (2). For example, among requirements,
he specifies the need to analyse the productivity during the last month. According to
these requirements, the BI expert selects the most appropriate production data, creates
the report, shares it in Safir portal, documents it in Stiki and notifies interested users via
the Blog Crolles300 (3). Finally, the end user and the business expert retrieve it (4). We
note that such a process requires a collaborative work involving the three users’ roles, their
skills, experiences and knowledge.
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Having different users profiles increases difficulties in responding to each profile needs.
For example, a BI expert is daily faced to use technical tools, whereas an end user is
only supposed to analyse reported results without elaborating technical issues. This is the
reason why the BI System at STMicroelectronics is composed not only of BI tools but also
of knowledge management tools where each one has its own functions and objectives. This
ensures not only an effective BI activity and reports reuse, but to target its users having
almost different profiles, skills and needs.

BI Problems

Currently, the BI activity at STMicroelectronics is facing several problems, related to
the BI system and its different tools:

• Knowledge loss, about the objective of existing indicators, their creators, their
users, the way they were calculated, etc. More generally, over time, in the BI sec-
tion at STMicroelectronics , the number of created reports is highly growing, while
knowledge about their creation is lost. Today, several reasons are behind this loss,
for example, the departure of employees, lack of documentation, communication and
storage.

• Knowledge duplication, is, for example, about indicators stored in the dataware-
house, where some of them exist with the same name but calculated in different
manners. As a result, the relevance of the created report depends on the selection of
the right indicator. This problem has increased with the merge of the both Crolles
sites. Actually, using different tools, with no link between most of them, increases
redundancy of manipulated and generated knowledge.

• Knowledge obsolescence, for example, in Stiki, many pages are unused and in-
complete. It is also observed in Safir, the reporting portal, where many unused and
useless reports have exist since a long time. That is especially increasing when users
continue to use in their own manner the existing BI tools. This lack of monitoring
increases the risk of obsolescence.

• The waste of time is due to the absence of a real strategy to maintain existing
knowledge. This makes knowledge retrieval a time consuming task and making the
right decision more difficult.

4 Problem Statement

This section synthesises the problems related to BI knowledge, previously identified.

At STMicroelectronics , we noted problems related to knowledge loss. This is par-
ticularly true in large organizations known by regular restructuring and departures. The
literature [27,39] shows an important consideration of such a problem by searching for the
appropriate solutions to reduce knowledge loss when key people leave a company.

An other problem is about knowledge duplication, increasing redundancy of existing
knowledge. Such a problem is generally associated to knowledge incoherence, the existence
of different versions and missing links between knowledge [9].
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Besides, the rapid knowledge proliferation and the lack of its monitoring increase the
risk of its obsolescence. This is the case of many organizations using knowledge capital-
ization tools applied to a growing number of systems and continuously use and generate
business knowledge [6, 26, 40]. Such a problem is mostly related to knowledge evolution
issues.

In addition to issues described above, an effective capitalization solution must enable
involving its users throughout its use, as well as its development [25,41]. However, mainly
in large organizations, users are of different profiles, skills and needs [15]. Yet, sharing and
exchanging manufacturing knowledge among these different actors is difficult. This is due
to the difficulty to target users according to their business needs.

5 Objectives and Research Issues

The goal of this work is to address the problems previously discussed. Knowledge loss,
duplication, obsolescence and proliferation, all are problems that organizations are always
seeking to avoid. Consequently, this research work must address the main research ques-
tion, which is:

How to ensure a continuous expert

knowledge capitalization?

We consider that expert knowledge is the one related to the application domain. There-
fore, knowledge capitalization must be integrated in the business work to represent, share,
store and maintain expert knowledge in order to be effectively reused. These principles of
knowledge capitalization constitute the main objectives and focuses of our research. The
goal of knowledge capitalization can be expressed by these following aspects:

• knowledge representation: consists in formalizing and structuring identified knowl-
edge in an appropriate way, while ensuring its completeness and relevance [10,42,43].

• knowledge storage and sharing: consist in providing one or more effective common
solutions allowing users accessing to required knowledge and adding their own ones
[44,45].

Each step is important to ensure an effective use of all what was capitalized and to
generate new knowledge, which leads to new needs, where:

• knowledge evolution: consists in maintaining capitalized knowledge and involved
systems according to the evolution of business needs and knowledge [46,47].

Moreover, knowledge capitalization requires a sustainable solution, both in terms of
its reliability as well as continuity of use. To this end, the challenge that our knowledge
capitalization solution must address is to provide:

An accessible, usable, evolutionary and

maintainable solution with its users to meet their

business needs
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To achieve these statements, we believe that users’ participation is an important com-
ponent in a knowledge capitalization solution. That is why users’ active participation is a
primary key to accomplish our objectives. But also, taking into account the organization’s
working environment, as well as the existing theoretical knowledge in the domain, together
ensure a relevant and rigorous solution. This will be the goal of research methodology
described in the next chapter.

6 Research Methodology

Design Science Research methodology [5], is a side of the Information System Research. It
seeks to create innovations in terms of ideas, practices, technical capabilities, and products.
Its fundamental principle is that the knowledge and understanding of a design problem and
its solution are acquired in the building and the application of an artefact. The Design
Science Research purpose consists in the intersection of people, organizations, and technol-
ogy when designing an artefact that should impact and be impacted by people and their
needs [5]. All of these characteristics lead us to adopt such a methodology.

Proposed by [5], figure 1.5 presents the conceptual framework for understanding, exe-
cuting, and evaluating a Design Science Research. In fact, it is composed of three cycles:

Fig. 1.5. Design Science Research [5]

• Relevance cycle

• Design cycle

• Rigour cycle

According to this sequence, Design Science Research cycles are detailed in the following.
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6.1 Relevance Cycle

Any Design Science Research must be relevant to a constituent community. Generally, it
could be the practitioners who plan, manage, design, implement, operate, and evaluate
systems and technologies that enable their development and implementation. In two ways,
designed solution must address business needs and be useful in the appropriate environ-
ment.

6.1.1 Business Needs

Research relevance is ensured thanks to addressing business needs. Business needs in-
volve goals, tasks, problems and opportunities within the working environment. This one
defines the problem space, composed of people, organizations and technologies. First, busi-
ness needs depend on roles, capabilities, and characteristics of people within the organiza-
tion. Second, they are evaluated within the context of organizational strategies, structure,
culture, and existing business processes. Finally, they are related to existing technology
infrastructure, applications, communication architectures, and development capabilities.
Generally, this in-depth look at the current environment allows defining business needs
required to provide a relevant solution.

6.1.2 Application in the Appropriate Environment

Business needs must be applied in an appropriate environment and findings of the research
must be useful for this environment. Particularly, solutions must respond to people’s needs,
be integrated into the organization culture and strategies and effectively implemented
within the existing technologies and systems. These requirements imply an environment
that imposes goal criteria as well as constraints upon a system. A designed artefact that
is not useful for the environment will not be used and will be costly in terms of time and
means since it is not based on right foundations. To this end, Design Science Research
requires that designed artefacts should be implementable within the existing environment.

6.2 Design Cycle

In order to respond to business needs, Design Science Research is inherently iterative and
is conducted in two phases, first, to build and design artefacts and second to evaluate
designed artefacts.

6.2.1 Design and Build Artefacts

Designing and building artefact is the core of the Design Science Research. It must be a
purposeful IT artefact addressing an organizational problem, responding to business needs
and enabling its implementation and application in an appropriate environment. During
this process, the designed artefact is iteratively refined. After each iteration, the artefact
is evaluated in order to assess its utility and compliance with the appropriate environ-
ment. Designing iteratively allows to improve previous solutions, identify deficiencies and
creatively develop solutions to address them.

6.2.2 Evaluate Artefacts

Evaluation is an important component of the Design Science Research. Rigorous evalua-
tion demonstrates the quality, effectiveness and importance of the designed artefact. Its
evaluation is based on the working environment needs and includes testing its integration
within the technological infrastructure and existing systems. Since the design cycle is an
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iterative and incremental activity, the evaluation phase targets problems faced during de-
signing and building the artefact, assesses its compliance with requirements and contributes
to its quality and success.

6.3 Rigour Cycle

Rigour is achieved by appropriately applying existing foundations and methodologies, as
well as contributing to the archival knowledge basis of foundations and methodologies.

6.3.1 Applicable Knowledge

A rigorous Design Science Research requires applying rigorous knowledge from the knowl-
edge base during the construction and evaluation of the designed artefact. It addresses
important unsolved problems in unique or innovative ways or solved problems in more effec-
tive ways. An example of a rigorous knowledge base is the literature on the research field,
since it provides researchers and practitioners appropriate techniques, theories or artefacts
for conducting their building and evaluation phases. Based on existing knowledge base,
they can analyse, compare and justify their methods and products selection and the way
they could be applied or improved.

6.3.2 Additions to the Knowledge Base

Design Science Research is assessed as it contributes to the content of the knowledge base
for further research and practices. According to [5], the objective is to demonstrate what
are the new and interesting contributions. In figure 1.5, contributions are of three natures
where one or more of them should be achieved. First, foundations in the Design Science
knowledge concerns the development of novel and evaluated constructs, models, methods
improving the existing foundations. Second, contributing in experience and expertise ex-
pects to proceed with creative development and use of evaluation methods and metrics.
Third, more the artefact is useful for the environment, more it contributes to the knowl-
edge base as an innovative artefact. This enables both practitioners and researchers to take
advantage of the benefits offered by the artefact and to build a cumulative knowledge base
for further extension and evaluation. To this end, communicating the processes by which
the artefact was constructed and evaluated is crucial for their understanding. This could
be achieved for example through publishing academic researches, discussing technology-
oriented solutions developed in industry or providing open source solutions, etc. Actually,
this is the key differentiator between the Design Science Research and other methodolo-
gies, for example, professional, system building or routine design [5], highlighting the clear
identification of a contribution to the archival knowledge base of foundations and method-
ologies and the communication of the contribution to the stakeholder communities.

In this work, we base on the Design Science Research as our research methodology.

6.4 An Overview of the Design Science Research Application

In this work, knowledge capitalization is our main research problem. It consists of provid-
ing methods and techniques for knowledge representation, sharing, storage and evolution.

As discussed in this chapter, among challenges for a successful knowledge capitaliza-
tion solution, we highlighted the importance of its compliance with the appropriate work
environment. This may not be achieved without involving its users, since they are both
knowledge sources and consumers. In fact, these challenge may be accomplished following
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the rigour cycle of the Design Science Research.

Knowledge capitalization have been much discussed in the literature, since it has been
always a critical component in organizations growth. Foundations and methodologies of
existing solutions should be studied throughout our design in order to learn from other ex-
periences and to avoid bad ones. In fact, these challenges could be accomplished following
the relevance cycle of the Design Science Research.

Therefore, this work is presented according to the Design Science Research methodol-
ogy steps. These steps are summarized in table 1.4 in the sequence that we proceed to
conduct our research:

Steps Cycles

1. Business Needs Relevance
2. Applicable Knowledge Rigour
3. Design and Build Artefacts Design
4. Evaluate Artefacts Design
5. Application in the Environment Relevance
6. Additions to the Knowledge Base Rigour

Table 1.4. Followed steps in the Design Science Research methodology

We decided to present our research following the order of steps described in table 1.4
because, according to [5], it is the most natural way to present a research project while
ensuring rigorous, relevant and evolutionary results:

• Starting with the definition of business needs allows us to study the business environ-
ment, to identify business problems, opportunities and goals, as well as to assess the
organizational and technological context. Addressing business needs ensures research
relevance.
In our context of knowledge capitalization, the relevance and importance of the
problem should be well demonstrated by studying, for example, current practices
at STMicroelectronics for knowledge capitalization, used tools, users needs, etc.

• Second, the Design Science Research relies upon the application of rigorous methods
in both the construction and evaluation of the design artefact. This is often assessed
according to business needs and by adherence to appropriate techniques, methods or
theories from literature, representing the knowledge base.
In the context of knowledge capitalization, the work must base on foundations from
literature, for example, on developing knowledge systems, evaluation methods, their
limitations or success factors, etc.

• Third, design the artefact is the core of the Design Science Research. During this
stage, relying on both defined business needs and findings from the knowledge base
ensures a rigorous and relevant design. The result of this stage is an artefact re-
sponding to business needs and using or inspiring from available fundamental theo-
ries, frameworks, models, etc.
In our context, the design stage includes developing an effective and evolutionary so-
lution for knowledge capitalization. It involves designing and developing solutions for
its different components: knowledge representation, storage, sharing and evolution.

20



CHAPTER 1. CONTEXT OF WORK

• Fourth, evaluating the designed artefact in an iterative manner contributes to its
evolution. Different well-executed evaluation methods should be applied in order to
satisfy rigorously the requirements and constraints of the problem.
Considering the different components of knowledge capitalization, a user centred ap-
proach allows to qualitatively and quantitatively evaluate the utility, quality, and effi-
cacy of our solution, while taking into account the business environment at STMicroelectronics .
For example, we base on observations, statistical analysis, interviews, etc.

• Fifth, the designed and evaluated artefact must be applied within appropriate en-
vironments, that initially defined business needs. Actually, a solution that is not
useful for the environment or do not satisfy its laws prevents its relevance. That is
why, in any research, its success is highly related to its success in the appropriate
environment.
Our designed solution for knowledge capitalization, including methods and tools, is
applied, tested and validated into STMicroelectronics ’s technological and organiza-
tional environments, while demonstrating its compliance with users’ business needs.

• Finally, adding to the knowledge base addresses important unsolved problem in
unique or innovative ways or solved problems in more effective or efficient way for
further research and practice. In that way, results included in the knowledge base
become best practices that could be an input for an other research.
In our context, our proposal for knowledge capitalization demonstrates its rigour by
discussing its contributions and innovation compared to existing solutions in liter-
ature and at STMicroelectronics work environment. For example, this is achieved
throughout publishing our proposal in international conferences and journal.

The rest of this thesis is structured and presented according to the Design Science
Research cycles, and particularly, according to its identified steps presented in table 1.4.

7 Summary

As discussed in this chapter, the semiconductor manufacturing industry is a complex
domain, involving different users, processes, activities and systems, required for its well
achievement. In such a complex context, different problems are revealed, mainly, related
to knowledge loss, duplication, obsolescence and proliferation. At STMicroelectronics , such
problems are particularly present throughout the Business Intelligence process, where the
redundancy, uselessness and overloading of unused BI objects (reports and indicators for
example) may affect making the right decision. To this end, our research question is "How
to ensure a continuous expert knowledge capitalization? "

To proceed, as depicted in figure 1.6, this work is structured in 4 main chapters, where
each one represents one or more steps of the Design science Research methodology:

• In chapter 2, Business Needs for knowledge capitalization are defined.

• In chapter 3, we present Applicable Knowledge.

• In chapter 4, Building and Evaluating our solution are detailed.

• Finally, in chapter 5, our solution Application in the Appropriate Environment
is presented and Additions to the Knowledge Base are highlighted, as parts of
the conclusion of our thesis.
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Fig. 1.6. Thesis plan

22



Chapter 2

Business Needs

1 Introduction

Defining business needs is the first output in a Design Science Research as a part of its
relevance cycle. Actually, the relevance of a solution is related to the problem relevance
demonstrated throughout the definition of business needs. This is achieved by addressing
the problems faced and the opportunities afforded with the interaction of people, organiza-
tions and technology. These components constitute the environment in which resides the
phenomena of interest.

In our research, we aim at defining business needs at STMicroelectronics for knowledge
capitalization, mainly within the Business Intelligence team. First, we have, to study
current practices, identify their limits and address faced problems, while considering peo-
ple, organizations and information technology involved in the current solution and those
affording opportunities. These statements help defining business needs required for the
construction of a relevant knowledge capitalization solution.

In this chapter, firstly, considering the knowledge capitalization environment within
the Business Intelligence team, people roles, capabilities and characteristics are described,
organizations strategies, structure and culture are introduced, and technology applications
and development capabilities are presented. These findings allow in a second stage define
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business needs related to knowledge capitalization, on which we will base to define our
solution.

2 Business Environment for Knowledge Capitalization

Business Intelligence at STMicroelectronics is considered as a knowledge intensive task.
It continuously requires and produces knowledge. BI knowledge could be of two main
types, where both of them are required to effectively use the BI system. We distinguish
the theoretical knowledge and the technical knowledge.

The first type, BI theoretical knowledge, considers the behavioural aspect of the sys-
tem, its understanding and its functioning. For example, understanding the objectives and
justifications behind existing objects (reports, indicators, formulas, dimensions, etc.), their
relationships and more generally, business knowledge on the BI domain.

The second type, BI technical knowledge, considers procedures of uses and practical
implementation. For example, data warehousing development, indicators formulas, data
integration, reports creation, and more generally putting in action BI theoretical knowl-
edge.

Both of knowledge types need to be capitalized in order to ensure a continuous effective
use of the BI system.
The Business Intelligence activity at STMicroelectronics involves various actors with dif-
ferent profiles. They are interacting throughout the use of many tools and organizational
strategies in order to achieve their daily activities. In this section, we present the environ-
ment in which the BI team is daily working particularly expert knowledge capitalization.

2.1 People roles, capabilities and characteristics

In our context of Business Intelligence, many profiles are interacting throughout the use of
existing systems, introduced in chapter 1: end user, business expert and BI expert. Their
capabilities and characteristics related to BI knowledge capitalization are detailed in the
following.

• End users:
They lack of technical knowledge about the BI system and activity. They typically
belong to other teams than BI, such as manufacturing, finance, management, system
administration, etc. They are concerned by the BI activity mainly to exploit reports
results, to monitor and improve their business activities. They are able to access to
reports throughout knowledge management tools involved in the BI system, which
are SAFIR (the reporting portal), Stiki (the Wiki for knowledge sharing) and the
Blog Crolles300 (to be notified for reports creation). Only a few number of end users
are able to use technical BI tools such as BO (Business Objects) to create business
reports. However, many of them use it in their own manner because they were not
formed, they lack of time, underestimate the task, or even do not know who to
approach for help. Their need is related to the use and the understanding of created
reports and involved objects. However, they are not really concerned by technical
issues behind the BI system. This is the reason why, they are more interested in
theoretical knowledge.
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• Business experts:
They typically belong to other teams than BI, such as process control, equipment
engineering, management, etc. They represent the intermediation between end users
and BI experts thanks to their expertise in both BI and the business environment.
They are able to analyse end users needs and to translate them into BI specifications.
For example, the specification of required indicators and dimensions. They ensure as
well the need behind the creation of a new report and the relevance in its use, if it
does not yet exist. One of their most important roles is to expand specific needs of
creating a report in order to optimize its use by more actors and for others objectives.
This helps actors of all profiles to save time in creating or searching for reports while
reducing risks to duplicate existing BI objects. Besides, business experts could be
themselves end users. Thus, they need to access as well to SAFIR, Stiki and the
Blog Crolles300, in addition to BI tools. Generally, they are able to use BI technical
tools and understand its functioning, for example, creating reports and indicators,
but lack of advanced technical knowledge, for example, data warehousing. This is
the reason why, they require both technical and theoretical knowledge.

• BI experts:
They are the developers and creators of reports throughout the BI technical systems
(data warehouse, BO, etc). To proceed they base on specifications received from
business experts. In addition, their function includes storing and sharing reports
throughout the BI system (Safir, Stiki and the Blog Crolles300) to make them avail-
able for the other actors. They are the main owners of technical knowledge about the
BI system and reporting processes, for example, data warehousing, indicators formu-
las, dimensions hierarchies, their integration into the data warehouse, the universe
conception and development. Sharing and storing such knowledge is important not
only to help end users and business experts to understand the objective of BI objects,
but also BI experts to analyse the way reports were created and used. We believe
that capitalizing technical BI knowledge save BI experts’ time, prevent knowledge
duplication and facilitate involving the other profiles of actors (end users and busi-
ness experts) in the BI activity. It helps as well involving BI experts in the final use
of created reports.

As we discussed above, BI end users, business experts and BI experts are involved in
the same system while each one has his/her own role, needs and knowledge about. Table
2.1 summarizes each actor’s roles using the Business Intelligence system.

Interacting together, each actor reuses other actors’ knowledge to generate new one,
that will be in its turn continuously reused. For example, as depicted in figure 2.1, a BI
expert needs knowledge about the final objective of an existing report stored in SAFIR
Reporting portal. Actually, he/she needs to reuse its indicators in an appropriate way.
Such knowledge is owned by the end user who was the applicant’s report. As a result,
even though BI actors are differently involved, they are all of them engaged in knowledge
capitalization, where:

• All actors’ profiles should be involved in identifying their knowledge in order to
answer to different actors’ needs.

• BI knowledge is of different natures (technical, behavioural, procedural, etc.). There-
fore, providing an understandable structure for BI knowledge facilitates their shar-
ing, storage and reuse. As a result, the three actors’ categories should be involved in
knowledge representation.
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Actors Needs Specifications Data

warehous-

ing

Reporting Required

knowledge

End
Users

Express Validate use and can
create sim-
ple reports

theoretical

Business
Experts

define use and can
create sim-
ple reports

theoretical
and techni-
cal

BI Ex-
perts

base on develop create technical

Table 2.1. Actors’ roles using the Business Intelligence system

Fig. 2.1. actors interaction

• Represented in an appropriate way, BI knowledge should be effectively stored and
shared in order to allow users access and reuse to the right knowledge. These state-
ments involve users of different profiles investment and collaboration.

• Finally, even though users have different needs, maintaining capitalized knowledge
involves all of them, according to each role capabilities and characteristics. It ensures
an evolving knowledge capitalization solution that meets the scalable nature of the BI
environment [48]. This is the reason why providing an evolutionary and a continuous
knowledge capitalization is crucial.

To summarize, the identification of different BI actors’ profiles implies the existence of
different capabilities, characteristics and needs where all of them should interact through-
out the use of such a complex system. As a result, knowledge about the use of the BI
system differs according to its actors’ profiles.
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On the one hand, this highlights the importance of different actors’ interactions for
knowledge capitalization. On the other hand, such facts recognize the need to provide a
knowledge capitalization solution to help actors to continuously identify, represent, store,
share and maintain their business knowledge and respond to their business needs. In addi-
tion, since in the context of Business Intelligence actors are themselves knowledge holders
and knowledge consumers, we highlight the importance of their involvement throughout
the solution design and development.

2.2 Organizations and Technology

In the context of Business Intelligence at STMicroelectronics , different practices and tools
are adopted for knowledge capitalization. Their advantages and limits are more detailed
in table 2.2.

Knowledge
capitalization
phase

Tools and/or
practices

Advantages Limits

Knowledge identi-
fication

Telephone, Email,
direct contact,
searching in
folders, etc.

Rapid and fo-
cused knowledge

No supporting strategy
is available, no synthe-
sis is supported, infor-
mal methods, tracks are
difficult to identify

Knowledge repre-
sentation

Stiki templates Knowledge rep-
resentation and
structuring with
templates should
help in knowl-
edge search,
unification and
understanding

No real strategy to su-
pervise the respect of
Stiki templates

Knowledge stor-
age and sharing

Stiki, Safir,
BlogCrolles300,
shared folders,
desktop drives,
SharePoint a,
workspaces
projects, etc.

Providing tools
for knowledge
sharing should
help users ef-
fectively reuse
knowledge

The existence of many
sharing and storage
tools within the same
teams without a real
strategy for supervising
their contents

Knowledge evolu-
tion

No tool to evolve
capitalized knowl-
edge

No advantage stored knowledge is up-
dated, generally during
projects, but without
providing a continuous
solution for its main-
taining and evolution.

Table 2.2. Current knowledge capitalization tools and practices

aSharePoint is a web application platform in the Microsoft Office server suite.

As depicted in table 2.2, many tools are used to support knowledge capitalization.
However, their usefulness are highly dependent on the way they are used and on their
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users’ competencies. For example, since there is no real organization to supervise knowl-
edge capitalization, users may structure, store and update their knowledge in their own
manner. Particularly, in the Business Intelligence context, a misunderstanding or a wrong
identified knowledge may affect business decisions. For example, selecting an indicator
with a wrong or obsolete calculation formula implies reporting inaccurate results and can
confuse its users. In addition, using independently many tools and practices for knowledge
capitalization, for the same phase and having no link, is not beneficial.

The need is therefore to avoid this confusion by offering a coherent and strategic envi-
ronment for an effective and sustainable knowledge capitalization.

Currently at STMicroelectronics , among knowledge capitalization statements, existing
solutions are oriented toward knowledge sharing, with the use of few related tools and
methods. Actually, methods such as telephone or email are crucial for exchanging daily
knowledge, however, alone they do not ensure a continuous knowledge sharing. Such meth-
ods are used also for knowledge identification and storage, even though they are not meant
to. These observations require a well defined strategy to use the right tools and practices
for the right functions in order to respond to the whole knowledge capitalization solution.

Studying knowledge capitalization practices and technologies allowed us to conclude
that even though it exists different tools used for knowledge sharing, within the IT depart-
ment and particularly the Business Intelligence team, the main tool used for knowledge
sharing is a Wiki called Stiki . As introduced in chapter 1, Stiki is a STMicroelectronics ’
wiki, designed and implemented in 2009 to cover the support, technical, business and
project documentation.

In order to deeply study the current environment for knowledge capitalization and de-
fine business needs, we proceed with studying the use of Stiki for knowledge sharing, since
it is the main considered step among the others.

Stiki has been deployed since several years within STMicroelectronics Company in
order to improve Business Intelligence teamwork. To understand the way Stiki is used
for knowledge sharing, we proceed with the evaluation of its use, based on a user centred
approach in section 3 [1]. The aim of this research is to evaluate this Wiki performance
regarding knowledge sharing and storage objectives. In our research, we decided to keep
the sharing function of a Wiki , because we consider that sharing and storing knowledge
are highly dependent. If a tool is effectively used for storing it will be effectively used for
sharing, and vice versa. This step is crucial since it allows identify its limits, strengths and
areas of progress to effectively accomplish its objectives for knowledge storage and sharing.

3 Business Needs for Knowledge Storage and Sharing

3.1 Problem Space for Knowledge Sharing

In order to identify our problem space related to knowledge sharing, a set of criteria that
should be met by a Wiki is identified. To this end, a literature review of application cases,
studying the use of Wiki for knowledge sharing in different domains, was conducted.

In manufacturing industry, [49] proposed a wiki called CorpWiki that selects the most
appropriate person to improve the quality of an article and consequently ensures its rel-
evance. In education, [50, 51] uses a wiki to encourage a group of students specialized in
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Fig. 2.2. Wiki Evaluation criteria

Japanese language creating learning pages. In research, [44], a wiki is used to enhance
collaborative work among a group of researchers and in commerce, by the case of eBay
[27,52], it is used to share commercial knowledge.

From the study of these application cases, two aspects may be considered to evaluate a
Wiki social and technical. Social aspects concern either collaborative or individual dimen-
sions. Technical aspects concern either the Wiki container (tool) or content dimensions.
As depicted in figure 2.2, a set of criteria according to these dimensions is identified with
dotted axis.

3.1.1 Technical Aspects

Wikis can be evaluated according to two dimensions: the characteristics and functionalities
of the tool allowing its use and its content.

Tool Dimension As shown in figure 2.2, providing an accessible and controlled common
space is considered as one criterion characterizing social software and particularly Wikis.
As mentioned in [51], not having an easy direct link to the Wiki limits its use and was one
of the reasons explaining the decline in its use. Usually, users of Wikis are expecting to
deal with a tool, which facilitates their work in a timely and reliable manner. Therefore,
they can easily retrieve the knowledge they search for, and easily transmit to others their
own one. In addition to its accessibility, such a tool needs to be controlled since it supports
a shared space. Users must have intermediate spaces between public and private use to
effectively manage their contributions. Ease of use is one of the criteria that the use of
Wiki must also meet (figure 2.2). It was a criterion on what the case study in commerce
[52] was based.

Content Dimension In [52], regarding an e-commerce Wiki , organizing information
insured its content relevance. This criterion is also highlighted in [49] regarding the ability
of the proposed Wiki to select the most appropriate person who will improve the quality
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of the article and then ensures its content relevance. That explains why in figure 2.2 we
integrate content relevance as a criterion the Wiki must meet. Dealing with content rel-
evance implies introducing content quantity. This criterion consists of providing enough
knowledge so that Wiki ’ users can perform their tasks by reusing existing one and enriching
their own one. Such a criterion is highly dependent on users’ behaviour and particularly
their contributions. Besides, we were inspired by a study about capitalizing software design
knowledge with design patterns [53]. The design pattern community provides a formalism
for patterns representation called P-Sigma [53]. Such formalism aims at making a uni-
form expression of product patterns and process patterns allowing a better organization of
their libraries. For the same reasons, we consider that content structuring is an important
criterion. As the common formalism of patterns makes explicit their selection interface,
the page content structure guides users to correctly contribute and to efficiently search
for information. That explains why we integrate in figure 2.2, content relevance, content
quantity and structured pages content as content criteria.

3.1.2 Social Aspects

Wikis can be evaluated according to: an individual dimension (user behaviour towards its
use) and the collaborative dimension (behaviour of all users interacting through it).

Individual Dimension In [44], authors argued that because there was very little inter-
action among researchers on a regular basis, knowledge sharing via Wiki was not taking
place regularly. This highlights issues relating to the lack and non-regularity of use. Fur-
thermore, irregularity of use is usually due to lack of awareness regarding knowledge sharing
benefits and consequently interest for Wiki use. That was the case of research’ Wiki de-
scribed in [44]: the impression that Wiki does not have much to offer for those who are
in the organization since long time does not motivate them to invest time in using it.
However, in the case of education’ Wiki described in [51], although using Wiki presented
an important interest for each one, students did not investigate as expected. That’s why
awareness and interest are reasons why users invest less time in sharing knowledge than in
other works. These observations explain the integration of these criteria in figure 2.2.

