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Summary

This deliverable describes the research work domeder to design the two last KM services

envisioned in the Palette project: (1) a servigenfanaging the evolution of CoP knowledge

and (2) a service for evaluating this knowledgée Work for (1) consisted in

(a) identifying the CoP evolution events originating #wvolution of the CoP knowledge, and
the types of knowledge evolution resulting fromstaevents, and

(b) exploring two approaches to deal with the coheesatution of semantic annotations in
case of evolution of a CoP ontology, and implemrmentihe approaches in a research
prototype.

The work for (2) consisted in:

(a) designing a model and indicators of knowledge vdloen the perspective of a CoP
member,

(b) elaborating an algorithm based on the model formaing the value of knowledge, and

(c) describing the architecture of the future evaluatiervice.

The deliverable also outlines the research workclvhiemains to be done during the last

months of the Palette project.
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Foreword

RoseDIENG-KUNTZ, the leader of the Palette WorkPackage # 3, paas&y on Monday June
30, 2008, after a long illness. In charge of mamggihis deliverable (D.KNO.07), Rose had
prepared the plan, and should ensure the writingCbfpter 2 on the Knowledge Evolution
Service, of the general introduction and of theegahconclusion. She also should ensure the
entire edition of the deliverable. Unfortunatelyedias not been able to do this.

In order that D.KNO.07 as imagined by Rose comés leing, we decided to write the

deliverable parts that she had intended to writen€rning Chapter 2 in particular, let us

specify that the sections 2.2 to 2.6 have beenenribn the basis of the (Luong and Dieng
2007) paper, a paper written by Rose and her Phidestit Phuc-Hiep Luong. Section 2.1 was
written starting from the following passage of theplementation Plan # 3 (IP3) as a writing

instruction: “We will study how to make evolve tf@@oP] memory after some important

events in the life of the CoP: introduction of ammember, removal of a new member,
constitution of sub-communities, introduction ofnaw document, introduction of new
arguments in a discussion, memory maintenance ple&sé

Together with all the partners of WP3, we woulde lito express our gratitude to our
colleague and friend Rose for the important reseannd management work she has done for
WP3.

Alain Giboin and Amira Tifous



Chapter 1: Introduction

The previous deliverable (D.KNO.06) reported thevngevelopments oSweetWikiand
Bayfac services (a service for collaborative knowledgeation, and a service for faceted
classification), and introduced two new complex KskErvices:SemanticFAQa service for
semi-automatic and semantic annotation of a cogfus-mails, and for semantic retrieval
from such e-mails), andM LinkWidget(a service to semantically link resources stored i
repository with conversations posted in a discusBoum).

The current deliverable reports the research wankedaround the two last KM services
envisioned for the Palette project: {hg “KM Evolution Service”a service for managing the
evolution of both the ontology and the annotatismgporting the indexing and retrieval of the
resources stored in a CoP “memory”; and & “KM Evaluation Service™a service for
assessing the value of the knowledge exchangedhveitoP, and stored in the CoP memory.

This deliverable details the work effectively datehis time for each service, precisely:

1. Research work done for the KM Evolution Serviekere we study the CoP evolution
events leading the evolution of the CoP knowledgeR memory) and the types of
knowledge evolution resulting from these eventsd amhere we explore two
approaches enabling to manage the evolution ofRar@emory by taking into account
the interconnection between its elements (cf. atraris may evolve if the ontology
evolves, etc.) (Chapter 2).

2. Research work done for the KM Evaluation Servite design of a model and of
indicators of knowledge value from the perspectif@a CoP member, the elaboration
of an algorithm based on the model for computing ¥alue of knowledge and the
description of the architecture of the future see\iChapter 3).

In conclusion (Chapter 4), the deliverable recdps tesearch work done about the two
services, and presents the research work whichinen@ be done during the last months of
the Palette project.



Chapter 2: Knowledge Evolution Service

Foreword: Let us inform the reader that the work reportethia chapter is aesearchwork,
not a development ore and moreover that this work deals more with tlebriécal aspects of
the service than with its usage aspects. This m#aats when planning this work in the
framework of the IP3, it has been decided thakthewledge Evolution Service would not be
put in the hands of the PALETTE CoPs’ users, amd tlo user testing would be performed.
User testing would have been premature at this diftlee design of the service.

A Knowledge Evolution Servicis a service which allows managing the evolutidnthe
knowledge of a CoP, and more exactly the evolutinthe “materialisation” of this
knowledge in &oP Memory

A CoP Memorypartially corresponds to thehared repertoireeoncept described in (Wenger,
1998) model of a CoPi.e, the “shared repertoire of communal resources ti(res,
sensibilities, artifacts, vocabulary, styles, etikgt members have developed over time”.

We define aCoP Memory(or Community Memoly as being the “persistent, explicit,

disembodied representation of the knowledge anornmdition of a community, in order to

facilitate their access, sharing and reuse by ¢fevant members of the community, within
the context of their tasks”. This definition isfact an adaptation we made of the definition
of th()e1L notion of a Corporate Memory (or Organisagiomemory) given by (Dieng et al.,

2005).

Among the knowledge materialised in the communitgmory are the ontologies and
semantic annotations, i.e. “the knowledge charmsetdrby complex formal representations
that can be processed with complex inferences deduction, induction, abduction), and not
only with retrieval mechanisms” (Kuhn and Abecked97). The Knowledge Evolution
Service envisioned in Palette is a service aimadataging the evolution of these two kinds
of knowledge. The deliverable focuses on the fallmafrequent scenario: the user in charge
of the ontology management makes some changeserisiing ontology that thus evolves to
a new version of the ontology; as a consequencee Sgmantic annotations based on the old
version of the ontology become inconsistent; beedlis inconsistency may lead other users
to meet problems when searching some informatiothé documents indexed with such
inconsistent annotations, it is necessary to fiticonsistencies. The Knowledge Evolution
Service is intended to help users detect the instam annotations and repair them. When
implemented, the service would help CoP’s membenssars to make evolve the annotations
contained in the CoP memory.

This chapter describes the research work donedardo design the Knowledge Evolution
Service. We will successively report the researarkwdone about the management of
ontology evolution (Section 2.2) and the researarkwdone about the management of
annotation evolution (Section 2.3). A community nogynevolving according to the evolution
of the community itself, therefore, in Section 2wte will use CoP evolution models as
analysis frameworks in order to touch on (a) thenéw that can originate the evolution of the

! We acknowledge that an organisation and a comyhaite not necessarily the same characteristids. Th
doesn’'t however rule out that the memory of sudlective entities as CoPs and structured orgamisatboth
encompass a material side. The very generic dieiinite give here has no other goal than emphasthiigwve
approach the CoP memory from the material side tlaaidwe focus on the materialisation of knowledf@s
definition doesn'’t foresee the way this materialmais or will be instantiated within a CoP; wensequently
admit that the instantiation of the knowledge matesation within a CoP may be different from timstantiation
of the materialisation within a structured orgatiesa



community knowledge, and (b) the types of knowledgelution that can result from (a).
This can help to understand knowledge evolutioteb@ind to support it better.

2.1. Evolution of a CoP and of its Knowledge

The question we asked when initiating this reseamatk was: “How to make evolve the CoP
memory after some important events in the life loé tCoP?” To answer this question
whatever is the best, it requires getting a preermsmugh idea of these events (or causes of the
evolution). Using CoP evolution models as framewdi&ection 2.1.1), we can identify some
of the events originating the evolution of the GoPwledge and some of the resulting types
of knowledge evolution (Section 2.1.2).

2.1.1. Evolution of a CoP

Several models of CoP evolution have been proposéae literature. They can be divided
into two categoriestifecyclemodels andViaturity-Capability models (Gongla and Rizzuto,
2001).

2.1.1.1. Lifecycle Models of CoP Evolution

(Wenger, 1998), (McDermott, 2000) and (Wenger gt26102) models of CoP evolution are
lifecycle models: they “describe communities as developmgugh stages akin to birth,
maturation, and death” (Gongla and Rizzuto, 2001).

* (Wenger, 1998) initial model of CoP evolution. In this model, communities of
practice are seen as developing through five stagetential, coalescing, active,
dispersed, and memorable, with levels of interactod types of activities varying
across the stages (see Figure 1). Members’ interewithin the community generally
increases through the active level and then dexliheugh the dispersed stage, and
disappears at the memorable level, although mesjosi®ries, and artifacts of the
community still remain.



Stages of Development

= engage in .
Potential Members developing a Members no m
People face come togsther practice longer engage The community
similar and recognize very intensely, is no longer
situations their potential but the central, but
without the community is people still
benefit of a still alive as a remermber it as
shared practice force and a a significant
center of part of their
knowledge identities
—— | TYPICAL ACTIVITIES \-\1__4
Engaging in
Exploring Jgg;tifsvmes‘ Staying in
connectedness, touch,
S artifacts, .
defining joint St communicating,
pting to
Finding each enterprise, changing holding i Telling stories,
other, negotiating circumstances, reunions, calling presenving
discovering community ard for advice artifacts,
commonalities relationships collecting
memorabilia
time

Figure 1 Stages of development of a Community aétiee (Figure of Wenger, 1998,

redesigned by us)

(M cDer mott, 2001) model of CoP evolution. In this model, communities are viewed
as living, human institutions that “form spontanglgugrow, mature, change, age and
die;” hence the five-step lifecycle of the modediam start-up, grow, sustain/renew,
and close (see Figure 2). This model is similath® one of (Wenger, 1998), but
details the tensions and challenges that stimtit@eommunity to develop and renew
itself, and eventually die.

4 Levelof energy Sustain/ -
and visihility Renew -

» Time

Discover/ Incubate/ Focus/ Ownership/ Let go/
imagine  deliver value expand openness remember

Figure 2 The stages of community development (MciDgy 2000)
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*  (Wenger et al., 2002) model of CoP evolution. In this model, Wenger, McDermott
and Snyder combine the two previous models. Indéesimodel describes three life
phases, which include five stages of community bgraent representing the life
cycle of a community: (1rormation (i/ potential and ii/ coalescinginitial networks
are discovered, common ground is formed and relsiiips are formed. The initial
call (informally) is usually centred on the genematof value. (2)Integration (iii/
maturing and iv/ stewardshipjocus upon particular topics and the admissionest
members. Tools and methods are developed thatrageaito the community. New
ideas are continually welcomed as the communityiveo (3) Transformation (v/
transformation):the community may fade away or officially closeigorate a new
community, merge with other communities or becomstitutionalised as a formal
unit. Figure 3 represents the average cycle ofithef a CoP community in terms of
time and level of energy and visibilfty

4 Level of energy
and visibility

Sustain

Mature
Coalesce

Transform

Potential

» Time
Discover/ Incubate/ Focus/ Ownership/ Let go/
Imagine Deliver Value Expand Openness Remember

Figure 3 Community life cycles related to time &kl of energy and visibility (Wenger,
McDermott & Snyder, 2002)

* (Moingeon et al., 2006) model of 1OCoP evolution. This model can be considered as
complementing the (Wenger et al., 2002) modelhat it specifies the evolution of
what the authors call an “Inter-Organisational Camity of Practice” (I0OCoP)i.e.
“an organisational form having autonomous govereangathering voluntary
individuals from different organisations, with anemon professional practice and
aiming at developing their expertise on an indiaidbasis”. An IOCoP is viewed as
evolving along three stages: launch/formation, t®praent/institutionalisation and
decline/transition (see Figure 4). .

2 Note that the five stages of development are gdigarot substantiated with specific real-life exales. In this
regard, “the purpose of presenting these stagpsriived to be academic” (Wenger, McDermott angdsn
2002).
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Launch/Formation

Development/Institutionalisation

Decline/Transition

1. An IOCoP can start from the
personal initiative of any
professional who has personal
contacts with people belonging
to other organizations.

2. An IOCoP can start from an
“lIOCoP generator”, i.e; a more
traditional, transitional
organisational form (e.g., an
alliance or an inter-
organizational working group)
that encourages the
emergence of inter-
organizational links. In turn,
these individual links can lead
to the development of an
I0CoP.

IOCoP participants do not only seek to
counter or limit the obsolescence of know-
how, but also to improve their practices.
Members of the community take part in a
“collectivisation” of their individual knowledge
to contribute to the creation of a collective
learning or output, with a value superior to that
which could have been created by the sum of
individual outputs. They develop a shared
book of resources, such as tools, documents,
routines, specific vocabulary, stories, symboals,
and artifacts.

The I0OCoP progressively prosper and become
institutionalized. Once institutionalized, an
I0CoP generates learning for its members, as
well as, indirectly, for their respective
organizations.

The 10CoP can cease to exist
altogether, if one or several
organizations decide that its
members should refrain  from
participating anymore.

The 10CoP  could become
“dormant”: it continues to function
nominally, but does not produce
significant new learning.

Resulting from the decision of one
or several organizations to go one
step further, the I0CoP can be
developed as a more traditional
and more structured organizational
form (research consortium,
alliance...) than the I0CoP.

Figure 4 The stages of evolution of an Inter-Orgational Community of Practice or IOCoP

(Adapted from Moingeon et al., 2606

This decomposition of the IOCoP lifecyle is based the three-stage model of
organisational forms (Quinn and Cameron, 1983; bawand McLaughlin, 2001).

Note that (Moingeon et al., 2006) defined an I0@yRusing comparisons with other
well-known organizational forms. Doing this, theene leaded to review and expand
the framework proposed by (Wengetrr al, 2002): to analyse organisational forms

(See Figure 5).

% We designed this figure by converting some pdrte@text of Moingeon et al., 2006) into a tabies also
made some adaptations to the selected parts.
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Who belongs? What is the purpose? How clear are the
boundaries?
IOoCoP Individuals from To create, expand, and exchange Fuzzy
different organizations knowledge, and to develop
individual skills for a professional
practice
CoP Individuals from the To create, expand, and exchange Fuzzy
same organization knowledge. and to develop
individual skills for a professional
practice
Club/ Individuals To create, expand, and exchange Defined
Association knowledge. and to develop
individual skills for a non-
professional practice
Firm Individuals from the Production of goods and/or services | Defined
same organization
Alliance Firms Production of goods and/or services | Defined
Network Individuals (friends and | To receive and pass on information | Undefined
business acquaintances)
or firms

Figure 5 The (Wengaat al, 2002) analysis framework of organisational fonmesgisited by
(Moingeon et al., 2006).

2.1.1.2. Capability-Maturity M odels of CoP Evolution

This second category of CoP evolution models isl wegbresented by théGongla and
Rizzuto, 2001) model of community evolution. In this model, communities of practice are
seen as developing through five stages: poteiiiglling, engaged, active, and adaptive (see
Figure 6). This model “is more similar in overall inten, tfor example, the capability
maturity models developed by the Systems Engingehmstitute for assessing software
organisations than to the life-cycle-type developtmaodel for communities of practice, such
as Wenger and McDermott describe” (Gongla and Rizz2001). In this model, “a
community can mature and dissolve at any one ofetlwution stages beyond the initial
formation level. The model describes instead hownroanities transform themselves,
becoming more capable at each stage, while atatime sime maintaining a distinct, coherent
identity throughout” ipid.).

Potential Building Engaged Active Adaptive
Definition | A community The community The community The community The community and its
is forming. defines itself and  executes and understands and supporting organization(s)
formalizes its Improves its demonstrates benefits from  are using knowledge for
operating processes. knowledge management competitive advantage.
principles. and the collective work of
the community.

Figure 6 Community evolution model definition (Glangnd Rizzuto, 2001)
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Each stage has its defining characteristics as aglan underlying fundamental function.
Figure7 shows the functions of the different stages.

Potential Building Engaged Active Adaptive
Stage Stage Stage Stage Stage
Fundamental Connection Memory and Access and Collaboration Innovation and
Functions context creation learning generation

Figure 7 Fundamental functions for the stages ol@ion (Gongla and Rizzuto, 2001)

The main defining characteristics of each stage ékpthebehaviour of peoplépeople refers
to “social individuals with their individual and @up behaviours, as well as the larger
organisational behaviour influence vis-a-vis a camity” (lbid.)), (2) thedegree and type of
process supporfprocesses refer to the “sets of documented stithsclearly defined roles
and activities for people to perfornflbid.)), and (3) thetypes of technology encountered
(technology refers to “the application of scienced ahe body of information system
knowledge that we use to fashion tools, practicewkedge arts, and extract data and
information” (Ibid.)). Figure 8 describes the characteristics of the Buildinggestaof
community evolution.

Stage Building
Fundamental Function Memory and context
People Behavior Core members:

® Learn about each other

® Share experiences and knowledge

e Build common vocabulary

® Create roles and norms

® Begin a formal history together and record it
® Start a repertoire of stories

The organization recognizes the community.

Process Support Classifying and storing knowledge

Developing ways to support the knowledge life cycle
Planning for community operation

Beginning deployment

Enabling Technology Common repository

Initial classification and categorization schema tools
Document and library management systems
Collaborative work environment

Figure 8 Building stage enablers that promote megnasrd context (Gongla & Rizzuto, 2001)

2.1.1.3. Using the Models of CoP Evolution to account for the Evolution of CoP
Knowledge

The models of CoP evolution presented above cansbd to account for the evolution of the CoP
knowledge we are interested ire. the knowledge materialized in a CoP memory (amehigh are
ontologies and semantic annotations). The idea idéntify in the models, or to infer, the types of
knowledge evolution occurring during the evolutaytle of a CoP, and the events that have orginated
or could originate the evolution of CoP knowledge.
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For exampleif we consider the transition from the ste@etentialto the stag@uilding in the
evolution cycle model of (Gongla and Rizzuto, 20@1¢ can identify a goal/process change:
the change is here that the CoP members are rwefuriying to locate one another to form
the community, but have to learn about one anotbheshare some experiences. “They must
learn to talk to one another using words in theesaray and build a common vocabulary and
common understanding.” (Gongla and Rizzuto, 2001).

2.1.2. Evolution of the CoP Knowledge

We will now present some examples of the events iy originate the evolution of CoP
knowledge, and some examples of knowledge evolugsnlting from these events. To get
more examples, it would be necessary to apply bcaitieg approach in a systematic way.
Note that our examples are “generic” or come froaP€ studied by the authors of the CoP
evolution models. Getting more examples would lgeastion of finding instances of such
changes in PALETTE CoP®.g, through validating the existing examples direatlhith
PALETTE CoPs’ members.

2.1.2.1. Events Leading to Community Knowledge Evolution

From a stage of the CoP evolution cycle to anothrewithin the same stage, the categories of
events that may occur are, among others:

* People (member or group) changa) The composition of the CoP itself may change.
Examples: a new member may enter the communitgnaxisting member may leave
the community; the CoP may split into sub-commaesitib) The members themselves
may change.

« Behaviour changeExample: CoP members may change their level of gamgant
towards the CoP, or their level of trust towards dther CoP members.

» Goal/Process chang&xample: if we consider the transition from thagstPotential
to the stagaBuilding in the evolution cycle model of (Gongla and Rizzu001), the
change is here that the CoP members are no furyiag to locate one another to
form the community, but have to learn about onefarpto share some experiences.
“They must learn to talk to one another using wardshe same way and build a
common vocabulary and common understandi(ibid.).

» Artefact change.The artefacts (documents, software, etc.) handigdthe CoP
members may change: some existing artefact mayevot some new artefact can be
introduced in the community.

» Domain changeDue to a re-examining of the community’s desiredpg, the domain
of practice/knowledge characterising the CoP manghb.

* Knowledge changeA knowledge change may be the cause of some ktieevledge
change.

2.1.2.2. Types of Community Knowledge Evolution Resulting from the Events

Generally speaking, we can say that the differerints reported above may lead, among
others, to the following types of knowledge changes
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» Knowledge content chang&o take the last event cited above, the changsoofe
kind of knowledge may induce a change of some okwed of knowledge. For
example, the change of a given ontology may lead thange of the annotations
previously done with this ontology (more detaildowd. Another example is the
arrival of a new member in the community who ispacalist of a sub-domain not
covered by the current members of the CoP; thisaedrmay lead to the introduction
of new knowledge in the CoP.

« Knowledge value chang&xample: some low-valued knowledged, a knowledge
considered as useless for the community at t)meay acquire a higher value later on
(e.g, the same knowledge may be considered as usefhebcommunity at time+ 1
because community’s goals have changed). This ncayrovhen a CoP member
comes to have more confidence in some other CoPb@erand to accept to give
more value to the knowledge produced by this mepdat as a result to accept to use
this knowledge. (For details on the issue of knaogk value, see Chapter 3
“Knowledge Evaluation Service” of this deliverable.

 Knowledge management process changeample: the transition from the stage
Coalescingo the stagdaturing in the CoP evolution model of (Wenger et al., 2002
implies to shift from sharing knowledge to organisand stewardirigknowledge.

* Knowledge management tool chandgeample: to help CoP members wishing to
share their experiences and learn to talk to om¢hen using words in the same way,
some tool can be introduced “for designing and ta@iimg whatever taxonomy is
appropriate for the CoP domain of knowledge. It ta@aonomy support can be linked
with other organisational taxonomy efforts, all tredter” (Gonga and Rizzuto, 2001).

2.1.2.3. The Types of Community Knowledge Evolution Assisted by the Knowledge
Evolution Service

The types of community knowledge evolution assidigdhe Knowledge Evolution Service
envisioned in the Palette project are:

* ontology evolution;

* annotations evolution.

Because the ontology may change to fit with the roomity’s lifecycle, the need for the
ontology evolution is unavoidable. (Stojanovic &t 2002b) showed that a modification in
one part of an ontology can impact the consistafiather parts of the same ontology, in the
dependent ontologies and the applications usirsgindified ontology. In particular, changes
in ontology can affect the consistency of semaatinotations which use the concepts or the
properties defined in this modified ontology.

Inspired from researches on the database schematienqRoddick, 1996), on the ontology
evolution (Stojanovic, 2004) and on the ontologysi@ning (Klein et al., 2002; Klein, 2004),
we consider thesemantic annotation evolutioas “a process of adjustment of semantic
annotation to the generated inconsistencies beaafutiee changes on the ontology or the
annotation itself” (Luong and Dieng-Kuntz, 2007).

* Knowledge Stewardingefers to a subset of knowledge management presessich as selecting and
configuring knowledge, as well as supporting & in the practice of the community (our definitiadlapted
from a definition of the notion of “technology stemding” provided on the Website
http://technologyforcommunities.com& site about a forthcoming book by Wenger, Whéted Smith:
Stewarding Technology for Communijies
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2.2. Evolution of an Ontology

Some authors classify the causes of ontology clamgeording to the definition of an
ontology. According to (Gruber, 1993), an ontolag\a specification of a conceptualisation
of a domain. Therefore, (Klein and Fensel, 200X)sater the following levels of causes for
ontology changes:

» conceptual change: is a change in the concepttiafisa

» specification change: is a change of the specifinatof a conceptualisation;

* representation change: is a change in the repegentof the specifications of a
conceptualisation.

As for (Flouris, 2006) in his work on the ontologievolution, he identified two kinds of
changes on an ontology: the changes on the coradisgiion and changes on the domain.
These two types of changes are not rare. Indeedddmain conceptualisation can change
because of a new observation, a change of viewpaiohange in the use of the ontology or
yet the new access operations to information theewot known, etc. As well, the domain
itself can change because the real world is ratjieamic and evolves over time.

The causes of ontology changes are also distingdisly the heterogeneity levels of an
ontology (Klein, 2004):

e the language level heterogeneity: consists of #terbgeneity of the mechanisms used
to define the classes and properties of an ontplogy

e the ontology (model) level: concerns the domaincdbed in the ontology. The
heterogeneity can represent the different possilaleners to model the domain.

These two levels may also explain the kinds of jewis that are typically met and interfere
with the combined use of ontologies that have lmeih independently.

In (Visser et al., 1997), the authors distinguisbse two levels, under different designations,
respectively non-semantic and semantic levels.

Moreover, the modular nature of the ontologies titiies a factor of change and evolution.
Indeed, the ontologies are usually built in a distied and modularised way, making each
asynchronous modification of a component of thelogy, likely to affect the consistency of
the ontology as a whole.

Therefore, the ontology change has to be propagtiethe dependent ontologies, the
ontological instances and the software/applicatiasiag this modified ontology (Stojanovic
et al., 2002b). In our approach, we are interestélde propagation of the ontological changes
to the relying instances and semantic annotations.

2.2.1. Ontology Evolution Scenarios

In (Haase et al., 2005), the authors identify feitmations where inconsistencies resolution
methods are required to deal with evolving ontasgthese situations are:

e changing a consistent ontology can lead to potemémnsistencies in this ontology
(this occurs mainly when we deal with ontologieattheed maintenance during their
evolution);

e reusing an inconsistent ontology (this occurs wivercannot check the consistency of
the ontology source);

e evolving the model level and the instance levettaf ontology separately, without
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synchronising the changes;
e replacing an ontology version by an inconsistemsios.

These situations can be considered as ontologyugeol scenarios. There are also other
scenarios of evolution for evolving ontologies whererging or aligning operations are
performed (Bruijn et al., 2004).

2.2.2. Ontology Evolution Process

In (Stojanovic et al., 2002a), the authors presenyclic ontology evolution process of six
steps:

e changes capturing

e changes representatiposing suitable formats;

e semantics of change&hanges resolution) allowing to solve the changeshe
ontology in a systematic way, preventing the orggldrom turning inconsistent
(structurally or semantically);

e changes implementatipnvhere the required and derived changes are appi¢he
ontology;

e changes propagatignensuring the consistency of the dependent pdttss an
ontology update (the dependent parts consist of dependent ontologies, the
instances, as well as the applications that usaiti@ ontology);

e changes validation

In our work, we focus on the representation of ¢gesn(Section 2.3), semantics of changes
(changes resolution) and the propagation of theology evolution to the dependent
annotations (in Sections 2.3 to 2.6).

2.3. Changes Representation

During the evolution, changes must be identifiedl arpresented in suitable formats.
(Stojanovic, 2004) classified the three levels mbtogy changes:
e Elementary change: is an ontology change that addsmoves only one entity of the
ontology model.
e Composite change: is an ontology change that @eatmmoves or changes the
neighbourhood of an ontology entity.
e Complex change: is an ontology change that carebendposed into any combination
of at least two elementary and composite ontoldignges. To illustrate, (Stojanovic,
2004) cites the example of moving a set of sibliogcepts to a different location,
which moves two or more siblings concepts in thacept hierarchy to a different
parent in this hierarchy, thus they remain sibljrimg under a different parent.

In the same way, the ontology operations are alsmletl according to two dimensions
(Klein, 2004).

I. Atomic vs. composite operations: a composite opmraperforms several basic
operations in one step. (Klein, 2004) considersofieration of moving a set of sibling
concepts as being such a kind of composite operatio

ii. Simple vs. rich operations: a rich change incorsrainformation about the
implication of the operation on the logical modéltlee ontology (Klein, 2004). For
example, a rich change might specify that the rarigeproperty is enlarged. Whereas
a simple change can be detected merely by analyisenstructure.
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Figure 9 The relation between atomic-composite sintgple-rich operations (Klein, 2004)

In our approach, we study all the changes in ogtolehich can affect the consistency of its
dependent parts, of other dependent ontologies pamnticularly, the ontological changes

affecting consistency on the concerned semantiotations. We have built a list of the

necessary changes for the process of ontology anthrgic annotations evolution. We

classify these changes in two types:

The detailed list of the changes as well as thefindions can be found in the Appendixes

A and B of (Luong, 2007).

Elementary change: is an ontology change that nesdibnly one entity of the
ontology model and are atomic (e.g., RenameConBegeteConcept, DeleteDomain-
ConceptLink, etc.);
Composite change: is an ontology change that nesd#feveral entities of the ontology
model and can be broken up (e.g., MergeConcepigd®8Boncept, etc.).

(1) Elementary changes
(1.1) Changes to a concept

1.1.1 InsertConcept

1.1.2 DeleteConcept

1.1.3 RenameConcept

1.1.4 CreateConceptHierarchyLink
1.1.5 DeleteConceptHierarchyLink

(1.2) Changes to a property

1.2.1 InsertProperty

1.2.2 DeleteProperty

1.2.3 RenameProperty

1.2.4 CreatePropertyHierarchyLink
1.2.5 DeletePropertyHierarchylLink
1.2.6 CreateDomainConceptLink
1.2.7 DeleteDomainConceptLink
1.2.8 CreateRangeConceptLink
1.2.9 DeleteRangeConceptlLink

(2) Composite changes

(2.1) Changes to a concept
2.1.1 CreateCommonConcept
2.1.2 MergeConcept
2.1.3 SplitConcept
2.1.4 InsertConceptGeneralization
2.1.5 InsertConceptSpecialization
2.1.6 MoveConcept

(2.2) Changes to a property
2.1.1 CreateCommonProperty
2.1.2 MergeProperty
2.1.3 SplitProperty
2.1.4 InsertPropertyGeneralization
2.1.5 InsertPropertySpecialization
2.1.6 MoveProperty

Figure 10 Taxonomy of ontology changes

To have the explicit representation of changesdexe=loped the so-callexl/olution ontology

enabling to formalise the ontology changes (seeairBiglO) which can occur during the
evolution. We have also created in this evolutiototbgy some necessary properties such as
hasVersionBeforehasDate hasAuthor..which allow to model and trace all the changes

19




performed on an ontology (what changes, when, bymvand how).