Collaborative Dimension Knowledge sharing is only valid if Wiki is collectively used.
The case of CorpWiki in the manufacturing industry case [49] includes a ‘fairness-based”
policy, where the selection is made based on a fair workload distribution, ensuring then
collaborative participation. Finally, knowledge sharing, particularly in a large organiza-
tion, requires an open culture. That means naturally including collaboration at work. In
the case of commerce Wiki [52], employees have to adapt themselves to the online trading
concept and learn the culture and ways of working of eBay. That was one of the success
keys of eBay experience in using Wiki for knowledge sharing. In figure 2.2, these criteria
correspond to the collaborative part of our problem space.

Therefore, based on the literature review and criteria described above, Wiki deployed
within STMicroelectronics Company is evaluated.

3.2 Proposed Evaluation Process: A User-Centered Approach

Studies, about the evaluation of Wiki ’ use within an organization, are limited. They are
either related to the adopted assessment methods [45], or the obtained results [51]. The
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case of CorpWiki [49], for example, addresses the process of setting up a Wiki to support
knowledge sharing. In our case, the Wiki already exists. To conduct our experiment,
four researchers conceived the followed strategy and two industrial engineers provided the
working environment. Based on a user-centered approach, the evaluation methodology
proposed in this research aims at understanding how Stiki is used, by collecting users’
opinions about its advantages, limits and areas of progress. It takes into account current
practices and considers Wiki ’ users as the main source of information. Moreover, it incor-
porates both qualitative and quantitative methods, closely linked:

• Qualitative Methods: address more precisely the meaning that each individual brings
to events. [54] suggests that qualitative data can provide insight on how the partici-
pants actually use and respond to intervention, which may vary from one person to
another and may be different from the perception of its use and the effectiveness of
investigators. Face-to-face interviews, focus groups, forums, blogs and text analysis
are examples of qualitative methods. They aim at deeply understanding users and
their environment and at identifying a maximum of uses, behaviours and opinions
with a maximum of variability [55].

• Quantitative Methods: aim to quantify and to measure the performance of tools.
Their strength is that they are based on factual and reliable results that are usually
generalized to a large population [56], mainly statistical analysis methods, perfor-
mance tests and a questionnaire SUS (System Usability Scale) [57]. They allow a
quantitative analysis to understand the reasons behind found facts and collect sug-
gestions for improvement for the evaluated tool.

3.2.1 Process Stages Description

Our proposed assessment process follows these stages (2.3):

1. Evaluation criteria identification: this helps specifying the axis on which we focus
our evaluation, as well as selecting appropriate assessment methods. This step is
considered as a preparatory step before starting with evaluation methods. Identified
criteria have been described in section 3.1.

2. Stiki Review this weekly meeting established at the beginning of the evaluation pro-
cess aims at observing and discussing how Stiki users proceed in their use during each
week. The goal is to test the responsiveness of Stiki users regarding our observations.
The principle is neither to give nor to get orders. Such meeting allows to observe
users’ behaviour and then to build a preliminary vision on Stiki ’ use. Evaluation
criteria (identified in step 1) are considered during Stiki Review in order to make a
first evaluation of these criteria.

3. Defining hypotheses and questions: this step is a key element of the proposed ap-
proach. The aim of this step is to assess the use of Stiki according to each evaluation
criterion. To do that, when we have an idea about the criterion (mainly from the
Stiki Review), a hypothesis to be verified is built; otherwise a question to be answered
is defined in order to evaluate the concerned criterion. In that way, the criteria are
transformed to hypothesis and questions. Each hypothesis or question treats one
criterion and contributes to its evaluation, where each one could be validated thanks
to the obtained results of one or more evaluation methods. The list of proposed
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Fig. 2.3. Stages of our proposed assessment process

hypotheses and questions is given in the following, classified according to the group
of dimensions they refer to (H: hypotheses and Q: questions):

(a) Tool dimension:
– H1: Stiki is an accessible and a controlled common space
– H2: Stiki is easy to use

(b) Content dimension:
– Q3: Is Stiki content relevant?
– Q4: Is there sufficient content of information in Stiki?
– Q5: Structuring pages has an impact on the visibility of its content and fa-
cilitates the search and writing of information in the appropriate place. Is it
mastered at STMicroelectronics?

(c) Individual dimension:
– H6: Stiki users are aware regarding the importance of knowledge sharing as
well as the role of Stiki to improve it
– H7: Despite the awareness of Stiki ’ users regarding the importance of knowl-
edge sharing, they do not invest enough time in its use
– Q8: Is the use of Stiki interesting for users to share their knowledge?
– Q9: Does each user share knowledge regularly?

(d) Collaborative dimension:
– Q10: Did collective participation and collaborative management of pages ex-
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ist? Are individual pieces of knowledge available to others? Is modification of
one’s own writing by others well received?
– Q11: Is STMicroelectronics’ culture favorable to improve knowledge sharing?

4. Statistical analysis: the access to the Stiki database and extraction of statistic in-
formation related to the defined hypothesis and questions allow understanding how
Stiki ’ use has evolved. It also allows performing descriptive statistical analysis on
some aspects such as:

(a) The evolution of visits to Stiki per week or per month
This allows determining how the use of Stiki has evolved over time. Depending
on the type of use, other measures are identified.

(b) Contribution: number of contributions and contributors per page
This serves measuring the activity on each page and then identifying those with
single contributor, for example, to understand what type of defaults these pages
have and need reviewing.

(c) Consultation: number of readers per page
These measures could be used to verify the utility of Stiki among employees
benefiting from its content.

(d) Modification: the activity of users in revision
This measure allows us classifying users according to their activity and then,
varying the selection of users for the individual interviews.

5. Semi-structured individual interviews: We aimed at gaining insights from users’ point
of view about the use of Stiki for sharing knowledge.

To this end, a list of participants for interviews is defined based on their activity on
Stiki (thanks to the statistical measure classifying Stiki users from the least active
to the most active one). The idea is to vary all of them (240 users) according to
their activity on Stiki (consultation and contribution), equitably distributed on four
categories “not active, relatively active, active and very active”. Their membership
to different teams is also considered. The idea here is to vary users according to their
work and functions (internal architecture, business intelligence, production systems
and automation, etc.). Twenty users were selected from the site Crolles300. The
interviewees belong to different categories of age, from 20 to over than 40 years old,
and are picked from five different teams (Four employees of each team where each
one belongs to a category of contributors, from the less active to the most active
contributor). Such a selection allows having a representative sample of all the users.

The interviews lasted between 30 minutes and an hour depending on the interest of
users in the experimentation and their activities on Stiki . An individual analysis grid
summarizing interviewer’ answers and ideas are built after each interview. During
the interview, explored topics and questions should be related to defined hypothesis
and questions (step 3) without constraining interviewees to a particular format.

6. The online questionnaire (Appendix A): Results obtained through the semi-structured
individual interviews cannot be quantifiable or generalizable to the whole population.
That is why a questionnaire based on interviews results was proposed. It contains
questions of different natures (Yes/No questions, multiple choices questions, open
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Dimensions
Criteria

Methods
Stiki Review Statistics Interview Questionnaire

Tool
Accessible and controlled com-
mon space : H1

× ×

Ease of use : H2 × ×

Content
Relevant content : Q3 × ×

Content quantity : Q4 ×

Content structuring : Q5 × × ×

Individual

Awareness of user : H6 × ×

Investment of user : H7 × × ×

Interest for user : Q8 × ×

Regular use : Q9 × × ×

Collaborative
Collaborative participation :
Q10

× × ×

Open culture of knowledge
sharing : Q11

× ×

Table 2.3. Methods of our assessment process to respond to our evaluation criteria

questions and leading questions). The questionnaire was mainly designed for Stiki

users, to quantify interviews’ results and opinions on its use. Collected answers are
then used to confirm hypothesis or answer questions defined in step 3. Among 200
users invited to participate (from the same site Crolles300 and all teams and func-
tions in the IT section who use or do not use it), 68 answered the questionnaire where
two-thirds are from the IT section and the others are either co-contractors or do not
belong to the IT section.

7. Validating hypothesis and questions: The aim of our evaluation process was to ver-
ify finally hypothesis and questions defined previously. Each hypothesis/question
(defined in step 3) was validated by one or more evaluation methods. Through the
proposed evaluation process, the aim is to employ a user-centred analysis approach.
The principle is to study users’ ideas, words they use (Verbatim) and associated
meaning. The whole process and methods (qualitative and quantitative) allowed
validating hypothesis and answering questions.

Before presenting experimental results in the following section, Table 2.3 shows how
each evaluation criterion can be evaluated by one or more methods of our process.

3.3 Experimental Results

In this section, we first discuss the different findings about Stiki use from the evaluation
methods. Then, we identify areas of progress.

3.3.1 Experimental Results Analysis

Experimental results are classified according to the dimensions of criteria (tool, content,
individual and collaborative) and then according to hypotheses and questions treating each
one. A synthesis of obtained results is presented in figure 2.5 where each axis (criterion)
is graduated according to the obtained result (Low, Medium and High).

Tool Criteria

H1: Stiki is an accessible and controlled common space

By studying the use of Stiki , different types of use are reported:
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• Contribution: action of adding new information. It includes creation of pages, revi-
sion of existing information or deletion. The user doing this action is called contrib-
utor.

• Consultation: action of reading existing information. The user doing this action is
called reader.

Stiki is a fast and efficient tool which is accessible by everyone. All users highlight
its accessibility. An interviewee mentioned the draft option as an efficient way to control
Stiki interface and provide an intermediary page between private and public spaces. That
explains why in figure 2.5, Stiki is considered verifying totally the "Accessibility to a con-
trolled common space" criterion.

H2: Stiki is easy to use

According to the questionnaire, 80% of users (who participated to the questionnaire)
highlight the ease of use and efficiency of Stiki especially in consultation. An interviewee
said, "I can find the information quickly and simply using a keyword for example", another
one said "Stiki is an efficient tool; it allows me to share my knowledge quite clearly and
effectively".

When asked about its ease of use, 85% say that they feel comfortable using it. One
interviewee said, "Stiki is a modern tool, it has a friendly interface, ensures quick search
and is very convenient in case of absence".

However, one interviewee has a preference for another tool which has more advanced
functionalities. He said "I use another tool for sharing my knowledge with my team; I can
search any information by keyword even by using images and that functionality does not
exist in Stiki". In addition, when asking if they feel comfortable in adding information
in Stiki , about 50% of users find that adding information to Stiki is still difficult. When
asking them if they need help when using Stiki , 35% of them think so. That is why in
figure 2.5, "Easy to use" criterion corresponds to "Medium" level particularly due to these
difficulties in contribution.

Content Criteria

Q3: Is Stiki content relevant?

When asking users to assign a level of consistency, relevance and utility for knowledge
stored in Stiki , more than 75% of them confirm having confidence in stored knowledge and
believe that it is relevant, useful, updated and slightly obsolete. The relevance of informa-
tion is very important to ensure the usefulness of Stiki . An interviewee said “We need to
monitor knowledge update to ensure that it will not become obsolete” especially in semi-
conductors’ manufacturing field, where products change regularly and data can quickly
become obsolete. Despite this, some interviewees point out some inconsistencies in Stiki

knowledge and claim for regular updating and monitoring. Ensuring a relevant content is
one of the most important points highlighted by Stiki users during the interviews. Using it
regularly to update existing knowledge or provide new one helps avoiding its obsolescence,
reassures readers and motivates them to use it, not only as reader but also as contributors.

35



CHAPTER 2. BUSINESS NEEDS

According to the database of Stiki , number of visits to all Stiki pages is about 160,000.
However, the number of visits depends on the page. Indeed, some pages are more popular
than others and it may be an indicator of the value of the page content. For instance, Sup-
port_TPI page belongs to the support part of the page structuring. It contains all links
to support procedures. That is why each time a user adds a procedure; he has to indicate
it in the common page Support_TPI. This type of page is usually characterized by a big
number of consultation and contributions, which is explained by its important interest. In
order to keep the relevance of such a page, collaborative participation is strongly required.

According to the questionnaire, more than 40% of users access to Stiki once a month
or less, seeking for information. Some people would consult only to raise a doubt. Others
have preferences for other search tools and criticize its limited guidance for IT. Besides,
the average of consultations per page is 76, whereas the standard deviation is about 473.
This indicates that a big number of existent pages are not consulted and could potentially
encounter problems such as content obsolescence, as some interviewees proclaim. These
findings explain why in figure 2.5, Stiki corresponds to the "High" level for "Relevant con-
tent" criterion and not the "Advanced" one due to the existence of some obsolete content
that should be treated.

Q4: Is there sufficient content of knowledge in Stiki?

Today, Stiki contains 2370 pages. All interviewees considered that the number of pages
is sufficient compared to the number of realized projects. However, many of them found
that the content still targets IT applications without discussing enough functional and
operational area. In this context, an interviewee said "In Stiki , we mainly find information
about IT applications and techniques but rarely functional and operational information to
understand why an application exists, what its purpose is and who is the involved staff".
That is why; they found that even though there is a sufficient volume of information in
Stiki , it does not really include all domains as it should do. Moreover, when asked if
Stiki may be useful for users outside the IT, 85% of the questionnaire participants agreed
and many of them proposed expanding its perimeter of application of Stiki as an area of
progress that should be studied. In addition, when asked about their professions in the
questionnaire, 70% of participants are IT staff that shows the limitation of its perimeter
application. That explains why in figure 2.5, Stiki corresponds to "High" level for "Rele-
vant quantity" criterion.

Q5: Structuring pages has an impact on the visibility of its content and

facilitates the search and writing of information in the appropriate place. Is

the structuring of pages mastered?

The majority of users consider that structuring pages in the form of templates is a
good idea. According to the questionnaire, when we asked users about the degree of their
agreement with the utility of structuring pages, on average, 80% of users find that the
information structure helps, guides search, unifies content and improves the understanding
of the information. Given that the proposed guide for structuring helps users, 65% of
them think that it is applicable, easy to follow and adaptable to particular cases. Such a
structure is a kind of guide for users facilitating use of Stiki for searching and contributing
information. An interviewee said for this "providing a guide for structuring pages could
only be beneficial".

To launch the official department wide use of Stiki , a meeting was held, during which
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a presentation of the tool and its use took place. This meeting was the only one since
its implementation. Several users of Stiki have not assisted for many reasons. One of the
guides that the administrator has joined to Stiki is the structure in the form of templates.
This structure was also introduced at the meeting launching the activity of Stiki but nev-
ertheless, when asked if they know it, 50% of users do not. Today, it is one of the reasons
preventing some people to use Stiki or causing difficulties during its use. Yet, the majority
is confronted to use Stiki regularly. Some make the effort to learn and others use it in
their own way. This problem has to be treated by ensuring a regular evaluation of existing
problems, a solution proposed by an interviewee, or a regular training, a solution proposed
by another. The fact that structuring page is not yet mastered explains why in figure 2.5,
Stiki corresponds to "Medium" level for "Content structuring" criterion.

Individual Criteria

H6: Stiki users are aware regarding the importance of knowledge sharing as

well as the role of Stiki to improve it

According to the questionnaire, all users have recognized the importance of Stiki for
sharing knowledge and despite the existence of other sharing tools, 60% of them confirmed
that Stiki is now the reference tool. In this regard, one interviewee said, "the time spent
to produce knowledge on Stiki can not be considered as a wasted time", another added
"Obtaining knowledge about an application of another team via Stiki saves me time with-
out wasting others’ time". That explains why in figure 2.5, “users’ Awareness" criterion
corresponds to the "high" level.

H7: Despite the awareness of Stiki’ users regarding the importance of knowl-

edge sharing, they do not invest enough time in its use

Several interviewees consider that documenting their work is optional, secondary and
takes time. One interviewee said that it is not part of the missions assigned to him by his
manager. Another one has even reported that he often uses Stiki as a knowledge base but
he does not document his own work. Three other interviewees think so. Unfortunately,
when asked in the questionnaire about the frequency of contribution in Stiki , 30% of users
have never contributed and 55% contribute approximately one a month for several rea-
sons. Two users consider that there is no necessity, another one considers that he does
not have sufficient knowledge to contribute or update existing one, may be due to fear of
judgement or fear to sell their expertise and losing their job. Someone else said that there
is no knowledge to add. Finally, some of them do not have enough time for that. These
different observations led to consider that "Investment of users" criterion corresponds to
the "Low" level in figure 2.5.

Q8: Using Stiki present an interest for users

According to the interviews, 90% of the interviewees consider it as a useful tool in their
work and confirmed that Stiki saves time. For four interviewees, searching or contributing
information on Stiki has become a habit. An interviewee said that "Documenting on Stiki

becomes a reflection", another one said "it becomes a reflection to seek for information
first on Stiki , and then to contact directly the appropriate person". Knowing the inter-
est of such a tool encourages employees to use it and then ensure the increase in its use.
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However, 10% the interviewees does not find interest because they use other tools to share
or think that its content is intended for a specific population. That is why, as shown in
figure 2.5, despite the awareness of users of its interest for knowledge sharing within the
organization, the "Interest for user" criterion corresponds to "Medium" level, identifying
here an improvement to seek.

Q9: Does user share his knowledge regularly?

Since the first implementation of Stiki in 2009, a significant variation in number of
contributions is observed. The total number of contributions is 7193 in 2370 pages. Stiki

counts 230 users including administrator. However, only 147 are considered as real con-
tributors (who participated at least one for contributing) from different services of MSG
(Manufacturing Solutions Group) described above. The number of contributions varies
according the period and users’ need to contribute; generally related to projects’ period.

First, just after the period of its launch, Stiki encountered a recession period during
which its use had recessed to 0 during three months. Then, throughout 2009, Stiki encoun-
tered a slight variation on the number of contribution varying between 20 and 100 actions
per month. Then, during 2010, a gradual and significant increase appeared to reach a
peak of 400 actions on Stiki in July 2010 and stabilized in the first half of the year 2011.
This peak is explained by a strong documentation for some projects developed in this
period. Later, during 2012, the number of contributions is stabilized (around 100 actions
per month). However, during the year 2013, it had increased. This can be explained by
the launch of our work on Stiki assessing, especially during the “Stiki Review ” period (cf.
evaluation process described in Section 3.2).

According to the questionnaire, more than 55% of users contribute once a month. More-
over, the majority of interviewees contributes to Stiki for most projects and particularly
shares their production procedures. Only a few of them use it as an own personal memory
where they find and store their work. Even though users regularly use Stiki to search for
information, it is less used for contribution. That explains why in figure 2.5, "Regular use"
criterion corresponds to the "Medium" level.

Collaborative Criteria

Q10: Did collective participation and collaborative management of pages

exist? Are individual knowledge available to others? Is modification of one’s

own writing by others well received?

The level of contribution may be shown not only by the number of contributions, but
also by the number of users participating in these contributions. Despite the large num-
ber of contributions during certain periods, one can see that very often it comes from the
same user. Some examples are given in figure 2.4. For example, the page M.E.S has been
amended more than 100 times by 12 different users, whereas the page "Dispatching rules"
has been amended more than 160 times by only 7 different users. This can be considered
as an indicator of page quality. Besides, noting that, on average, there is only one con-
tributor per page and that the standard deviation is about 1.34; most pages has then a
single contributor. This point can easily influence page content, increase its obsolescence
and reduce its content diversity.
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Fig. 2.4. Number of contributions and contributors per page

Despite these findings, according to the questionnaire, 85% of users tend to agree that
Stiki can be seen as a training tool for new recruits. For different interviewees, reusing
knowledge of experienced employees to form new recruits saves time and ensures staff
evolution. One interviewee reported that he often invites his trainees to capitalize their
work on Stiki for further reuse. According to these findings, "Collaborative participation"
criterion corresponds to less than "Medium" level in figure 2.5.

Q11: Is STMicroelectronics culture in favor of improving knowledge shar-

ing?

During interviews, some interviewees claimed for including a file converter that con-
verts files formats, for example from a PDF file, to Stiki format. This debate has been
launched a few years earlier, but did not lead to any solution. Some people consider that
one of the principles of collaborative tools is the willingness to share, so to take time to
share their knowledge. Others consider it as a waste of time and seek the fastest way even
if it is not compatible with the principle of collaboration. It is a proof of the limitation of
open culture in industries where technology reigns and the social aspect is lacking focus.
That explains why in figure 2.5, "Open culture" level corresponds to "Medium".

Is Stiki accomplishing its objectives?

Figure 2.5 summarizes the compliance of Stiki with different criteria, defined in figure
2.2. With such presentation, the areas of progress are clearly identified. Therefore, in
order to provide a complete Wiki that can meet defined criteria and can accomplish its
objectives for knowledge sharing, some progress areas are proposed in the following section.
Before that, we discuss the adopted evaluation approach.

3.4 Evaluation Discussion and Limitations

Despite the care we took with proposed evaluation method, some limits have been identi-
fied. For example, the inability to get detailed information that could enrich assessment
results. Actually, in Stiki , data about pages creation as well as users’ manipulation are not
really sufficient to extract important advanced information from the database and better
analyse its use. For instance, it was not possible to determine the average of consultation
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Fig. 2.5. Compliance of Stiki with the criteria that it must meet for knowledge sharing

duration per page. This measure could be used to identify pages with single reader and
their interest for users, in addition to the measure indicating the number of contributors
per page.

Moreover, realizing such an assessment experiment, particularly interviews, is not a
usual procedure within STMicroelectronics Company. To ensure credibility and objectivity
of results, characteristics such as context and culture are considered and interviews as well
as extracted information from the database remained anonymous.

3.5 Business Needs for Knowledge Sharing

Thanks to proposed assessment methods, particularly interviews and questionnaire, some
areas of progress proposed by users were identified. They actually constitute the business
needs related to knowledge sharing. In addition, based on some Wiki ’ experiences relied on
literature; we were able to position proposals. In the following, areas of progress according
to groups of identified criteria are detailed:

3.5.1 Tool Criteria

During assessment process and particularly during interviews, 5 interviewees have not been
trained on the use of Stiki , mainly due to their absence at implementation launch. Despite
this, there was no other training or information for those who were absent. Nevertheless,
the majority is regularly confronted with the use of Stiki . Some people make effort to learn
alone; some others use it in their own way. Then, regular training can be an incentive to
learn using Stiki and can consequently resolve technical issues with its use. For example,
Stiki offers to its users a subscription system to particular domain so to notify them when
a page is modified or created. This functionality reduces search time and let people be
up-to-date with recent changes. However, most users do not know this feature.

In addition, current version of Stiki dates for 5 years ago. Since this version, several
features have been integrated in MediaWiki package. We believe that most of them are
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useful for Stiki users to find interest in its use. Updating the current version and adding
new functionalities are required. Unfortunately, as Stiki does not have an administrator
managing its use, it seems less obvious to do it, especially when creating a knowledge
sharing culture is still a challenge. That is why it is important to sensitize people about
the importance of knowledge sharing in organizations.

3.5.2 Content Criteria

Content quantity and content structuring are generally less studied despite their impor-
tance. For example, content structuring could provide a common formalism to standardize
pages content. Thus, there is a clear need for studying knowledge representation. System-
atizing the evaluation of Stiki is a way to maintain its effectiveness. For instance, set up
some indicators about the relevance of publications in terms of content and structure. For
example, the number of readers per page, time spent to visit and read one page, assigned
scores or comments posted on pages by their readers, etc. This kind of indicators will be
beneficial for knowledge evolution.

Besides, to avoid the obsolescence of existing pages, it is interesting to tag pages that
need to be updated. This requires participation of all users. Then, when a user perceives
obsolete information, he has to take the initiative to update it if he is the appropriate
person to do it or to contact the appropriate person. This would be beneficial for knowl-
edge evolution. It seems to be an obvious reaction, but, during evaluation process, we
discovered that users’ culture in such an organization lacks of social aspects and good
practices. For example, when interviewees are asked about their reaction when they find
missed information in Stiki , most of them confirmed that they do not correct it directly,
but prefer contact the author, even if they have the right answer.

3.5.3 Individual Criteria

Regular use was not studied by any application case in literature because of the difficulty to
have results based on a long time period. Regular use can help users to better manipulate
the Wiki , ensure its relevance content and eventually avoid its obsolescence. Regularity of
use concerns consultation as well as contribution. Like any collaborative tool, using Stiki

is mainly based on the goodwill of its users. In the experiment of [44], it is clear that, in
the short term, proposing competition and a gift to the best contributor may work, but
in the long term, this is an unconvincing way. This proves that there are other problems
more related to awareness, motivation and willingness of users of such collaborative tool.
Improving such criteria is more related to practical activities. In fact, willingness to share
is reflected in practice [44]. Learning to use Stiki collaboratively improves the relationship
between colleagues and consequently provides a friendly work environment. In that way,
each one could feel involved and becomes aware of the importance of such environment
based on team collaboration to share knowledge.

3.5.4 Collaborative Criteria

Firstly, a way that can motivate users is to demonstrate the effectiveness of such a tool
in accelerating work and reducing time spent in searching for information. This can be
achieved by expanding its application not only in the ST network but also with external
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collaborators, while managing shareable knowledge. Exchanging knowledge between differ-
ent teams from different sectors or sites makes easier the problems’ understanding [49,58].
Secondly, as suggested by some interviewees, integrating the documentation of Stiki in
projects life cycle like any other mission will promote its use. One interviewee began to
apply this idea, but he has encountered some difficulties in updating information during
the project progress. Indeed, he writes and shares his contribution throughout the project,
but without knowing that Stiki offers a "draft" option to finish his contributions and decide
the time of its publication. Apart from this, he believes that integrating documentation
of Stiki in the project life cycle is easier and more effective in terms of time spent and
relevance of information. Such a work methodology seems to be obvious, as well, but we
noted during the evaluation process that it exists without being applied. This is due to the
lack of awareness and investment of users, as well as some limits in projects supervision.
This solution should be investigated in future. Integrating such work methodologies can
be limited by the inability of organizations to change. A methodology will be developed
following human factors principles in a way that enables them to quickly embrace the
novelty and effectively act on it.

To summarize, the evaluation of Stiki revealed several needs for knowledge sharing.
Classified into four categories, tool, content, individual and collaborative, their satisfac-
tion will help improving knowledge sharing. In addition, throughout this evaluation, we
identified other needs all as important as each other. In fact, first, we noted the importance
for knowledge representation for providing a content structuring and a common formal-
ism to standardize Stiki pages’ content. Second, the need for knowledge evolution will be
beneficial to maintain shared and more generally capitalized knowledge. For example, we
proposed, in a first stage, defining a set of indicators able to maintain Stiki ’s content.

4 Business Needs for Knowledge Capitalization

In a first stage, we defined business needs arising from the evaluation of Stiki for knowl-
edge sharing and storage. They represent together one step of the knowledge capitalization
cycle. However, as discussed in section 2.2, there is no real strategy or tools used for the
remaining steps of knowledge capitalization. The results of the evaluation have demon-
strated that in addition to knowledge sharing and storage, we have to expand our business
needs to provide solutions for: representation and evolution as parts of the knowledge cap-
italization cycle.

To summarize, in our research, business needs related to Business Intelligence knowl-
edge capitalization require providing a solution that meets its different users and needs
for:

• Knowledge representation: to study its characteristics that should guide the way
knowledge can be effectively stored, shared and reused. Our objective is to ensure
the completeness, relevance and organization of capitalized knowledge.

• Stiki improvement for knowledge sharing and storage: our aim is to improve the use
of Stiki according to the findings of its evaluation.

• Knowledge evolution: our aim is to allow maintaining capitalized knowledge and
involved systems according to the evolution of business needs and knowledge.
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5 Conclusion

This chapter defines business needs related to knowledge capitalization, as a part of the
relevance cycle of the Design Science Research. To proceed, we studied the current busi-
ness environment, in our case, the Business Intelligence activity at STMicroelectronics .
Particularly, BI users’ capabilities and characteristics were described and assessed in order
to address faced problems and afforded opportunities throughout the knowledge capital-
ization environment.

Among knowledge capitalization steps, sharing and storage were the main studied ones
since they are the most considered within STMicroelectronics , with the use of a Wiki called
Stiki . We assessed its use, identified its advantages, limits and concluded with business
needs related to knowledge sharing and storage, through its areas of progress to accomplish
its objectives.

To this end, a user-centered approach was developed [1]. It allowed verify that Stiki is
a useful tool for knowledge sharing even if it should be improved. Stiki is increasingly used
as the reference tool, we highlight its success to ensure an effective collaborative knowledge
sharing. However, based on the obtained evaluation’s results, some areas of progress have
been identified. For example, we noted the importance of knowledge structuring and rep-
resentation, users’ involvement, content relevance and technical evolutions promoting its
use. Their aim is to improve its use, to support users’ working and to provide an efficient
environment for knowledge sharing.

More generally, this chapter concludes with the need to provide effective solutions for
knowledge identification, representation and evolution, while taking into account users’
needs.

Based on defined business needs, as a part of the rigour cycle of the Design Science
Research, the next chapter provides a literature review. The particularity of this chapter
is its focus on literature directly related to defined business needs. This is the reason why,
it includes a state of the art on Business Intelligence, as well as knowledge capitalization,
while considering its different steps.
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Chapter 3

Applicable Knowledge

1 Introduction

This chapter is derived from findings and studies of theoretical foundations and existing
solutions and techniques, as required in the Design Science Research. As part of its rigour
cycle, this chapter presents a background and a literature review on what we rely to con-
duct our research.

On the one hand, the content of this chapter bases on the identified business needs
related to Business Intelligence knowledge capitalization (presented in chapter 2). On the
other hand, it should help us to compare existing solutions and provide clear and verifiable
contributions for knowledge capitalization.

The previous chapter presented the business context and summarized some current
problems in the Business Intelligence environment which are related to knowledge. There-
fore, in a first stage, this chapter gives a background on knowledge and knowledge man-
agement while presenting knowledge types and sources (section 2). In addition, since
knowledge is related to the BI system, the background section discusses, as well, this do-
main, its tools, its technical architecture and its components. This overview will help to
target potential solutions to respond to the business needs identified in the previous chap-
ter.
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Particularly, we note that identified business needs related to BI knowledge capitaliza-
tion are knowledge representation sharing, storage and evolution solutions. That is why,
section 3 presents a state of the art on these steps and the way they are discussed and
resolved.