2.4. Evolution of Annotations

When we make some modifications on the ontology, ordy parts of it might fall into
inconsistent state but also its semantic annottowuld be influenced. In these cases, the
construction of evolution strategies allows us émtool the inconsistencies that might have
appeared.

2.4.1. Annotations Evolution Scenarios

Now, we identify some scenarios that can impacttesistency of semantic annotations.

» Scenario 1User makes some modifications on her underlyimigplogy results in
a new ontology version. Because of these ontolbga@anges, semantic
annotations may be affected leading to the inctersisstate with respect to the
new ontology version.

e Scenario 2 User changes her annotations without referringh® underlying
ontology which is used by these annotations. Thelifiedl annotations can be
inconsistent with respect to the ontology.

e Scenario 3 User imports annotations from another source.s&hanported
annotations and the old annotations are basedeosaime ontology. There would
be similar annotations (or triples) which desctite same resource.

* Scenario 4 User makes migration of the annotation base franmother
representation formalism (for example, migrationREDF(S) toward OWL-Lite).
There would be inconsistencies of syntax on thesetations.

Actor —b: hasEale J—i Role

7
,*"”’ __.": 3
! T T T .
| LegalEnitity] |J.f | Member }—l hasPractice  J——>  Practice
r - o —
/

-
N
AN

) Y .
Individual // e
CutrentMember
FormerhMember

(r1 hasRole v1.) (rl type Actor.)

(r2 hasRole v2 .) (12 type LegalEntity .)
(r3 hasRole v3.) (r3 type Member .)
(r4 hasPractice v4 .) (r4 type Member .)
(

(

(

(

15 hasRole v5 .) (15 type CurrentMe mber .)
16 hasPractice v6 .) (r6 type CurrentMember .)
r7 hasRole v7 .) (r7 type FormerMember .)
18 hasPractice vB .) (rB type FormerMember .)

el e

(a) (b)

Figure 11 A part of ontology (a) and semantic aations based on this ontology (b)

However, we find that the first scenario is likétybe the most encountered in reality. In this
deliverable, we will then focus on this particutamtext: changes in underlying ontology can
impact to the consistency of the semantic annotatishich are using the defined terms in
this underlying ontology. We use the RDH&nguage to model the ontology and to describe a
triple (s p Vv.) (subject property valuef the annotation in RDF This triple represents a

5 RDF Vocabulary Description Language 1.0: RDF &théhttp://www.w3.org/TR/rdf-schema/)
6 Resource Description Framework (http://www.w3/BigQF/)
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statement on the resource which can be expressedw@gecs has a propertp whose value
iSV.

We examine an example with a part of O'CoP ontoldggcribed in the deliverable
D.KNO.02 (Tifous et al., 2007) (see Figure 12a)taoning the concepActor which is
domain of the propertihasRoleand is also father concept of its sub-concéjetgalEntity
Individual andMember The Memberconcept, having two sub-conceg@arrentMembernd
FormerMemberis domain of the propertyasPractice The Role andPractice concepts are
ranges of the corresponding propertiesRoleand hasPractice In addition, we have also
some triples in semantic annotations based orp#risof ontology (see Figure 12b).

Let us assume that this part of ontology was medifty removing th&lemberconcept, its
two sub-concepts are reconnected to the conelotr and the propertirasPracticereceives
from now on theCurrentMemberconcept as its domain. Moreover, the concéptglEntity
andIndividual are merged and replaced by the fex#ernalActorconcept.

After having applied these changes, we obtain a aetelogy version (see Figure 10a) in
which some elements were changed compared to dsvetsion. Some triples become
inconsistent now (see Figure 10b) because of tee @ the reference links toward the
corresponding concepts in the ontology before italification. We will analyse the causes
and its solutions for the inconsistent triples (etdples in lines 2, 3, 4 and 8) later in the
section.

(r1 hasRole v1.) (rl type Actor.)

(r2hasRole v2 .) (r2 type LegalEntity .)

(r3 hasRole v3 .) (r3 type Member.)

(rd hasPractice v4 .) (r4 type Member .)

(15 hasRole v5 .) (r5 type CurrentMe mber .)

(rG hasPractice v6 .) (r6 type CurrentMe mber .)
(r7 hasRole v7 .) (r7 type FormerMember .)

(r8 hasPractice v8.) (r8 type FormerMember .)

Actor ‘ . hasRole ’ »  Role

T

/'
o \
i

FxternalActor | /| CurrentMember > _ baPractice ) o Practice

¥

e T

‘ FormerMember

(a) (b)

Figure 12 The modified ontology (a) and the sencaatinotation become inconsistent (b)

2.4.2. Semantic Annotation Evolution Process

After having applied changes to the ontology, trgology evolves to a new version. We
distinguish two cases of ontology evolution whicancinfluence the consistent state of
semantic annotation:

» ontology evolution with trace;

» ontology evolution without trace.
Trace concerns the changes which were carriededutgen two versions of the ontology.

For both cases, we have proposed a process allawing find the annotations related to the
modified ontology in an annotation base and padity the inconsistent annotations affected
by the ontological changes (cf. Figure 13). Thi®cess contains two main steps: (i)
inconsistency detection and (ii) inconsistency Iggmn of annotations.
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Figure 13 Process of ontology change propagation

Inconsistency
detection rules

Annotation inconsistency detection

If we know the history of changes that were caroatl we can use Corese, a semantic search
engine(Corby et al., 2004), that allows us to query theaation base taking into account the
concept hierarchy and the relation hierarchy defimethe ontologies. Corese can retrieve
from the existing annotation base the annotatieteted to the modified ontology as well as
the potential inconsistent annotations (they maglumhe both related consistent and
inconsistent annotations) (Luong and Dieng-Kun@)7). A potential inconsistent annotation
means that it relates to the ontological changeitgutonsistency constraint has not been
verified. An annotation is inconsistent if it vitds the consistency constraints defined for the
annotations (Luong and Dieng-Kuntz, 2007).

Otherwise, if the history of change was not kept, apply inconsistency detection rules in
order to detect the actual inconsistent annotations

Annotation inconsistency resolution

After having determined the inconsistent annotatjothey will be repaired by applying
inconsistency correction rules in case that we krmw to apply an evolution strategy
corresponding. So, we can restore the consistatd &ir the influenced semantic annotations
(Luong and Dieng-Kuntz, 2007). However, we cannletags choose a way to correct
automatically inconsistent annotations. For examiple concept is used in an annotation but
has been removed from the new ontology versiorecasibn should be made concerning the
related annotations: either to delete the annetsitibat are related to the removed concept or
to replace the removed concept in the related atinat triples by another concept of the
ontology; in this case, the system should be ablpropose a list of available and relevant
concepts of the new ontology version. Thus, thecgse of solving inconsistencies can be
done with the user intervention to choose a swgtablution for completing the inconsistency
resolution. In order to help user in this task, vewe established several possible solutions to
solve the propagation of ontological changes tdr themantic annotations in order to keep
consistency status.
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2.5. Procedural Approach for Ontology Change Propagation
on Semantic Annotations

The procedural approach aims at detecting andrepltie inconsistencies on the semantic
annotations, generated from the ontology evolutiamen the trace of the ontology changes is
preserved.

With evolution trace > Change Representation in > Application of Evolution
(. O, and trace(Ch—04) trace( (0, —0:) Strategies

Figure 14 Ontology evolution with a trace between versions

The ontology changes trace consists of all the ueelcchanges, as well as the results of
operations between two versions O1 and O2 of thelayy. This information is preserved in
a log file of changes, which contains the traceclhéngestrace(O1 — 0O2) carried out
between these ontology versions. These executetjebaare represented in a more formal
way according to our classification of changes &mely are expressed in terms of the
evolution ontology

This log of changes is quite similar to the evalotiog presented in (Stojanovic, 2004) which
tracks the history of an ontology as an orderedi®ece of ontology changes. Then, we apply
evolution strategies corresponding to each ontological change to redtoe consistent state
for the influenced semantic annotations.

2.5.1. The Evolution Trace

In order to represent ontology changes in a fonvat, we have built the so-calledolution
ontologythat defines formally the change classificatiod #re ontological relations between
these changes and the entities (concepts and peg)eof the evolving ontology. This
ontology also formalises information regarding tpeocess of ontology evolution and
semantic annotations evolution.
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Figure 15 A part of the Evolution Ontology

Figure 15 illustrates a part of thesolution ontologyIn order to model the trace of executed
changes in ontology and the trace of updated seanhotations, we created the concept
Traceand its sub-concepigaceOntoandTraceAnnat

For each kind of trace, we will save relevant infation describing the process of evolution,
using properties of the evolution ontology suclhthes author who made changes (thanks to
the propertyhasAuthoy, the identification and the date of executed dréthanks to the
propertyhasDatg, etc. We also distinguish the types of differelndnges using the hierarchy
of the concepChange such as elementary chang&seMmentaryChangeoncept), composite
changes CompositeChangeoncept). Moreover, we can distinguish changes ¢ha cause
inconsistencies in semantic annotations by the egluassigned to the property
hasAnnotinconsistency

To describe each change on an element of the g@ytole have created properties to
represent relations between this change and thefistbélement. For example, the change
CreateHierarchyConceptLink(cl,c2dims at creating a hierarchy relation between the
concepts c1 and c2. This change is made more éxmiag the propertiesasSuperConcept
andhasSubConcept

This changes formalisation through the evolutiotolngy is used to generate an evolution
trace file, in which the evolution trace is reprasel as semantic annotations based on the
terms defined in thevolution ontology

2.5.2. Evolution Strategies

(Stojanovic, 2004) proposes some evolution stragedor ontology in which she defines

resolution point and elementary strategies for ezde of ontology change. These evolution
strategies ensure that the ontology and other digmerparts of it will remain consistent after

having applied some changes to the ontology. Ma@eothey are also responsible for

avoiding the illegal changes. However, her evolutstrategies only cover some effects of
simple changes and she did not mention the evolgti@ategies for semantic annotations.
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In this section, we present a complete set

of emwlustrategies which tries to solve the

inconsistencies caused by all the two types of logical changessimple and composite
changes. For each ontological change having andigrathe consistency of annotations, we

have built an equivalent strategy to correct

theomsistencies appearing in the semantic

annotations. To illustrate our evolution strategi@e examine one of the cases of change:
suppression of a middle concegph the ontology.

Let us assume that is father concept of the middle conceptcO is root conceptp is a
property which can receive the concepts2, cO as its domain/range. The evolution strategies
for this case are described in the table below Tabée 1):

Table 1 Evolution Strategies for Ontology and Semantic Annotations in Case of Deletion of
a Middle concept in the Ontology

Evolution Srategies. For the Dependent
Elements of Ontology

Evolution Strategies. For the Related
Annotations

SO-1: To process the instances of the del
concepftc: 4 options

(1) Delete all instances of the concept

(2) Attach all instances of the concepto its
father concept2

(3) Attach all instances of the conceapto its
root conceptO

(4) Attach all instances of the concepto any
conceptx indicated by user

SA-1: To process the triple containing instan
of the deleted concept 4 options

(1) Delete this triple

(2) If the father conceptc2domain(p)r
c200range(pthen replace the name of typdor
its instances in triple by the name of typ2
Else, remove this triple.

(3) If the root conceptcOOdomain(p) or
cOOrange(p}hen replace the name of typéor

its instances by the name of typ@ in triple.
Else, remove this triple.

(4) If the indicated conceptxdomain(p)r

cxOrange(pihen replace the name of typdor

its instances by the name of type in triple.
Else, remove this triple.

SO-2: To process the subconceptodlt options

(1) Delete all subconcepts of

(2) Attach all subconcepts af to its fathe
concept

(3) Attach all subconcepts of to its root

(4) Attach all subconcepts c to any concefcy
indicated bv use

SA-2: To process the triples containing
resources of type:

(1) Apply SA-1
(2) (3) (4) No changes

Note: The evolution strategies must be repe
for all sub-concepts af and for all the semant
annotations related to these sub-concepts.

SO-3: To process the pperties related to tf
deleted concept 2 options

(1) Removec from domain (resp. range) of t
propertyp
(2) If cOdomain(p)resp. range(p)) and the

SA-3: To process the triples containing
resources of type and the propertp: 2 options

(1) Delete all triples containing the resourde o

typec
(2) Replace the name of typeof resources b
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does exist a concepR which isancestor of c/{the name of its father concept typ2 in|
such asc200domain(p) then removec from|annotation.

domain of the propertyg

2.6. Rule-based Approach for Ontology Change Propagation
on Semantic Annotations

In the dynamic and distributed context of SemaWiéb, it is not always that one can keep the
trace between ontology versions. We can reuseethéts of existing research on the ontology
versioning allowing us to find the similarities atite differencediff(O1, O2)between two
ontology versions O1 and O2 as well as the chacaegd out between these versions (Klein
et al.,, 2002; Klein, 2004). According to this apgeb, we can detect some executed
ontological changes; we can then follow the proceslof resolution of the inconsistencies to
repair the inconsistent semantic annotations.

Ontology versioning )__ Change Representation in
¥ diffi0,, 0) diffiO,. 09
Without evolution trace a E
0,.0;
\ Inconsistency detection of Inconsistency correction of
annotations annotations
Inconsistency detection rules Inconsistency correction rules

Figure 16 Ontology evolution without a trace betwéeso versions

However, we have proposed a rule-based approaatstrooted from some consistency
constraints that must be satisfied for any annmmathodel. Consistency is an attribute of a
(logical) system that is constituted so that nomfethe facts deductible from the model
contradicts another (Stojanovic, 2004). Therefose, have proposed someonsistency
constr aints that can be considered as an agreement among e amotations entities with
respect to their underlying ontology.

Based on these consistency constraints, we haagedreomenconsistency detection rules,
using the syntax of Corese rule language, to détecteal inconsistent annotations from a set
of potential ones. A real inconsistent annotatioeans that it violates the consistency
constraint defined for the annotation.

After having determined real inconsistent annotegjothese will be repaired by applying
correction rules. We have established all possible solutions tlohtesthe propagation of
ontological changes to their semantic annotatiorieep consistency status.

2.6.1. Consistency Constraints

To describe the inconsistency of semantic anneotati@ define what aonsistency constraint
is and what amconsistent semantic annotati@ We also give a definition of amnnotation
modelthat is based on the data model RDF presentédiile and Manola, 2004).

Definition 1 A semantic annotation is defined to ibeonsistentwith respect to its ontology
model if it violates the consistency constraintSra for annotation model.
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Definition 2. A consistency constrainensures a consistent agreement among semantic
annotations entities with respect to their undedyontology.