2 Background

In this section, several fields of background are discussed. First, we present Business

Intelligence, as the business environment in which we conduct our research. Next, knowl-
edge and its capitalization cycle are presented and discussed.

2.1 Business Intelligence

In this section a background on BI is given. First, we present BI data flow describing the
evolution of data throughout BI tools. Next, we present its technical architecture, followed
by its modelling.

2.1.1 BI Data Flow

Throughout the BI process, data is evolving from row data to decisional one. To this end,
BI proposes to transform the data transmitted by the information system, production data
most often, to information that could be used for decision making purposes [37,59-61]. To
this end, four stages are required:

• Data collection: data used in BI tasks is of different sources typically from multiple
databases. Data is of varying quality and formats, which requires preparing those
needed for BI tasks. To this end, it should be continuously collected, cleaned and
formalized in order to be effectively integrated within the BI system. To proceed, data
is extracted from the production systems, structured and adapted for a decisional
use. Adaptation could be for instance on the date transformation into an appropriate
format required by the system.

• Data storage: it consists in centralizing structured and processed data in order to be
available for a decision making purpose.

• Data distribution: it facilitates and allows the accessibility to information depending
on the kinds of use.

• Data exploitation: once the data is stored, cleaned, consolidated and accessible,
it becomes usable. Depending on users’ needs, different kinds of extraction and
exploitation tools can be considered to assist users during their querying.

2.1.2 BI Technical Architecture

Developing a BI solution aims at supporting decision making in the organization. As
depicted in figure 3.1, a typical architecture for developing a BI solution [37, 59-61] is
composed of a set of techniques and tools, throughout data is evolved:

• Preparing data for collection. It is performed thanks to Extract-Transform-Load
(ETL) technologies [62]. ETL tools are in charge of the extraction of data from
several and different sources, of cleaning the data and of its customized insertion
into a repository called the data warehouse. At STMicroelectronics , data is basically
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Fig. 3.1. Business Intelligence architecture

stored in different databases. As an ETL, Advanced Productivity Family (APF) [63]
is used to extract and transform production data and Oracle Data Integrater (ODI)
[64] is used to load it into the data warehouse called TGV (Tool for Global Visibility).
For example, data could be about the time spent by a wafer for its manufacturing or
the set of wafers during their production.

• A data warehouse, for data storage, is a specialized database that is designed for fast
and easy query and analysis. A data warehouse is an OnLine Analytical Processing
(OLAP) database [59]. Data is denormalized to enhance analytical query response
times and to provide ease of use for business users [65]. In a data warehouse, data
modelling is based on two main objects: indicators measuring a performed task and
dimensions constituting their context of use (detailed in section 2.1.3). Such a simple
structure allows semi-technical users fill their own needs.

• Actually, a data warehouse is the physical location for data storage, while the OLAP
is the technique allowing multi dimensional analysis on the data warehouse. With
OLAP, data is represented by a cube (figure 3.2), where its sides constitute a set
of dimensions and its cells constitute the indicator. For example, in figure 3.2, the
cube allows analysing the "number of produced wafers" indicator according to three
dimensions: lot, time and plant. We note that even though we talk about a cube, it
is not limited to three dimensions. Once the data is stored in cube, it can be used
by analytical applications.

• Finally, for exploitation, there are analytical applications, such as Data Mining and
Reporting. They are in charge of collecting users’ queries and communicating them
to the data warehouse in order to produce required analysis results, in the form of
reports, for instance. Taking the example of figure 3.2, one report can include the
list of produced wafers per lot, per plant or per year. Such a report helps checking
the achievement of objectives for each dimension.
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Fig. 3.2. OLAP cube

2.1.3 Data Warehouse Modelling in BI

Data warehouse modelling specifies the data structure [59,66]. It is particularly important
to ensure an effective modelling, since it can have a significant impact on data used and its
performance. Modelling data in a data warehouse is different from that of a transactional
database (E/R model), for two main reasons. First, the intelligibility of data, where in
a data warehouse, the data must be understandable, meaningful and in an appropriate
granularity for its user. Second, the performance, where analytical operations must be
interactive and a minimal response time.

To overcome these issues, in a data warehouse, a dimensional modelling is used [67,68].
It is based on two main concepts, indicator and dimension. An indicator corresponds to
the aggregation of data, usually numerical, called a measure. Each measure is related to
a context called a dimension. Relying on these two concepts, a dimensional modelling
consists in storing dimensions, measures and indicators in two types of tables.

First, a large table of facts is called fact table. It stores records to calculate one or
more indicators. Second, a number of other tables surrounding it contain descriptive data,
called dimensions. Figure 3.3 gives some examples of fact and dimension tables. In the
"Manufacturing" table (fact table), the indicator "Quantity" measures the number of pro-
duced products. The "Date" table (dimension table) stores information related to the date
dimension, "Year", "Month" and "Date". In addition, as depicted in figure 3.3, dimensions
can often be grouped into meaningful sets, called dimension hierarchies. Each hierarchy is
composed of a set of levels having many-to-one relationships between each other, and the
set of levels collectively constitute a dimension or a tree. For example, the date hierarchy
contains information on the year, the month and the day. Based on this structure, we
distinguish two types of dimensional modelling in BI.

The dimensional modelling can be implemented according to one of the two types of
schemas, the star schema and the snowflake schema (figure 3.4). First, in the star schemas,
a central table contains fact data and several dimension tables surround it. It is connected
to dimensions by the primary and foreign keys of the database. The dimension tables in
the star schema are not normalized, where all the dimension levels are stored in a single
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Fig. 3.3. Examples of fact and dimension tables

dimension table. Second, the snowflake schema is also composed of a central fact table
and a set of dimension tables which are further normalized into sub-dimension tables. It
uses more than one table to store the dimension data, while linked back into the original
dimension table.

Fig. 3.4. Types of dimensional models

In figures 3.5 and 3.6, we present respectively the star model and the snowflake model
applied to the example at STMicroelectronics , measuring wafers’ manufacturing quantity.
As depicted in these examples, each dimension hierarchy is stored in a single table in the
star model. For example, the plant information is stored in the table "Plant". Whereas
in the snowflake model, each dimension hierarchy is normalized into sub-dimensions. For
example, the plant information is stored into "City", "Region" and "Country" dimension
tables.

We note that in most cases, star models are a better solution, for two reasons. First,
although redundancy is present, query performance in the star model is advanced. This
is due to the absence of joins, which is not the case for the snowflake model. Second, the
simplicity of the star model makes users’ understanding easier than the snowflake model.

In the current section, we presented a background on the Business Intelligence domain,
that is the business environment in which we conduct our research for knowledge capital-
ization. However, capitalizing BI knowledge requires an understanding of its provenance
and sources. In fact, in addition to human efforts, BI involves several IT tools, such as a
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Fig. 3.5. Star model application

Fig. 3.6. Snowflake model application

data warehouse, that contain data and information. This is the reason why, we focus, in
the following, on discussing the relationships between knowledge, information and data.

2.2 Data, Information and Knowledge

Knowledge is commonly defined by data and information used by an actor in a specific
context [69]. This is the reason why data, information and knowledge are usually encoun-
tered together and lead to continuing confusion [25]. In literature, a hierarchy from data
to information to knowledge is differentiating these notions according to some dimensions,
such as context, usefulness, or interpretation [70]. Inspired from [71], figure 3.7 presents the
relationship between data, information and knowledge as a pyramid or a chain to empha-
size their hierarchy, where data is in the bottom and knowledge in the top of the pyramid.
In the following, data, information and knowledge are defined and some examples are given.

• Data is a real fact, value, often a measurement or a description with no context. By
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Fig. 3.7. The relationship between data, information and knowledge

itself, data has no meaning and significance beyond its existence [71, 72]. It can be
qualitative, quantitative, in any form, usable or not [9].

• Information is well-organized and structured data collection that gives meaning
by ways of relational connection [72]. Information is data with context, relevance
and purpose [73]. Information could of two types, qualitative (the sky is gray) or
quantitative (the water temperature is 25̊ C), having therefore a sense of character
[9].

• Knowledge is the appropriate collection of information intended to be useful [72].
Knowledge is closely linked to doing and implies understanding [73]. It is brought
to bear to practical use in action. It adds two distinct aspects: a sense of purpose,
since it is used to achieve a goal and a generative capability, since it produces new
information [25].

An example is given in figure 3.8, showing the difference between the Data, Information
and knowledge concepts.

Fig. 3.8. Example of data, information and knowledge
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• Data
Data in this example is a list of raw data that could be anything (AL202, AL409,
AL660, DG532). These alphanumeric data are references of machines in a clean room
of an industrial organization. Currently, the data has some context and make sense.

• Information
Processing allows to sort the end of work of each machine. Machine AL409 stopped
very earlier than the others. This shows a gap in their activity. Processing in this
example consists of creating a chart.

• Knowledge
A gap is shown between the activities of machine AL409 and the others. Conse-
quently, machine AL409 should be delayed in order to align the whole activity. In
this example, applied rules are comparison and consequence.

In our context at STMicroelectronics , knowledge which is embedded in the BI system,
concerns BI data and information. These latter are in the form of manufacturing data,
dimensions and indicators. That is the reason why, this section is focused on studying
data, information and knowledge embedded in systems as an important step to ensure an
effective knowledge capitalization solution.

Within knowledge capitalization, two types of knowledge are usually defined, namely
explicit and tacit [9], presented in the following.

2.3 Explicit and Implicit Knowledge

Since a long time, researchers [74-76] have recognized that knowledge is of two kinds:
explicit and tacit, where:

• Explicit knowledge is presented in formal and systematic language. Typically, it has
been documented with papers, books, presentations, etc. It is therefore easily stored,
communicated, shared and reused.

• Tacit knowledge is personal, subjective and held by each individual. It is deeply
rooted in their actions and experience. It is not easy to capture, express, formalize
or communicate.

[77] gave a relevant example to understand the two forms of knowledge. It is about
riding a bicycle, where he proposes to explicit knowledge with a set of basic instructions:

1. Stand besides your bike, hold both the handlebars and look forward.

2. Walk briskly forward or run a few paces taking the bike with you.

3. Now mount the bike, putting one foot on each pedal

4. Start pedalling while maintaining you balance

5. If you start to swerve or lose balance steer the bike into the direction in which you
are falling.

6. Etc.
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However, riding a bicycle is difficult to put into words. It is learned with regular
training and experience. Although the first steps could be explicit, the steps 4 and 5 are
difficult to formalize. Such knowledge remains tacit, embedded in human minds and is
used subconsciously.

As mentioned above, knowledge capitalization within organizations should involve ex-
plicit and tacit knowledge. To this end, the Nonaka and Takeuchi theory [74] suggests
interaction between both of them as a spiralling process. As depicted in figure 3.9, there
are four basic patterns for creating knowledge in organizations:

Fig. 3.9. The SECI cycle of knowledge creation (Nonaka and Takeuchi, 1995)

First, socialization is the direct transfer from tacit to tacit through interaction. Ex-
periences and knowledge are shared with observation, practice and imitation. Individuals
can acquire knowledge without language but with experience.

Second, externalization is the conversion of tacit knowledge into explicit knowledge. It
is based on articulating knowledge with dialogue and collective reflection. Metaphors are
usually used to explain tacit concepts that are otherwise difficult to articulate.

Third, combination is combining different bodies of explicit knowledge. It is based
on reconfiguring of existing knowledge through sorting, adding, recategorizing of explicit
knowledge.

Fourth, internalization is the conversion of explicit knowledge into tacit knowledge.
It represents an active process of learning by doing, where knowledge is shared through
interaction and a process of trial-and-error.

According to [74], all four types of knowledge production are continuously required for
organizational knowledge creation. These statements emphasize that knowledge could be
embedded not only in information sources (documents, databases, emails, etc), but also in
human minds and practices.
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On the one hand, creating new knowledge and organizational learning throughout ex-
plicit and tacit knowledge should support a climate of social exchange necessary for capi-
talizing, and enlarging individual knowledge. To this end, individuals as the organization
as a whole must support this effort [78].

On the other hand, in addition to human efforts, IT tools, inside information systems,
are as well important sources of knowledge. Therefore, the relationships between knowl-
edge, information and data, are discussed in the following.

To summarize, what we can retain from this section is, first, the importance of con-
sidering explicit and tacit knowledge. In addition, we should note the importance of
considering the appropriate tools and methods that should be able to explicit knowledge
before its capitalization. Particularly, they should promote knowledge creation and allow
its capitalization within organizations.

In the following, we discuss how knowledge management is considered in the literature.
Particularly, we give an overview about its cycles, practices and components.

2.4 Knowledge Management

Many researches [6-10] have discussed the knowledge management issue. Several defini-
tions have been given. From them, we propose a knowledge management cycle, where
important phases are highlighted in bold:

One of the most known definition is of [79], considering knowledge management as pro-
viding the right knowledge to the right persons at the right moment, in order to reuse it
and to profit from existing ones. In this definition of knowledge management, the author
highlights the importance to provide, profit and reuse knowledge. We consider that these
statements target two stages of knowledge management: identification (provide) and reuse
(profit, reuse).

To enrich previous definition, in his thesis, [9] emphasizes that "knowledge manage-
ment activities should help to capture and to spread the existing knowledge in order to
keep the information current and to optimize the enterprise and individual performance
by a reuse. Therefore, the creation, diffusion and reuse process is a transversal activity
integrated in people’s daily work activities and decisions". Analysing this definition, we
consider that, in addition to knowledge identification (creation, capture) and reuse, [9]
considers also knowledge sharing (spread, diffusion).

In his turn, the author in [8] says: "knowledge management allows effectively and
rapidly retrieve what we are searching for, transfer, make use and reuse, enrich and
evolve knowledge. To this end, it aims to collect, organize andstructure explicit and
tacit knowledge in order to allow their use". As a result, two new components are added to
last ones, which are knowledge representation (organize, structure) and evolution (evolve).

Finally, [7] believes that "knowledge management requires abilities to manage disparate
know-how and heterogeneous viewpoints, and it must integrate and store this knowledge
in different forms that should be easily accessible, usable and maintainable". This
definition confirms all the last knowledge management components and adds a new one,
which is knowledge storage (store).
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To summarize, based on these definitions, knowledge management considers, therefore,
the following statements:

• Retrieve, provide, integrate, collect, capture, creation

• Organize, structure

• Store

• Transfer, spread, diffuse

• Reuse, profit, access, use

• Maintain, enrich, evolve

A a result, figure 3.10 summarizes the different components required to ensure an
effective knowledge management cycle:

• Identification: is the collection of knowledge to capitalize.

• Representation: is structuring knowledge to capitalize.

• Storage: consists in saving capitalized knowledge in a workspace.

• Sharing: provides solutions to diffuse capitalized knowledge.

• Reuse: is the ability to apply capitalized knowledge on a give context.

• Evolution: is the ability to maintain capitalized knowledge.

Fig. 3.10. Knowledge management cycle in literature [6-10]

We note that our main business needs, identified in chapter 2, involve knowledge rep-
resentation, sharing, storage and evolution. This is the reason why, among the knowledge
management components, in this research, we focus only on these ones.

First, we consider representation, sharing and storage as the phases constituting a
knowledge capitalization cycle. Second, the knowledge evolution will ensure their main-
taining over time. In the following, we discuss how they are considered in the literature.
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3 State of the Art

A literature review on knowledge capitalization gives an overview about the advantages,
problems and difficulties of current practices and solutions, related to its different phases.
We note that, in our research, knowledge capitalization involves representation, sharing and
storage. In addition, we consider knowledge evolution as a required step for an effective
knowledge capitalization. These components are discussed in this section. Before that, we
discuss how knowledge is considered in the literature and the impact on the way it should
be capitalized.

3.1 Knowledge Capitalization Requirements

In order to define requirements related to knowledge and its capitalization, we start with
presenting the way it is perceived and defined in the literature. This analysis will allow us
to guide the way it should be effectively capitalized.

The term "knowledge" is widely used for different applications in literature. However,
its definition is still a debate for researchers, philosophers and scientists [70, 80]. This is
the reason why there are many definitions of knowledge. Let’s have an overview of how it
is defined in literature.

In [80], the author bases on a frequently used definition which is "the ideas or un-
derstandings which an entity possesses that are used to take effective action to achieve
the entity’s goal(s)". These characteristics are adopted also by the authors of [81]. They
suggest that knowledge is a state or fact of knowing gained through experience or study
of what has been perceived, discovered, or learned. This claims that knowledge is under-
standing, it can not be mechanized and is therefore, a state of mind.

The previous definitions suggest that knowledge is only a state of mind. Therefore,
they consider that knowledge remains tacit. We think that such definitions limit its scope
by considering it transferable only between humans. This implies that making tacit knowl-
edge usable remains difficult. These considerations increase the risk of knowledge loss and
misunderstandings.

This is why, unlike previous statements, others believe that knowledge could be con-
sidered as rather a thing to be stored and manipulated [82]. This definition considers that
knowledge is only explicit, which limits also its scope. In fact, it neglects the importance
of humans in its creation, use and evolution.

An other point of view joining the last one, is about recognizing knowledge as a condi-
tion of access to information. Therefore, it must be developed and organized to facilitate
access to and retrieval of content [83]. This point of view implies that knowledge is related
to access to documents and databases. Once again, knowledge is limited to its explicit form.
However, this time it highlights more its limitation to technical issues of storage and access.

To overcome these limitations, [83] considers knowledge as a process of simultaneously
knowing and acting-applying expertise. On the one hand, with expert system for example,
explicit knowledge is most easily embodied in sets of rules. On the other hand, process
re-engineering can help to embody tacit knowledge into a design for a business process. In
that way, viewing knowledge as a process involves both tacit and explicit knowledge.
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Finally, Knowledge is also considered by [84] as a capability with its ability to influence
future actions. It bases on human knowledge to be converted into actions. However, [85]
demonstrated that Knowledge is not capability. He considers that capability refers to the
knowledge of converting the knowledge into a desired result.

Comparing these different views of knowledge and their limits, we are able to provide
our definition, based on our research context and needs. In our context, people, organi-
zation and technology should be considered as a whole environment defining the context.
Together, they help to identify business needs while being the applicable environment.
Therefore, they are at the same time, the providers and consumers of knowledge. As a
result, we consider that knowledge is:

A set of understandings, experiences and learnings from people and of

technology to be able to execute actions and make decisions in a given context.

In our definition of knowledge, two aspects are considered, knowledge content (A set
of understandings, experiences and learnings) and provenance (people and technology).

We believe that these aspects should lead to the way knowledge should be capitalized.
As a result, according to each definition and perception of knowledge, different solutions
for its capitalization can be proposed. Therefore, involved resources in proposed solu-
tions, depending on knowledge nature, should also be able to cover the knowledge
capitalization phases. In the following, we suggest to analyse how knowledge definitions
tackle these aspects.

First, viewing knowledge as a state of mind suggests involving humans for searching
for knowledge from its owners. Knowledge is therefore tacit and human centred techniques
are required (brainstorming, for example). This helps users enrich their personal knowl-
edge and apply it to their business needs. Second, considering knowledge as an object
or information access requires technologies focusing on knowledge storage and content ac-
cess and retrieval from existing systems. Knowledge is therefore explicit and technological
tools should be used. Third, viewing knowledge as a process implies a focus on the knowl-
edge processes including creation and sharing. This view holds that explicit knowledge is
embodied in processes rules and tacit knowledge is owned by business experts who have
extensive experiences. As a result, both technological and human centred solutions can
be used. For example, engineering and machine learning techniques are important in con-
verting the understanding of an expert, or the hidden meaning in a database. Finally,
knowledge view as a capability suggests focusing on building competencies basis based on
humans’ experiences. However, even though in this view, knowledge identification and
reuse capabilities are crucial, it remains difficult to convert tacit knowledge to explicit one

Table 3.1 summarizes these aspects according to knowledge definitions.

To summarize, being a state of mind, a stored object, a process or a capability means
that knowledge is located differently, in humans or in technologies. This involves different
resources for its capitalization, human capabilities or IT resources. Both types of resources
depend on the nature of knowledge (explicit or tacit). However, in these definitions, none
of them implies a focus on the whole cycle of knowledge capitalization. For example, con-
sidering knowledge as a state of mind implies efforts to identify humans who possess the
right knowledge. Being tacit, the main difficulty is, therefore, its identification.
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What is knowledge? (its con-
tent)

Knowledge prove-
nance

Knowledge nature Involved resources
in knowledge capi-
talization

Coverage of the
knowledge capital-
ization cycle

Knowledge is a state of mind
[80,81]

Humans Knowledge is tacit Humans Search (identifica-
tion)

Knowledge is an object [82] or
a condition to access to infor-
mation [83]

Information Tech-
nology (IT)

Knowledge is ex-
plicit

IT resources Knowledge storage,
sharing and access
(reuse)

Knowledge is a process [83] Humans and IT Knowledge is tacit
and explicit

Humans and IT re-
sources

Knowledge cre-
ation (identifica-
tion) and sharing

Knowledge is a capability [84] Humans Knowledge is tacit Humans Knowledge identifi-
cation and reuse

Table 3.1. Knowledge views

More generally, none of these definitions considers the two types of knowledge prove-
nance (humans and IT), its two natures (explicit and tacit), required resources (human
capabilities and IT resources) to cover the whole process of knowledge capitalization. These
limits allowed us to identify the following criteria for a successful knowledge capitalization
solution:

• (1) It should use the appropriate back-end support for the considered solution through-
out knowledge capitalization. For example, models, guides, intermediate representa-
tion, etc.

• (2) It should use the appropriate IT support tools throughout knowledge capitaliza-
tion. This criterion implies providing the appropriate front-end support platforms.

• (3) It should involve humans throughout its design and/or evaluation processes, since
they are its end users.

• (4) Involved humans should have different roles in the considered domain. For exam-
ple, in the context of BI knowledge capitalization at STMicroelectronics , it should
consider BI end users, business experts and BI experts.

• (5) It should take into account tacit and explicit knowledge, respectively owned by
users and embedded in IT tools and systems.

• (6) It should promote the cycle of knowledge capitalization.

In the following, we present how knowledge capitalization is discussed in the literature
and how proposals respond to our identified criteria for an effective solution.

3.2 Knowledge Capitalization

Our state of the art focuses on the knowledge capitalization steps that we tackle in this
thesis. We note that our main business needs, identified in chapter 2, involve knowledge
representation, sharing, storage and evolution. In the following, we present how related
work, dealing with these steps in the literature, respond to our identified criteria for an
effective solution.

3.2.1 Knowledge Representation

Knowledge Characteristics
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The way knowledge is represented is much discussed in literature. Case studies on
knowledge representation aim to represent knowledge required and involved in organiza-
tions’ daily work. To proceed, different aspects or characteristics of knowledge should be
considered. One of the most known method including all knowledge characteristics is the
5 WH questions (What, Who, Where, When, How, Why). It adopts a constructive critical
analysis approach based on asking questions on:

• What : implies a description of the the elements that characterize a task. It targets
the products, objects, natures, quantities, etc.

• Who: allows a description of involved actors. It targets those who are affected,
interested in the results, etc.

• Where: concerns the description of the premises. It involves places, machines, posi-
tions, etc.

• When: allows clearly defining the times. It involves years, days, frequency, term
planning, deadlines, etc.

• How : details the tasks performing and the way they can be accomplished. We note,
for example, methods, processes, techniques, equipment, raw material, etc.

• Why : allows to conduct a critical analysis of each answer of the above questions. It
targets therefore the behavioural aspect behind performed tasks.

Analysing these aspects of knowledge allowed us to deduce some dependencies, simi-
larities and/or particularities between each other.

First, the What and How aspects are complementary. On the one hand, the What stat-
ically presents the elements required for a task. It includes a description of the involved
objects and their characteristics. On the other hand, the How dynamically presents the
way they interact to achieve the task. It includes processes, equipments, methods, etc.
Therefore, each of them has its own function but both should be considered.

Second, the Who includes knowledge on actors according to their tasks and needs.
Actually, knowledge on involved actors are depending on the actions they perform. There-
fore, their roles can not be dissociated from their performed tasks in processes. This is the
reason why we suggest to include the Who in the How aspect of knowledge.

Third, the When and Where include knowledge highly related to the performed tasks.
For example, in the same process, several tasks are achieved. Each one is located in a
different place or machine and performed at different times. This is the reason why, we
believe that this knowledge should also be related to the How aspect of knowledge.

Finally, the Why aspect keeps specific functions different from the others. It allows
keeping track on behaviours and explanations.

The " 5 WH questions" method allowed us to identify which knowledge to represent.
To summarize, previous findings highlighted the need for a better capitalization of:

• What users manipulate through processes (know What): what knowledge is needed
and exists, and their relationships.

59



CHAPTER 3. APPLICABLE KNOWLEDGE

• Why things are done (know Why): knowledge explanations, exceptions and be-
haviour.

• How they are integrated within the technical system and daily practices: knowledge
flows, processes and sources.

There are several case studies in the literature that consider these three components:
the know What [10, 12, 15], Why [15, 86, 87] and How [88]. However, most of them do
not consider all of them together or do not differentiate between them. For example, in
his work, [12] considered only the know What component to be represented. Also, [89]
considers the know What as the know How .
In the following, we present some examples of how each knowledge component (What ,
Why , How) is described and represented in the literature. To present and evaluate studies
in the state of the art on knowledge representation, we base on our identified criteria for an
effective solution. We note that we should take into account technical and human criteria.
Solutions should involve the appropriate tools and their back-end support. They should
involve humans in the design and/or evaluation process while considering different users’
roles. Explicit and tacit knowledge should be therefore considered. Finally, specifically to
knowledge representation, we will discuss if existing proposals are able to be integrated in
the whole capitalization cycle.

Know-What

In his thesis, [15] considers that the know-What concept treats procedural aspects
of knowledge, while [8] describes the know-What as "a set of concepts, knowledge and
experience concerning operations or methods useful in producing a product or service".
In both cases, we note that the know What concerns describing what knowledge to be
considered throughout the execution of a task. In the following, we present the main
solutions representing this aspect of knowledge: ontology based solutions, symbolic models
and static UML diagrams.

Ontology Based Solutions

The advent of semantic technologies has served for the development of knowledge rep-
resentation solutions. It leverages knowledge representation with ontological approaches
[90]. These latter provide means to classify all existing things in a structured way. [91]
defines an ontology as follows:

An ontology is a formal explicit specification of a shared conceptualisation of a domain
of interest.

Based on this definition, several aspects, characterizing ontologies, can be identified
[92]. First the formal aspect of an ontology allows to express knowledge in a semantic
representation. Second, the explicit aspect allows stating knowledge explicitly to make it
accessible for machines and humans. Third, being shared, ontologies is the result of an
agreement on a domain representation among people in a community. Fourth, the con-
ceptual aspect of ontologies allows representing knowledge as a set of concepts and their
relationships [93]. Finally, the domain specificity in an ontology limits the represented
knowledge to a particular domain of interest.
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These characteristics of ontologies are the reasons why several researches use it for
knowledge representation [11, 92, 94, 95]. For example, [11] proposes an ontology as a
semantic framework for standardization and representation of a large amount of heteroge-
neous data and knowledge in the field of Parkinson’s disease (PD). Figure 3.11 presents
a part of the Parkinson’s disease ontology. This ontology illustrates events starting from
the causal effect of defined mutations on cellular processes and ending in clinical mani-
festations of disease outcomes. The part of ontology shown in figure 3.11 focuses on the
PINK1 which is responsible for an early and familial Parkinson’s disease. It represents,
for example, the causal association of upstream variants of PINK1 (highlighted in yellow)
with downstream pathways and biological processes (highlighted in red). Relationships
have been represented as increase (delta-shaped arrows), decrease (T-shaped arrows), as-
sociation (diamond-shaped arrows) or variation (circle-shaped arrows).

This ontology delivers the knowledge domain in a compact, computer-readable form,
which can be further used to construct, represent and automatically extend related com-
putable models in the domain. The Protégé OWL editor was used as a tool for building the
ontology in Web Ontology Language (OWL) format. It is one of the most known ontology
editors. Besides, structural features of the ontology were computed using a developed java
script.

Fig. 3.11. Know What representation with the Parkinson’s disease ontology in [11]

An important advantage that can offer ontologies for knowledge representation is its
ability to be easily integrated in the knowledge capitalization cycle. In fact, they can offer
knowledge retrieval and extraction solutions. For example, [11] proposes to transform the
ontology OWL format into a dictionary file using a Java program that extracts the con-
cept names and the corresponding synonyms from the ontology OWL structure and assigns
unique identifiers to each concept which can be stored in form of a dictionary. This one
promote itself knowledge sharing.
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Besides, the construction of ontologies allow easily involving knowledge from differ-
ent sources. It can easily involve explicit and tacit knowledge, while basing on accessible
sources as well as experts from different profiles throughout the design and evaluation
processes. For example, in his work, [11] is able to collect the appropriate concepts by
scanning various knowledge sources. He bases on medical text books, encyclopaedias on
the Parkinson’s disease, online books, etc. Besides, experts in the domain can be involved
to evaluate or perform revisions of the ontology structure and content. For example, in his
work [11] is able to base on the presence of an expert panel of 6 experts in PD composed
of molecular biologists, clinicians and physicians, etc.

To summarize, in the following, knowledge representation with ontologies is compared
to our criteria for an effective solution. First, ontologies are able to offer a structured model
representing the set of objects and their relationships involved in a particular domain. It
offer a semantic specificity able to harmonize a large amount of heterogeneous data and
knowledge. But also, it allow creating new knowledge from the existing one. This speci-
ficity is beneficial mainly for knowledge intensive tasks. Second, currently, several tools
offer ontological representation. We mentioned, for example, the open source Protegé OWL
editor. Third, ontologies help storing and sharing knowledge in a standard form and sup-
port text-mining and knowledge discovery. Fourth, the ability to involve experts and to
base on existing sources to construct ontologies makes it possible to consider both explicit
and tacit knowledge. Finally, since ontologies involve concepts at various granularity lev-
els, involving humans of different roles throughout the design, evaluation and validation
processes is required. All these characteristics make ontologies an interesting and effective
solution for knowledge representation.

Actually, using ontologies for knowledge representation is mainly interesting when
knowledge is dispersed across multiple systems. Otherwise, it can be considered as point-
less. In fact, it requires an important effort on choosing the appropriate vocabulary and it
does not seem to be intuitive. These disadvantages do not encourage using ontologies in
some case studies.

Symbolic Models

Symbolic models are defined as a set of representations (or symbols) of something.
They are processed and manipulated based on a set of rules integrated into the model [96].
The rules operate on the representations according to their ’shape’ or syntax, not according
to what they represent (their semantics). [97] gave the example of the symbol ’1’. In a
simple way, it can be read as the number one. However in a symbolic model, it could be
used to represent the state of being ’on’. Symbolic models are therefore extremely related
to the considered field to represent.

Therefore, symbolic models can be used for expert knowledge representation [10,96,98].
For example, [10] proposes a principle of knowledge integration for the improvement of a
system of defects recognition by vision in wooden boards. To represent his knowledge,
the author uses symbolic models based on a method formalizing the expert knowledge
expressed in natural language. Thus, in the field of the wood profession, to represent
knowledge on wood defect, figure 3.12 shows a symbolic representation of a default with
its type (1), uniqueness (2,4) and a position (3). For example, "A black node (default)
is black (color), having a round form (form), etc.". An example of symbolic model for
knowledge representation is used in [10], which is the NIAM method (Nijssen Informa-
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tion Analysis Method). This method can be used into computer applications (generating
database structures, prototyping interface, etc.), and gives the possibility of developing a
reusable database.

However, such a solution is based mainly on symbolic forms. As a result, there are
as many forms as the number of objects and features to represent. We believe that the
simplicity and abstraction are important to represent knowledge. This is considered as a
limit, mainly in knowledge intensive tasks.

Fig. 3.12. Know What representation with the NIAM method in [10]

In addition, being dependent on the considered domain prevents symbolic models con-
sidering explicit knowledge. Actually, they are mainly based on experts’ knowledge in the
domain. For example in [10], different experts’ roles are considered to fulfil the models,
according to their knowledge, for example, experts in processes, products or norms. Not
relying on explicit knowledge implies therefore expert’ regular participation, which is a
difficult task in companies. As a result, we consider that knowledge identification as well
as its evolution and maintaining using such a model remain difficult to perform.

To summarize, compared to our defined criteria for an effective solution, some advan-
tages and limits are identified with symbolic models. The main advantage is the ability to
use them into computer applications, databases for example. This helps their knowledge
storage and sharing. However, being very dependent to the considered field generates more
limits. We note, difficulties in considering explicit knowledge, where experts are the only
ones who decide of the models structure, symbols and meaning. These limit involves itself
difficulties in evolving, maintaining and identifying knowledge.

Static UML Models

UML has become the standard for object-oriented modelling and there are several
graphical tools that support it. Even though it is a graphical language, it consists of a set
of constructs common to most object-oriented languages [99]. Besides, based on diagram-
matic representation, UML offers several complementary diagrams, but each represents a
different aspect. For example, the class diagram represents the logical view of objects’
structure, whereas the use case diagram shows the features required by users. These
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characteristics differentiate UML from the symbolic models, such as the NIAM method,
previously presented.

UML models provide graphical notations facilitating communication among developers
and users. [12] considers the know-What as a set of connected objects, constraints and
queries involving objects and connections. This is why he uses a UML diagram, based
on classes and associations, and an algebraic modelling language to write constraints and
queries. For example, knowledge on a teacher includes three classes, teacher, training and
course, with two hierarchies of associations, manage and teach (figure 3.13). A constraint
could be about each teacher work schedule according to his function. Besides, UML models
can be effectively associated with easy to use platforms, considering various users’ skills.
For example, [12] bases on a platform called AROM developed in Java that offers a graph-
ical representation with UML.

Fig. 3.13. Know What representation with UML class diagram in [12]

Besides, currently UML offers several methods able to consider both explicit and tacit
knowledge. First, UML platforms can easily involve explicit knowledge, extracted auto-
matically from databases or source code. For example, we cite ArgoUML 1 and Rational
Rose 2. Second, UML diagrams’ design requires knowledge of the domain experts. For ex-
ample, in his work, applied to education, [12] relied on different experts’ knowledge in the
domain to fulfil his models. Besides, since he chose a graphical notation easy to understand
and use, he was able to validate his work by suggesting a textual description to represented
knowledge. His solution was easily evaluated and validated by its users. Throughout his
case study, he demonstrated that represented knowledge with a UML diagram can be easily
shareable and reusable by users.

1ArgoUML is the leading open source UML modeling tool and includes support for all standard UML
1.4 diagrams (http://argouml.tigris.org/).

2Rational Rose is an object-oriented Unified Modelling Language (UML) software design tool
intended for visual modelling and component construction of enterprise-level software applications
(http://searchsoa.techtarget.com/definition/Rational-Rose).
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To summarize, comparing static UML models with our identified criteria reveals that
it can be effectively used for the know What representation. First, particularly, the class
diagram provides a statical representation of the manipulated objects and their relation-
ships. It can meet therefore the know What representation. This can be easily achieved
with several UML platforms (AROM, ArgoUML, etc). Second, explicit and tacit knowl-
edge are respectively considered through knowledge embedded in systems (databases, for
example) and the involvement of experts. Being an easy to understand representation, the
UML class diagram helps experts to participate throughout the conception and validation
processes. Finally, most of UML platforms offer textual explanations promoting knowledge
storage, sharing and reuse among users with different skills.

In this section, we discussed the way the know What can be represented. Ontology
based solutions, symbolic models and static UML diagrams were presented and compared
with our identified criteria for an effective solution. Each solution has its limits and ad-
vantages that can lead us to select one among the others. First, symbolic models are
very dependent on the considered domain, lacks of simplicity and abstraction and bases
mainly on experts’ knowledge and involvement. These limits prevent their use for knowl-
edge representation. Second, despite all the advantages that ontologies offer for knowledge
representation, their use depends a lot on the application context. As we discussed above,
ontologies become interesting mainly when applied to dispersed knowledge across multiple
systems. In other contexts, it is rather not intuitive and complex to construct. Third,
static UML models and mainly the class diagram seems to be the most appropriate solu-
tion for representing static knowledge. It is easy to understand, implement and remains
an intuitive solution for its users.

The solutions presented above are not formal enough to permit reasoning. That is why,
the next section presents a similar work for the know Why .

Know-Why

It represents "a deep understanding of causal relationships. It involves an understand-
ing of reasons underlying theory and/or a range of experiences that include interaction
effects, and exceptions to the norms of an area" [100]. This is why [88] highlighted the
importance of considering the know Why as a crucial component of knowledge. Generally,
the reasons for design decisions, can change throughout the designing process and context,
which could make them easily lost. According to [86], usually a system is defined in terms
of specifications and parameters to describe the way it works. But it does not include a
description of Why it is designed the way it is. This is not usually completely capitalized,
which implies ambiguity. Therefore, keeping track of the know-Why will provide help to
users and designers to resolve problems and to explore more design options.

To this end, design rationale techniques are, actually, an effective solution for the know
Why representation [14,15,101,102]. Their ability to involve different actors in their design
and evaluation, while considering their tacit and explicit knowledge, lead us to deepen the
solutions offered by this area.

Different design rationale notations have been proposed in the literature to represent de-
sign options: DRAMA (Design Rationale Management) [103], EMMA (Evolution Memory
Management Assistant) [104], SAGACE [105], DRL (Decision Representation Language)
[106], IBIS (Issue Based Information Systems) [102], DRCS (Design Rationale Capture
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System) [107], QOC (Questions, Options, Criteria) [101].

They classically use notations to help representing knowledge. [108] compared and
categorized them according to their application objectives. Her conclusions and findings
reveal that some methods are focused on design rationales in projects (IBIS, DRL and
QOC). Others are more general (DRCS, DRAMA, EMMA, SAGACE and DRCS). For
example, DRCS is focused on concurrent engineering (i.e. performing tasks concurrently),
which is not our case.

This is the reason why, in this section, we decided to focus our state of the art mainly
on methods for design rationales in projects. Besides, several platforms exist to support
the design rationale representations while providing sharing and reuse functionalities. We
note, for example, gIBIS (Graphical hypertext software tool for building IBIS network)
[6, 15] or SIBYL [14]. As a result, in the following, IBIS, DRL and QOC methods are
discussed and compared to our criteria for an effective know Why representation.

IBIS Method

The IBIS method [102] aimed to provide a structure for the dialogue in solving complex
design problems. Next, the method has evolved and several supporting tools were devel-
oped, for example, gIBIS (Graphical hypertext software tool for building IBIS network).
Currently, the method is used to represent the Design Rationale in projects. The IBIS
method is based on a structured decision making, conducted in a design project. It is
composed of three elements: Issues, Positions and Arguments, linked with nine relation-
ships (figure 3.14). We note for example, Position answers Question, Argument supports
Position, Argument opposes Position, etc.

An example was proposed by [13] (figure 3.15). It describes some of the design and
implementation issues explored in a given process. The considered issue is "I: What is the
appropriate architecture?". The first position "P" proposes to "Design a pure java". This
Position has the following Arguments: "+A: There are plenty of open source applications
that may be used", "+A: High level of security can be achieved" and "-A: It is depen-
dant on java compiler". The first two arguments support the first position and the last
argument opposes it. This position implies itself an new issue "I: Are there any existing
drawing tools?" and so on.

As shown in this example, the method is considered as narrative [108] since it takes
note about the decision made at every stage of the design process. This is why, it is called
"process-oriented approach". This makes the IBIS solution not suitable to our purpose.

DRL

To overcome the narrative aspect of IBIS, DRL [14, 106] aims to provide a language
for representing the qualitative aspects of decision making processes. To this end, it keeps
track of multiple view points. Its fundamental objects are: "Goals", specifying the prop-
erties of the ideal option, "Alternatives", representing the options to choose from, and
"Claims", constituting arguments relevant for making the choice.

An example, given in [14], is shown in figure 3.16. It shows made decisions about
which programming language to use for implementing a project called Xanadu. "Choose
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Fig. 3.14. Know Why representation with IBIS

Fig. 3.15. An example of IBIS model in [13]

the best programming language for implementing Xanadu" represents the decision prob-
lem. Goals are "Supports Rapid Prototyping", "Minimizes Development Time", "Is Very
Portable", etc. The relationship "IS-A-SUBGOAL-OF" relates two goals if one facilitates
satisfying the other. For example, "Has a Good Debugging Environment" is a sub-goal of
"Minimize Development Time". The alternatives are linked to the decision problem via
IS-AN-ALTERNATIVE-FOR: C, C++, Lisp, etc. Finally, each alternative is related to
each goal via a FACILITATES relation. In DRL, every relation is a CLAIM. Therefore,
the FACILITATES (ALTERNATIVE, GOAL) relation is interpreted as the claim that
ALTERNATIVE facilitates satisfying the GOAL.

To support the DRL modelling, SIBYL is an example of one tool that allows managing
the qualitative aspects of decision making processes.

Actually, DRL focuses on the representation of elements of decision making and its
rationale. However, representing the reasoning behind the implementation of particular
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Fig. 3.16. An example of DRL model in [14]

features is limited. This is the reason why, we consider that DRL does not fully meet our
objectives.

QOC

With IBIS and DRL, we noted two main limits, the narrative characteristic of IBIS and
the limitation in representing particular features in DRL. These ones are treated in the
QOC model [101]. It represents design reasoning as a network of "Questions", representing
the issue, "Options", representing alternative solutions and "Criteria", evaluating the op-
tions, such as desired properties. Such a simple representation solution allows its designers
and users understand the reasons for or against the various options. The advantage of the
QOC model is its ability to target alternatives on specific artefact features.

An example of application was given by [15] and shown in figure 3.17. It presents two
options widgets allowing a user to enter a date. The first option of interactor is com-
posed of three input fields that the user must respect. The second option of interactor is
a calendar widget that allows to select a date by clicking instead of typing. As shown in
the figure, the calendar option satisfies the three criteria (represented with normal lines)
while the option composed of three input fields does not (represented by dotted lines). As
depicted in this example, the main advantage that offers the QOC model is the discussion
of alternatives on specific artefact features.

Besides, the QOC model is a semi formal language that is actually based on a meta-
model, defined into the UsiXML language [15]. It offers to its users a simple formal struc-
ture of its concepts, Questions, Options and Criteria, and their relationships. Nevertheless,
their content remain informal and unrestricted. This is why QOC representations were con-
sidered by [101] as "effective communication vehicle, because they are simple enough to be
understood by a variety of people, they are flexible enough to represent a variety of issues
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Fig. 3.17. An example of QOC model in [15]

from a variety of viewpoints, and they are explicit enough to expose assumptions that can
be challenged by others".
These advantages make the QOC model suitable to the know Why representation. Tech-
nically, it exist many platforms to construct the QOC model, for example SIBYL, gIBIS,
etc.

To summarize, the state of the art on the know Why modelling, presented in this sec-
tion, focuses on three design rationale models, IBIS, DRL and QOC. As a result two main
limits have been identified in IBIS and DRL: the narrative aspect within the IBIS model
and the limited representation of the reasoning behind the implementation of particular
features within DRL. These limits are absent within the QOC model. In its turn, QOC
presents interesting advantages for representing behaviours and explanations. Particularly,
being flexible and easy to understand, it is able to tackle several features characteristics
according to its users’ skills and points of view. Users can therefore be involved throughout
its design and evaluation. In addition, currently, many platforms for design rationale exist
and offer sharing, reuse and systems integration functionalities, such as, gIBIS, SIBYL,
etc. First, this makes it easily shareable and reusable among people. Second, it facilitates
considering not only on tacit knowledge but also explicit one embedded in other systems
accessible by design rationale tools.

Know-How

The know How consists in representing the technical aspect of processes. For its rep-
resentation, different approaches have been proposed, in particular for the software devel-
opment process. [109] considers that process models can be activity, product, decision,
context or goal oriented. But a deeper analysis of these possibilities shows that decision,
context and goal oriented models are actually more related to the behavioural aspect of
knowledge throughout processes than its technical achievement. More precisely, first, de-
cision oriented models care about the context of the decision, i.e. the arguments and the
alternatives. They try to identify and memorize the rationale of the decision process all
along the project. Second, context oriented models are focusing on the context during the
development process and the made decisions. Third, goal oriented models focus on the
choice of a strategy in a set of possibilities, in order to achieve an intention. It present
therefore alternatives, choice criteria or intentions. Consequently, we consider that these
three kinds of models are rather behavioural representations. That is why, in the following,
we focus on the product and activity oriented models.
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Product Oriented Models

Product-oriented models do not focus on the activities of a process but on the result
of these activities. They aim to model the evolution of the product and to link the state
of the product to the activities that led to this state. [110] explains that product oriented
models "represent the development process through the evolution of the product", and [111]
represents them with a statechart diagram, focusing on the state of the product at the end
of each task. An example could be the study of the successive states of a document: first,
it could be "to be done", then "prepared", eventually "refined" and finally "validated". In
this example, the process model would have to define the activities leading to each state.
The main limit in such models is its limited application. Actually, it is more dedicated for
representing activities where products states change regularly. For example manufacturing
or maintenance activities. It is related to the states’ evolution of products throughout
processes but not in the way they are developed.

Activity Oriented Models

According to [112], activity oriented models suggest a set of activities, decomposed
when needed into simpler ones, and linearly ordered. For instance, such a process model
could propose the following activities: study the users’ needs, describe the use cases, iden-
tify the objects and so on. Such a model would for example recommend that a designer
makes a behaviour analysis which includes three stages: use case analysis, design elements
identification and design refinement. Including these three components together consti-
tutes the advantage of this type of models. In fact, activity oriented models involve at the
same time roles and their tasks and needs, objects manipulated throughout the process
(inputs and outputs), while decomposing activities to simpler ones. We cite for example,
UML activity diagram [99], BMPN [113], IRTV [114]. We consider these statements as
important requirements for the know How content.

IRTV answers all these requirements [114]. IRTV means Information, Roles, Tasks and
Views and deals with platforms’ configurations. Its advantage is its ability to be easily
adapted to all types of knowledge, particularly the technical aspect. An other advantage
that differentiates this model among the others is its ability to integrate them within it
[16]. For example, it is able to include the BPMN model to represent the process mod-
elling. Figures 3.19 and 3.18 summarize the main aspects of this methodology. Among
these aspects, in our research, we are interested in the ability to involve different roles, to
represent the views they are interested in, the platforms they use and their performed tasks.

In addition, the IRTV model is supported by the AKM (Active Knowledge Modelling)
platform as a support tool. AKM is. Among its functionalities, we note integrating mod-
elling and execution, concurrently at runtime, as well as providing a simple and easily
configurable collaboration infrastructure for companies.

Involving different actors’ roles implies considering their knowledge (tacit). Besides,
the ability to integrate knowledge within other models (BPMN for business process for
example) implies considering explicit knowledge. Its representation, particularly based
on each role’s view and needs, facilitates identifying, sharing and reusing the knowledge
among different skills. It is actually able to target developers as well as novice roles needs.
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Fig. 3.18. IRTV aspects [16]

Fig. 3.19. IRTV model

Discussion

We carried out a comparison of the methods discussed in this section. This comparison
is based on our identified criteria for effective solution for an knowledge representation. As
a result, table 3.2 summarizes findings in literature about the know What , Why and How

representation.

As we have seen in the current section, studies in the literature do not define (ie with
the same names), consider (all of them together) and represent knowledge characteristics
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What Why How

Comparison crite-
ria

[11,90,93] [10,99] [12] [14,101,102,106] [16,112,114]

To involve the ap-
propriate represen-
tation

Ontologies Symbolic models Static UML and al-
gebraic modelling

Design rationale Activity Oriented
Models

To involve the ap-
propriate tool sup-
port

Protegé OWL
editor

Databases AROM (Ally Rela-
tionships and Ob-
jects for Modelling)

gIBIS (Graphical
hypertext software
tool for building
IBIS network),
SIBYL (a tool for
managing group
design rationale)

AKM platform

Humans’ involve-
ment

Knowledge
evaluation,
ontology con-
struction,
content revi-
sions

Models filling Models filling and
validation

Design and valida-
tion of the models
and their contents

Design and valida-
tion of the models
and their contents

Humans’ roles Molecular
biologists,
clinicians and
physicians in
[11]

Experts in pro-
cesses, products,
norms in [10]

Teachers of differ-
ent grades in [12]

Rationales differ
according to each
role’s point of view

Different roles

Kind of considered
knowledge

Tacit and ex-
plicit

Tacit (Experts
knowledge)

Tacit and explicit Tacit and explicit Explicit and tacit

Supported parts of
the knowledge cap-
italization cycle

Knowledge
storage and
sharing based
on dictionaries
[11]

Sharing and reuse
with textual de-
scriptions

Identification,
sharing and reuse

Identification,
sharing and reuse

Table 3.2. Knowledge representation solutions’ analysis

similarly (know What , Why and How). We believe that selecting one technique among
others depends on its context of use, as well as its language nature. Actually, we do
not process similarly with natural language (Symbolic models for example) and formal or
semi-formal languages (UML or qoc for example). Besides, some methods can correspond
to knowledge content representation but not easily integrated to the whole capitalization
cycle or do not offer suitable techniques in the applicable environment. In addition, some
of them offer the ability to base on explicit and tacit knowledge while involving tools and
humans as knowledge sources (Ontologies, UML and QOC for example), and others not
(Symbolic models for example).

As a result, considering the methods that meet the whole identified criteria together is
our objective. In addition, we note the importance to represent all of the three knowledge
characteristics together as a system while representing their interactions and involving
users. In this work, knowledge representation is an important step that should be effectively
considered. In fact, it will serve as a basis to mainly promote knowledge sharing and
storage.

3.2.2 Knowledge Sharing and Storage

In this section, we propose to study and compare existing knowledge sharing and storage
tools, in a first stage. Next, we will detail the most appropriate solution.

Existing Solutions for Knowledge Sharing and Storage
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Knowledge sharing and storage is naturally a social action. It consists in mutual engage-
ment, shared repertoire and joint enterprise [45,115,116]. As a result, humans’ involvement
characterises knowledge sharing and storage tools. In this section, a literature review is
presented to compare and discuss existing knowledge sharing tools.

To preserve the knowledge of their employees, organizations provide shareable and ac-
cessible workspaces: wikis, Social Bookmarking, collaborative filtering, social networks,
blogs, Facebook, LinkedIn, etc [44]. Despite the success of this type of tools, some of them
are less professional or less effective than others [117]. For instance, there is a tendency
to include email, discussion lists or message board under the umbrella of social software.
However, there is an important distinction between traditional communication software
and social software enabling people to organize themselves into a network based on their
preferences. In fact, we take into account this distinction and we consider, therefore, that
knowledge sharing tools correspond to the second type of tools, which are social software.

Several studies in the literature have discussed the problem of distinguishing and se-
lecting the appropriate tool for knowledge sharing [27, 44, 118, 119]. All of them argued
with the growing popularity of Enterprise Social Software also known as Enterprise 2.0. It
is known as the concept of using tools and services that employ Web 2.0 techniques such
as tagging, ratings, networking and RSS [120]. They provide rapid and agile collaboration,
information sharing, emergence and integration capabilities in the extended enterprise.
[27] noted that organizations such as IBM, General Electric, Procter & Gamble, Shell and
Airbus have replaced their knowledge management systems with Web 2.0 applications. [44]
demonstrated that the literature contains many more reports of successful Enterprise 2.0
initiatives than of failed ones. However, he distinguishes those that support collaboration
and those that allow the posting of information in a common space for other people to
access it. We are interested in the first type of solutions. The most collaborative ones are
wikis, social bookmarking, collaborative filtering and social networking. We briefly present
them in the following:

• Wikis are a group of web pages that can be edited by anyone who accesses them. They
allow their users to create new pages and to view and edit existing ones (Wikipedia).
Therefore, they base on collaborative knowledge elicitation and sharing.

• Social bookmarking is a centralized on-line service which enables users to add, an-
notate, edit, and share bookmarks of web documents. This method is relevant for
organizing and storing links (definition in Wikipedia). However, it does not allow
knowledge elicitation on the content of the considered web document.

• Collaborative filtering is the process of filtering for relevant information or patterns
using techniques involving collaboration among multiple agents, viewpoints, data
sources, etc (definition in Wikipedia). Therefore, it is more dedicated to build rec-
ommendation systems.

• Social networking is a social structure made up of a set of social actors, such as in-
dividuals or organizations. We note, for example, Facebook and LinkedIn. However,
with such tools, there is often overlap between personal and business. Besides, they
tend to transcend organisational boundaries and hierarchies [117]. This does not
encourage their uses within organizations.

Among these solutions, some are more relevant for knowledge elicitation and sharing.
This is the case of wikis that can be collaboratively used for knowledge elicitation, storage
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and sharing within organizations. In addition, in our business needs (defined in chapter
2), we noted that STMicroelectronics uses a Wiki for knowledge sharing. Throughout
its evaluation, we have considered that its use can be beneficial within the organization.
These results support our choice to use a wiki for knowledge sharing.

This is why, we focus in the following on the use of Wikis in the literature. In our
research, we decided to keep the sharing function of a Wiki , because we consider that
sharing and storing knowledge are highly dependent. If the Wiki is effectively used for
sharing it will be effectively used for storing.

Wikis for Knowledge Sharing and Storage

A Wiki is a fully interactive site designed to be a dedicated web server generating
dynamic pages from editions of visitors [121]. It allows users to post their knowledge in
a common area. In fact, discussing the existing knowledge on a platform allows users to
easily and collaboratively create and to edit pages [116, 121]. In this regard, according to
[122], a Wiki stimulates writing, promotes effective communication and low cost collabo-
ration, and promotes close reading, revision, and tracking of drafts.

Nowadays, Wikis contribute to several areas of activities such as teaching and educa-
tion [123], commercial sites [52], industry [124], etc. In the following, we propose a review
of some experiences using Wikis for knowledge sharing in different sectors in order to learn
about their uses. This review has helped us to identify evaluation criteria of wikis that are
actually constituting our problem space related to knowledge sharing. They are required
to ensure an effective use from different points of view.

• Industry

[49], A controller Wiki system called "CorpWiki" is proposed. This tool was devel-
oped to examine the quality of articles inserted by employees within an organization
to decide whether an article requires improvement. The particularity of CorpWiki
is its ability to appoint the most appropriate person to improve the quality of the
article, thanks to an advanced matching algorithm. In that way, not only explicit
knowledge is considered but also the tacit based on the appropriate person’s experi-
ence.

On the one hand, CorpWiki is described as a self-regulating wiki-based system to
collect corporate knowledge and combine it with the individual intelligence of the
organizational members. Each article inserted in CorpWiki undergoes as many con-
tributions and review processes as necessary to reach high-quality levels, within min-
imum time. CorpWiki provides an accessible common space easy to use, since users
can easily retrieve the information they search for and ensures its content relevance.

On the other hand, to select the appropriate reviewer, CorpWiki includes a ‘fairness-
based” policy, where the selection is made based on a fair workload distribution. This
ensures therefore collaboration and collective participation as well as verity in cor-
rectors’ designation. Its strength is that different persons, from the same domain but
with different skills and orientations, are collaboratively contributing on a specific
subject. This ensures the involvement of different roles in its use. However, even
though they are effectively involved in its use, authors did not note how users are
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involved in its design, evaluation and validation.
CorpWiki is highlighting important aspects promoting the use of wikis: accessibil-
ity, ease of use, content relevance and collaboration. Such characteristics should be
considered when adopting a wiki for knowledge sharing.

• Education

The study in [125] was conducted at Oxford Brookes University in the UK, one of
the higher education institutions. It was realized to encourage a group of students
specialized in Japanese language or studying a module in Japanese to conduct re-
searches on grammar and create learning pages based on users’ knowledge (tacit)
and documented ones (explicit). The objective of this study was to learn about the
use of a Wiki to facilitate group work. Particularly, how a Wiki can be designed
to ensure collective learning? And how the centralization of the learning space can
affect the experience of the participants in the study of Japanese? Even though the
users are basically of the same profile, this process ensures the participation of the
solution users in its design and evaluation.

To assess this experience, quantitative and qualitative methods consist mainly of
statistics methods and face to face interviews. The majority of students found that
the use of a Wiki provides an interest for their study to learn Japanese. They were
highly motivated to discover new skills and consider the Wiki as a suitable tech-
nology for sharing and editing the content. This experience has encouraged many
participants to reflect on their learning styles and preferences. One student noted
his preference for "learning by doing" rather than passive transmission of information.

However, some students have encountered technical problems during its use which
is explained by the lack of users’ experience with such a tool especially for contribu-
tion. In such cases, ease of use becomes a required criterion ensuring effective use.
Besides, according to students, creating working groups and including a discussion
tool helped to develop team work skills and supported collaborative, constructive and
interactive learning. That makes therefore collaboration and collective participation
important concepts characterizing Wiki for knowledge sharing.

• Research

This case study [44] was conducted within a group of researchers who work primarily
in fields such as engineering, applied science and management. Shared knowledge is
therefore based on their experiences (tacit) as well as on their researches and pub-
lications (explicit). Its objective is to assess how researchers share their knowledge
and how it can be improved. The problem that was found is that researchers do not
communicate as it should be and that knowledge sharing has not been effectively
treated. Some features considered important were implemented: Identify users’ pro-
files, as well as groups and categories of work, user guide and a section of general
problems, discussion areas, etc. However, despite considering different profiles in its
use, it was not the case for its design and evaluation.

Researchers were aware of the benefits of a Wiki and it was then adopted voluntarily
by the community. However, its use has been declined over time. This was explained
by the lack of time of researchers, the impression that the Wiki does not have much
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interest for users particularly those who are in the organization for more than two
years, Besides, not having an easy direct link to the Wiki on computers limits its
accessibility.

In his research, in order to effectively use a Wiki for knowledge sharing, [44] relied on
the participation of actors in the design and evaluation of his Wiki by identifying its
limits, advantages and functionalities using interviews, questionnaires and statistics.
Such methodologies are important to ensure the effectiveness of a knowledge sharing
solution.

To summarize, in this case study, the use of the Wiki showed a lack of collabo-
ration and collective participation, as well as luck of users’ investment and
awareness of what it offers. The decline in its use demonstrates the importance of
such concepts in its use for knowledge sharing.

• Commerce

In [27,52], the author describes the experience of eBay in the use of a Wiki for knowl-
edge management. According to [52], more than 100,000 messages posted on the
forums every week. These messages must be organized and indexed to be consulted
and revised. After much review, eBay decided to use a Wiki to amass community
members to one coherent common space to share their experience. Certainly, in
sites like eBay, the open culture ensured reputation and trust between members and
clients which played a crucial role in the success of knowledge sharing within the site.

Wiki allows all registered members to contribute and edit content. Their Wiki al-
ready has 346 articles on issues of trading on eBay. Some features have been added:

– The user-friendly interface takes into account the skill level of the user and
ensures its ease of use.

– Indexing and organizing information keeps its content relevant.

– Many articles are collaboratively written for new users by experts which demon-
strates their investment and interest in its use. Shared knowledge can help
novice users adapting themselves to the concept of online business and self
learning.

The experience of eBay is considered as successful because the integration of Wiki

achieved its desired goal which is disseminating knowledge among users. The Ebay
Wiki considers different best practices promoting its use and success: Common space,
open culture, user friendly interface, ease of use, content relevance, content structur-
ing, collaboration, investment and interest in its use.

However, in his experience with a Wiki, eBay did not detail how the solution involved
actors throughout its design, evaluation and evolution.

Experiences using wikis for knowledge sharing and storage are various and allow us
learn about their uses and analyse their best practices, success and failure factors. As
a result, we identified a set of evaluation criteria for knowledge sharing. As depicted in
figure 3.20, they actually constitute our problem space that the wiki, in the context of
STMicroelectronics , should meet.
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Fig. 3.20. Wiki evaluation criteria

3.3 Knowledge Evolution

3.3.1 Knowledge Evolution Characteristics

The rapid growth of business promotes a fast changing knowledge. The process by which
knowledge assets of an organization change over time to cope with the pressure of environ-
mental variation is called knowledge evolution [18].