Definition 3.An annotation modeis a t-uple SA := (R Ca,Pa,L,Ta) where:
- Ra : set of resources
- Ca : set of concept names defined in ontold@y, O R,)

- Pa : set of property names defined in ontolo@y, O R, )
- L : set of literal values
- Ta : set of triples (s, p, v.) whed R,, pOP, andvO (RA O L)

To express consistency constraints, we take thatiootfrom (Miller and Manola, 2004p
describe an RDF triple in annotation as a trifglg Vv.) This triple makes statement about a
resource and can be expressed as a subjes a property whose value isv. We use the
primitive rdf:type to indicate a resource as instance of specifiedyqr classes (e.g., resource
has type Class or Property) and other primitiveth varefix rdfs: to describe classes or
relationship among these classes in the ontology.

1. Constraint on conceptll the concepts used in the annotation mustdimed before
in the ontology.

(s rdf:type c)}= (c rdf:type rdfs:Class)

2. Constraint on propertyall the properties used in the annotation mustdbéned
before in the ontology.
(s p v.)= (p rdf:type rdf:Property)

3. Constraint on property domairthe resource which is the domain of a propertthin
annotation must be compatible with the domain efabrresponding property defined
in the ontology.

(p rdf:type rdf:Property)C (p rdfs:domain d)_ (s p Vv.)
= (s rdf:type d)C ( Cdx, (dx rdfs:subClassOf d) (s rdf:type dx))

4. Constraint on property rangethe resource which is the range of a propertyhm
annotation must be compatible with the range ofctireesponding property defined in
the ontology.

(p rdf:type rdf:Property)C (p rdfs:range r)C (s p V.)
= (v rdf:itype r) L ( Crx, (rx rdfs:subClassOf r)_ (v rdf:type rx))

5. Constraint on datatypelhe data type of a value of property in the aatioh must be
compatible with the value of the corresponding propdefined in the ontology.
(p rdf:type rdf:Property). (p rdfs:range r)_ (r rdf:type rdfs:Datatypel) (s p v.)= (v
rdf:type r)

2.6.2. Inconsistency Detection Rules
We have established several inconsistency deteaties that we apply in this step to detect
the real inconsistent annotations (that are obsokgkth respect to a modified ontology

considered as a reference), from the set of pafentonsistent annotations. These rules are
based on theonsistency constraints described above.
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We have constructed some groups of rules allowmdoudetect inconsistencies related to
concepts, properties and domain/range. In theiidig paragraph, we present some rules
which can be used to illustrate the above exampke.use the notation from (Miller and
Manola, 2004}o express these rules in RDF.

Group 1 (detection rules for a concept resourdea concept is used in an annotation
but it has not been defined in ontology, then #risotation leads to inconsistent state
and is marked “inconsistent”.

R-1: O(s p v.), (s rdf:itype @) - (c rdf:type rdfs:Class} note(inconsistent)
R-2: O(s pVv.), (s rdf:itype &) (c rdf:type rdfs:Class}> note(OK)

- Group 2 (detection rule for a property resourck)a property is used in an annotation
but it has not been defined in ontology, then #risotation leads to inconsistent state
and is marked “inconsistent”.

R-3: O(s p v.), ~(p rdf:type rdf:Property)> note(inconsistent)
R-4:O(spVv.), (prdf:type rdf:Property note(OK)

- Group 3 (detection rule for a resource which isardin of property)If a property p
takes a resource of concept type ¢ as its subjeshmotation, but c is not compatible
with the domain of p in ontology, then this annmatiieads to inconsistent state and is
marked “inconsistent”.

R-5:0(s p Vv.), (s rdf:itype &) (p rdfs:domain d). - (c rdfs:subClassOf d)
= note(inconsistent)

R-6: (s p Vv.), (s rdf:itype @) (p rdfs:domain d)- (c rdfs:subClassOf d)
= note(OK)

Group 4 (detection rule for a resource which isamge of property)If a property p
takes a resource of concept type c as its valsninotation, but ¢ is not compatible
with the range of p in ontology, then this annatatieads to inconsistent state and is
marked “inconsistent”.

R-7:0O(spVv.), (v rdfitype d) (p rdfs:range d)- = (c rdfs:subClassOf d)
= note(inconsistent)

R-8: O(s pVv.), (v rdf:itype @) (p rdfs:range d) (c rdfs:subClassOf d)
= note(OK)

With the constructed detection rules, we applies¢éhdetection rules on the set of annotations
related to the modified ontology. With the rule Rafe can detect the triples in lines 2, 3, and
4 (see Figure 17a) which become inconsistent bectnesloss of concept reference toward
the conceptéegalEntityandMember The rule R-5 detects the triples in line 8 indstent
because the domain relation between the condeptnerMemberand the property
hasPracticewas deleted in the new ontology version.

2.6.3. Inconsistency Correction Rules

After having collected all inconsistent annotatioilem a set of potential inconsistent
annotations, we need to correct these inconsigsrzy applying some correction rules on
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these annotations. These rules guide the execwufoavolution strategies in which we
specified how to propagate the change resolutiofin¢onsistent annotations to keep an
overall consistency (see Table 1).

Still taking the example of the O'CoP ontology @hd dependent annotations respective
changes: after having detected inconsistenciesingdehat triples in lines 2, 3, 4, and 8 are in
the inconsistent state (see Figure 17). Knowingtthe.chang®elete Concept(Membelgads

to the loss of the concept reference of the ressune triples in lines 3 and 4 toward their
ontological corresponding concepts, we can appiyesbelow rules:

1. (rl hasRole v1.) (rl type Actor.) 1. (rlhasRole v1.) (rl type Actor.)
2. (r2hasRole v2.) (r2 type LegalEntity .) 2. (r2hasRolev2.) (r2 type ExternalActor .)
3. (r3hasRolev3.) (r3 type Member .) 3. (r3hasRolev3.) (r3 type Actor.)
4, (r4 hasPractice v4 .) (r4 type Member .) 4, deleted
5. (15 hasRole v5.) (15 type CurrentMe mber .) 5. (15 hasRole v5.) (15 type CurrentMember .)
6. (6 hasPractice v6 .) (16 type CurrentMe mber .) 6. (rb6hasPractice v6 .) (r6 type CurrentMember .)
7. (r7 hasRole v7 .) (r7 type FormerMember.) 7. (r7 hasRole v7.) (r7 type FormerMember .)
8. (r8hasPractice v8 .) (r8 type FormerMember .) 8. deleted
(a) (b)

Figure 17 Some inconsistent triples before (a) aftdr (b) update

-RC-1: If SO-3 (2) is applied for ontology, thenpapSA-3 (2) for the annotation. This rule
will replace the name of concept typtemberby the name of the concept typetor in triple
in line 3 because the relation between the propgertjRoleand the concepictor is still kept.

-RC-2: If SO-3 (3) is applied for ontology, thenpipSA-3 (2) for the annotation. This rule
will remove the triple in line 4 because it doed eaist relation between the property
hasPracticeand the concepictor which is father of the deleted concéfpember

2.7. Implementation

2.7.1. Architecture of the Knowledge Evolution Support Prototype

We have developed the CoSWEM prototype (Corporawmddtic Web Evolution
Management), a Web based prototype for supportiagsémantic annotation evolution when
its underlying ontology changes. Its architectwesists of the following main components:
» User component: manages the diverse roles of humtaracting with the system. To
each role (profile) corresponds a view, we distislyihe following users’ profiles:

— User: it is the person who uses the system to ro&tg her domain
knowledge. She needs evolution management funditiesaenabling to be
aware of the changes;

— Ontologist: she is the ontology provider, the pafspwho knows the domain
and makes a formal representation of it. Duringebelution, ontologists may
have to modify some parts of the ontology in ordecomply with the new
needs of the community;

- Annotator: she uses the provided ontologies to @tedhe resources of the
community;
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- System engineer: she is the administrator of thetegy, she controls the
system and ensures the consistency and mainterwdnite system. She is
responsible for inconsistencies detection and cte mechanisms on which
the system relies.

* Intermediate component:

- Interface module: this module deals with human-rreeimteraction aspects.
It allows the users to visualise and access thelagies and semantic
annotations, as well as the differences betweenoatology versions,
inconsistent annotations, etc. It also enables 96 the correction of the
annotations functionality;

- Changes representation module: where the ontologlnges are formally
represented, based on thelution ontologydescribed in Section 2.5.1;

» Evolution component:

— Ontology evolution module: it allows to work withfférent versions of an
ontology. The changes occurring from a versiorhefantology to another are
captured and formalised, so that they can be reumsedhe annotations
evolution module;

- Annotations evolution module: uses the informatiabout the ontology
changes in order to detect the semantic annotati@ishave become obsolete
regarding the new ontology version. These incoes@és can than be
corrected with respect to the solution chosen byuter;

- Evolution journal: enables to keep a trace and history of the changes
occurring between ontology versions. Once this rmfation is saved, it is
transformed into semantic annotations, relying lemevolution ontologyand
enabling to easily manipulate them and discovefuliseformation about the
evolution process.

2.7.2. lllustration

In our evolution management prototype, a function the comparison of the differences
between two ontology versions is implemented. Cetedy, this function detects the concepts
or properties that have been modified. Then, it catrieve the possibly inconsistent
annotations relying on the last version of the mgp

Figure 18 shows two versions of a part of the O'Quiology. The left hand column
represents the old version of the ontology, thatritand one represents the new version of
the ontology. The CoSWEM prototype detects theed#fiices between these two versions. It
shows that the concepfCTIVITY, techniciansand RESOURCEhave been modified such
that they does not appear in the new version ofotitelogy (at least, they do not appear
exactly the same way), this is illustrated using ted font colour. On the other hand, the
conceptsActivity, Coordination_taskand Animation_taskhave been added to the new
version of the ontology, which is illustrated usthg blue font colour.
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Figure 18 Comparison of the concepts between tvwolagies versions, without evolution
trace, in the CoOSWEM prototype

To compare between two ontology versions, CoOSWEMsgen the Corese search engine,
which queries the two versions, then it comparesrésults of the queries on the versions,
which enables to determine the structural diffeesnd.e. the different concepts and
properties) between the versions of the ontology.

If the changes trace is kept, COSWEM can give ndetails about the nature of the changes
and how the concerned entities (concepts and grepehave been modified (see Figure 19),
as well as the semantic annotations influencedhége ontological changes.

Then, CoOSWEM provides an interface for the semeianattic inconsistency resolution: it can

propose, for inconsistent annotations, the setotérgial and available consistent resolution
strategies, in which the user will choose the melstvant one.
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List of ontology changes between versions:
[V1: Palette-verl-20070302.xdfs

[V2: Palette ver2- 2007033 1.rdfs

Source Ontology changes Paraml Param2 Param3
[DeleteConcept lhasDeleteConcept: engineer-student
CreateHierarchyConceptLink hasSubConceptCreate: ITengineer-student SuperConceptCreate: Student
CreatePropertyDomainlink hasConceptDomaimCreate: PhD_Student  hasPropertyDomainCreate: studyIn

hasMergeConceptNew:

o [MergeC t hashergeC t1: Master]l_Student Merge(® t2: Master? _Student
ergeConcep aslviergeConcep aster]_Studen lhasMergeConcep aster]_Studen Master_Student

Figure 19 Ontology Evolution Trace

2.8. Conclusions

In this chapter, we have described the researck dane in order to design the Knowledge
Evolution Service envisioned for CoPs in the Palptbject, a service aimed at supporting the
evolution of two kinds of knowledge materialisedwhat we have called a “CoP Memory”.
These two kinds of knowledge are: ontologies amiasgic annotations.

A community memory evolving according to the evantof the community itself, to help
understand knowledge evolution better and to suppdretter, we have identified-using
CoP evolution cycle models as analysis framewerk®) the events that can originate the
evolution of the community knowledge and (b) thpety of knowledge evolution that can
result from (a).

Because the ontology may change to fit with the rmoomity's evolution cycle, we studied
some ontology evolution issues related to the ogtokvolution process and its consequences
on annotation evolution.

Thus, we studied two evolution scenarios: withdrand without trace of ontology changes
carried out during its evolution. These two scevmrften lead to inconsistencies of the
annotations semantics using this modified ontoldgy. this reason, we have developed two
approaches, a procedural approach and a rule-laggedach, corresponding to these above
scenarios, in order to manage semantic annotagieolsition. These approaches allow us to
detect inconsistent annotations and to guide tbegss of solving these inconsistencies.

These propositions are implemented in the CoSWEMopype (Corporate Semantic Web
Evolution Management) which facilitates the evaatimanagement of the changes. It
enables to carry out automatically or semi-autoradlyi inconsistency detection and
correction of the semantic annotations. MoreoveoSWEM can highlight visually the
different entities between two ontology versioncading to the concept or property
hierarchy.

The Corese search engine is also enhanced with ebmer propositions. These consist of
some of the inconsistency detection rules preseimdhtis chapter. They enable to run the
type checking rules on the ontologies or annotatioaded in Corese.

As further work, the rule-based approach will bined and some effective algorithms on the
process of correction and validation for semanticcdiations changes will be studied.
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Chapter 3: Knowledge Evaluation Service

A Knowledge Evaluation Service is a service allayvitmo measure and assign a value to
knowledge circulating within a CoP. This servicd#sed on different criteria, qualitative and
guantitative, identified through a model of knowdedevaluation within CoPs.

The concept of Communities of Practice (CoPs) heenbquickly identified as a powerful
social vector for organisational learning enhanagmalevertheless, the evolution of this
social phenomenon has faced during the last deaad®=ponential need of communication
tools sustained by ICT development, leading to adpessive virtualisation” of CoPs.
Nowadays the use of various, complex Web 2.0. sesviepresents a common feature for
virtual CoPs members, and one arising issue ietber the design of efficient knowledge
management devices dedicated to such communiti¥s, ta support knowledge creation
mechanismsvia ICT solutions in order to enhance the creation #m development of
collective, social knowledge.

. We argue in this research that KM services deeltéor virtual CoPs can be built on the
basis of a reflection about the value of knowledgd information flows exchanged within
virtual CoPs through collaboration technologiesdbyecting and interpreting traces and signs
about their use and their content. Hence, this wiakies up the challenge of developing a
comprehensive model and insights of suitable indisafor knowledge evaluation within
virtual CoPs.

These indicators are elaborated on the basis obdehof knowledge value tracking within
virtual CoPs using Web 2.0 solutions. This modekobdwledge evaluation is built upon a
study of participation and reification processethimivirtual CoPs and outlines the conditions
of knowledge value creation able to support thdedéht virtual CoP’s dimensions of
knowledge creation, diffusion and storing.

This service could be used for different purposes;can also imagine a lot of diverted uses
for this service. Some use-cases are presented.belo

Given the fact that the service allows to attribaitealue to knowledge, and consequently to
resources circulating in the CoP, we can proposséns some recommendations on the most
valued knowledge inserted since their last conoacthfter an absence or inactivity period,
the CoP’s members are generally interested inaberhost important resources concerning
the CoP activity. The knowledge evaluation sergiceld be used as an informant.