In the following, we compare contributions in the literature and discuss how they meet
our criteria for en effective knowledge evolution solution (section 3.1).

• (1) To involve the appropriate methods.

• (2) To involve the appropriate IT tools.

• (3) Humans’ involvement.

• (4) Humans’ roles.

• (5) Kinds of considered knowledge.

• (6) Considered tasks for knowledge evolution.

[17] proposed a cycle of knowledge evolution, where he explained how knowledge is
adapted to the environment. As depicted in figure 3.21, knowledge is described as evolving
through a series of stages, chained in a recursive cycle. First, the cycle starts with the
variation stage, where a set of ideas or new challenges are generated. This is achieved
thanks to external stimuli for example, normative changes, scientific discoveries, substantial
creativity, etc. Second, internal selection allows evaluate the potential of these sets of ideas
through collective analysis and debate of their advantages and limits. Third, the replication
phase serves the function of diffusing and sharing the newly minted knowledge to the places
and times where it is needed. It can also contribute to new information that can allow start
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a variation phase of a new knowledge cycle. Finally, the new knowledge is internalized in
the organization’s routines in the retention stage. To summarize, 3.21 considers four stages
for knowledge evolution: identify knowledge and evaluate, share and internalize its content.
Actually, the most considered action promoting knowledge evolution in his proposal is, in
fact, its evaluation. As a result, he basically, considers knowledge content evaluation.

In addition, such a process makes knowledge evolve towards a more tacit form as it
becomes highly embedded in the behaviour of the individuals involved in the multiple ex-
ecutions of the task. Besides, based on external environment including explicit and tacit
knowledge (stimuli and feedback), it allows to reflect on possible evolution and viability of
the organization’s current knowledge. Actually, this model describes the evolutionary na-
ture of knowledge throughout its different phases. Even though [17] explained how actors
can evolve their knowledge collaboratively, he ignored considering variance and divergence
in actors’ knowledge.

Fig. 3.21. The knowledge evolution cycle in [17]

To deal with the limits identified in [17], [18] extended the knowledge evolution model
presented above (figure 3.21). He conceptually defined and empirically tested two knowl-
edge evolution strategies: knowledge mutation and knowledge crossover strategies (figure
3.22). First, knowledge mutation allows creating knowledge from existing one, by inter-
nal forces, such as internal Research and Development (R&D) projects. This strategy
helps continuously updating knowledge. The knowledge crossover strategy acquires new
knowledge from outside the organization. It assimilates it with existing knowledge, in
order to take advantage of learning from others and reusing their knowledge. With an
empirical study, authors demonstrated that proposed strategies affect different dimensions
of organizational performance, for example, internal processes, learning, growth, finance,
customer, etc. These findings suggest to include both internal and external strategies for
knowledge evolution. This extension allows consider at least two roles acting on knowledge
evolution, internal and external actors. We believe that involving actors in both design
and evaluation ensures an effective solution, in this stage for knowledge evolution.

Actually, since the solution in [18] is an extension of the solution in [17], it keeps
the same evolution cycle, that includes, as well: identification, evaluation, sharing and
internalization. However, two additional contributions are included. First, it expands the
type of the considered knowledge content to include external and internal. Second, it
highlighted the importance of continuously evaluating the content of the external and
internal knowledge.

A more advanced solution is proposed by [126]. He presents an architecture for a com-
munity knowledge evolution system called CKESS (Collaborative Knowledge Evolution
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Fig. 3.22. An extended knowledge evolution model [18]

Support System). The contribution involves augmenting a multimedia document reposi-
tory, in which users collaborate to share and evolve their knowledge. An innovative knowl-
edge evolution support includes computer-mediated communications, community process
support, decision support, advanced hypermedia features, and conceptual knowledge struc-
tures. The main idea behind this solution is to allow collaborative knowledge evolution
and continuous meta improvement within virtual communities.

As a result, the knowledge evolution proposal in [126] considers identifying, sharing
and continuously evaluating knowledge. However, in addition to continuously eval-
uating knowledge content for its evolution, [126] expands his solution to evaluate the
whole knowledge system. Its considers, the knowledge content, but also knowledge on
the involved systems (computer-mediated communications, decision support, conceptual
knowledge structures, etc).

Such considerations ensures an effective and continuous evaluation for the whole
knowledge system’s evolution. The considered community’s knowledge has both ex-
plicit and tacit components, The explicit includes documents, recorded discussions, etc.
Its implicit knowledge resides in the heads of the community members themselves. In his
research, [126] involves different communities including educational, medical and profes-
sional ones in the design. An example is about building a form of collaborative knowledge
base allowing model, view and to a limited degree, execute many tasks in the CKESS
system. In addition to design, communities are as well continuously involved in its eval-
uation, where data, could be collected from community leaders/officers (measured through
periodic semi-structured interviews), general community members (measured through sur-
veys), and if possible, people outside the community.

Table 3.3 summarizes how previous solutions for knowledge evolution deal with our
identified criteria for an effective solution.

As discussed above, literature presents limited but different proposals for knowledge
evolution, which can be technical and/or organizational. Based on these studies, different
criteria could promote the success of a knowledge evolution solution. We note for example,
co-construction, collaboration and technical capabilities, as summarized in table 3.3.

As a part of a knowledge capitalization cycle, knowledge evolution should ensure the
evolution of capitalized knowledge, as well as the involved systems in the knowledge cap-
italization solution. This should be achieved in a continuous manner. It should involve
users’ knowledge (tacit and explicit) and users’ roles in our solution design and evaluation.
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Comparison criteria [17] [18] [126]
To involve the appro-
priate method

Knowledge evolution
cycle

Knowledge muta-
tion and knowledge
crossover strategies

Advanced hypermedia
features, and concep-
tual knowledge struc-
tures

To involve the appro-
priate IT tools and
methods

No No Collaborative Knowl-
edge Evolution Sup-
port System (CKESS)

Humans’ involvement Collective analysis and
debate

Research and Develop-
ment projects

Collaborative knowl-
edge base allowing
model, view and
execute tasks

Humans’ roles No Internal and external
actors

Different communities
of professional in edu-
cation, medicine, etc.

Kind of considered
knowledge

Tacit and explicit Tacit and explicit Tacit and explicit

Considered tasks of the
knowledge evolution

Knowledge content
evaluation

Continuous knowledge
content evaluation

Continuous evolu-
tion for the whole
knowledge system

Table 3.3. Knowledge evolution solutions’ analysis

In fact, some types of evolutions or changes inevitably need a major work, meaning months
of hard work, big budgets and new changes. With knowledge evolution, improving and
renewing existing knowledge are our concerns. However, a complementary approach to
improve systems, processes and knowledge content, is through ongoing changes and con-
tinuous improvements.

As shown in this literature review, knowledge evolution is highly related to a continuous
evaluation of not only knowledge content but also the whole knowledge system [126]. We
believe that these characteristics should be taken into account in a knowledge evolution
solution.

Regarding the context at STMicroelectronics , we previously identified business needs
related to Business Intelligence system’s knowledge evolution. Thus, combining this need
with findings from the literature review, we study in the following, Business Intelligence

knowledge evaluation as a part of its evolution.

3.3.2 BI Knowledge Evaluation

[127] provides a systematic approach for selecting BI tools. He proposed a general quality
model for BI tools supported by appropriate functions of assessment and a set of rules for
measuring processes. To this end, he elaborated a method for comparison of existing BI
systems that are supporting data mining. He based on a literature review and existing
standards of ISO to create a quality model and proposed a set of basic measures for BI
systems evaluation. A case study showed the usefulness of proposed evaluation method for
comparison of real BI systems.
For the same reason, [20] sought to learn from organizations that have implemented a
BI system. He examined the interrelationships of BI success dimensions. As a result, he
proposed a BI success dimensions affecting its use. As a result, a BI success model was
elaborated. He believes that the evaluation of such a model and interrelationships between
its dimensions enables the understanding of BI problems and key success factors.
[21] examines the role of the decision environment in how well BI capabilities are leveraged
to achieve BI success and evolution. In his study, [21] examined the relationship between
technological and organizational BI capabilities, decision environment characteristics and
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BI success.

All these works aim to identify success factors for BI evaluation. However, two main
categories of limits have been identified in literature case studies. First, they limited the
topic of knowledge improvement to an evaluation problem where most of works suggest
evaluation criteria with almost no particularities to BI systems. The second limit concerns
the proposed solutions for BI evaluation. In the following, we will investigate the literature
on BI evaluation criteria and solutions.

3.3.3 BI Evaluation Criteria

In literature, case studies [19, 20, 22, 34, 127, 128] limited the improvement of BI topic to
an evaluation problem. The evaluation, in general, has been much discussed in literature.
Two main kinds of solutions are proposed, respectively based on standards and elaborated
models.

Standards

The ISO 25000 family is one of the most known models dedicated for the development of
software products. It specifies quality requirements and evaluation quality characteristics.
It provides a quality model allowing to decide which quality characteristics will be taken
into account when evaluating the properties of a software product [129]. As depicted in
3.23, the product quality model defined in ISO 25000 comprises eight quality characteristics
and their sub-characteristics:

• Functional suitability: represents the degree to which a product or system provides
functions that meet stated and implied needs when used under specified conditions.
Its sub-characteristics are functional completeness, functional correctness and func-
tional appropriateness.

• Performance efficiency: represents the performance relative to the amount of re-
sources used under stated conditions. Its sub-characteristics are time behaviour,
resource utilization and capacity.

• Compatibility: is the degree to which a product, system or component can exchange
information with other products, systems or components. Its sub-characteristics are
co-existence and interoperability.

• Usability: is the degree to which a product or system can be used by specified users
to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use. Its sub-characteristics are appropriateness recognizability, learnabil-
ity, operability, user error protection, user interface aesthetics and accessibility.

• Reliability: is the degree to which a system, product or component performs spec-
ified functions under specified conditions for a specified period of time. Its sub-
characteristics are maturity, availability, fault tolerance and recoverability.

• Security: is the degree to which a product or system protects information and data.
Its sub-characteristics are confidentiality, integrity, non-repudiation, accountability
and authenticity.

81



CHAPTER 3. APPLICABLE KNOWLEDGE

• Maintainability: represents the degree of effectiveness and efficiency with which a
product or system can be modified for improvement. Its sub-characteristics are mod-
ularity, reusability, analysability, modifiability and testability.

• Portability: is the degree of effectiveness and efficiency with which a system, product
or component can be transferred from one hardware, software or other operational or
usage environment to another. Its sub-characteristics are adaptability, installability
and replaceability.

The idea to base on formal specifications described in international standards is very
interesting. This is the reason why many researchers in the literature reuse standards for
BI systems’ evaluation. On of the most used standards for this purpose is the ISO 25000
family, previously presented. For example, we find works proposing criteria according to
the software functional complexity [128], functional suitability [22], and more generally,
according to its external and internal quality and quality in use [127]. For example, their
criteria are defined for information delivery, BI integration and BI analysis points of view
[128].

Fig. 3.23. ISO 25000 quality model

Elaborated Models

In addition to existing standards, in the literature, authors propose many BI evaluation
models to elaborate their solution. They study the BI system from different points of view
and elaborate a set of evaluation criteria.

In order to help organizations to understand how to achieve success with their BI sys-
tems, BI evaluation criteria are, generally, represented with maturity models. For example,
[19] integrates the following characteristics in his impact-oriented maturity model (figure
3.24): BI deployment, BI usage, individual impact and organizational performance. [20]
proposes a BI success dimensions affecting its use (figure 3.25). He payes special attention
to data integration, analytical capabilities, information content, access quality, the use of
information in business processes and the analytical decision-making culture. In addition,
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[21] suggests that technological capabilities such as data quality, user access and the inte-
gration of BI with other systems are necessary for BI success (figure 3.26).

Fig. 3.24. BI maturity model in [19]

Fig. 3.25. BI success dimensions in [20]

Fig. 3.26. BI success factors in [21]

In all cases, we note that authors efforts was focused on evaluating the BI system like
any other tool. This means that we did not note particularities to BI systems. For example,
they studied its organizational and technical environment as well as its quality and quality
in use. Actually, the aim of BI is to offer users solutions to effectively make business deci-
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sions. This is the core of the BI activity. Therefore, analysing the system business content
itself should be considered in the identified evaluation criteria. For example, analysing the
use of business indicators, dimensions, reports, etc. Despite its importance, this point of
view is not studied in literature.

3.3.4 BI Evaluation Solutions

Literature suggested different solutions for BI evaluation. Most of them do not employ eval-
uation systems but used models or techniques. Three categories of solutions are detailed in
the following: fuzzy TOPSIS technique, BP Neural Network and BI maturity model (MM).

Fuzzy TOPSIS Technique

Fuzzy TOPSIS (Technique for Order Preference by Similarity to Ideal Situation) is a
method that can be applied to multiple criteria decision-making to classify preference by
similarity. For example, it is able to maximize the benefit criteria and minimize the cost
criteria, while using qualitative information, incomplete information; non-obtainable infor-
mation and somewhat ignorant facts into the decision model. Generally, in Fuzzy TOPSIS
an alternative that is nearest to the positive ideal solution and farthest from the negative
ideal solution is chosen as optimal.

Applying this method to BI aims to help the decision-makers to select the enterprise
system which has suitable intelligence to support managers’ decisional tasks. This is the
case of [22] who proposed a model to assess enterprise systems in BI aspects. 34 qualita-
tive and quantitative criteria about BI specifications were identified based on a literature
review (explicit knowledge). For example, data mining techniques and stakeholders satis-
faction. To this end, he suggested a model that exploits Fuzzy TOPSIS techniques. Figure
3.27 summarizes the stages of Fuzzy TOPSIS BI Evaluation Model. As depicted in this
figure, experts are involved in the design and evaluation of the solution. They assessed
alternatives with regards to criteria and they assigned appropriate weights to each one. In
addition, the BI evaluation criteria used in [22] are totally based on a literature review.
As a result, only explicit knowledge on BI is considered, while neglecting the importance
of tacit one that comes from experts. This solution design should also take into account
users’ involvement as a source of knowledge.

Backpropagation (BP) Neural Network

A BP neural network is a multi-hierarchic feedback structure, which aims at adjusting
the network weights through back-propagation algorithm, including input layer, hidden
layer and output layer "[23]. Two mechanisms are included within the method: forward
propagation and back propagation. First, the forward propagation is in charge of trans-
mitting the information from the input layer, through the hidden layer, in the direction of
the output layer. If the output value does not correspond to the wished result, the back
propagation process should return the error of output along the original connection to
the input layer. This latter should adjust the connection weights and therefore adapt the
requirements of mapping. The model structure of BP neural network is given in figure 3.28.
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Fig. 3.27. Stages of Fuzzy TOPSIS BI Evaluation Model for enterprise systems in [22]

Fig. 3.28. BP neural network structure

An example of application of BP neural to BI was given by [23]. He established a
comprehensive evaluation index system according to the construction principles of BI sys-
tems. A set of criteria, sub-criteria and indicators were identified, to meet the construction
principles (figure 3.29) based on a literature review (explicit knowledge). First, the index
system should meet: "the overall evaluation function is greater than the simple sum of
sub-indicators" (system principal (A)). Second, the selected indicators can reflect the im-
plementation of BIS in firms (accuracy principle (B)). Third, the indicators in the same
level should not have containing relationships and too much information inclusive (inde-
pendence principle (C)). Fourth, the chosen indicators, whether qualitative or quantitative,
can be used for horizontal and vertical comparison (comparability principle (D)). To pro-
ceed, he proposed an overall evaluation method based on BP neural network. 18 evaluation
criteria (qualitative and quantitative), for example, system construction, users’ satisfac-
tion, etc. These latter are graded on a basis of 4 evaluation levels by an expert. As a result,
the input layer nodes of neural network are the 18 identified BI indicators. The output
layer nodes are synthetically scores given by different companies’ BI systems. Therefore,
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the objective is to propose for each one an optimal BP neural score evaluating the system.

[23] believes that BP neural network method has a strong applicability in overall eval-
uation of BI systems to provide guidance for a successful use of BI within organizations.
However, we identified some limits. First, expert are only involved to grade the identified
indicators. They are not considered neither in the selection of the indicators assessing the
BI system nor in the solution evaluation. They are almost not considered throughout the
solution. We consider that it is important to involve them not only as users but also as
the source of knowledge and its consumers.

Fig. 3.29. BI comprehensive evaluation index system in [23]

BI maturity model (MM)

[19] developed a theoretical model of impact-oriented BI maturity. This BI maturity
model (MM) aims to clearly guide its users how to design BI in order to contribute to
overall organizational performance.

As a result, a BI maturity model has been proposed (figure 3.30). To summarize this
work, three levels are considered. First, in an individual level, the BI value lays in en-
abling better decisions (individual impact) and, in an organizational level, this will lead to
a better overall organizational performance (organizational impact). Second, the impact
of BI is a consequence of individual and organizational use. Third, BI deployment system
considers BI capabilities, BI practices, BI IT, and organizational support. This model will
be the foundation for the development of an assessment instrument for impact-oriented
BI maturity and the confirmation and broad application of an impact-oriented BI MM.
To proceed, this work based on a literature review on BI maturity models to select the
most appropriate one regarding the identified research objectives. Questionnaires with
experts were used throughout the design and evaluation processes. Experts were with
different roles (business, IT, management and other). However, experts are only involved
in the evaluation and validation of the maturity model content, but not directly in its
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construction. We consider that experts points of view are as important in the design as
in the validation of a solution, while considering them as an important source of knowledge.

Fig. 3.30. BI Maturity Model in [19]

Comparison criteria [22] [23] [19]
To involve the appro-
priate representation

Fuzzy TOPSIS BP neural network BI Maturity Model
(MM )

To involve the appro-
priate tool support

NO A comprehensive
evaluation index
system of BI

An assessment
instrument for
impact-oriented BI
maturity

Humans’ involvement Assignment and as-
sessment of appro-
priate weights to
each BI indicator

Grading the identi-
fied BI indicators

evaluation and val-
idation of the ma-
turity model con-
tent

Humans’ roles No No business, IT, man-
agement and other

Kind of considered
knowledge

Explicit Explicit Explicit and tacit

Types of considered BI
evaluation criteria

Qualitative and
quantitative

Qualitative and
quantitative

Qualitative and
quantitative

Continuous BI evalua-
tion?

No No No

Table 3.4. BI knowledge evaluation solutions’ analysis

Table 3.4 summarizes these case studies on BI evolution solutions. We note several
limits in the whole proposed solutions. We consider that each of the identified criteria
contributes to the effectiveness of our solution and should be considered as much as the
others. The main limit that we highlight in the presented solutions is their statical con-
tribution. More specifically, proposals in literature are able to evaluate BI systems only
to statically measure their qualities without helping to make decisions about their use and
evolution. Actually, what BI systems need is a solution that continuously analyses its use
while allowing making decisions about.

To conclude, an effective knowledge evolution solution should allow to continuously
evaluate, analyse and make decisions on the considered knowledge system.
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4 Summary

This chapter presented a literature review as a part of the rigour cycle of the Design Science
Research. Two main areas of related work were studied. On the one hand, a background
on Business Intelligence allowed to learn about its objectives, principles, techniques and
challenges. On the other hand, we discussed in a first stage, knowledge, its sources and
forms. In a second stage, we studied the knowledge capitalization cycle, phases, their char-
acteristics and challenges.

Our literature review showed that knowledge capitalization and Business Intelligence

have been much discussed. This is due to the importance of such fields within organiza-
tions. BI aims to support decision making and knowledge capitalization allows to identify,
represent, store, share, reuse and evolve expert knowledge. Throughout different case stud-
ies, we demonstrated that several challenges should be taken into account, for example,
the complexity of the BI activity, its users skills, understanding, identifying and reusing BI
knowledge, as well as involving the appropriate resources (tools and humans). BI knowl-
edge capitalization requires a solution that involves its actors, their uses and needs, the
organizational and technical environment, as well as the evolutionary nature of these fields.
This is the reason why in this thesis, we suggest a solution based on a continuous improve-
ment cycle for knowledge capitalization.

Based on the Design Science Research, next chapter describes our proposal, as a part
of the Building and Evaluating step of the Design cycle. This chapter is based on findings
of the two previous chapters: business needs and the state of the art. Particularly, it in-
cludes defining our proposal for Business Intelligence knowledge capitalization, involving
solutions for its different steps.
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Chapter 4

Build and Evaluate

1 Introduction

As a part of the design cycle of the Design Science Research, this chapter consists in
iteratively building and evaluating solutions. In our context, a knowledge capitalization
solution is implemented and evaluated. For each iteration, one step is considered and
its solution is built and evaluated. Actually, in this work, building and evaluating are
not really separated. They are considered simultaneously to progressively evaluate the
feasibility of the built solution. Evaluating the applicability of the solution in the work
environment will be a part of the rigour cycle. An overview of our cycle of improvement
cycle for knowledge capitalization is given in the next section.

2 A Continuous Improvement Cycle for Knowledge Capital-

ization

In this section, we present our proposal for knowledge capitalization and evolution. We
present first our proposal scope followed by the principles of its application in our research.
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Fig. 4.1. Our solution for a continuous improvement cycle for knowledge capitalization

2.1 Our Proposal Scope

As discussed in previous chapters, knowledge management is composed of several steps:
identification, representation, storage, sharing, reuse and evolution. In our research, we
address the problem based on findings of business needs at STMicroelectronics (presented
in chapter 2), as well as on the background and state of the art (presented in chapter 3).

Business needs at STMicroelectronics require providing a solution that meets its users
and their business needs for: knowledge representation, knowledge sharing and storage
and knowledge evolution. In the state of the art, several solutions address these steps.
However, in chapter 3, we demonstrated that they do not completely meet our needs for
an effective knowledge capitalization solution. We note for knowledge representation the
fact to consider the three characteristics (What , Why and How) together and in the ap-
propriate manner. For knowledge sharing, we demonstrated how wikis do not meet all
the identified evaluation criteria of our problem space. Finally, we demonstrated how re-
searches statically evaluate knowledge systems and/or limit the content of the evaluation
solution for knowledge evolution.

Based on these findings, we suggest in this work a continuous improvement cycle for
knowledge capitalization, detailed in the following.

On the one hand, as depicted in figure 4.1, we consider that capitalized knowledge is
the identified, represented, stored and shared one. Each step should be addressed in an
appropriate manner but also with respect to the other steps, as a whole cycle. Hence, our
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objective is to have a consistent solution for knowledge capitalization.

On the other hand, due to the evolving nature of knowledge, effectively ensuring its
evolution remains crucial. In this work, we suggest a continuous improvement cycle. It
aims to continuously evaluate, analyse and make decisions on capitalized knowledge, both
in terms of reliability as well as continuity of use [130]. A a result, our continuous improve-
ment cycle is achieved throughout the knowledge evolution step (figure 4.1).

Then, our contribution for a continuous improvement cycle for knowledge capitalization
in two parts. First, a knowledge capitalization solution describes proposals for knowledge
representation, storage and sharing. At this stage, our objective is to provide effective
solutions to accomplish these tasks as a whole consistent cycle. Second, a knowledge evo-
lution solution includes a continuous improvement cycle for knowledge capitalization. It is
applied to capitalized knowledge throughout the different steps of the cycle (identification,
representation, storage and sharing).

2.2 Our Proposal Application

Applied to Business Intelligence, our objective is to provide a solution allowing a contin-
uous improvement cycle for BI knowledge capitalization.

Actually, among knowledge capitalization steps, in this work, we focus only on some
of them: representation, storage and sharing (both as one single step) and evolution. For
cost reasons, but also to make actors throughout our solution, we made the choice to base
on existing tools and practices. For example, Stiki for knowledge sharing or Business

Intelligence for knowledge evolution. Such a strategy allows promote and evolve existing
solutions in the best conditions and at lower costs.

To proceed, we started with the most known tool within the IT department at STMicroelectronics ,
related to knowledge capitalization, which is Stiki , the wiki used for expert knowledge stor-
age and sharing. Previously in chapter 2, we assessed its use, identified its advantages,
limits and concluded with business needs and areas of progress related to knowledge shar-
ing and storage. As a result, Stiki ’s evolution is the first stage to perform as a part of
knowledge sharing and storage solution.

Second, among other results of Stiki ’s evolution, knowledge structuring was required
to ensure the relevance, completeness and organization of stored and shared knowledge.
This is why, we focus then on knowledge representation.

These two steps are parts of the knowledge capitalization cycle (figure 4.1). Finally,
to allow continuous improvement cycle, a knowledge evolution solution is implemented in
section 4. Applied to Business Intelligence knowledge, the challenge to meet is to provide
a consistent solution considering the different steps as a whole system.

3 Knowledge Capitalization Cycle

In chapter 2, we used a user centred evaluation approach to assess Stiki ’s use and to
identify its advantages and limits for knowledge sharing [1]. As a result, we concluded
with a set of business needs and areas of progress that should be accomplished on Stiki .
Among these findings, we noted the importance of knowledge representation. Therefore,
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in the following, we present how Stiki has evolved to accomplish its objective. Next, we
present our solution for knowledge representation.

3.1 Knowledge Storage and Sharing: Stiki ’s Improvement

As a part of the design cycle of the Design Science Research (figure 1.5), our proposal for
Stiki ’s improvement is based on two entries:

• First, we based on defined business needs, presented in chapter 2, where we assessed
Stiki ’s use, identify its advantages and limits for knowledge sharing.

• Second, we based on a literature review on wikis’ uses, successful and failed experi-
ences. This is presented in chapter 3 as a part of the rigour cycle of Design Science
Research, ensuring innovation for our proposal.

Before presenting our contributions and obtained results , table 4.1 recaps findings of
Stiki ’s evaluation process, where we present identified problems and areas of progress ac-
cording to our problem space [1].

In the following, we present how the identified issues are evolved mainly throughout
technical and organizational contributions, statistics and observations. In the same man-
ner, improvements are discussed according to evaluation criteria.

3.1.1 Technical Improvements

1. Tool criteria

Ease of use: In order to help users in its use and in the long term to ensure main-
taining its activity, an administration role is assigned for Stiki . In the short term,
the administrator plays a key role in the improvement of Stiki . This is the reason
why, an engineer from the Business Intelligence team was designed, since it is the
team behind the selection and development of Stiki . Besides, assigning to the ad-
ministrator the mission of Stiki ’s technical improvement is due to the fact that he
is the one who will be in charge of its maintaining and respond to technical issues
in the long term. To proceed, he bases on our findings, guide, recommendations and
more generally, our Stiki ’s evaluation results.

Accessible and controlled common space: The administrator was in charge of
updating the version of Stiki . We note that its current version has dated for five years
ago. Currently, it evolved from the version 1.13 to the version 1.22 of MediaWiki.
This upgrade allowed integrating new functionalities making its use easier, faster and
more ergonomic. In fact, based on our findings and recommendations, the admin-
istrator was himself in charge of integrating these functionalities within the tool, in
order to ensure the technical support of their uses. Among new functionalities, we
note for example:

• An advanced text editor makes formatting the text easier (figure 4.2).
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Issues Areas of progress

Tool criteria

Limited competences in the use of Stiki Regular training

An old version of Stiki Updating the current version

Limited functionalities and options Adding new functionalities promoting
its use and evolution

No administrator Ensuring Stiki ’s administration

Content criteria

A decreasing number of created pages
where only few ones are structured ac-
cording to Stiki ’s templates

Managing content quantity and struc-
turing

No monitoring of Stiki , its use and con-
tent

Regular evaluation of Stiki

Many pages’ content obsolete Ensuring pages’ relevance and avoid
their obsolescence

Individual criteria

Knowledge sharing culture is still a
challenge among employees

Creating a knowledge sharing culture

Only few users are conscious and moti-
vated to use Stiki , especially for contri-
bution

People’s involvement, motivation,
goodwill and awareness of knowledge
sharing

There is no regularity in use. Stiki is
mainly used during important projects

Regular use

Collaborative criteria

Most of pages are mono contributor Contribution efforts on existing busi-
ness knowledge

Stiki is mainly intended to be used by
IT teams

Expanding Stiki ’s scope of application

Few works are documented in Stiki Integrating Stiki in projects life cycle

Table 4.1. Stiki ’s assessment results

Fig. 4.2. Stiki : an advanced text editor

• Files upload could be directly realized in the writing current page (figure 4.3).

• Help functions are directly suggested in the writing current page, for example
about the writing syntax (figure 4.3).
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Fig. 4.3. Stiki : help and upload functionalities

• The search engine is more advanced and able to guide users in their searches.
Compared to the old one, the current search engine is able to provide suggestions
according to the entered word or sentence.

2. Content criteria

Content relevance and quantity: To promote the relevance of Stiki ’s content, a
page rating system has been implemented into the tool where users are able to sys-
tematically mark the relevance of its content (figure 4.4). To proceed, on the bottom
of the each page, readers can attribute a rate to the content of the read page. This
functionality provides statistics on top rated pages, top voters, latest votes for: a
page, a category, or globally and latest votes by a specific user. Currently, thanks
to this functionality, pages can be classified according to their relevance and useful-
ness, and users feel more confident when reusing stored knowledge in Stiki . A bad
rating incites users to review the content, as well as the administrator to regularly
maintain the tool. In addition, it encourages users to contribute better, while being
a motivation for the others.

Fig. 4.4. Stiki : rating functionality

In addition, as part of the evolution process of Stiki , reviewing the content of pages
allowed the administrator categorizing pages according to their application domain.
With the new content organization in Stiki , users are able to search and contribute
faster and easier, for example, organizing pages describing applications according to
the appropriate site (Crolles200 or Crolles300).

Content structuring: Among areas of progress related to Stiki ’s content, struc-
turing pages has been identified as an important aspect to deal with. This is why
we suggested to base on pages templates to ensure the completeness, relevance and
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structure of shared knowledge in Stiki . This contribution will be detailed, next, as
part of the knowledge representation step.

3.1.2 Organizational Improvements

1. Individual criteria

Awareness, investment and regularity of use: have been highlighted when eval-
uating the use of Stiki for knowledge sharing. To this end, the role of the hierarchy
was important to achieve this objective. In fact, knowledge storage and sharing tasks
have been highlighted and demonstrated by managers during different meetings and
opportunities. For example, in order to increase employees’ awareness and motiva-
tion, the workload for knowledge sharing increased from 25% to 50% after the merge
of the two Crolles sites.

Interest for users: Following the upgrade of Stiki , an open training was achieved,
for several objectives. On the one hand, it allowed inform Stiki ’ users about made
changes, new functionalities and recommendations. On the other hand, due to the
merge of the Crolles200 and Crolles300 sites (chapter 1), Stiki was presented mainly
to the Crolles200 site which is an unknown tool for them. It was the opportunity to
encourage them to effectively use Stiki for documenting their respective work in order
to promote their skills transfer. In addition, training sessions on the use of Stiki and
its presentation are planned for its potential users, for example, after restructuring
or recruitment.

2. Collaborative criteria

Collaborative participation: Collaboration is an important factor for knowledge
sharing success and constitutes the principle of the use of Stiki . To this end, a "ro-
tating support" has been established, where, weekly, one member of each team takes
the responsibility to resolve encountered business problems (errors, tools function-
ing, etc.). During this task, he has to share his knowledge throughout documenting
in Stiki encountered problems, made improvements and proposed solutions. Such a
process naturally involves all users and ensures a collaborative use of Stiki for knowl-
edge sharing.

Open culture: Among made improvements, expanding the scope of application of
Stiki has been required. It allows not only enrich its content but also strengthen
its use by users of different fields, contexts and knowledge, which makes it more
powerful. For example, this has been effectively achieved within STMicroelectronics ,
mainly after the merge of the Crolles200 and Crolles300 sites. New applications have
been integrated, evolved or merged, which has increased the use of Stiki for sharing
skills.

In addition, officially integrating Stiki in projects’ life cycle and ensuring its collab-
orative use during projects have been beneficial. This means that at each stage of
the project, gathered knowledge is integrated into Stiki . the draft option helps users
to progressively proceed at their own rhythm. Recently, among other practices, it
helped STMicroelectronics to get an international quality certification. Particularly,
the IT department demonstrated the importance of knowledge sharing thanks to
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Fig. 4.5. Number of contributions after Stiki ’s evolution

Fig. 4.6. The evolution in the creation of new pages in Stiki after its evolution

the regular and collaborative use of Stiki during projects. These information were
presented to employees just after getting the certification.

3.1.3 Improvements’ Results

In order to demonstrate the success of the evolved Stiki , we proceed with statistical mea-
sures, put in place for its evaluation before its evolution. Among those, we base on the
evolution of contributions (action of adding new knowledge), contributors (who add new
knowledge) and created pages. We note that these measures will be always helpful for its
evaluation, that could be regularly conducted by the administrator, for example.

As depicted in figure 4.5, following the open training realized by early 2014, we note
an important continuous increase in the number of contributions in Stiki , compared to
realized statistics before its evolution. For example, we record more than 450 contribu-
tions during July 2014, against 200 contributions during February 2013 (just before our
Stiki ’s evaluation process). This demonstrates the important role that Stiki takes today
for knowledge sharing.

Besides, since Stiki has been officially selected to be the reference tool for knowledge
sharing, by early 2014, an objective has been identified. It consists in progressively trans-
ferring all the important documentations to Stiki before the first half of 2015. This is
demonstrated by the peaks of the number of created pages since the evolution of Stiki by
early 2014 (figure 4.6).

The success of Stiki was demonstrated thanks to a regularity in its use, mainly for con-
tribution. For example, we noted its use for 265 times a week on average per 19 different
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Fig. 4.7. Number of of contributors and contributions per page after Stiki ’s evolution

users, whereas before its evolution it was used 150 times a week on average per 10 different
users.

Finally, collaboration efforts have been demonstrated in figure 4.7, where we note an
increased number of contributors per page compared to observation before Stiki ’s evolution.
For example, sharing knowledge about E.D.A involves today 10 contributors, while we
noted only 1 contributor before Stiki ’s evolution.

3.1.4 Conclusion

As described in this section, different practices and solutions have contributed to the
success of a wiki for knowledge sharing. This is demonstrated throughout its effective
use. We presented several solutions that we integrated into Stiki for its improvement. We
focused on technical and organizational improvements, for example, integrating a page
rating system, an advanced text editor, files upload for each page, but also organizational
recommendations, for example, integrating Stiki in projects life cycle and expanding the
scope of its application. These solutions have been implemented and as a result, today,
Stiki is considered the principal tool for knowledge sharing at STMicroelectronics , while
providing an ergonomic and easy to use tool. Statistics about its use demonstrate its
success, for example, by showing an important increase in the number of contributors and
contributions per page and in general.

3.2 Expert Knowledge Representation: What , Why and How

3.2.1 Introduction

In a previous work [1], we evaluated the use of wikis for knowledge sharing (presented in
chapter 2). One of the findings concerns the importance of pages structuring. It helps not
only readers searching for knowledge, but also contributors when capitalizing their work, in
an appropriate and effective way. This corresponds, actually, to knowledge representation.
Moreover, a literature review has supported its importance to ensure the completeness,
relevance and organization of capitalized knowledge.

In this section, our proposal for knowledge representation, as one step of knowledge
capitalization, is presented. We suggest a user centred approach for the definition and rep-
resentation of knowledge characteristics, What , Why and How [2]. It consists in studying
its different aspects and characteristics to integrate those required by users in the capital-
ization tool for promoting its reuse and exploitation, in our case, in Stiki . In the following,
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Fig. 4.8. Our proposed cycle for knowledge capitalization

we present the scope of our proposal and define knowledge characteristics. Next, we de-
scribe the Reporting process since it represents our case study at STMicroelectronics. We
conclude this section with a presentation of our user centred approach application.

We note that as a part of the design cycle of the Design Science Research (figure 1.5),
our proposal for knowledge representation is based on two entries:

• First, we based on defined business needs, presented in chapter 2, where we demon-
strated the need to knowledge structure, formalization and representation, in our
case, in Stiki .

• Second, we based on a literature review on knowledge characteristics definition and
representation. This is presented in chapter 3 as a part of the rigour cycle of Design
Science Research, ensuring innovation for our proposal.

3.2.2 Our Proposal Scope

As depicted in figure 4.8, we aim at defining a format to represent knowledge by studying
its different characteristics, in order to support the knowledge capitalization cycle. We are
interested in the meta level that allows to establish an environment for designers wishing
to capitalize their knowledge.

To this end, we propose to study its characteristics that should guide the way knowl-
edge can be effectively stored, shared and reused. We classify knowledge into different
characteristics where each one describes one of its required aspects. For example, when
users need to know "how to create a report describing the number of completed wafers
of a set of lots in the clean-room per day", they need to find and to understand the in-
formation mentioned above. In this case, the required knowledge, corresponding to their
request, should be effectively shared and capitalized in order to be effectively reused. The
effectiveness of sharing and capitalizing knowledge is highly associated to its completeness,
relevance and organization.

In this example, one characteristic of the required knowledge corresponds to know "the
required objects to create his report". Another one corresponds to "the required knowledge
to integrate it in the reporting system". The user will also want to understand "why should
the number of wafers be calculated in a particular way in some cases?". Together, these
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parts of knowledge, that we call characteristics will help users to have and understand
the required knowledge for creating their reports. Each characteristic provides a required
aspect of knowledge.

To proceed, a user centred approach for knowledge capitalization involves, therefore,
users throughout the cycle. The particularity of such an approach consists in including
users in the exploration, co-design, and validation of the knowledge representation.

Decomposing knowledge to characteristics corresponds, in figure 4.8, to the knowledge
characteristics definition (know What , Why and How) about the Reporting process at
STMicroelectronics . It requires the participation of BI experts, business experts and end
users to gather their opinions and expectations about required aspects of knowledge. By
defining knowledge characteristics, we aim at supporting their representation. It con-
sists in modelling these characteristics while iterating proposed solutions with users until
meeting the defined requirements. During this stage, users are involved to gather their
opinions about proposed solutions and identify areas of progress to correspond to the real
word. Based on the knowledge representation, we aim at providing the Stiki templates
in order to promote knowledge storage in Stiki . Representing knowledge ensures the
organization, the completeness and the relevance of Stiki templates.

We present in the following our proposal for the definition of knowledge character-
istics that we will apply next to the Business Intelligence activity, considering mainly
the Reporting process. Before that, we present how users were involved throughout our
solution for knowledge representation.

3.2.3 Our User Centred Approach for Knowledge Representation

A user centred approach for knowledge representation allows place the human actors in a
central position during the process. The objective is to gather users’ uses, needs, expecta-
tions and performance during the various phases of the process [131]. As depicted in figure
4.9, a user centred approach is composed mainly of three steps: Exploration, Co-Design
and Validation:

• Exploration of current uses, users’ expectations and needs, advantages and limits of
existing solutions and desired improvements.

• Co-Design a new solution, evaluate its usability and identify the desired improve-
ments.

• Validation consists in applying the proposed solution of the Co-Design on real prob-
lems and testing its performance and usage.

To accomplish our work, the proposed user centred approach aimed at identifying users’
needs and expectations while supporting knowledge relevance and the interaction between
users and developers. That is why, we believed that co-designing and validating solutions
based on users’ points of view (end users, managers and engineers) was a crucial condition
to successfully accomplish our objective.

In the next paragraphs, we describe the steps that we used at STMicroelectronics to
apply our approach and we share what we learned along the way.

Following the user centred approach steps, we proceeded as follows:
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Fig. 4.9. A user centred approach

Exploration:

Observational methods: In a first stage, we focused on observing how reports were
created by engineers and users, what objects and tools were required and how they were
related. Analysing these parts allowed us to describe the know What of the Reporting

process. In addition, attending a first working meeting between engineers and users (three
engineers and four end users) clarified their needs and specified objectives and particulari-
ties of use. Thanks to these observations, we were able to describe the Reporting knowledge
characteristics and to specify its parts that should be modelled.

Co-Design:

Descriptive methods: Relying on the literature review and the participation of users,
we defined knowledge characteristics (What , Why and How) and proposed a solution for
their representation, as well as their integration into Stiki for their sharing.

Validation:

Experimental methods: After modelling knowledge characteristics (Co-Design), the
experimental methods consisted in instantiating models on case and field studies. For that,
four engineers were continually keeping in touch with the advancement of the modelling
process to ensure the relevance and compatibility of this work with reality. This stage
was very important especially due to the complexity and variability of the case studies
in this area. To validate our know What , Why and How models, representing reporting
knowledge, we instantiated them and verified if it corresponds to the objective of use.
To this end, regular meetings with different users during several weeks (at least one per
week with the manager and four engineers) allowed to discuss and generate modelling
alternatives according to the requirements and constraints.

3.2.4 The Definition of Knowledge Characteristics

Our proposal to define knowledge characteristics is presented in figure 4.10. In fact, we
consider that knowledge presents three different and complementary characteristics: What ,
Why and How . Each one describes knowledge in a different level and should be modelled
in an appropriate way:
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Fig. 4.10. Knowledge components representation

• First, the What characteristic corresponds to the conceptual level of knowledge which
is characterized by a static description. It represents manipulated objects throughout
tasks and their relationships [12,15].

• Second, the Why characteristic is described in the behavioural level of knowledge
which involves an understanding of principles behind the considered tasks [100,
101]. For example, explanations, justifications and options behind designed arte-
fact throughout performed tasks are important. They should be capitalized and
therefore effectively represented.

• Finally, the How characteristic addresses the technical level of knowledge [88]. It
concerns knowledge integration, implementation and exploitation in systems. It par-
ticularly considers How to add, remove or update existing knowledge in systems, as
well as How it could be manipulated by engineers and end users.

In the following, we present these three knowledge characteristics. Before that, we
present the Reporting process, our case study, on which our proposal is applied.

3.2.5 The Reporting Process Description

As one function of Business Intelligence, the Reporting process is our case study, that we
detail in this section.
As depicted in figure 4.11, to create a report, the engineer has to define his/her objec-
tives, to access to datasets, to select his/her data, to define his/her objects (indicators,
dimensions, etc.), to create the report, to share and capitalize it and to exploit it. To this
end, the Business Intelligence team have opted for "SAP BusinessObjects" software (BO).
When creating a report, many objects interact via relationships in BO. Objects and their
relationships are of different natures. In fact, in a report, objects are mapped to or derived
from data in databases. The name of an object must be derived from the field vocabulary
of the targeted user group. They are either "Indicators" or "Dimensions" [132], where:

• Dimension is an analysis parameter that carries the analysis in a query and corre-
sponds to one or more columns or functions of the database, essential for a query.

• Indicator provides numerical information used to quantify a dimension object. Gen-
erally, it is the calculation result on data from databases.
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Fig. 4.11. The Reporting process

For example, we wish to measure the evolution of the turnover of different product
lines within an organization. In this case, "the turnover" represents the indicator that is
calculated according to the dimensions "years" and "product lines".

Therefore, both dimension and indicator are related to data from databases but each
one plays a different role. Objects in the Reporting process interact with each other.
For example, values returned by an indicator vary according to the selected dimensions.
Besides, depending on the objective of the report, the engineer has the possibility to filter
objects (data, indicators and dimensions) in order to restrict results and target specific
knowledge (about a specific type of products, for example).

In fact, in the Reporting process, knowledge is created through the process in many
forms. It is not only related to the nature of manipulated objects, but also to the context
of their use in the target report. For example, an indicator could be calculated in different
ways according to its context of use. At STMicroelectronics , many indicators having the
same goal and name are calculated in one manufacturing site differently from the others.

This is the case of the indicator "Performance" that measures the performance of an
equipment. It is calculated differently at the Crolles200 site from the Crolles300 site. At
Crolles300 site the performance is "the time spent by an equipment in work divided by
all the time spent by it". The notion of "in work" at the Crolles200 site does not take
into consideration the time spent by the equipment when it is blocked. However, in the
Crolles300 site the time spent "in work" includes the time when the equipment is blocked.
This is because at both sites, we do not have the same data and objects to calculate the
indicators. The site location represents in this case the context of use. Therefore, our goal
is to to represent different knowledge created through the Reporting process, taking into
account manipulated objects, their relationships, their context and particularity of use, as
well as their technical aspects.
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3.2.6 Our Proposal for Knowledge Characteristics Representation

Relying on the findings, presented previously, we detail in the following how each knowledge
characteristic is represented. We take as a case study the Reporting knowledge. Reporting

process is considered to illustrate our proposal.

Conceptual Level: What Representation

By describing the know What , we aim at representing manipulated objects through the
process and their relationships. This is the reason why, we suggest to represent the know
What characteristic with a class diagram. It makes explicit the description of manipulated
objects as well as their relationships, representing therefore the created and manipulated
knowledge throughout processes.

In the BI domain, the relationship between Indicator and Dimension is represented
with a cube which corresponds to a particular modelling in BI. Its edges are made of di-
mensions and its cells’ content corresponds to the value of the indicator according to the
combination of the selected dimensions. [133] demonstrated how the cube presentation can
be modelled using UML extension to be easily perceived by designers and programmers. In
our work, we are not interested in the cube but its concepts, i.e, indicators and dimensions.
As indicator and dimension belong to manipulated objects in the Reporting process, based
on the cube representation, we propose in the following our representation of the know
What with a UML model applied to the Reporting process (figure 4.12).

As depicted in figure 4.12, first, each created report should belong to at least one uni-
verse. A universe is a manner to classify reports according to their content description.
For example, a report describing the number of finished products belongs to the universe
"products advancement". Universe is as well decomposed in several domains. Such a clas-
sification is required at the beginning of the process to help in the selection of objects to
create reports. For example, in the universe "products advancement", the domain "Move"
contains objects describing products job throughout the process. Therefore, the report
should contain objects from the domain "Move".

Second, a report is decomposed of objects that could be indicators measuring a
production activity: for example, how many products are successfully completed. An ob-
ject could be as well an expert attribute representing an expert object. For example,
a report describing the number of finished products per technology, is composed of an
indicator measuring the "number of products", as well as the expert attribute
"technology group" representing the expert object "technology". The set of expert
attributes in a report composes a dimension set representing analysis parameter that
carries the analysis of the report.

Third, like dimensions, an indicator is also calculated from expert attributes. One of
particularities that characterize reports at STMicroelectronics , is that an indicator could
be calculated by several calculation formulas according to its context of use. For example,
in the Crolles300 manufacture, an indicator could be calculated differently from Crolles200
manufacture, while it has the same name and the same objective of use. This could be due
to the difference between data used in the manufacturing process between the two sites.
Thus, the location could be a context that differentiates the way an indicator is calculated.
Therefore, an indicator result varies according to the selected set of dimensions. For ex-
ample, the number of finished products per technology is not the same as the number of
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Fig. 4.12. Know What representation: Business Intelligence process

finished products per month.

Finally, a report could be created for a specific objective. For example, a report mea-
suring rejected products per day needs to be only filtered according to products that were
not successfully delivered at the end of the process per day. That requires a filter according
to values of products characterizing the failure information. Therefore, the result of the
indicator would be different from its result if it is not filtered.

We note, that in the semiconductor domain, expert objects (lots, wafers, machines,
etc) are related through several types of relationships such as "one lot is composed of 20
wafers maximum". However, such a dependency has an important impact on the selection
of indicators, dimensions and filters composing a report. For example, an indicator could
not be associated with a dimension in a report if they do not have functional dependency.
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For instance, the indicator’s content should be related to the dimension (the number of
"wafers" per "lot").

To summarize, through the Reporting process, data are manipulated, information is
transferred and knowledge is continually created. Depending on the context of use, required
knowledge varies. That is in what consists the difficulty of the Reporting process. Also,
this difficulty increases when knowledge is not effectively represented and formalized for
eventual reuse and sharing among users. To this end, proposing such a model will not only
facilitate the comprehension of objects interaction but also will guide the way knowledge
should be capitalized and shared. To complete knowledge representation, we describe,
next, knowledge in its behavioural level, followed by its technical level.

Behavioural Level: Why Representation

In this level of representation, we aim at representing the behavioural aspect of knowl-
edge. Relying on knowledge described in the conceptual level through objects interaction
in the Reporting process, we particularly consider:

• Why creating a report?

• Why is an indicator differently created? Why choosing a formula instead of another
to calculate an indicator?

• Why an indicator could not be calculated or associated to a specific dimension?

As we have seen in the literature review, several methods [15, 86, 101, 106] have been
proposed to deal with the behavioural aspect of knowledge. We mention design rationale
(QOC, DRL, etc), expert systems or question answering systems. Relying on the literature,
we analysed question types in each representation methods and we focused on methods
that closely match the most with our knowledge representation.

As we mentioned above, in our work, we aim at studying the various directions explored
during the process, identified alternatives or why certain options have been made (for the
calculation of indicators for example). Therefore, in a first stage, we decided to study the
QOC (Question-Options-Criteria) model, present our vision of one possible solution, as
well as discuss how to deal with the know What representation, previously described.

The QOC model provides an analysis of decision making throughout a process. In our
research, this corresponds to the behavioural aspect of knowledge, that we represent with
its know Why characteristic. Therefore, in our work, the QOC model is our solution for
representing the understanding of principles behind processes.

To effectively use the QOC model for the know Why representation, we believe that
it is crucial to base on knowledge described in the know What model. We consider there-
fore its identified concepts and relationships. To proceed, first, the QOC model targets
their identified ambiguities and/or exceptions throughout their behaviours. These ones
represent the questions in the QOC model. To answer a question, the design space of
the considered process is represented by design options. These options are structured as
responses to issues raised by the design problems related to the considered objects and
their relationships. Finally, criteria are used to select options as solutions to answer the
question. Arguments can justify the selection of an option according to a given criterion.
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Fig. 4.13. Know Why representation with the QOC model

In the following, we take the Reporting process as an example of case study. Figure
4.13 shows the know Why representation, applied to the Reporting process. The model
presented in this figure is based on the QOC model (Questions-Options-Criteria). Based
on the know What model described above in figure 4.12, we aim at demonstrating prin-
ciples behind the creation or use of manipulated objects through the Reporting process.
Reporting engineers and users are daily confronted to a set of questions when selecting
objects (of the know What model) to validate a task. For example, Why is an object the
way it is? Why is it calculated in that way?. The response to such questions are important
to successfully accomplish their work.

In this context, the example in figure 4.13 treats the indicator object and the principles
behind its use. As demonstrated in the know What model, an indicator (Turnrate: The
number of operations performed per day for a lot) used to create a report could be calcu-
lated by more than one formula according to its context of use. Therefore, one of the
most important questions asked when selecting an indicator is "Why is the Turnrate in-
dicator calculated in that way?". In fact, the first part the QOC model used in figure 4.13,
treats the Question part that corresponds to the Indicator Turnrate. Options presents its
second part. In our context of use, options provide different formulas calculating the same
indicator. For example the indicator Turnrate could be calculated by either Formula 1

or Formula 2 or Formula 3. To each formula, one criterion explains its selection. In our
case, contexts of selection of formulas correspond to the criteria in the QOC model. For
example, if the user is in the Context 3 where he/she wants to calculate the Turnrate

of a finished lot then it will select the Formulas 3 to calculate it. As a result, using the
QOC model could meet the problematic of the know Why characteristic representation in
Reporting process.

To summarize, the know Why remains an important characteristics that should be ef-
fectively represented and capitalized. It involves knowledge on explanations and behaviours
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behind performed business processes. We believe that the QOC model is an effective solu-
tion that helps users to easily represent their knowledge and understand others’ one.

Technical Level: How Representation

As we have discussed above, the know How treats the knowledge integration and con-
figuration in systems throughout processes. Capitalizing such knowledge in industrial
contexts is a crucial step since the technology evolves and important configuration process
could be quickly lost. Keeping track of technical details facilitates engineers’ work and
saves time. The IRTV (Information-Roles-Tasks-Views) methodology deals with platform
configuration, delivery, extension and improvement [114].

Generally, using the IRTV, we aim at modelling knowledge intensive tasks throughout
projects. Being a very generic solution [114] helps its applicability in our proposal. In the
same manner as the QOC model for the know Why representation, the IRTV model should
base on knowledge from the know What and Why contents. Therefore, it takes into account
concepts, their relationships, as well as their behaviours. Thus, the principle behind its use
consists in capturing and discussing primary information on concepts characteristics and
their behaviours during the early stages of a process. We note, for example, concepts access
rights or passwords, according to their behaviour. Such knowledge is included neither in
the What nor in the Why models. Therefore, roles are identified, their information enrich
existing one, their tasks are specified and their required views are detailed. Since we use
the IRTV for the technical aspect of knowledge, considering technical users is particularly
important to deal with processes’ and solutions’ configuration, delivery, execution, etc. As
a result, the IRTV model includes knowledge required to make an operational process.

In the following, the Reporting process is considered as a case study on which we apply
the IRTV solution for the know How representation. In figure 4.14, the IRTV solution is
applied to describe the know How related to the use of a report (the WIP Status Report)
that actually represents an expert object of the know What model, as follow:

Information: considers knowledge required for the users to create, to manage or to
use a report and knowledge produced by them (inputs and outputs). This is not what we
described in the What model, but, technical knowledge required by an IT member. For
example, to create a report, inputs are passwords, access rights, etc. Outputs are scripts
or the final report category and nature.
Roles: represents different users who are confronted with the use of a report (owner,
developer and simple user).
Tasks: each role is in charge of specific tasks. For example, as depicted in figure 4.14,
a BI expert is in charge of evaluating requests of users (the end user role in the figure,
for example) in terms of relevance, priority, gain, etc. He/she needs also to detail data
technical specifications (databases, tables, attributes and how to extract them). In addition
to documenting these technical knowledge, he/she is in charge of specifying exceptions,
alternatives and tests. If needed, he/she has to contact the end user since he/she is the
one making the request.
Views: Each role accesses to a specific view. As depicted in figure 4.14, a BI expert
performing technical tasks needs to have a technical view which is different from the view
needed by an end user. He/she needs to have a clearer view about the environment he/she
should work on (platforms, tools, etc.), as well as requirements and specification definition,
etc.
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Fig. 4.14. Know How representation with the IRTV methodology (the WIP Status Report)

These knowledge need to be capitalized and shared with other users, particularly between
the same category, for an effective reuse. Actually, IRTV modelling meets our needs
because it involves knowledge on the technical context at a finer granularity. This model
completes the know What and Why models, with knowledge required to technically achieve
the required task. In our example, we considered the task of creating reports, according
to each role characteristics. However, we believe that involving knowledge on process
modelling in the know How model will be beneficial to represent the technical knowledge,
particularly for complex processes, which is not included in the IRTV solution. In fact,
the IRTV solution offers the possibility to integrate other solutions [16]. Consequently, in
our case, a process modelling solution can be effectively added to IRTV and complement
the know How representation.

3.2.7 From Knowledge Representation to Knowledge Sharing

Previously, we suggested to represent knowledge based on its three characteristics "What ,
Why and How", with three complementary models. In order to integrate them in the
capitalization cycle, we suggest a process to make the consistency between knowledge rep-
resentation and its integration in a wiki. In this work, we consider the Stiki . This process
consists in transforming the represented knowledge characteristics to shareable ones in or-
der to facilitate access to knowledge and promote its effective reuse. The objective is to
split knowledge in several pages according to its characteristics to facilitate and ensure a
maximum of reuse. Particularly, in the Reporting process, knowledge concerns manipu-
lated and created objects (know What), their behavioural aspects (know Why) and their
technical integration (know How).

In fact, structuring pages and information helps writing information, guides informa-
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tion research, improves understanding and unifies the content. Therefore, our idea consists
in systematically providing Stiki templates for objects, where each template aim to treat
all knowledge characteristics (What , Why and How), according to the appropriate models.
In figure 4.15, we describe our vision of knowledge sharing through Stiki while integrating
knowledge characteristics. In fact, the Stiki templates (boxes in the figure) represent some
classes identified in the know What model (indicator, dimension and report for example).
The links between the templates represent some relationships between these classes in the
same model. The content of each template should include important knowledge repre-
sented in the What , Why and How models (For example, the formulas to calculate an
indicator and criteria of each one as well as the technical description of a report). The
objective is to transform knowledge characteristics representation to shareable Wiki pages.

As a result, based on the know What model, we obtain templates for: report, universe,
indicator, dimension and domain. Each one must include related information within the
same model. Thus, in the indicator template, we include its calculation formulas and their
contexts description. We include as well expert attributes that constitute each formula.
From the know Why model, knowledge on justifications behind the selection of indicators
formulas are included in the template of indicators, where we treat different questions
about the manner it is calculated (For example, Why is an indicator calculated in that
way?). Thus, we present calculation formulas as well as their contexts of use and calcula-
tion exceptions. From the know How model, technical knowledge, such as access rights to
the indicator must be also included in the indicator template.

In the same manner, in the report template, we mention objects used to create it
(indicators and dimensions). Besides, their relationships, represented in models by UML
associations, are represented in the Wiki by hyper links between pages. For example, the
relationship between a report and an indicator "Is composed of" (in figure 4.12) is trans-
formed to a hyper link between their pages. Besides, describing developers, support and
users guide in the report page aims at providing technical information about the report
creation, which corresponds to the know How model. In this way, we include in Stiki tem-
plates different knowledge about the reports creation, based on knowledge representation.

Therefore, based on knowledge representation, our goal is to effectively capitalize and
share knowledge related to reports creation, while providing a comprehensive knowledge
representation and a clear reports description in Stiki .

3.2.8 Conclusion

In this section, three complementary characteristics know What , Why and How were de-
fined and represented [2]. We demonstrated the importance of integrating all of them
together, in order to effectively capitalize expert knowledge. Each characteristic represents
knowledge from a different point of view and is represented in an appropriate way. There-
fore, we represented the know What with a UML model, the know Why with the QOC
model and the know How with the IRTV model. We explained the idea behind their in-
tegration into the capitalization cycle. It consists in their transformation to shareable one
through Stiki templates. Our proposal was applied to the Business Intelligence process at
STMicroelectronics , that we explored, co-designed and validated with involved users.
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Fig. 4.15. Reporting knowledge sharing

4 Knowledge Evolution

4.1 Introduction

Knowledge evolution should allow maintain capitalized knowledge and involved systems
according to the evolution of business needs and knowledge. To illustrate our proposal, we
take Business Intelligence as a case study.

As we discussed in chapter 2, at STMicroelectronics, the Business Intelligence system
acts on many business processes, uses different resources, involves different users’ roles
and continuously generates knowledge to make new business decisions. All of them are
daily evolving requiring a solution for BI knowledge evolution that can allow to take im-
provement actions. More generally, knowledge evolution can ensure the evolution of used,
required and generated knowledge on the system’s content, uses, tools and activity. This
is the reason why BI knowledge evolution consists of the BI system evolution, while con-
sidering its content, uses, tools and activity.

On the one hand, our objective is to quantitatively evaluate, analyse and make deci-
sions on BI knowledge evolution. Since our objective is itself the principle of BI, we aim to
develop a BI system for evaluating, analysing and making decisions about the system itself.
Such a solution will ensure the BI system evolution involving the evolution of its knowledge.

On the other hand, a user-based evaluation solution will complement our proposal for
knowledge evolution. It includes a questionnaire able to assess the BI system knowledge
and to identify areas that could evolved. Answers would be likely to come from the BI
system’s users.

In the following, our global solution is presented, followed by the design and the im-
plementation of our proposal Business Intelligence for Business Intelligence and the de-
scription of the user-based evolution.
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Fig. 4.16. Quantitative and user-based solutions for knowledge evolution

4.2 Global Solution

4.2.1 Objectives

As we discussed above, knowledge evolution involves two complementary solutions, quan-
titative and user-based. Both are based on indicators. To this end, we identified several
BI indicators (presented in appendix B). In total, we identified 29 quantitative indicators,
10 for BO, 9 for Safir, 6 for Stiki and 4 for the BlogCrolles300. In addition to quantitative
indicators, we identified several user-based ones (with a subjective nature). Those can not
be objectively evaluated.