The service could be used as support of searcmenigideed, KECES could be integrated to
such services in order to sort results by valud,@nthis way could improve the results of the
search engine and propose more pertinent results.

The service could also detect the obsolete knowletignce it will permit to maintain and
update the CoP’s database. Indeed the less vahmalédge, or below a specific threshold,
could be deleted of the database.

Thanks to the knowledge evaluation service, theuairCoP administrator will be able to
monitor both participation and reification efficmnof its own CoP. Indeed, he will be able to
detect exchange process issues such as a lackedddtion about specific topics or, on the
other hand, the most popular ones. In a similar,vilag administrator will be able to track
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inputs of reificated knowledge coming from membexgperience. The possibility to monitor
and detect popular topics or valuable knowledgevels as uninteresting topics or useless
knowledge represent powerful triggers for virtu@lR® animation. Therefore, the evaluation
service can represent a useful tool for virtual €o&dministrators who want to foster
participation and reification processes.

3.1. Design of the Knowledge Value Model and Indicators

3.1.1. Assumptions about Knowledge and L ear ning within CoPs

Knowledge is a protean concept (tacit/explicit; immtlial/collective...) that has become

prominent during these last years in the orgamgati learning literature (Nonaka and

Takeuchi, 1995, Kogut and Zander, 1996). The ratidis of knowledge as embedded and
created from and through social relationships aeractions (Nahapiet and Ghoshal, 1996)
has led some KM researchers to focus on the impoetaf communal resource (Von Krogh,

2003) and the notion of evolving communities withimd without organisational boundaries.
Resulting from a social and situated perspectiviearining and cognition, the concept of CoP
has been certainly one of the most developed aed ases. As (Amin and Roberts, 2006)
noted, a large body of literature has developedeornng CoPs since the original use of the
term (Lave and Wenger 1991).

CoPs facilitate an environment of “structured imfiatity” supported by knowledge,
knowledge owners (i.e. knowers), and CoPs infratire. CoPs own a vast base of
knowledge ranging from theoretical concepts to fizatexperiences; they are the engines of
learning for its members. Socially, CoPs are tH&ri¢s of knowing as members of CoPs
acquire communal identity around shared relalipss roles and ways of intermingling
common knowledge, practices and approaches (Scaytbret al., 1999). The importance of
these practice and person-based networks has lode@oveedged in a number of seminal
works on: sense making (Weick, 1979), CoP (Lave \Afmhger, 1991; Brown and Duguid,
1991), storytelling (Orr, 1990), knowing in praeic(Cook and Brown, 1999), and
communities of knowing (Boland and Tenkasi, 1995).

However, this social conception of situated leagnand cognition has its own set of
assumptions and focus (Wenger, 1998). From thispeetive, we put forward some premises
about the underlying conception of knowledge, kmmpnand knowers in the CoP concept.

» Individuals are social beings, and even if thig tgapears as being trivial, it represents
a central aspect of learning (Wenger, 1998).

* We must distinguish knowledge from knowing (Coold @&rown, 1999). The noun
“knowledge” draws a static concept that implies Wwhemige as a thing that can be
located and manipulated as an independent objectamk; it seems possible to
“capture” knowledge, to distribute, measure and aganit.

« The gerund “knowing” suggests instead a process, dttion of knowers being
inseparable from them and from their context. lfimity be possible to promote,
motivate, nurture or guide knowing, the idea of toapg, distributing or even
measuring it seems difficult, if not senseless...N€yg 1998);
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The activity of learning must produce meaning, the (changing) ability of individuals to
experience the world and their engagement (Went@®8). Furthermore, from a socio-
constructivist point of view, to learn means totjg#pate to a process of co-construction of
meaning (Vygotsky, 1978). In a CoP, knowledge aadarticulation are social and context-
related. Cognitive productions resulting from iatetions between members of a CoP are not
only attributed to individuals but also to the goatself (Dillenbourg et al., 1996).

3.1.2. Challenging Knowledge Value M easur ement | ssues

Even if during these last years knowledge has lvdderly recognised as a vital (if not the
vital) source of competitive advantage and of potide, both academic and practitioners
seems to fail in developing acknowledged efficieméthods for measuring knowledge.
According to (Siesfeld,1998): Measuring knowledge is still a whole new area of
development. It is clear that the traditional infauttput approach to determining whether and
to what extent a firm's assets are working do notkwwith knowledge Moreover, KM
experiences show that good knowledge measuresrat¢egualitative and quantitative
elements: Milestones and metrics define what you are trym@d¢complish and whether you
are succeeding, but ‘crude and fuzzy’ measuresucaptnowledge value more effectively
than inappropriately precise oneCohen, 1998).

The nature of our issue of knowledge measuremeislels to adopt a socio-organisational
view instead of an economy-level view. Hence, weufoour analysis on specific aspects of
knowledge value. In the virtual CoPs framework, ca® associate the “value” of knowledge
with the proxy concept of “usefulness”. Indeed, hivit such communities, knowledge
generates value when it is used to satisfy a neeepresents here inputs for CoPs member’s
actions. So, the aim is not to determine the e$a@gective” value of specific knowledge, but
rather a “subjective”, i.e. community-related valoé knowledge within the CoP. For
instance, in knowledge-intensive organisations aglCoPs, great importance is attached to
the perceived value of knowledge by the communitgntbers (value of knowledge for
individuals) as well as stored knowledge, as aectilfe good, element of the socially shared
cognition (value of knowledge for the CoP). We thmmsider knowledge getting into the
community (which implies clear representations @P€ boundaries) that flows within the
community and benefits for the CoP and/or its mamsbe

As a consequence, we will focus our attention anaalel able to underline indicators that
provide information about a perception of the “wkdded” by the knowledge of the CoP
and its members (perceived outcome for membersjead ofex postor ex antevalue
indicators of knowledge. From this perspective,egivour highly context-related, specific
nature of knowledge and value, traditional inpupoti models of value measurement are not
relevant. Both qualitative and quantitative indaratshould be considered.

3.1.3. The Methodological Adjustments

Talking about measurement leads irremediably tcicken performance measurement. If we
have seen that developing an effective system feasuring and managing knowledge
performance will require new ways of thinking, wanoot nevertheless ignore general
properties of all measures. (Meyer and Gupta 1884k that effective management requires
multiple, uncorrelated and changing measures dbpaance. Applied to the virtual CoPs,
this means that simple and static measures lod®eniation contents over time — the
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knowledge useful today will not be so tomorrow, amdess the virtual CoPs change the
measure, the value of knowledge is likely to ded&. notice five general properties related
to effective measures (Meyer and Gupta, 1994).

i.  Reliability: a reliable measure is one which retuthe same value for the same
performance, regardless the time of measurememt, fohm or nature of the
observation (or observer), and the conditions ungkich these observations are
made.

ii.  Validity: a valid measure “measures what the messuntends it to measure”. For a
measure to be valid, we need to be clear on wieablfective of the measure is and
what the assumptions about the relationship betweEphenomenon and the measure
are.

iii.  Comparability: a single measure conveys little infation in and on itself. The
information comes when the single measure is coeaptr some other standard, like a
base line. Providing information for comparison (iecessary) allows knowing
whether a measured value is good or bad.

iv.  Variability: a lack of variation among measurementakes it impossible to tell
whether something is good or bad.

v. Time: performance measures tend to run down overe,tithrough learning
(homogenisation of human behavior and performamcenaximise the measure),
perverse learning (opportunistic appropriationief measure in order to maximise it,
but with diminishing performance) and selection @¥er time individuals who
perform well are retained and others are not, thermeasure will no longer convey
any new information as the pool grows in homoganeit

Of course, measures should not be frozen. When asume does run down, it has to be
replaced by another; as well as the more the phenamve study are complex, the more
measures we need. From this perspective, as ewguplvCoP is different (in its nature, its

focus, its used ICT solutions or even its levehwdturity), it is therefore both difficult and

inappropriate to propose a predefined battery dicators for measuring knowledge within
virtual CoPs, such as in a toolkit for instance.

We propose instead a model of knowledge value imgcwithin virtual CoPs and insights
about criteria to be taken into account for thédetation of suitable indicators in accordance
with the specific nature and properties of the atered virtual CoP.

Therefore this model (see Figure 18 in 3.1.4.pisposed by several theoretical propositions
of knowledge value tracking within virtual CoPs tthepresent the framework and the limits
from which the measure will deal with. For eachotietical proposition, corresponding
objectives are defined in order to give senseeatkasure.

Then we define relevant criteria according to ewajective. These criteria might allow, by
observing their evolution, an interpretation of therent situation according to the objectives.
These criteria will be also broken down in severatameters that provide qualitative and
guantitative measures that strongly influence éheviance of the exploitation of the measure.
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Then the parameters of the chosen criteria mustrdrescribed in data, which can be
combined in order to provide a global indicator.

However, considering the idiosyncratic nature oérgwirtual CoP and the complexity of
knowledge evaluation, we present in this reseaochesbasic, generic criteria, that might be
completed in the case of empirical applicationhe model according to specificities of the
studied virtual CoP. Following up research carbgdBarlatier et al. (2007), we describe this
model as well as insights about main parametersrasdlting indicators in the following
section.

3.1.4. Towards a Knowledge Value M odel for Virtual CoPs

This section describe the knowledge value trackimgdel dedicated for virtual CoPs,
articulated through several theoretical proposgtiohs mentioned before, the complexity of
this task implies both a deep reconsideration ef @P’s basic concepts as well as some
appropriated methodological adjustments, presemtedhe previous section From this
perspective, we explain here the theoretical laybat will guide our analysis, based on a
study of participation and reification processethimivirtual CoPs.

Commitment, participation and exchanges are impotancepts intervening in a CoP. They
occur in face-to-face meetings, but are also supddoy ICT solutions. Nowadays people
exchange a lot of information by emails or via fogy using a lot of different means to
communicate, and consequently participating inGb@’s life.

Considering our objective of giving elements foramering CoPs knowledge value supported
by ICT tools, we will use the term “knowledge” am ambrella term gathering explicit
knowledge and information. For virtual CoPs, inpofsknowledge are pieces of explicit
knowledge and information (able to circulate vidl' I€olutions), brought by CoPs members
from CoPs environmenvia different exchange objects as tools, rules, medlogical
support, demonstrations, references and vignetteases (Daele, 2006). Then, the CoP will
act as a systenge. as a method for collecting and processing knovdedguts, specific to
each CoP, and as a consequence, giving differsaltsdor different CoPs.

Hence, we consider CoPs as self-organised, autamomgstems, with strong identities,
creating their own values and references systemedisas their own sense making. In other
terms, CoPs are autopoietic systems (Varela, 1989).

However, despite of the CoPs’ autopoietic charasttes, virtual CoPs members need to use
ICT solutions to capture external information inder to develop their individual and
collective knowledge. From this perspective, Webdnhservices such as web specialised
search engines or RSS feeds represent efficienhgnef linking and collating disparate
information sources and data streams, accordinghtsen topics. Virtual CoPs members
should also propose knowledge sources such as @odsrto develop the CoP’s knowledge
base.

The main criteria that should be considered herder to define knowledge value indicators
about knowledge incomes are: (i) the reputatiorthef knowledge provider that shows the
viability of the source; (ii) the reputation of tlathor; and (iii) the relevance of knowledge
regarding the topics of the CoP.
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Proposition 1: CoPs are autopoietic, self-referenrisystems. CoPs members
provide inputs of knowledge to the community. Thepeits are required to
perform a task, to answer a need and to effect angd in members’ daily
activities.

The primary focus of the CoPs conception is onnliear as social participation (Wenger,
1998). Participation represents in Wenger’'s conoapdf CoPs a core element since it is
through participation that communities’ charact&oss and practice are developed:
“Participation here does not just refer to local eiseof engagement in certain activities with
certain people, but to a more encompassing pro@ésbeing active participants in the

practices of social communities and constructingniities in relation to these communities

(Wenger, 1998).

Participation is an active process that conveyspthgsibility to mutual recognition and the

ability to negotiate meanings, but does not necigsentail equality or respect, or even

collaboration (Wenger, 1998). If CoP’s members heapeated exchanges about knowledge
freely flowing within the community, we can considbat the most collective exchanges a
piece of knowledge generates, the more potentihlevd has. If knowledge cannot be

measured, its impact can be. Indeed, knowledgénées in the flows, and it is in these flows,

i.e. in the combination of community member’'s experesiand insights, that knowledge is

created and applied (Siesfeld, 1998).

Thus, it is logically through this participationgmess within virtual CoPs that collaboration
technologies impact information and knowledge erges. The design of adequate solutions
of collaboration technologies represents the dbeekey factor of success of any virtual CoP.
Web 2.0 solutions will often provide several difet communication and collaboration
spaces for supporting both tacit and explicit kremge transfer, shared and individual
activities, synchronous (real-time chat...) and abymeous (e-mailing...) communication.
For instance, collaboration technologies can suppeit knowledge transfer by offering the
possibility to convey an unbound number of disceurgpes such as ideas, comments and
notes,.e. the personal interactions required for its shafeng. videoconferencing).

Such technologies should also ensure the posgilwiitmanaging i(e. adding, deleting,
updating...) exchange objects in order to fosterramtons within virtual CoPs. The main
criteria that should be considered here in ordedefine knowledge value indicators about
participation and knowledge exchanges are linkeith wie quality and the quantity of the
exchange objects.€. length and frequency of reactions/consultation®bjects; number of
downloads, exchanges of an object; notation andnuamis about an object...). A smart
combination of such indicators according to thdatmration technologies used within the
virtual CoP must provide information about dynamadsknowledge exchange among its
members. In addition, the use of such technologiien requires user registration,
identification and authorisation. These functiotedi imply de factoa reflection about the
boundaries of the virtual CoPe. its identity. Indeed, to which extent are guestmbers and
lurkers allowed to get into the virtual CoP? As éagised by Wenger (1998), to participate
in a CoP implies araction of participation within this CoP. Therefore, suislsues about
virtual CoPs boundaries must be also consideréukiistudy of its participation dynamics.

Proposition 2: High levels of knowledge exchangad ateractions within the

CoP strengthen the participation process and revelhowledge with high
potential value.
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Within a virtual CoP, it is quite easy to determiegels of interactions (number of emails
exchanged around a subject, number of clicks anka.l); nevertheless, it is more complex
to determine their interest. Indeed, people cagraut around knowledge with low value, in
order to demonstrate that it is not interestingnot proved. By contrast, high value
knowledge that could be very interesting for CoRmsmbers can be overlooked due to the
important number of information contained in suobl$ (lots of topics in forums, to many
emails exchanged with not enough time to read thémAnyway, thanks to these
interactions, CoPs members may be able to anteiffa created value by the use of this
knowledge, integrating and combining it (Kogut &ahder, 1996) in order to mobilise it in a
personal knowing process.