As depicted in figure 4.16, first, a quantitative solution uses quantitative indicators,
based on stored data in systems in order to provide statistical analysis. This is why we
suggest to use a quantitative tool able to provide quantitative results and help make analy-
sis. Second, a user-based solution uses indicators based on users’ opinions and perceptions
in order to identify a maximum of their knowledge. The complementarity of our solutions
is demonstrated through considering both explicit (stored data) and tacit (users’ opinions)
knowledge in the process of knowledge evolution. To this end, we propose quantitative and
user-based solutions, presented in the following.

4.2.2 Overview of our Proposal

Quantitative Solution: BI for BI

Since the BI system uses, contains and generates business knowledge, we believe that it
should be continuously evaluated and analysed while taking into account its use, evolution
and maintaining after long time. Therefore, we aim to develop a solution for evaluating,
analysing and making decisions about the BI activity and its evolution. Since these are the
principles of BI, the developed solution will be a BI system applied to the system itself.
We call it a BI4BI system. To this end, our objectives are:

• To define the evaluation criteria in order to identify indicators for assessing BI system

• To measure and integrate them in the BI system

• To model a BI data warehouse with identified indicators and measures
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User-based Solution: Questionnaire

A user-based solution helps collect a variety of users’ opinions and points of view. It
complements the quantitative solution ensured by a BI for BI system, by considering tacit
knowledge. To this end, a questionnaire that could be applied face to face or by electronic
means helps provide a richer insight mainly about knowledge embedded in the BI system
in order to ensure its evolution.

We note that generally, a questionnaire is considered as a quantitative solution because
it produces statistical analysis. However, in our work, we consider it a user-based solution
because it is based on users’ insights required to assess a BI system and knowledge, which
can not be achieved by the BI4BI system.

As a part of the design cycle of the Design Science Research (figure 1.5), both solutions
design are based on two entries:

• First, we based on defined business needs, presented in chapter 2, where we explored
STMicroelectronics ’ current practices in BI, users’ expectations and needs from BI,
advantages and limits of existing solutions of evaluation and desired improvements.

• Second, we based on a literature review on BI evaluation criteria and their inte-
gration in the system, as well as on existing design techniques and artefacts. This
is presented in chapter 3 as a part of the rigour cycle of Design Science Research,
ensuring innovation for our proposal.

In the following, Business Intelligence for Business Intelligence solution followed by
the questionnaire are detailed.

4.3 Our proposal: Business Intelligence for Business Intelligence

4.3.1 The Design Process for our Proposal

The first part of our proposal aims at providing a quantitative solution able to analyse
and make decisions on the evolution of embedded knowledge in existing systems. These
objectives are themselves those of Business Intelligence on which we decided to base to
achieve our proposal. The main goal of our solution is to develop a BI system, to:

• access to systems’ content and identify embedded knowledge to be analysed

• measure its behaviour and integration, based on indicators, measures and dimensions

• allow to analyse the considered systems and therefore their knowledge

• use decision tools to make decisions on systems and knowledge evolution

In this work, we take the case of BI knowledge evolution at STMicroelectronics as a
case study.
As depicted in figure 4.17, at STMicroelectronics , a production system generates data de-
scribing the evolution of the activity. A BI system bases on these data to communicate,
measure, evaluate and analyse the production activity in order to generate knowledge and
make business decisions. We note that at STMicroelectronics , the BI system is composed
of BI tools as well as communication tools (Stiki, Safir and the Blog). Fundamental ele-
ments constitute the base of BI tools, for example, indicators, dimensions, reports, etc.
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Fig. 4.17. BI for BI system

In addition, in this thesis, a BI for BI system applied to the current BI system is
developed (figure 4.17). It consists in using as well BI elements and techniques as follows:

• To define indicators and dimensions

• To define an architecture of the BI for BI system

• To model the dimensional data warehouse

The BI for BI system will be used to analyse the current BI system behaviour and to
make decisions about its improvement actions. Monitoring the BI system will promote
its activity, ensuring, consequently, making the right business decisions and its knowledge
evolution. For example, at STMicroelectronics , as part of a migration project, engineers
have to migrate existing BI objects to a new data warehouse. First, they need to know
which BI objects to migrate. To this end, analysing the uses and relationships between
BI objects will help to decide which objects are useful and should be migrated. This will
prevent the overloading of the new data warehouse with useless objects and ensure an
effective system’s evolution. Based on this principle, we detail in the following how we
design our solution.

4.3.2 Specification of the BI4BI Solution

As part of our solution’s design, BI modelling uses two main concepts, indicators and
dimensions. It consists in modelling the relationships between them while providing an
effective and simple representation of the activity. This is the core of a BI modelling
solution.
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Indicators Analysis and Measures Identification

In BI, an indicator corresponds to the aggregation of data, generally quantitative, called
measures. We note that we are searching for indicators to measure the BI activity. The
particularity of our indicators is that are applied to the BI activity and its objects, for
example, to the business indicators or dimensions. They may even reuse some existing
ones, for example, a business indicator monitoring the production activity may be reused
to monitor the reporting activity. We note that reusing BI techniques for BI systems is
the core of our proposal.

In a first stage, we base on a literature review to identify evaluation criteria, as a part of
the rigour cycle of the design science methodology. As we discussed in the state of the art
(chapter 3), [127] based on ISO 25000 family to evaluate his BI system from three points of
view: quality in use, external quality and internal quality. To base on formal specifications
described in international standards is very interesting and this justifies our choice of the
ISO model to select the evaluation criteria. ISO 25000 provides quality characteristics to
evaluate the properties of a software product [129]. The product quality model defined
in ISO 25000 comprises the eight quality characteristics and their sub characteristics, for
example functional suitability, performance efficiency, compatibility or usability, etc. In
order to measure the level of quality for each sub characteristic, appropriate indicators and
measures should be assigned.

To construct STMicroelectronics ’ BI for BI system, among identified ISO character-
istics, we first focus on the functional suitability and its sub characteristics in order to
identify their associated indicators. Actually, despite the importance of the rest of charac-
teristics, we classified them with users according to the BI evaluation’s needs. We consider
that the functional suitability is the characteristic that distinguishes the most the systems
from each other, since it considers the degree to which the system provides specific func-
tions that meet implied needs. The functional suitability is composed of the following sub
characteristics:

• Functional completeness: degree to which the set of functions covers all the specified
tasks and user objectives

• Functional correctness: degree to which a product or system provides the correct
results with the needed degree of precision

• Functional appropriateness: degree to which the functions facilitate the accomplish-
ment of specified tasks and objectives.

To proceed, we use the definition of characteristics and sub characteristics provided
by ISO in order to define indicators, their measures and later corresponding dimensions.
Users’ experiences and expertise in the domain at STMicroelectronics helped to enrich our
findings from their points of view. As a result, our solution refers to various categories of
indicators and measures. As shown in figure 4.18, they concern:

• Involved BI users (figure 1.4): for example, "the number of subscribed users" on the
Blog to evaluate "its notification support" indicator

• Used BI objects: for example, "the number of duplicated or similar objects" in BO
to measure "the objects coverage" indicator
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Fig. 4.18. Identified indicators categories

• Used BI resources: for example, "the number of distributed licences" of BO to mea-
sure "the resources uses" indicator

• Content BI uses: for example, "the number of contributions per Stiki page" to mea-
sure "the content uses" indicator

• Organization in the BI system: for example, "the ease of access to a report" measure
to evaluate "the access to information" indicator

As a result, evaluation criteria, indicators and measures are defined for each tool for the
functional suitability, in our case (appendix B). For example, to evaluate the functional
completeness for BO, we suggest to measure its objects coverage as well as its activity
evolution. To this end, a set of measures is proposed for each one. To measure objects
coverage, with users, we think that it is important to measure the number of BI objects
uses, the number of covered domains, the number of duplicated BI objects, etc. Each
measure could be subjective, based on the subjective judgement of a user, or objective,
based on quantification where objective measures may vary according to a set of dimensions
that we detail in the following.

Dimensions Identification

A dimension is an element constituting the context of an indicator. In BI, they are
grouped into meaningful sets for users and decision makers. In BI, dimensions represent
business concepts and we often talk about a hierarchy of dimensions that could be geo-
graphical (cleanroom, town, etc), temporal (year, month, day, etc) or of products. For
example, at STMicroelectronics , in the BI system we have as product dimensions: equip-
ment, operation, lot, step, etc.

In our proposal, we do not talk about business dimensions but about dimensions to
apply to identified measures analysing the BI activity (described in the previous section).
To this end, with users, for each objective measure, we select appropriate dimensions.
Our findings were validated with the questionnaire. As a result, we identified four sets of
dimensions presented in figure 4.19.

• Date dimension hierarchy: one or more time dimensions are often required. In BI,
since we use objects to create reports and make decisions, the time dimensions could
vary between the year to the day level.

• User dimension hierarchy: this hierarchy is composed of three levels:
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Fig. 4.19. BI dimensions

– Domain dimension: BI system could be used for different domains within the
organization. This is why, the domain is one dimension for some identified
indicators. For example, at STMicroelectronics , domains could be: IT, finance,
communication, etc.

– Team dimension: in a domain, the BI system could be used in different teams
within the organization. This is why, the team is one dimension for some iden-
tified indicators. Each team belongs to one domain. This is why team is a sub
dimension of domain. For example, in IT at STMicroelectronics , teams could
be: local architecture, manufacturing execution systems, process control and
automation, etc.

– User dimension: different users use the BI system in the organization. This is
why several indicators are measured according to users. Each user works in one
team. This explains why user is a sub dimension of team.

• System dimension: a system dimension could be any of STMicroelectronics ’ BI tools
(BO, Safir Reporting Portal, Stiki or the Blog).

• System content dimension: for each system a content dimension is identified. For
example, for BO, we identified its objects (Indicators, dimensions and reports). For
Safir, indicators could be measured according to published reports or according to
categories classifying these reports.

As depicted in figure 4.20, a BI system could be BO, Safir, Stiki or the Blog. Each
one has its own content type. For BO, objects could be: indicators, dimensions, universes
or reports. The content type of Safir could be: reports or its categories. These objects
constitute actually the BI dimensions represented in figure 4.19.

For example, for BO, "the number of objects uses" measuring the "Object coverage"
indicator is measured according to the following dimensions: time, domain, BO objects,
user (appendix B).

Above, indicators and dimensions required for our proposal are presented. In the
following, we detail how they are integrated and used in the data warehouse modelling
that is considered as the core of BI systems.

BI Data Warehouse Modelling
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Fig. 4.20. BI system content

As we discussed previously, data modelling in a DWH is different from a classical mod-
elling in a transactional database (Entity-Association). Two main rules are considered,
first, the intelligibility of data that must be understandable, meaningful and in an ap-
propriate granularity, second, performed analysis must be interactive and response time
must be minimized. To this end, dimensional modelling attempts to overcome these two
problems. It considers two key concepts, indicator and dimension (more details are given
in chapter 3).

In order to demonstrate how the BI could be applied to the BI system activity, in
this section, we suggest an example of a BI data warehouse modelling based on identified
indicators, measures and dimensions previously presented:

In the decisional solution section, BI experts would like to analyse their BI system
activity and particularly the way objects are used in order to clean the system of unused
objects. To this end, following objectives are identified:

• To track the BI objects’ uses in BO

• To track the shared reports uses and users

• To track the documented reports uses and users

To address these issues, we elaborate the relationships between indicators and dimen-
sions previously identified with a bus matrix. We present an example in table 4.21 where
we determine the measures for the solution and decide which individual element to include
with each dimension.

Based on these findings, in the following, we review the design of the dimensional model
using the Snow Flake schema. In this example, we made the choice of using a Snow Flake
schema because it is more detailed and explicit than the star schema.
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Fig. 4.21. Bus matrix

Fig. 4.22. Snow flake schema

In the snow flake schema, presented in figure 4.22, two types of tables are identified,
fact tables (ObjectsUses and ContentUses) connected to dimension tables (Date, Month,
System, Content, User). These tables are identified based on the bus matrix previously
described in figure 4.21, where we model, first, the fact table "ObjectsUses" used to track
the BI objects’ uses particularly indicators, dimensions for creating reports and the second
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one used to know if shared and documented reports are used or accessed, and by how many
users.

For example, as a result of the development of the "ObjectsUses" table, we will be able
to report:

• How many indicators and dimensions used per report

• In how many created reports, each indicator or dimension is used

Such findings will help engineers to determine the usefulness of the objects.

Up to now, we described how BI could be applied to BI based on its own techniques
and particularly the data warehousing modelling, as a first part of BI knowledge evolution.
In the following, we proceed with its implementation (section 4.4). Next, the user-based
solution, as the second part of BI knowledge evolution, is detailed (section 4.5). We end
this section with presenting both solutions as a single full proposal for knowledge evolution
(section 4.6).

4.4 Our Proposal BI4BI Implementation

A Business Intelligence for Business Intelligence system is actually a BI solution able to
analyse and make decisions about an existing system. At STMicroelectronics , it is applied
to the production system. However, in our research, it is actually applied to a BI system
(figure 4.17). As we mentioned above, we base on a classical BI architecture and techniques
to implement our proposal, as follows.

Technical Architecture
To build our system, a BI architecture plays an important role in organizing data, infor-
mation and technology components that are used throughout the development and imple-
mentation decisions.

As depicted in figure 4.23, we choose a very classical BI architecture based on rela-
tional OLAP paradigm. The data components of the system architecture include the data
sources, that in our case, correspond to BO, Safir Reporting portal, Stiki and the Blog
databases. They include data describing each tool’s activity. Next, by ETL -Extract,
Transform and Load- processes, data from the four tools databases are extracted, trans-
formed and loaded into the data warehouse, where data is stored in a suitable format
for their decisional analysis. APF and Oracle Data Integrater (ODI) constitute our ETL
solution that are known to be relevant systems according to STMicroelectronics experience.

The target data warehouse is based on Oracle database as our object-relational database
management system. We call it BI4BI DWH, where a multidimensional representation
should help interactive analysis. To this end, OnLine Analytical Processing (OLAP) tech-
nique is used to represent data in a OLAP cube. Such a representation leads to conceptually
straightforward operations to facilitate analysis. Typically, OLAP data is stored in star
schema or snow flake schema. In our case, we use the snow flake schema to represent data
in the data warehouse as described in the following. To effectively use data presented in
the OLAP cube and generate information, different BI tools are used for reporting, analy-
sis or data mining. BusinessObjects (BO) is our OLAP application solution for analysing,
mining and reporting the BI activity, since it is used and known by the organization’s users
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for its effectiveness.

Fig. 4.23. The data warehouse technical architecture

We note that the existing BI system on what we will apply our solution is composed of
different tools: BO, Safir, Stiki and the Blog Crolles300. To implement our BI4BI system,
we decided to work on two stages. First, only one source among BO, Safir, Stiki and
the Blog databases is considered. Second, a more advanced development will consider the
remaining bases.

Application

We present an example of application, where the objective is to analyse reports uses in
Safir (reports users, uses and likes). Therefore, we detail needs definition, data extractions
and transformations, data loading, data warehouse modelling, reporting analysis results
and results exploitation.

1. Needs definition:

Based on these objectives, the database, its tables and data are analysed in order to
identify required data. Figure 4.24 presents the current schema of the database of
Safir.

Among tables and their attributes included in Safir database, for our analysis, only
some of them are required:

• PORTAL_REPORT: presents a published report in Safir.

• PORTAL_REPORT_HIERARCHIES: presents the hierarchy to which the pub-
lished report is assigned. For example, the "Products_Cycle_Time" report is
assigned to the "Cycle Time" hierarchy.

• PORTAL_HIERARCHY: presents the higher hierarchy of a given one. For
example, the "Cycle Time" hierarchy belongs to the "Lots" hierarchy, which
belongs in its turn to the "Functional View" hierarchy.

• PORTAL_REPORT_STATS: presents information on accesses to Safir.
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Fig. 4.24. SAFIR database

• PORTAL_FAVORITES: presents information on liked published reports.

2. Data extractions and transformations:

Once data is identified, we proceed with its extraction and transformation, as part
of the ETL process. To this end, we use Advanced Productivity Family (APF) [63],
an industrial standard software for data collection and transformation.

Briefly, APF is a software system allowing retrieve production data in real-time, in-
sert it into a repository and exploit it throughout the creation of reports on this
repository. Its objective is to discharge the source database (usually an operational
production database) from analysis and querying, while offering a high level of re-
sponsiveness thanks to its real-time functions.

A example of extraction and transformation is presented in figures 4.25. It shows
a simple extraction process without transformations of two columns REPORT_ID
and USERNAME from the table PORTAL_FAVORITES from safir database.
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APF is also in charge of creating workflow-based jobs in order to automate extrac-
tions and transformations in real time. This is performed using a series of linked
blocks, each representing an activity. Figure 4.26 shows and example of a job execu-
tion to automatically extract data from PORTAL_REPORT table. Extracted data
is finally stored in text files, in a particular format required by the loader.

We note that APF offers rule deployment without the need for complex programming
or extensive recompilations, making it easy to adapt to changing conditions as they
occur [63]. It is based on event and schedule-driven execution control, icon-based
job-development environment, automated exception handling logic, etc.

Fig. 4.25. Extraction from PORTAL_FAVORITES table

A simple extraction process without transformations of two columns REPORT_ID and USERNAME from
the table PORTAL_FAVORITES from Safir database.

3. Data loading:

As a part of the ETL process, loading consists in importing extracted data into the
target data warehouse (DWH). In this work, we use Oracle Data Integrator (ODI)
[64] as a data loader. It is a data integration platform. It covers moving extracted
data in real time with the possibility to make advanced transformations that could
not be done before by APF. We note for example, filtering, conversions, inserts, etc.
This step requires several actions that we summarize in the following and presented
in figure 4.27.

In a first stage extracted data is inserted into Operational Data Store (ODS) tables
(initially stored in text files). Actually, ODS is a database that we use to make further
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Fig. 4.26. APF job to extract data from PORTAL_REPORT table in real time

operations, such as filtering, conversion, constraints, etc. In our case, data is stored in
tables named: ODI_BI_REPORT, BI_REPORT_ACCDATE, BI_REPORTFAV,
BI_REPORTHIER and BI_REPORT_USED.

Once all operations are achieved on the ODS tables, they have exactly the same struc-
ture and the same constraints as those of the DWH. However, this process presents
different advantages. First, we are able to make all wished and required treatments
and transformations on ODS tables until the final desired results without affecting
and disturbing the DWH activity. This is required especially because, unlike ODS,
only selection queries can be performed in a DWH. Third, storing on ODS tables is
required in our context because extracted data quickly evolve. In our case, it con-
cerns the BI system uses. In that way, we can be sure that extracted data at a given
moment is the same found in the DWH.

To ensure the efficiency of loading data into ODS tables, we complete our ODS tables
with complementary fields. For example, ID_LOADING is the identifier of the cur-
rent loading into the DWH that is incremented for each new one. It allows affirm the
success of loadings by comparing ID_LOADING in both tables, ODS and the DWH.
As a result, for the same ID_LOADING, data stored in the DWH is the same in ODS.

Once treatments on data stored in ODS are completed and finalized, it is copied into
the DWH having the same structure and constraints using the ODI platform. Figure
4.28 shows an example of copying ODI_BI_REPORT content from the source ODS
table into the target DWH table.

4. Data warehouse (DWH) modelling:

Figure 4.29 presents the complete DWH modelling applied to our example. We
identified:
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Fig. 4.27. Data loading with ODI process

Fig. 4.28. Loading data from ODS into the DWH

• Fact table: BI_REPORTACCDATE, containing three measurable indicators:

– NumberOfUsers : measures the number of Safir reports users.

– NumberOfUses : measures the number of Safir reports uses.

– ReportLikes : measures the number of favorite Safir reports.

• Three dimension tables, containing different dimensions:

– ODI_BI_REPORT: contains dimensions related to reports. For example,
number of users could be measured per REPORT_ID or the report NAME.

– BI_HIERARCHY: contains dimensions related to reports hierarchies. For
example, number of uses could be measured per HIERARCHY_ID, NAME
or the hierarchy PARENT_ID.

– ST_CALENDAR: contains temporal dimensions. To standardize temporal
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results of our analysis with existing ones at STMicroelectronics , we decided
to reuse the calendar used in its systems. Indicators therefore could be
measured per ST_YEAR, ST_WEKK, etc.

Fig. 4.29. DWH modelling

5. Reporting analysis results: Once the DWH objects are defined, reporting results
of our analysis is our objective. To this end, we use the reporting tool Business
Objects (BO). Figure 4.30 shows the interface used for our analysis where we note
three different work areas. On the left, BO presents the defined objects of the DWH
(indicators and dimensions previously described). On the top left, selected objects
are shown. Finally on the bottom left, filters could be done on selected objects.

Applied to our analysis, we select for example, the number of uses and the number
of users after 2013. The output is therefore a report (figure 4.31) of wished results
about the number of Safir reports users and uses.

6. Results exploitation: Business Intelligence aims at helping its users to make busi-
ness decisions. Applied to our context, a BI for BI system aims at making decisions
about the current BI system. As an output of an example of analysis, we were able
to report the number of Safir report uses and users (figure 4.31). This report uses
two indicators, "Number of users" and "Number of uses", where:
Number of users = count(distinct USERNAME)
Number of uses = count(distinct DATE_ACCESS)
They are measured according to the report dimension, based on the attribute "RE-
PORT_ID" from the dimension table "ODI_BI_REPORT" (figure 4.29).
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Fig. 4.30. Business Objects (BO) for reporting results

We note that our main objective using a BI system is to help make decisions on
its evolution. In our example, such a report could be an entry for removing unused
reports. Currently, thanks to made analysis of our example, we were able to identify
286 unused reports in Safir among 512 existing ones. Unused reports are defined
as those which were used less than one time and which were accessed the last time
before 2013.

Discussion

We note that the development and the use of the BI4BI system do not imply more
recommendations and technical skills than any other BI system. Actually, BI4BI targets
different categories of users who yet use a BI system or similar technologies, as experts or
simple users. The development of the BI4BI system can be actually easier, particularly
due to the fact that a data warehouse already exists. Therefore, the data warehouse used
in the existing BI system can be also reused for the BI4BI system. It is applicable also
for the rest of BI technologies (ETL, Reporting tool, etc.). Consequently, in addition to
facilities provided by Business Intelligence, we believe that a BI4BI system’s development
and use remain accessible to BI experts as well as its end users.

To summarize, in this section, we presented the implementation of our proposal Business
Intelligence for Business Intelligence that aims to quantitatively analyse the current BI
system behaviour and to make decisions about its improvement actions. In the follow-
ing, we present the second side of our knowledge evolution solution, based on user-based
analyses.
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Fig. 4.31. An example of a report results

4.5 User-based Knowledge Evolution

The identification of user-based indicators was a part of our process for the BI system eval-
uation. We note that users’ experiences and expertise in the domain at STMicroelectronics

helped to enrich our findings from their points of view. Among identified indicators, quan-
titative ones were integrated in the BI4BI system, and the user-based ones in the ques-
tionnaire, presented in this section. As a result, identified user-based indicators are about,
content relevance, content correctness, content manipulation, ease of access and use, ade-
quacy to business needs and tools functionalities.

This questionnaire is presented in appendix C. It contains several questions on the
BI system. They are almost containing the same number and types of answers (Very
easy/satisfied, Fairly easy/satisfied, Neither easy/satisfied nor not easy/satisfied, Not very
easy/satisfied, Very difficult/Not at all satisfied). This choice has been made for two rea-
sons. First, having the same format makes it easy to answer and to continuously integrate
it in the evaluation process. Second, this format of questions and answers facilitates a
lot its integration within our continuous improvement cycle, particularly into the BI4BI
system. This step is detailed in the following.
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4.6 User-based Knowledge + BI4BI

4.6.1 Solution Specification

Knowledge evolution involves two complementary solutions, quantitative and user-based.
In this section, we demonstrate how both of them can be considered together and provide
a unified solution for knowledge evolution.

Our idea consists in integrating results of the questionnaire within the BI4BI system.
Such a solution will help to analyse and make decisions on the evolution of embedded
knowledge not only in existing systems but also in users’ minds. Therefore, both explicit
and tacit knowledge will be considered in knowledge evolution. Besides, combining both
results will allow more effective knowledge evolution on the BI system.

Actually, by integrating the results of the questionnaire in the BI4BI system, we will
be able to measure and evaluate users’ opinions on the BI system. Consequently, here,
we talk about users’ centred evaluation, since it is initially consisting of the questionnaire
results. However, with the results of the BI4BI system based on statistics on the BI system
use, we talk about data centred evaluation.

To proceed, as usual in a BI system, it consists in identifying indicators and dimensions.
Stored in a data warehouse, they help measuring and making decisions on the system. This
process is detailed in sections 4.3 and 4.4. In the following, we demonstrate our solution
in an example measuring the relevance of reports’ content in Safir. This example is the
continuity of results of previous sections.

We consider that the content relevance can be measured as follows:

Safir Content Relevance = Average (Safir Reports Relevance , Safir Reports Uses)

Where,

• Safir Reports Relevance is based on the questionnaire results. It consists in evaluating
the adequacy of Safir reports with users’ needs. In the questionnaire (section 4.5),
two questions target this need: (1) Considering the last 5 used Safir reports, are they
informative? and (2) Are reports’ content well structured?

• Safir Reports Uses is based on the BI4BI system. We base on measuring reports
users and uses. This part is developed in section 4.4. This indicator is an average of
the evolution of uses of Safir reports over time. It considers the reports uses, their
users and the favourite ones.

4.6.2 Technical Architecture

Combining both results, we are be able to provide one indicator measuring the content
relevance in Safir. Previously, we demonstrated how to measure the reports uses in Safir
with the BI4BI system. In this section, we focus on the integration of the user-based part
of our solution in the BI4BI system. Figure 4.32 shows the BI4BI technical architecture,
including the results of the questionnaire in addition to the Safir data base data.

To proceed, the questionnaire results are initially stored in a text file. They include
data on the two questions, users (20 participants) and their responses. To proceed, we
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Fig. 4.32. Integration of the questionnaire results in the BI4BI system

extracted, transformed and loaded them into the data warehouse, in the form of indicators
and dimensions. Indicators are the "Level Of Information" and the "Level Of Structuring".
Their overage imply a third one which is "Safir Reports Relevance", where:

• The "Level Of Information" indicates if the report is informative for its users accord-
ing to their points of view.

• The "Level Of Structuring" indicates if the report is well structured according to
users’ points of view.

• The "Safir Reports Relevance" indicates if the report is quite relevant according to
users’ points of view. It is based on the "Level Of Information" and the "Level Of
Structuring" results.

Their results are between 0 and 1, where 0 is the worst score (not all informative,
structured, relevant) and 1 is the best one. Dimensions could be the "User" and/or the
”Question". Figure 4.33 presents the data warehouse modelling, where, in addition to the
BI4BI modelling, it includes the questionnaire modelling (the red square).

4.6.3 Results Exploitation

Using the Reporting tool (Business Objects), reports are created. An example is shown in
figure 4.34 that presents the level of information in Safir reports according to the results
of the questionnaire.

Finally, based on the results obtained from the B4BI system on Safir content relevance
(questionnaire results), we obtain the following findings:

Safir reports relevance = Average (Level Of Information , Level Of Structuring) =
Average (0.88 + 0.84) = 0.86

This result can be eventually completed with the an indicator on "Safir Reports Uses".
A result combining both Safir content relevance (Safir database results) and Safir content
uses (questionnaire results) will provide an overview that helps to assess and make deci-
sions on the evolution of Safir content.
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Fig. 4.33. BI4BI modelling + questionnaire modelling

To summarize, in this section we integrated the results of the questionnaire within the
BI4BI system. Respectively, they allow to gather tacit and explicit knowledge throughout
our continuous improvement cycle, as a part of BI knowledge evolution.

4.7 Conclusion

In this section, our BI knowledge evolution proposal is presented. It includes two com-
plementary solutions. On the one hand, a data centred solution is based on a Business

Intelligence for Business Intelligence system. It aims at evaluating, analysing and making
decisions about the BI activity and its evolution, ensuring therefore its knowledge evo-
lution. Its design process, specification and implementation are detailed. On the other
hand, a user-based solution complements our proposal for knowledge evolution. It is based
on the results of the questionnaire evaluating the BI system and its users’ points of view.
Together, the data centred and user-based solutions help evolve BI knowledge.

5 Summary

This chapter presented our solution for BI knowledge capitalization as a part of the de-
sign cycle of the Design Science Research. We described the different solutions for each
considered step of the knowledge capitalization cycle. First, made evolutions and areas
of progress on Stiki for knowledge sharing are presented and their integration in the tool
are evaluated. Second, we suggested a knowledge representation solution considering three
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Fig. 4.34. Example of a report about the level of information in Safir reports

complementary characteristics, know What , Why and How , differently represented and
applied to BI. Such a solution ensures the completeness, relevance and organization of
knowledge, that we demonstrated its feasibility by its results integration in Stiki . Finally,
BI knowledge evolution proposal is presented. It includes two complementary solutions.
First, a quantitative one based on a BI4BI system aiming at evaluating, analysing and
making decisions about the BI activity and its evolution. Here, we talk about a data cen-
tred evaluation solution. Second, a questionnaire allows assess the BI system’s knowledge
from its users’ points of view. Here, we talk about a user-based evaluation solution. Fi-
nally, combining both of them is discussed. It allows to involve at the same time explicit
and tacit BI knowledge.
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Chapter 5

Conclusion and Perspectives

1 Introduction

This chapter presents at the same time a conclusion for this thesis, while including also two
important steps of the Design Science Research: application in the appropriate environment
as well as additions to the knowledge base. These ones describe our contributions [5]. We
end this chapter with some perspectives.

2 Application in the Appropriate Environment

"Most often, the contribution of design science research is the artefact itself. It must enable
the solution of heretofore unsolved problems" [5]. Design tools and prototype systems are
examples of such artefacts. This section demonstrates how our research contributes to the
appropriate environment, i.e STMicroelectronics .

In our research, three proposals have been improved, suggested and developed as part
of our knowledge capitalization solution: first, Stiki for knowledge storage and sharing;
second, the Business Intelligence for Business Intelligence (BI4BI) system for knowledge
evolution; third, the questionnaire for knowledge evolution. In the following, we describe
the development of these solutions and their application in the environment, in our case
at STMicroelectronics .
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2.1 Stiki ’s Improvement

Thanks to the evaluation of Stiki ’s use for knowledge sharing (presented in chapter 2), sev-
eral issues have been identified and a set of areas of progress have been recommended, in
order to promote its use and to accomplish its objectives. Consequently, several improve-
ments have been achieved, for example, a rating functionality for reviewing its content,
expanding its scope of application, etc. In addition, structuring pages’ content has been
promoted thanks to our knowledge representation proposal. Our solution for improving
Stiki for knowledge sharing at STMicroelectronics , has several strengths. First, an appro-
priate user centred approach allowed to target the real problems encountered by users
throughout their daily activities at work. Second, collaboratively improving them ensures
the relevance and usability of the improvement proposals and therefore the effectiveness of
our solution. Third, it is a way to make them aware of the importance of knowledge sharing.

As a result, performed evolutions have contributed to its success for knowledge sharing,
which were demonstrated throughout its effective use. Thanks to its evolution, today, Stiki
is considered the main tool for knowledge sharing at STMicroelectronics and constitutes
therefore an important contribution effectively integrated in the work environment.

2.2 BI4BI System Development

As one first stage of knowledge evolution, we implemented a Business Intelligence for
Business Intelligence system. It is actually a BI solution able to analyse and make decisions
about the existing BI system, in our case, at STMicroelectronics . Our solution included
several modules required for its development:

• ETL (Extract-Transform-Load) tools

• A data warehouse

• The reporting tool "Business Objects"

We demonstrated the feasibility and applicability of our system through different ap-
plication examples on the existing BI system at STMicroelectronics . Consequently, one
clear contribution of our research is the development of the BI4BI system for a continuous
improvement cycle for knowledge capitalization. Our proposal has practical added values
to the considered environment. At STMicroelectronics , it provides interests for people,
technology and organization. First, the developed BI4BI system helps BI users evaluate,
assess and make decisions on their own produced knowledge evolution based on their own
uses, which makes them feel more comfortable with obtained results. Second, we note that,
in the case of STMicroelectronics , our proposal BI4BI system is actually based on a yet
used technology in the organization. Therefore, its integration was adequate and suitable
to the existing technological environment. Third, our proposal fits with the strategy of
the organization to provide a continuous improvement cycle for business knowledge capi-
talization, in a first stage, applied to the BI process. We highlight that this work has been
published, as well in the IEEE Ninth International Conference on Research Challenges in
Information Science [4].

2.3 User-based Questionnaire

As part of BI knowledge evolution, we suggested a questionnaire to complete our quan-
titative system BI4BI. It is able to assess the use of the BI system and its knowledge,
from its users’ points of view. The conception of the questionnaire was based on BI users
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involvement to select the most appropriate user-based indicators to take into account.

The suggested questionnaire presents a real interest and effectively integrated within
the work environment at STMicroelectronics . On the one hand, our proposal for regularly
launching the questionnaire to assess the knowledge system helps involving more and more
users in knowledge capitalization, while its integration in the organizational practices. On
the other hand, the proposed questionnaire is well integrated in the technological system
at STMicroelectronics . It is actually developed with a regularly used application by the
company for surveys. Besides, obtained results could be easily forwarded to other used
applications, in our case, to the BI4BI system.

3 Additions to the Knowledge Base

"Effective Design Science Research must provide clear contributions in the areas of the de-
sign construction knowledge (i.e., foundations), and/or design evaluation knowledge (i.e.,
methodologies)" [5]. This section demonstrates how our research contributes to the knowl-
edge base.

On the one hand, according to [5], the creative development of novel, appropriately
evaluated constructs, models, methods, or instantiations extend and improve the existing
foundations. In our thesis, they present the development of novel and evaluated models,
and instantiations that improve the existing foundations in the knowledge representa-
tion field. Therefore, we proposed modelling knowledge according to three characteristics,
What , Why and How . In addition, in our research, a continuous improvement cycle for
knowledge evolution has been proposed. Its principle is, in fact, based on a creative and
novel methods, involving a user based solution (questionnaire) in addition to a data based
solution (BI4BI). These contributions’ application at STMicroelectronics is detailed in sec-
tion 3.1.

On the other hand, according to [5], the creative development and use of evaluation
methods and new evaluation metrics provide design science research contributions. In
our research, it consists, first, in the use of innovative evaluation methods and indicators
throughout the evaluation of the use of Stiki for knowledge sharing. Second, it includes
the identification of the BI4BI system’s indicators and measures as part of the continuous
improvement cycle for knowledge evolution. Both contributions are detailed in section 3.2.

3.1 Foundations

According to [5], modelling formalisms, ontologies, problem and solutions representations,
design algorithms and innovative information systems are examples of foundations. In this
work, main foundations are demonstrated throughout our proposal for expert knowledge
representation with the know What , Why and How models (presented in chapter 4). In
this section, these foundations are highlighted.

3.1.1 Knowledge Representation: What, Why and How Models

As one stage of the knowledge capitalization cycle, knowledge representation consists of
defining knowledge characteristics, know What , Why and How [2, 3]. Applied to the
Business Intelligence process at STMicroelectronics , each one describes knowledge in a
different level and should be modelled in an appropriate way, where:
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• Know What corresponds to the conceptual level representing manipulated objects
during the process and their relationships. It is modelled by a class diagram.

• Know Why corresponds to the behavioural level representing explanations and justi-
fications behind processes. It is represented by the QOC model (Questions-Options-
Criteria).

• Know How corresponds to the technical level representing knowledge integration,
implementation and exploitation in systems. It is represented by IRTV modelling
(Information-Roles-Tasks-Views).

Defining and representing BI knowledge characteristics allowed the use of well-designed
models that are useful in a real organizational setting. To validate our proposal, with a
user centred approach, we explored, co-designed and validated our models based on users’
points of view (end users, managers and engineers). Consequently, our complementary
models for knowledge representation are themselves a foundation. On the other hand,
this work has been published in two international conferences in two different domains
(information systems and industrial engineering): IEEE Eighth International Conference
on Research Challenges in Information Science [2], as well as, International conference on
Advances in Production Management Systems [3].

3.1.2 A continuous Improvement Cycle

In our research, a continuous improvement cycle has been proposed for knowledge evo-
lution. It includes a BI4BI system and a questionnaire. Their objective is to evaluate,
analyse and make decisions about BI knowledge. Their design process, specification and
principle constitute creative novel methods for evaluating BI knowledge. But also, be-
ing generalizable makes them applicable not only on BI knowledge but also information
systems’ knowledge in general and in different contexts.

3.2 Methodologies

According to [5], methodologies include the creative development and use of evaluation
methods (e.g., experimental, analytical, observational, testing, and descriptive) and new
evaluation metrics. In our work, different methodologies have been applied. First, we note
that one main strength of our proposal is the use of user centred approaches to conduct
our research. To proceed, a user centred evaluation approach is applied to Stiki in order
to assess its use for knowledge storage and sharing at STMicroelectronics (presented in
chapter 2). Second, the development of the BI4BI system and the questionnaire (presented
in chapter 4) required the identification of a set of evaluation criteria and measures to
assess a Business Intelligence system. In this section, these two main methodological
contributions are highlighted.

3.2.1 Knowledge Storage and Sharing: Stiki ’s Evaluation Methodology

A user-centred approach was developed to assess the use of a Wiki for knowledge sharing at
STMicroelectronics , that we reflected on the possible validity threats to its generalizability
to other settings. Our experimental evaluation approach is complete, as it includes qualita-
tive and quantitative methods ensuring representative results and uses different evaluation
criteria, where two aspects have been considered, social and technical (detailed in chapter
2). It aims at understanding how a Wiki is used, by collecting users’ opinions about its
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advantages, limits and areas of progress. It takes into account current practices and con-
siders users as the main source of information.

On the one hand, involving practitioners throughout our evaluation approach supports
their professional values and roles, where they need to recognize how others can benefit from
such a process. On the other hand, it will be particularly relevant for researchers to focus on
studies and approaches of joint working, to develop ways of identifying and qualitatively
and quantitatively evaluating its outcomes for users and to understand organizational
phenomena. Thus, applying such an approach, involving users in systems’ use evaluation,
enables researchers and practitioners to understand and address the problems inherent in
developing and successfully implementing systems within organizations and then bridge the
gap between theory and practice. Consequently, our user centred evaluation approach is
itself a contribution to design science, that has been published in the international Journal
of Knowledge Management [1].

3.2.2 Knowledge Evolution: Evaluation Methodology, Indicators and Mea-
sures

Among stages of the continuous improvement cycle, defining BI indicators and measures
according to a set of evaluation criteria was a crucial step in the development of the BI4BI
system and the questionnaire. In a first stage, based on the product quality model defined
in ISO 25000, we identified evaluation criteria required to assess the properties of a software
product. Second, relying on previous findings, we based on users’ experiences and expertise
in the domain to define indicators and measures for assessing a BI system (detailed in
chapter 4). Those ones are of several categories and natures, and could be generalized to
make them applicable not only for assessing a BI system but also information systems in
general and in different contexts. These findings constitute an important contribution to
the design science research knowledge base.

4 Perspectives

In terms of perspective, our aim is to expand the continuous improvement cycle not only
for Business Intelligence but also for information systems in general. To this end, two
parts are involved: first, to extend the knowledge capitalization cycle to a knowledge
management cycle; second, to consider it for any information system (IS).

4.1 Knowledge Management Cycle

In order to extend our solution to a knowledge management cycle, we aim in a fist stage
to improve our proposal, mainly for knowledge representation. Next, we aim to complete
it other steps, such as, knowledge reuse.

Knowledge representation:

We aim to improve the What, Why and How characteristics representation, taking into
account the relationship between them. To this end, we will study how the QOC Model
can be adapted to deal with the confusion problem in the know Why representation. As
well, we will investigate if it could be applied to other objects of the What model or if it
has to be completed with other methods. Then, the representation of the know How will
be improved in order to involve both process modelling and control mechanism.
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Finally, applied to STMicroelectronics , the relationship between knowledge representa-
tion and its sharing in Stiki will be achieved. The idea consists in providing, automatically
through proposed models, Stiki templates for objects, where each one treats all knowledge
characteristics, according to the concerned models. Eventually, we will discuss how new
users can search for information while learning existing vocabulary. At STMicroelectronics ,
such an approach for knowledge capitalization could be generalized to other contexts.

Knowledge reuse:

We aim at studying knowledge reuse as another stage of our capitalization cycle,
through which, we will discuss how capitalized knowledge could be reused in an effec-
tive way by users, and eventually discuss how new users can search for information while
learning existing vocabulary. To this end, an expert system can be developed. It is based
on the construction of a knowledge base, where users can reuse knowledge based on their
needs. Commonkads is one of the most known methodologies for developing expert systems
[25].

4.2 IS Knowledge Management

In order to extend the knowledge management cycle for all information systems, the main
challenge will be about IS knowledge evolution. It is considered as the more critical and
difficult to realize. This will be discussed in a first stage. Next, throughout our proposal
for knowledge capitalization and evolution, we based mainly on structured data, that is
stored in internal databases. At this stage, we aim to consider not only unstructured data,
but also data stored in different and heterogeneous types of databases. These perspectives
lead us to explore the domain of Big Data.

Knowledge Evolution:

Identified indicators and measures for BI system evaluation will be evolved to make
them platform independent, which is not discussed in this work. Actually, in our current
work, indicators have been identified for each tool of the BI system (BO, Stiki, Safir and
the Blog). As a result, our identified indicators are system-oriented. For example, the
way "content uses" is measured for BO is not the same for Safir. Therefore, our idea is to
propose a more suitable indicators for all considered systems. Consequently, we will make
them independent from the system that should be evaluated. In that way, they will not
be restricted to the type of the concerned system. Such a generalized solution makes it
applicable not only for monitoring a BI system but also information systems in general
and in different contexts.

BIG Data:

In the context of STMicroelectronics , the Business Intelligence domain has been con-
sidered for its knowledge capitalization. However, it could also be interesting to generalize
our solution to be applicable and applied to different domains and contexts. As a result
other requirements would certainly appear. We note, for example, the necessity to base on
structured and unstructured data, such as presentations, stored in different and disorga-
nized types of databases, which makes its volume more important and heterogeneous.

Actually, each application domain does not produce, manipulate and store neither the
same volume of data nor in the same manner. Nowadays, due to the proliferation of systems
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that continuously produce data (social networks, mobile applications, electronic sensors,
etc), the volume of data and information produced every day is exponentially growing
and data sources are various and very different [134]. Complementary to BI, Big Data is
seeking to navigate this avalanche of data in order to identify in real time relevant and
useful information. We identified three characteristics of Big Data, that can applicable in
our research: the considered sources, their structures and data quantity.

First, as shown in figure 5.1, the range of data used in big data projects varies from
internal companies’ operational data extended with archives, logs and transactional data,
to external public data. For example, most organizations, such as STMicroelectronics , are
subscribed in social media (facebook, twitter, etc). Extracting data coming from these
external platforms could help to identify consumers perception about using their products.

Fig. 5.1. Big Data sources

Second, developers prefer work with flexible solutions easily adapted to any new type
of data, while not being disrupted by its content structure changes [135]. Actually, current
data is often unstructured and semi-structured requiring, therefore, an effective database
for its storage. This is why, today, organizations are adopting the NoSQL technology that
means Not only SQL. For example, at STMicroelectronics, unstructured data is present
in regular presentations, shared folders, logs, etc. Big Data provides, therefore, a more
flexible, schemaless data model, better adapted to an application’s data organization.

Third, Big Data adds to traditional BI systems a new dimension, which is to exploit
huge volumes of data at the finest detail. This is the case in most large organizations.
At STMicroelectronics , for example, records on executed tests on wafers are daily multi-
plied. Consequently, Big Data is able to explore a huge amount of interrelated data and
to emerge significant findings and to identify new relevant information and knowledge [136].

To summarize, a big data system is capable to generate complex processes and deeper
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business insights than existing data warehouse and Business Intelligence systems. This is
the reason why, we believe that our vision fits in well with the Big Data field.
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The use of Stiki: frequency and type of use 

Stiki is used for searching for information 1-Everyday 2-Once a week 3-Once a month 4-Less than once per 
month  

If you use it one a month or less, you do not use it because 

 

Otherwise specify 

 

You contribute in Stiki (for update or page creation) 
1-Everyday 2-Once a week 3-Once a month 4- Never 

 
If you do not contribute, it is because (multiple choices 
ctrl+clic)  

 

Other reason, specify  

 

Within your team, Stiki is used to access information  
1-Everyday 2- Once a week 3-Once a month 4-Never  

You usually use Stiki to store your own job information 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Eventually, which other sharing tools do you use? 
 

Usability and usefulness of Stiki 

Stiki is a knowledge sharing tool  
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

In order to use Stiki, it has to present an interest for users 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Access 

For access, I think that Stiki is easy to use 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

For access, I think that I need help 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

For access, I think that most people are able to quickly learn 
using Stiki 1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

For access, I feel confortable using Stiki 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Contribution 

For contribution,  I think that Stiki is easy to use 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

For contribution, I think that I need help 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 
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For contribution, I feel confortable using Stiki 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

For contribution, I think that most people are able to quickly 
learn using Stiki 1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

For contribution, I think that page structuring is easy to follow 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

I realize that Stiki is a collaborative tool 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Stiki can be used to train new recruits  
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Stiki can serve not IT users 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Interest of knowledge sharing 

Knowledge sharing is a daily need  
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Knowledge sharing saves time  
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Stiki is currently the reference tool for knowledge sharing  
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Stiki is currently the reference tool for knowledge storage 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Stiki has to be part of the project life cycle 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Knowledge structuring 

I know the existing templates of Stiki 
1-Yes 2-No  

Structuring helps in writing information 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Structuring helps searching for information 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Structuring helps unifying the content 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree  

Structuring promotes understanding 
1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Following the structuring instructions seems to be 
1-Easy 2-Rather easy 3-Rather difficult 4-Not easy  

I think that existing structuring is easy to adapt to special 
cases 1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Knowledge quality and relevance 

Stored information in Stiki is 
1-Very useful 2-Rather useful 3-Rather not useful 4-Not useful  

I can trust the information stored in Stiki 
1-Yes 2-No  

Otherwise, why 

 

Knowledge stored in Stiki is  
1-Very relevant 2-Rather relevant 3-Rather irrelevant 4-Irrelevant 

Knowledge stored in Stiki is  
1-Updated 2-Rather updated 3-Rather obsolete 4-obsolete  

I think there is much inconsistencies in knowledge stored in 
Stiki 1-Agree 2-Somewhat agree 3-Somewhat disagree 4-Disagree 

Areas of progress 

For each functionality, give a mark on a scale of 1 to 10, where 1: not important and 10: very important  

More user-friendly interface 
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Advanced search 
 

Selecting favourite pages 

 

Expanding the scope of application of Stiki 

 

Others, specify 

 

Training should be regularly established for the use of Stiki 1-Very important 2-Somewhat important 3-Not very important 4-
Not at all important  

Knowledge in Stiki should be regularly evaluated 1-Very important 2-Somewhat important 3-Not very important 4-
Not at all important 

Any other suggestions to improve Stiki 

 

Analysis (optional) 

How old are you? 
1-Under 25 years 2-Between 25 et 30 years 3-Between 30 et 40 years 

4-Over 40 years  

You status or profession at STMicroelectronics 
IT Co-contractor Not IT  

Seniority in the company (number of years)  
 

Seniority within the team (number of years) 
 

 
Thank you for your participation in this study 

 
 

Submit 
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BO: Functional suitability criterion

Sub-criterion: Functional completeness

Indicators Measures Types of measures Dimensions

Objects coverage

Number of BI objects uses Objective time, domain, BO objects, user

Number of covered domains by BI in the organization Objective domain

Number of available reports in BO Objective time

Number of duplicated or similar BI objects Objective domain, BO objects

Activity evolution

Number of reports created after BI modelling Objective time, domain, report, user

Number of requests for creating objects Objective time, domain, BO objects, user

Cycle time of reports creation Objective time, domain, report, user

Number of requests for correcting BI objects Objective time, domain, BO objects, user

Number of participants in creating a report Objective time, domain, report, user

Sub-criterion: Functional correctness

Indicators Measures Types of measures Dimensions

Objects relevance

Adequacy of BI objects to users’ needs Subjective

Number of changes after the BI modelling Objective time, domain, BO objects

Number of different BO objects providing the same result Objective time, BO objects

Objects uses

Number of BI objects (indicators and dimensions) uses
in personal reports

Objective time, domain, BO objects, user

Number of reports uses (in public and personal folders
in BO)

Objective time, domain, report, user

The number of unused instances of reports running on
BO

Objective time, domain, report, user

Objects correctness The accuracy of BO objects results Subjective

Objects availability Number of available BI objects at the scheduled time Objective time, domain, BO objects

Objects freshness
Number of available objects updated at the required
business time

Objective time, domain, BO objects

Number of incidents for reports problems Objective time, report, domain

Sub-criterion: Functional appropriateness

Indicators Measures Types of measures Dimensions

Objects manipulation

Objects identification subjective

Objects organization Subjective

Objects exploitation Subjective

Objects documentation Subjective

Exporting format Graphics rendering Subjective

Resources uses

Number of trained people Objective time, domain

Number of distributed licences Objective time, domain

Number of licences used for consultation and for contri-
bution

Objective time, domain, BO objects, user

Number of connections to BO Objective time, users
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Safir: Functional suitability criterion

Sub-criterion: Functional completeness

Indicators Measures Types of measures Dimensions

Reports management
Number of accesses to historized reports Objective time, domain, report, user

Number of historized reports Objective time, domain, report

Safir coverage
Number of covered workshops Objective time, domain

Number of new reports Objective time, domain, user

Access to information How to access to a report for the first time Subjective

Sub-criterion: Functional correctness

Indicators Measures Types of measures Dimensions

Reports obsolescence
Number of unused reports Objective time, domain, user

Number of unused categories Objective time, domain, Safir categories

Reports relevance Adequacy of reports with users needs Subjective

Content uses

Number of reports in "Favourite" folders Objective time, domain, user

Number of documented reports Objective time, domain

Number of used/unused reports Objective time, domain, BO, user

Number of reports uses Objective time, user

Sub-criterion: Functional appropriateness

Indicators Measures Types of measures Dimensions

Reports manipulation

Reports identification Subjective

Reports organization Subjective

Reports exploitation Subjective

Reports documentation Subjective

Exporting format Graphics rendering Subjective

Categories organization

Number of categories Objective time

Number of reports in right categories Objective SAfir categories

Adequacy of categories with the organization structure Subjective

147



APPENDIX B. BI SYSTEM INDICATORS, MEASURES AND DIMENSIONS

Stiki: Functional suitability criterion

Sub-criterion: Functional completeness

Indicators Measures Types of measures Dimensions

Content coverage Number of documented objects Objective domain, BO objects

Activity evolution Adequacy of changes in Stiki with changes in the whole
BI system (they have almost the same evolutions of
changes)

Objective time, system

Sub-criterion: Functional correctness

Indicators Measures Types of measures Dimensions

Content relevance
Adequacy of the content with users’ needs Subjective

Number of pages’ likes Objective time, Stiki page

Content uses

Number of users Objective time, Stiki page, user

Number of consultations Objective time, Stiki page, user

Number of contributions Objective time, Stiki page, user

Number of contributors Objective time, Stiki page

Sub-criterion: Functional appropriateness

Indicators Measures Types of measures Dimensions

Content manipulation

Pages identification Subjective

Pages location Subjective

Search means Subjective

Content organization

Number of hyper links between Stiki pages Objective Stiki page

Number of pages having an objective description Objective Stiki page

Number of pages respecting defined templates Objective Stiki page

Blog: Functional suitability criterion

Sub-criterion: Functional completeness

Indicators Measures Types of measures Dimensions

Notificaion support

Number of subscribed users Objective time, blog category

Number of unsubscribed users Objective time, Blog category

Number of resubscribed users Objective time, Blog category

Number of "Alert me" in the Blog categories Objective time, Blog category, user

Sub-criterion: Functional correctness

Indicators Measures Types of measures Dimensions

Content relevance

Number of "Likes" Objective time, Blog category, user

Number of accesses to the blog via mails notifications Objective time, user

Content information completeness Subjective

Sub-criterion: Functional appropriateness

Indicators Measures Types of measures Dimensions

Information manipulation
Adequacy of the title and the location Subjective

Reports historic Subjective

Content organization Number of categories respecting the template Objective Blog categories
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This study is addressed to the Business Intelligence (BI) system’s users and is designed to assess its use and evolve its knowledge.
The following questions cover different tools used in your work and constitute today the BI system: Business Object (BO), Stiki,
Safir the reporting portal and the blog Crolles300.
If you do not know the answer to a question, you can just move to the following one. Your participation is voluntary. We ensure

that all collected information will remain confidential.

1. Ease of use of:

Very easy Fairly easy Neither easy
nor not easy

Not very
easy

Very difficult

Search engine of Stiki
Exploiting a BO report results
Exploiting the Blog Crolles300 report results
Exploiting Stiki pages’ content

2. Documentation quality:

• Author

Always Often Rarely Never I do not
know

Considering the last 5 used indicators and uni-
verses, their authors, are they identified?
Considering the last 5 used reports, their authors,
are they identified?
If authors are mentioned, is there information on
their profiles?

• Content

Very infor-
mative

Fairly infor-
mative

Neither in-
formative
nor not
informative

Not very in-
formative

Not at all in-
formative

Considering the last 5 used BO objects (report,
indicator, dimension and universes), are they in-
formative?
Considering the last 5 used Safir reports, are they
informative?
Considering the last 5 used Blog Crolles300 pages,
are they informative?
Considering the last 5 used Stiki pages, are they
informative?

– Are reports’ content well structured?

∗ Totally agree

∗ Agree

∗ Somewhat agree

∗ Somewhat disagree

∗ Disagree

– Considering the last 5 used Stiki pages, how do you evaluate writing quality?

∗ Very good quality

∗ Good quality

∗ Neither good nor bad quality

∗ Not very good quality

∗ Very bad quality

– In general, do you trust information in BO?

1

150



APPENDIX C. QUESTIONNAIRE FOR THE QUALITATIVE KNOWLEDGE EVOLUTION

∗ Always

∗ Often

∗ Rarely

∗ Never

∗ I do not know

– In general, how do you think about information structuring in BO?

∗ Very good structuring

∗ Good structuring

∗ Neither good nor bad structuring

∗ Not very good structuring

∗ Very bad structuring

3. Considering the last 5 used Stiki pages, what do you think about the level of detail of their content?

• Very detailed

• Fairly detailed

• Neither detailed nor not detailed

• Not very detailed

• Not at all detailed

4. Considering the last 5 used the Blog pages, what do you think about the level of detail of their content?

• Very detailed

• Fairly detailed

• Neither detailed nor not detailed

• Not very detailed

• Not at all detailed

5. Search for information

Very easy Fairly easy Neither easy
nor difficult

Not very
easy

Very difficult

Assess the ease of identifying reports with their
titles
Assess the ease of identifying a dimension with
its name
Assess the ease of identifying a universe with its
name
Assess the ease of identifying a Stiki page with its
name
Assess the ease of identifying a Blog page with its
name
Assess the ease of locating reports
Assess the ease of locating indicators
Assess the ease of locating dimensions
Assess the ease of locating Stiki pages

6. The legibility of the category tree in tools (BO, Safir, Stiki and the Blog)

2
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Very satis-
fied

Fairly satis-
fied

Neither sat-
isfied nor not
satisfied

Not very sat-
isfied

Not at all
satisfied

Specify you level of satisfaction of the category
tree naming
Specify you level of satisfaction of the relevance
of hierarchies in the category tree
Specify you level of satisfaction of the number of
hierarchies in the category tree
Specify you level of satisfaction of the the cate-
gory tree in BO
Specify you level of satisfaction of the the cate-
gory tree in Safir
Specify you level of satisfaction of the the cate-
gory tree in Stiki
Specify you level of satisfaction of the the cate-
gory tree in the Blog

7. Considering the last 5 used objects, assess their adequacy to your needs

Very ade-
quate

Fairly ade-
quate

Neither ad-
equate nor
not adequate

Not very ad-
equate

Not at all ad-
equate

Report
Indicator
Dimension
Universe
Stiki page
Blog page

8. Considering the last 5 used objects, assess their accuracy (right results)

• Very accurate

• Fairly accurate

• Neither accurate nor not accurate

• Not very accurate

• Not at all accurate

9. Further information

(a) Are you?

• Woman

• Man

(b) How old are you?

(c) What is your job?

• Engineer

• Technician

• Manager

• Other, please specify

(d) Do you practice managerial functions? Yes No

(e) In which year were you recruited at STMicroelectronics?

(f) What is your current level of expertise in the BI field?

• Expert

• Advanced

• Intermediate

• Beginner

Thank you for your cooperation.

3
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RÉSUMÉ

À STMicroelectronics , l’équipe de Business Intelligence est confrontée à exploiter quo-
tidiennement des données et des informations pour créer des rapports d’activité afin de
superviser la production. Dans une telle organisation industrielle, les produits changent
régulièrement et les données peuvent rapidement devenir obsolètes. Par conséquent, au fil
du temps, le nombre de rapports crées est de plus en plus important, tandis que les con-
naissances sur leur création sont perdues. Ceci est illustré dans une évaluation qualitative
et quantitative de la partie principale du système de connaissances à STMicroelectronics .
Ainsi, des problèmes d’obsolescence, de duplication, de non-centralisation et de proliféra-
tion continuent à surgir. Ce travail doit, donc, répondre à la question de recherche générale
suivante:

Comment assurer une capitalisation continue des connaissances métier?

Pour répondre à cette question, un cycle d’amélioration continue pour la capitalisation des
connaissances est proposé. Son objectif est de capitaliser efficacement et en permanence
les connaissances, tout en ciblant les besoins métier et assurant une solution évolutive.
Un système de Business Intelligence pour la Business Intelligence (BI4BI) est proposé.
Comme la connaissance est intégrée non seulement dans les systèmes et les outils, mais
aussi détenue par les humains et leurs pratiques, notre solution de capitalisation de connais-
sances proposée implique aussi les utilisateurs et les organisations: elle propose de recueillir
les points de vue des utilisateurs pour les intégrer dans la représentation des connaissances
et dans notre système BI4BI.

MOTS-CLÉS Capitalisation des connaissances, reporting décisionnel, Design Science
Research, cycle d’amélioration continue.

ABSTRACT

At STMicroelectronics , the Business Intelligence team is daily confronted to exploit
data and information to create reports about manufacturing activities in order to supervise
it. In such an industrial organization, products change regularly and data can quickly
become obsolete. Consequently, over time, the number of created reports is highly growing,
while knowledge about their creation is lost. This is shown in a qualitative and quantitative
evaluation of the main part of the STMicroelectronics ’ knowledge system.
As a result, problems related to knowledge obsolescence, duplication, non-centralization
and proliferation continuously arise. Therefore, this work addresses the general following
research question:

How to ensure a continuous expert knowledge capitalization?

To answer this question, a continuous improvement cycle for knowledge capitalization is
proposed. Its objective is to effectively and continuously capitalize expert knowledge while
targeting business needs and providing an evolving solution. It is based on a Business

Intelligence for Business Intelligence system (BI4BI). Since knowledge is embedded not
only in systems and tools, but also in human minds and practices, our proposed knowledge
capitalization solution also involves people and organizations: it proposes to collect users’
feedbacks and insights to integrate them in knowledge representation and in our BI4BI tool.

KEY WORDS knowledge capitalization, Business Intelligence, Design Science Research,
continuous improvement cycle.