From this perspective, the use of web 2.0 collab@asolutions can be a lever for both,
explicit and implicit decision-support making, farsingle or a group of members of the
virtual CoP. This support to decision-making metirad users can retrieve information about
past events or decisions, documents or object®dirtk this decision (or even topic) with
suitable visualisations devices. For instance,h@ tase of a collective decision-making
process, voting algorithms can be considered.

Hence, the main criteria that should be considée@ in order to define knowledge value
indicators about the potential value of informatidmowledge are directly linked with the

design of participation and interactions of knowjedobjects indicators (see P2 above),
focusing on receptivity and feedbacks of virtuaPSanembers.

Proposition 3: The potential value of knowledgecalating within CoPs depends
on interaction levels, but also simultaneously lo& thembers’ ability to assimilate
it and to anticipate the created value by its use.

After having appreciated the potential value of\wtealge, it is now relevant to examine how
this potential value can be achieved. Knowledgeoisseparable from its context, especially
within CoPs which origin is rooted, let us not fetgto situated learning (Lave and Wenger,
1991; Wenger, 1998). Knowledge is here a leverafttion, and its value is very context-
dependant. In addition, CoP’s members use CoP’svieume in the framework of their
practice. Therefore, this process of knowing isim&n act.

From this perspective, using CoP’s knowledge retershe personal knowledge-creation
abilities of the CoP’s member €. his abilities to detect, assimilate, combine axjgeeiment
this knowledge). As (McDermott, 1999) wrdte. professionals piece information together,
reflect on their experience, generate insights, asel those insights to solve probléms

Collaboration technologies should therefore supportual CoPs members to achieve
outstanding results in their everyday practice. vay, the technology can be used in virtual
CoPs’ individual and collective decision-making geeses, insofar as such collaborative
functionalities are compatible with the tools ussdCoPs members in their daily practice.
The more these solutions are closely linked witiP€onembers’ action devices, the more
they can enhance knowing capabilities.
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Hence, the definition of knowledge value indicatabout the use of collective knowledge in
everyday, individual practice implies the considiera of individual, personal social
characteristics and interests that stick out camé&work of analysis. However, technologies
linked to 3G telephony or Blackberry devices fostance, as easy-to-carry technological
devices, can develop user-proximity, community-otee facilities that can be explored.

Proposition 4: The value of CoP’s knowledge in piarelies on the “knowing”
capabilities of CoP’s members, i.e. their persoahllities to use knowledge in
their daily practice.

The (personal) use of knowledge circulating witl@oPs would be valueless for the
community if members do not share and exchangd&hiéese outcomes of knowledge in
motion have to be “crystallised” by CoPs members @ninjected in the community in order
to be shared, evaluated and acknowledged by théewdoP. This refers to the concept of
“reification” defined by Wenger as:tlfe process of giving form to our experience by
producing objects that congeal this experience Ithmgness” (Wenger, 1998). According
to this, applied knowledge generates value if wirt@tCoPs members formalise their
experiencesij.e. give a form to their own understanding of theiagiice by writing and
exchanging emails and messages, or producing efectiocuments and books.

Hence, virtual CoPs members produce exchange sbgtaped by their experiences. But, as
Wenger emphasisedthiese objects... are only the tip of an iceberg, Windlicates larger
contexts of significance realised in human pradi¢®Venger, 1998). Once produced, these
objects can be introduced to the virtual CoP bjed#int ways: either directly to some other
virtual CoPs members or put in the virtual CoP tetetc document memory.e. the virtual
CoP knowledge base. Nevertheless, these objeatsseyt as many points of focus around
which the negotiation of meaning becomes organ{¥¢dnger, 1998). In most cases, less-
formalised objects are directly submitted to otihheembers, and then the negotiation of
meaning process will be collective and often achitae articulation of the object. But virtual
CoP members can place more formalised objeatsttiirin the virtual CoP knowledge base.
In this case, the collective negotiation processatber focused on the pertinence of the
existence of this document within the virtual CoR'®wledge base instead of the collective
achievement of its formalisation. If this newly igected knowledge generates interesting
interactions within the virtual CoP, it will thergerate value for the whole community itself.

We propose to label these outcomes of the virtud?'€reification process “realised value”
of knowledgej.e. value from knowledge experience feedback., in reshiwith the potential
value of knowledge previously defined. However, mvast emphasise that in the framework
of this research we make a distinction betweenicegibn of knowledge from direct or
indirect experience feedback. In other words, waimjuish feification by interacting
which refers to the reification of knowledge by gaving, interpreting, reacting from CoP’s
members previous experiendee(related to participation in P2) andeffication by doing,
which refers to the reification of knowledge byaetitly using, making, reusing knowledge
exchanged within the framework of the CaoR.(elated to direct experience feeback).

From this perspective, collaboration technologieeusd support experience feedback and
production of meaning for virtual CoPs members.sTimeans that collaborative solutions
may allow of course the possibility to share exgrece, personal standpoints and documents
in collaboration spaces’ topics but also requirthbodividual expertise management (linked
with the user’s profiles and the identificationesperts) and collective expertise management
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(linked with collegial agreement and acknowledgetéor the validation of the reificated
objects.

Hence, the main criteria that should be considée@ in order to define knowledge value
indicators about the reification of knowledge amthbfunction of the capabilities of CoP’s
members to use knowledge in practice (see P4 abase)vell as their capabilities of
reification, i.e. of formalisation of their own experience. Such icators can be built
according to the implementation of, for instanc@BR(return of experience) annotations or
links on comments about used knowledge. Virtual £ofembers may inter-relate new
reificated knowledge objects with older and / cedisnes, still available in the virtual CoP’s
knowledge base.

Proposition 5: The virtual CoPs member’'s capalshtiof reifying outcomes of
knowledge in motion and of diffusing them withie tommunity generate value for
a virtual CoP.

Anyway, the reification of “realised” knowledge tsavirtual CoPs members to use collective
knowledge storing ICT solutions, such as a shaedbdse, in order to make it available to
other members. Afterwards, these objects of knogdeare submitted to the judgment of the
other virtual CoP members, which validate or na tionsidered object. Once validated,
knowledge can be stored and accessible to theali@oP. In order to be an efficient ICT
solution, the knowledge base must be organisedrateked so as to be convenient to usual
requests as well as specific demands. In additi@pase must propose links between tasks
and roles to pertinent documents or knowledge thjédhis structures the presentation and
storing of knowledge to virtual CoPs members.

Moreover, the accumulation of the same knowledgédgi no extra value (Siesfeld, 1998).
Indeed, if there is value in reproducing knowledtpere is no value in acquiring the same
knowledge again:More is not better, new is bettgiSiesfeld, 1998). Knowledge value may
reside more in trying to discover relationships agdistinctive ideas, via argumentation and
negotiation of points of view, than in embracinghemess (Cohen, 1998).

From this perspective, collaboration technologiedichted to virtual CoPs exchanges should
be compatible with the collective knowledge storsmjution, or at least allow the retrieving
of knowledge objects.€. documents, notes, ideas, comments...) and theie reudifferent
collaboration spaces (according to the accesssjighte virtual CoP knowledge base, as a
knowledge repository, must structure and preseotledge efficiently, allow an easy access
to CoPs members and avoid proposing accumulatiothe@fsame knowledge. The virtual
CoP’s knowledge base may be dynamic and updatectar to prevent the virtual CoP from
inertia. It may be accessed in multiple ways aisdcibntent combined, restructured, and
presented in a variety of new contexts dependinghow the knowledge base has been
designed and the mechanisms for presenting andbdistg its content (Zack and Serino,
2000).

Hence, the different criteria that should be comsd here in order to define knowledge value
indicators about the management of the virtual €difiowledge base are related to the
availability and accessibility of knowledge objeas well as to the coherence of the
knowledge basd.€. interactions and cumulativeness of knowledge dabjetndicators based
on searching options need to be implemented (keysyotopics, knowledge object,
combination of them and links between them...) asl sl clear indications about most
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valuable and / or popular content. A “search thebWaption can also be implemented but
should be linked with P1 related functionalitiesdaindicators in order to add value (in
targeting specific search engines to expand resghocinstance...).

Proposition 6: The virtual CoP’s knowledge baseadsiowledge repository, must
structure and present knowledge efficiently, allmveasy access to virtual CoPs
members and avoid proposing accumulation of theedamwledge.

Once knowledge has been reified and proposed tuittuml CoP, members exchange, share
their experiences and debate about it. If knowladgeknowledged as useful for the group, it
is henceforth implemented in the virtual CoP knalgle base. The process of negotiation of
meaning will collectively evaluate, validate anttriatite categories to the stored knowledge.
This collective process will also update the virt@aP knowledge base.

However, usefulness is difficult to evaluate. Sotdoeuments, e.g. a basic process, may be
very useful for a novice member and have less viduen expert. Moreover, for a virtual
CoP gathering members from different organisatisosme knowledge may also be evaluated
as very useful for one, and have less value fottemoln this context, usefulness refers to the
subjective value of knowledge. It depends on themt@al use of the stored knowledge object
(Marwick, 2001). Thus, great importance is dedidatestored knowledge that generates high
levels of interaction and experiences accumulatitthin the virtual CoP.

Evaluating the usefulness could be done after lgadescribed the different groups of
members composing the virtual CoP: novice versysemxintra-organisation versus inter-
organisation, etc. Sometimes, virtual CoP’s idédifsub-groups can evaluate the usefulness
of a virtual CoP’s knowledge. As knowledge captut®ed a CoP is an element of the
collective construction, linked to exactly definedcial situations, it is normal that this
knowledge and its usefulness evolve with the cowtis collective interactions.

Furthermore, knowledge is a specific resource ket a specific life cycle and degree of
obsolescence. Actually, knowledge can have a gt@ate at a certain time, and can drop to
zero if this stock of knowledge becomes obsoletkis Tmeans that, as the timing of
obsolescence is highly uncertain, there are nodatbe of depreciation. In this case, a
maintenance service could be useful to sort knogdezbntained in mails for instance, or to
sort the old posts or documents contained in arioru

From this perspective, virtual CoPs members arl beers and suppliers of the knowledge
base that consequently requires high degrees aictstmg and viewing flexibility
appropriated to various, particular types of con{ee. knowledge and information).

Hence, the main criteria that should be considée@ in order to define knowledge value
indicators about knowledge storing are relatedh® validation and the modification of
knowledge objects. Both quantitative and qualigtimdicators may be developed in this
context. For instance, metrics and measurememtumsints’ regarding number of downloads,
reactions, comments, about knowledge objects shoglpintly developed with positive or
negative feedback and notation about these objdttéss not obvious that the most
downloaded documents are the more valuable ones.

Proposition 7: The virtual CoP, through a colle&iyprocess of negotiation of
meaning, evaluates, validates and attributes caiegao the stored knowledge.
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Hence, the knowledge base may be dynamic and updaterder to prevent the
virtual CoP from inertia.
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Figure 20. The Knowledge Value Model
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The above Figure 20 synthesises our theoreticatnastion through a model of knowledge
value tracking within virtual CoPs. This model ralginsights about knowledge evaluation
within virtual CoPs through the analysis of the tiggvation / reification dialectic. The
comprehension of this participation / reificatiomatity appears as the key to analysing
knowledge value creation within CoPs. Moreover,tipgnation and reification are self-
feeding processes (Wenger, 1998). Indeed, partioipamplies interactions, identifiable
commitment in CoPs activities that leverage actionsCoPs’ members practice. Then,
reification gives form to theses actions, and gatesr interactions within CoPs through
mainly the negotiation of meaning processes.

Hence, reification strengthens commitment and ggsdtion within CoPs, with the
negotiation of meaning as catalyst. As the dualesyarticipation / reification is relatively
less explored in the literature, our quest foratdk measures of knowledge value within
virtual CoPs identify and analyse knowledge valtgation vectors within this system. From
this perspective, this model allows the identificatof pertinent knowledge measurement
indicators, but we point out once again that suaficators should be implemented with
regard to the used (both actual and future) ICTtawis within the virtual CoP, as well as to
its own nature, objectives and maturity. Accordioghese issues, knowledge value indicators
related to parameters described in the theorgpicalositions of the previous model can be
developed. However, we can notice that the idiosticand complex nature of every CoP
may lead to the construction of specific, idioswticrindicators as well.

3.2. Knowledge Value Processing

The knowledge value-tracking model depicted ab®e= (Figure 20), designed through the
articulation of several theoretical propositiond (@ P7), has given insights about generic
criteria to be considered. As mentioned in 3..&,now focus on relevant parameters and
indicators for every generic criterion.

From this perspective, the Figure 21 below showsdiigram of the set of proposed criteria,
as well as their related parameters and indicatdesice, we propose in this section to
develop a mathematical framework for knowledge @adtocessing.

As explained above in the model presentation anplaeation on the proposals, the

proposition 4 is not included in our processingdeed this proposition includes factors
intervening in the member daily practice, outside the community.
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Logically, Figure 21 speaks about knowledge. Fratechnical point of view, knowledge in a
CoP refers to any document or information manigadaby the members and stored in the
knowledge base of the community. It comprises @splicit (i.e. formalised) comments,
ratings, return on experience; in any electronienf@nd from any tool, comprising e-mails,
forum posts, etc.

Let mCOM be a CoP’s member of the $étof members. LekOK be a piece of knowledge of
the setK stored in the knowledge base (KB) of the CoP. Vhkie ofk in terms of a
perceived outcome for the CoP’s members can bendatd to the realised value kf as
defined in the previous section. It is obtainedtwp different values, the first being the
potential value it has at the moment it entersGbP,val,o(k), and the second being the value
in term of reification, which we noteal.i(k). The latter is calculated according to the realis
value formula, which then can be written:

val(k) = f(val ,(k),val (k)) = f(val,,(K),g(val(K . (k)))|,
whereKii(k) represents any knowledge reified frém

According to our knowledge evaluation model, sepempositions have been enunciated in
the previous section, all linked to important stepghe knowledge life-cycle in the CoP.
Unless a piece of knowleddehas been assimilated by the CaR. {validated and stored in
the KB), its value corresponds to its potentialueal which is a function of the values
corresponding to propositions P1, P2 and P3. Tthenfinal value ok as a realised value is
its potential value, plus the value of reificationbas generated, corresponding to proposition
P5. We write:

Valpot(k) = fl(vaIP]_ 1] Va|p2 3 Valp3)
Valreif (k) = Va|p5

with valpx being the value corresponding to the propositon It is to note that the value
corresponding to the proposition P4 does not appeeg as it is hard to process and is
roughly included irvalps. Propositions P6 and P7 can be treated separatelhey concern
the KB. The value derived from these propositionBuences the value of knowledge.
However, whether it should be added in the calcoluthe knowledge value or not can be
discussed. Indeed, the influence of the KB chareties will already implicitly influence
most of the indicators used to obtain the differemlb,. For example, a KB having a bad
design or difficult to use comments/ratings systesfi lead to a low-level number of
comments/ratings, which influences the value ofkedge {alp,). Finally we thus consider
separately a value for the KB, knowing it influesdbe value of knowledge, but we let the
formalisation of the link between both for a furthesearch. We define the value of the CoP’s
KB as:

‘vaI(KB) = f3(valp6,valp7)‘.

According to the model, each proposition vakaé, is a function ohy criteriacy;, which are
themselves functions ofl parameterpary ;:
val,, (k) =fc, (c, (k)),
wherec,=[cx, ..., C' is a vector of criteria:
Cx.i (k) = 1:px.i (parx.i (k)) ’
where paryi=[paryi1, ..., panin]' is a vector of parameters, which can be calculated
according to some indicatoirsdy i ;:

parx.i.j (k) = fl Xid.] (Ind Xi.j (k)) '
with indx_i_j:[indx_i_j_l, cey indx_i_j_|]t.
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Before going into the details of each function, dedine some generic functions that will be
reused multiple times:

* Whenn variables are assumed to be independent, théileimfe can be calculated by
a weighted sum. We note wS() this function, defiasd

Zn:Sgn@i)-|ai|-fi
wS(f,,....f,) = F—
;|ai|

where a; , with |a |[J[0,1], is a weight that can be either positive @gative
depending on; fand the influence it has in the global function.wS
» The relative value of a functionxji wherex is an element of a s&t is the value of
f(x) related to the values obtained for the other el@sof the seX. We write:
F (%) = %(f(x),f(X))}
where the %() represents a comparison functionchviian have different form
according to how the distinction betwerrand the other elements ¥fneeds to be
made. In order to homogenise the different valueg. (given by criteria or their
parameters) that will need to be combined (in afw®tion for example), it seems
clever to use the so-called z-value, which cerdgatsreduce the variables. This gives:

o = 9=1C0
f(x)

where f(x) = E{f(X)} is the average of X other the se, and Oy, denotes the

standard deviation.

» Last, we define the average of a functiox) fither the seX of all x:
1 i=dim(X)

Elfoo}= B0} =g 2100,

X i=1

3.2.1. Potential Value of Knowledge

The potential value is obtained by considering psifions 1, 2 and 3. The first two concern
an inputted knowledge, while the last one is reldtecapacities of the set of members in the
CoP. Considering P1 and P2 are independent, ahdrfatenced by P3, we write:

val (k) = aval,,.wSvaly, (k), valp, (k)|

wherealJ[0,1] is a weighting coefficient that can be usedune the influence ofalp;, and

all theq; in wS are positive. Since P3 influences P1 andaR2¢hoose to multiply P1 and P2

values by P3. We detail in the following the fora@ibr each proposition value involved here.
In order to get a value that is meaningful for GoRiembers, we standardise on the [0,1]
interval, which finally gives:

val™ (k) - minfval?s“ (k)}

maxfval’s’ (k)} — min{valie (k)}

val (k) =

where valgzid(k):a.vaIPS.wS(valpl(k),valpz(k)) is the non-standardised potential value.

Note that the different values calculated from ghepositions, as defined hereafter, have
values that have been homogenised and thus caedagive or positive. They should also be
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standardised between 0 and 1 if they are to bengileectly to CoP’s members for some
purpose.

P1: Incomes - pieces of knowledge and information

Objective: measure knowledge and information input in the CoP

As it would not be in the interest of the CoP, veglect any influence link that could exist
between a knowledge provider and an author (e.growider almost always provides

knowledge coming from the same set of authors).hWhiis postulate, the three criteria
defined for measuring proposition 1 value are atergd as being independent. We can write:

val, (k) = Wdcl.l(k)! C12(K), Cl.arel (k))1
wherec, ; is the value related to the providerkpfc; » is the value related to the authorkof
andcq s is the value related to the pertinencék ofgarding the CaPHere, all then; in wS are
positive.

Criterion 1. knowledge provider

c1.11s obtained from 2 parameters: the provider'seputation in the CoRdpuRm)),
and his belonging to other communitie®rinectm)). If we neglect the influence the
reputation in the CoP can have in the other comtimsnhe is member of and vice-
versa, we can write:

c, (k)= wS(requ’e' (m), connect® (m)), with m provider ofk,

where all theo; in wS are positive. If we make the assumption thatreputation is

more important than the fact of belonging to othemmunities, we have;>as.

repuP®(m) andconnect!(m) are respectively the reputation and connectimtions

for mrelated to the set of membévis

0 The reputation of the knowledge provider is indéchby his knowledge input

rate,inKrate, balanced by a coefficient associated to his irollne CoP at the
time the knowledge is providedg[][0,1], whereR is a role. The reputation of
a memberm as a knowledge provider is then calculated by shen of
knowledge provided under each of his roles balahyeal role coefficient:

repuR(m) = >" A, (m)inKrate, (m)|,
R

with inKrate, (m) = nb(inputed_k, m|role(m) = R)

Note that since the role is a qualitative indicatbere should be a hierarchy in
roles allowing affecting a value or a range in[thé] interval to each role (the
highest value being of course 1).

Note also that a member can have a unique rolennatlCoP’s tool, even if he

has multiple roles within a CoP. Indeed, a memizar ltave a unique tool's
role which sums the roles he has on a CoP (whiclorhes rights within the

tool). In this case, there might be no way to diptish the different roles a
member has.

0 The good reputation of a provider tends to increasepotential value of his
provided knowledge. The influence of membershipother networks is
indicated by the reputation of the knowledge previth these networks. We
take the mean value over all communittes!Co(m) to whichm belongs:
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connecfm) = E{ repuR(m,co )}|.

Note that though reputation is a qualitative inthcait can be estimated with
the formula we have defined just before.

Criterion 2: knowledge author

Ci1.2 is obtained from one parameter, which is the r@put of the knowledge’s author
in the CoP. This reputation can be indicated glgbaly the download rate of
knowledge he is author ofdifate), to which we add a coefficientk[0,1]
formalising the recognised expertise of the authahe domain ok. We consider the
expertise ink's domain has no influence on the download rateugh the inverse is
probably true. An author can have a high downlcaté, rwithout necessarily being
considered as an expert. Consequently, we write:

c., (K) = wsle,, (M), dirate™ (m)),

where all thea; in wS are positive, ardirate(m) = Zdlrate(ki)|mAuthorof K,
k;OK

with dlrate(k)=nb_downloads(#, being the number of downloads of a particldar

since it has been entered in the CoP. The recatjresg@ertise is a qualitative

indicator, and like for the role, a hierarchy operise needs to be defined, which will

need to be digitised. We could have for examplghH ep=1, Good= €px=0.5,

Low = €p=0.25. This kind of digitisation can be used fomast all qualitative
indicators.

Criterion 3: knowledge pertinence

C13 is obtained from one parameter, which is the mmlee of the knowledge
according to the CoP’s domain and objectives. Bievance of a knowleddecan be
indicated by a coefficien{k,n)J[0,1] representing the matching betwederand a
neednCIN explicitly formulated. In a simplistic form3 could be binary: 1 if there is a
match, O if not. But as a piece of knowledge mdsiags answers only partially a
need, we keep matching values in a continuous raWge postulate that; 3(k)
increases with two parameters: the number of nkedsisfies and the fact that a need
satisfied byk was or was not previously unsatisfied. Consequewe write:

c(9= E{Bn)A- E_{BK.n)D}|

ki OK ,k; #k
Hence,c1 5(k) is defined as the average of the matching vahets/eenk and the
needs it satisfies, balanced by the mean of majchatues for all the other pieces of
knowledge in the CoP already satisfying each need.

P2: Exchanges of knowledge and interactionswithin the CoP
Objective: measure exchanged knowledge value and membeisigetion.
Proposition 2 concerns the value of a piece of Kadge k regarding the exchanges and
interactions it generates and can be valuated diogpto three criteria:
* Cp1 interaction and cumulativity which means quatifyexchanged knowledge
* 2 exchanges which is quantity of knowledge exchange
* Cp3 identity: access level to knowledge
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The way knowledge can be accessed globally inflegmtteractions and exchanges. Then
balances both, ; andc,,. We write:

|VaIP2(k) = a,3.C,5(K) W(C,, (K), €, (K))
wherec;, 1 is the value related to the guantity of interacsi@enerated bk, ¢, is the value
related to the quality of exchanges generate#f bpdc; ; is the_accessibility of.kHere, all
the a; in wS are positive.

Criterion 1: Interaction / cumulativity

C2.1 is obtained from one parameter, which is the tyalf knowledge exchanged
based on k. This can be indicated by the lengthfeegliency of reactions dk the
history ofk through its different versions, and the numbecafiments ork. Each
indicator do not influence the others. We write:

C,, (k) = wSlreaq(k), hist (k),nb_comment§' (k),nb_ratings® (k)|

where all theq; in wS are positive. The number of commentb_(commenjsand
number of ratings np_ratingg can be obtained directly. No distinction is made
between good or bad feedbacks. The other indicagsinfluenced by different
variables, which we detail above.

o The coefficienteagk) takes into account the length and frequency attiens
to k, which can be e.g. a comment or a rating. We demnshe average period

of reactions: T_r(k):llz{time(rk(l+1))—time(rk(l))}, where r(l) is the I*

reaction onk and timg(ry(l)) is the time at which it as happened. The
corresponding average frequency can then be ctdciudes:

F(k) 1 nr-1 nr-1

) Tr(k) El(time(rk (I +1) —time(r, (1)) - time(r, (nr)) —time(r, @) |

1=1

wherenr is the number of reactions.

Considering the length of reactions makes sengefonkeactions persisting a
certain amount of time, like conversations (chats)kequence of emails or
forum posts on the same subject. In this case, ametake into account the
average length of reactiomg over the set of all non-instantaneous reactions,

RKNI :

Ir (k) = E {tend(r,) ~tstart(r,)} |

wheretendry) andtstart(ry) are respectively the time of the end and of the
beginning of the reaction.

If we postulate that a knowledge generating higlydiency or long duration
reactions implies that the CoP implicitly prizestiiten we can writeeagk) as:

reac(k) = ws|fr (k).ir* ()} with a,,, >0anda, = 0if Ir (k) = 0|

As we do not give more importance to one of persistingnstantaneous
reactions, forcingx, to zero when there is no persistent reactions allows to
avoid penalising knowledge having generated only inatedus reactions.
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o0 We compute the coefficiemtist(k) by considering the frequency at which new
versions of a knowledge have been created. This cdralbeced if we also
take into account the importance of modifications (this lsarformalised by
using a hierarchy of versions, like with software whemsidering beta
versions, release candidates and releases). Wefwkjethe mean frequency
of K's versioning:

_ nv-1
~ time(v, (nv)) —time(v, (1))

wherev(i) is thei® version ofk andnv is the total number of versions kf
Then we write hist(k) as:

hist(k) = E{v(v, )}. (k) ,

fu(k)

wherevv(v) is a value given to a versiepaccording to a versioning scale.

Criterion 2: Exchanges

C22 IS obtained from one parameter, which is the gtyaof knowledge exchanged
based on k. This can be indicated by the numberoaiments ork associated to
explicit ratings on these comments, the numberosirdoads ofk, the explicit rating

of k, and the number of pieces of knowledge referenkirf@ince comments addedko
either adds value to it (in case of positive comtsgreither diminish its value, the
number of comments is relied to comments ratings wll help to see if a comment
has a positive impact in calculation.Kfhas been downloaded a certain number of
times, it increases its value, as if a certain nemadd pieces of knowledge refererice

If we consider that the explicit rating &fbalances its value, and is linked to other
indicators listed before, we write:

C,, (k) = wScmtrate® (k), dirate™ (k), nb_kref'™ (k))rating(k) |

where all thea; in wS are positive. As in proposition dlrate(k)=nb_downloads(k)
The number of references ko(nb_krej is obtained directly as soon as the CoP’s IT
system allows retrieving it. The knowledge ratirgting(k), is a qualitative parameter
that needs to be quantified with a given value escdlhe indicator related to
comments, which we writemtratek) is defined above:

o The calculus otmtratgk) depends on the value scale used to rate knowledge
It can be defined as the ratio of highrated comsjeon the set of comments
on k: cmtratgk)=(nb_cm¢k) | cmtk) = good)hb_cmtk). We can also consider
the average on comment ratings:

cmraték) = le%k){ rating(cmt(k)} |.

Criterion 3: I dentity

C23 is obtained from one parameter, which is the l@fedccess to knowledge. This
can be indicated by the ratio of members partigigetio exchanges dk(rpar(K)), the

ratio of new members in the CoP and the leaving an@u, and the role of members
participating to exchangesg(k)). The ratiorinou does not influence the two other
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indicators. Then, we postulate that the number atigpants in an exchange is

independent from their specific role in the CoPwduer, this can be discussed since
there can be specific roles who might be requiceplarticipate to an exchange; in this
case they should not be taken into account in gheevcalculation. We write:

C25(K) = WSlE s ™ (KD, (),
where all thex; in wS are positive. The three indicators are defias follows:

0 The indicatorriyou is simply given as the ratio between the number of
subscriptions minus the number of cancellation (hembers leaving the CoP)
and the number of subscription taken since thenmggy of the CoP. This will
give us a ratio of members staying in the CoP caetp#o the total number of
subscriptions in the CoP:

_ nb_subscriptons—nb_ cancellatons

infout nb_ subscriptons '

0 Access to knowledge can be measured observingatie of participants to
some collaboration, interaction or exchange. Leerexch(k) an exchange
between members generated by a piece of knowleklg€he value ofk is
increased when the number of participants to suchanges is high regarding
the number of CoP members or the members that gmikhtially have been
participants. We can take the average over all &xgbs generated tyand
write:

r

E {nb_ part(exch(k))}
Foan (K) = 71

nb_members

where nb_excltk) is the number of exchanges generated kyand

nb_par(exch(k)) is the number of participants to one such exgkan
nb_memberss the total number of CoP members, but can blaceg by the
number of members potentially interested by theharge. This could be
obtained for example having profiles of membersoveilhg to perform

matchmaking with the subject of an exchange and thetermine if an
exchange can be of interest for a member.

o The coefficient linked to the roles of exchangedipipants,cg(k), depends on
the role distribution in each exchange. For example can assume that
exchanges in which multiple roles participate hen@re value than exchanges
concerning one single role, because they coveltarbdiversity of members.
Additionally, some role might not have an addedigah an exchange, in the
case their presence is mandatory according to thiie¢'sCrules. Assuming a
value can be calculated for each exchange genelstdg we consider the
average:

Ca(K) = exclhE(k){cR (exch(k))}.

P3: Assimilation and anticipation of the created value

Objective: measure the knowledge use potential value.

Proposition 3 concerns the CoP’s members and tepacity to anticipate the value of
knowledge or assimilate it. It basically stated tha value ok is influenced by the capacity
of members to be conscious of and to use the \gduerated bk. Hence the value derived
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from this proposition balances both P1 and P2 dtsenrin section 3.2.1. P3 can be valuated
according to two criteria:

* (31 capacity of members to anticipate value createkinowledge

* 32 capacity of members to assimilate knowledge
If we consider that the assimilation of knowledgeimdependent from any anticipation
concerning its potential value, we can write:

Valyg (K) = wSley, (K), ¢, (K)

where alla; are positive.

Criterion 1: Anticipation capacity of members
Cs1 is obtained from two parameters: exchanges aneragations generated by
knowledge,i.e. valpx(k), OKCK, and the receptivity of membergcedM). The latter
obviously influences the member’s participationt e consider this influence is
already implicitly contained imalp,. Then, we write:

¢1(K) = wSE{val, (K)}. recerM),

where all thex; in wS are positive.
0 Receptivity can be indicated by the repartitiorkwbwledge on all the IT tools
or services used by the CoP, managing knowledgeraing it accessible to
users. We write:

recefM) = IKE{serv_repart(k)} ,

serv_repartk) being a function of the repartition of a piecekabwledgek on
the CoP’s IT system. In a simplified form, this &ion could consider the
number of occurrences of a same knowledge on difteservices.

Criterion 2: Assimilation capacity of members
Cs2 is obtained from one parameter which is the feekilgaven on knowledge. This
can be indicated by the ratio of positive versugatiee reactions (if the system can
distinguish the positive feedback from the negatorees), balanced by explicit
confidence coefficient that members can put onrtheactions quantifying the
usefulness they think their input has. lkeadk,m) be a reaction from a member
concerning a knowledgk and coni{m,readk,m))J[0,1] be a confidence coefficient
provided bym for his reaction concerning. The global feedbackbk(k;m) of m
concerningk is the ratio of positive reactions versus negaives:

> conf(m,reaqk, m))

fbk(k, m) — reac(k,m)is positive )
> conf(m,reaqk, m))
reac(k,m)is negative
The capacity of assimilation of members can beinbthby averaging first on all the
knowledge on which each user has given feedbacksecond on all the members:

C, (k) = E{E{ fok(k, m|.

3.2.2. Realised Value of Knowledge

The global or realised value kfis obtained taking into account proposition P5. Wie the
non-standardised value of knowledge as:
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val™(k) =wSlval (), valy (k)
= wS{avals, wS{valy, (), valp, (k). valps (K))|

where all theq; in wS are positive. As we will see in the detafsthe formula for P5
hereafteryval(k) is a recursive function becaugalps depends on the value of knowledge it
generates, which is itself calculated usuad(k). As for the potential value, the standardised
version for the realised value is finally writtest a

val™ (k) — min{val™ (k)}
max{val™" (k)} — min{val™"(k)} [

val(k) =

P5: Reification
Objective: measure the value of knowledge in terms of rdifice centered on expressed
returns on experience.
Proposition 5 concerns the value of a piece of kadgek in terms of reification, which is a
function of CoPs members reification capacity andlingness to contribute. It can be
valuated according to three criteria:

* Cs1: members capacity of reification

* s capacity and willingness of members to restikutewledge

* Cs.3 value of knowledge reified froma
The first two criteria can be considered indepetlgeas the capacity of a person to use a
piece of knowledge is independent from the facwie actually share or not experiences.
Then, the realised value of knowledge reified flonlepends on these two parameters, but as
this influence will be taken into account in thdécadus ofcs 3, we propose:

|VaIP5 (k) = chs.v Cs2,Cs3 (k))‘!
where all thex; in wS are positive, vad is positive.

Criterion 1: reification capacity of members

Cs.1 is obtained from one parameter, which is the retum experience provided by
members. For a membar, we define the reification capacitgi(m) (in the form of
returns on experience explicitly provided to thePLby the ratio between the number
of reified knowledger{b_ro€m)) and the number of knowledge has accessed (e.g.
viewed, commented, downloadedp( accessed (i)):
nb_roe(m)
nb_accessed k(m) [
Then,cs 1 is defined as the average reification capacitgliathe members of the CoP:

s, = E{rei(m)}|

rei(m) =

Criterion 2: capacity and willingness of members to restitute knowledge

Cs2 IS obtained from one parameter, which is the difin of a member’s return on
experiencesoe(m). This can be indicated by the number of linktioer knowledge

explicitly given by a member when he diffuses aimeton experience. Taking the
average on all the members of the average numbénksf they have provided for
eachroe(m), we write:

C., = Etogm){nb_links(roe(m))}}.
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Criterion 3: reified knowledge value

The value of knowledge globally fluctuates accogdio the number and value of all
the generated returns on experiment. Then, we @efinas the average of the values
of such reifications:

Cs(K) = E {val(roe(k)}|

whereroe(k) is an explicit return on experience givenkogs s is positive.

3.2.3. Value of the Knowledge Base

As said, we can estimate the value of the KB hagdthe knowledge of the CoP with
proposition P6 and P7. As both can be considereddapendent because they are related to
different functionalities of the tools supportingetkKB, we write, in a non-standardised form:

val"(KB) = wval,, (KB),val,, (KB)),

where all thex; in wS are positive, val(KB) is positive. In a siandised form, we have:
val™"(KB) — min{val™"(KB)}
max{val"™"(KB)} - min{val""(KB)} [

val(KB) =

P6: Knowledge basein the CoP

Objective: to measure the KB capacities

Proposition 6 concerns the value of the KB in teohis capacities. For the calculation, two
criteria are taken into account. We write:

valy (KB) = wS(cg, (KB), Cq, (KB)) |,

where g1 is the value related to the availability of knodde and g»is the value related to
the KB coherencyAll the a; in wS are positive.

Criterion 1: knowledge availability

Cs.1iS Obtained from one parameter: the accessibilitygnowledge in the KB, which can

be indicated by the characteristics of the servimes$T tools used in the CoP and the
qguantity of knowledge actually accessed. As a Ceds ulifferent services with different
functionalities, the knowledge used and producedhkyCoP is often distributed in each
service’s own KB. In the following, we refer to CeRservices or their managed KB
indifferently askly, with kb [IKB. We definecs 1 as:

c.,(KB) = wS[val_ funo(KB),acceséKB)),

where all they; in wS are positive.

o Letfungkh) be a functionality of &b. We have identified the following non-
exhaustive list: access, search functionality, fiwatiion, and collaborative
edition. In the simplest manner, we can quantify fniesence or absence of
each functionality: the more are present, the ntloeevalue of KB increases.
For the whole KB, we write:

val_ fundKB) = Eifuankq ){val _ fung(ki)},

whereval_fundkb) is the value given to a functionality ofkéa, which might
be binary as explained.
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0 We defineacceséKB) as the mean number of access to a piece of kdgele
stored in KB:

acces$KB) = IkE{nb_acceSGk)} :

Criterion 2: KB coherency

Cs.2 IS Obtained from two parameters which are the cativ@ness and redundancy of
knowledge in the KB. From a general point of vieedundancy can be considered as a
bad thing. However, redundancy might generate 8petinks between pieces of
knowledge , thus increasing cumulativeness. Thialiguwill be considered in the
redundancy formula. Then we write:

Cs, (KB) = wS(rdcy(KB),cumul(KB)|,

where all then; in wS are positiverdcy(KB) andcumu(KB) are respectively measures of
the KB’s redundancy and cumulativeness. The twarpaters are defined hereafter.
0 Redundancy can be indicated by estimating the nuwibedundant pieces of
knowledge present in the KB:

rdcy(KB) = IkE{nbdee_ p(k) - nbdble_n(k)}|,

wherenbdble_(fk) is the number of doubles &fthat exist in the KB having
links to other knowledge that are different fronrogh ofk, andnbdble_1tk) is
the number of doubles &f having no links to other knowledge or links with
knowledge already linked witk The first set of doubles is considered to be an
added value as a link generator, while the secerdnsidered negatively.

0 An indicator of the cumulativeness is the numbellims existing between
stored pieces of knowledge. We can take the avaragwwer for one piede

cumu(KB) = IKE{aninks(k)} ,

wherenblinkgk) is the number of links implying (i.e. from k, or tok). This
simple form might be extended, by taking into actdhe repartition of links
among the stored knowledge: we can assume thatie coiverage of links on
the whole knowledge has more value than if onlyew pieces are linked
together.

P7: Interaction with theKB

Objective: measure the KB activity

Proposition 7 concerns the KB activity. It can laécalated through two criteria:
* 7.1 the knowledge validation in the KB
* 72 the knowledge modification in the KB

As these two criteria are clearly independent, ahtivity of the KB can be calculated as
following:

VaIP7 (k) = WS(C?.l(k)1 C7.2 (k)) ’
where ¢ is the value related to the validation kfand 6> is the value related to the
modification ofk. All the a; in wS are positive.

Criterion 1: knowledge validation
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C7.10bjective is to measure how all differektis allow to validate knowledgdt can be
defined as the average on thg(kly) which are the value af ;for all kbs

C2(K) = Elcy (kB)j|

cz.1(kb) is obtained from three parameters: the possibitit categorise knowledge, to
evaluate it and to determine its relevance:

¢, (khy) = wS(categkh ), evalkhy), relew(kh )|
where all they; in wS are positive.
The different indicators are detailed hereafter.

o Categorisation ok in kb: categ(kl). The possibility to categoridein the tool
is an added value of thé. This indicator is a boolean: it is possible ot tm
categorise in thekb.

o Evaluation of k in the kbeval(kk). As with the categorisation, the possibility
to evaluatek in a kb is an added-value. This indicator is linked to the
possibility of making comments ¢@mment(kh) and on attributing ratings
(=rating(kb) in the kb. These indicators are booleans, and can be coadide
together:

commen(kl ) + rating(kh)

2

0 Relevance oknowledgein the kb: relev(kh). The possibility to make links
between different pieces of knowledge is a fadditfor providing relevant
knowledge. In fact, if a piece of knowledge is kkto others, it tends to show
that this piece of knowledge deals with the CoP @omand is not a free
electron. As for the previous indicators, the ral&e is a boolean: the feature
is present or not.

evalkh) =

Criterion 2: knowledge modification

C7.2 Objective is to measure how &lbs enable modifications of knowledge. It can be
defined as the average on te(kb) which represents the ability, a particukdirhas
to modify knowledge. We write:

C,,(K) = IE{C?.Z (Kb )}

crokbi) takes into account three parameters: knowledgesioreng (ers(kb)),
knowledge updatingufpd(kh)), and knowledge obsolescenaabg(kl)), measuring
how akb enables to identify obsolete or putrefied knowkedgye can write:

C7o(KR) = wS(vergkh),upd(kh ), obgkh))|
where all ther; in wS are positive.

Since all parameters have the same importanceawesuppose that; = a, = az =1.
vers(kl), upd(kk) andobs(kh) are respectively the ability of thb to version, update
and make it obsolete.

o The ability of akb to version a knowledgevérs(kk)) can be indicated by:
historical statistics stath_v(kB), the possibility to add comments to a
knowledge versioncomm_v(k}), and the possibility to trace actions made on
a knowledge ttaca_v(kh)). stath_v(kh, comm_v(kl) andtraca_v(kh) are all
booleans indicating respectively whethektaproposes historical statistics of
modifications on knowledge, enables to add commngs version, gives the
possibility to trace actions. We write:

vergkh) = wS(stath_v(kb ),comm_v(kh ),traca_v(kh))
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0 The ability of akb to update a knowledgeigd(kb)) can be indicated by the
possibility to trace actions made on a knowledgec@ u(kk)). traca_u(kb) is
a boolean indicating whetherkd gives the possibility to trace actions. We
write:

|upd(Kh) = traca_u(kh)|
0 The ability of akb to make a knowledge obsole@bé(kl)) can be indicated
by: historical statisticss(ath_o(kp), and the possibility to trace actions made
on a knowledge t{aca_o(kh)). stath_o(kh and traca_o(klk) are booleans
indicating respectively whether &b proposes historical statistics of
modifications realised on knowledge, and givesgbssibility to trace actions.
We write:

lobg(kh ) = wS(stath_o(Kkhy),traca_o(kh)))|

3.3. Description of the Architecture of the Future Service

3.3.1. Architecture Schema

1 - Indicators values

~ AT TROEQ 3 - Caleulation of 10 best walued
CAKB ad Tovans to KECES Knowledge saved in an RSS

KECES Ontology [FE=tst" il Calculation motor T [ o RSS formateg

knowledge

b-
d CRON

4 - & widget displays
walues saved in the
R53 formatted file

KECES
Widget on portal

Figure 22. KECES architecture schema

3.3.2. CAKB KECES Ontology

The Knowledge Exchanged in a Cop Evaluation Serfk&&CES) architecture is based upon
a Cross Awareness Knowledge Base (CAKB) ontologt thill store indicators values,
formulas enabling to calculate knowledge value, lwedvalue of each knowledge.

Ontology description

The ontology, centralised on knowledge, aims ataggnting in one side all indicators linked
together (the upper part), and in another side kedge values.

60



The part concerning the indicators is inspired frim® model presented in the 3.1.4 section:
“Towards a knowledge value model for virtual Cofisigure 20): the different criteria listed
to determine the knowledge value are linked toctivecept of knowledge.

We can notice that in this part of the ontologymsoconcepts derive from the O’CoP
ontology, namely the community, actor, member, eoid collaboration concepts.

In addition to that, the author and provider of kme@wledge, as well as their reputation value
are represented. Moreover, the feedback, positidenagative, the rating and comment done
on the knowledge by a CoP’s member are present.

As explained in the propositions 6 and 7, the kmealgke is stored in a knowledge base that
possesses, or not, certain functionalities, such nasfication, search, access form
(public/private), collaborative edition, and pod$i#p of rating, making comment, and
versioning.

Furthermore knowledge has some properties alsesepted: its publication date, its version
history, number of comments, downloads, referenaed,relations with others knowledge in
the KB, mean of its notes, and its classification.

We can notice that the concept of Knowledge isdihko the concept of Knowledge Value
Facet, which represents the propositions preseatiede that determine the list of indicators
used to attribute a value to knowledge.
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Figure 23. KECES ontology

3.3.3. KECES Calculation Motor

The KECES calculation motor will interrogate thist@logy by the way of CAKB REST
(REpresentational State Transfert) Web services,vél be the one doing the calculation of
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knowledge value on the basis of indicators valuesfarmulas stored in the ontology.

KECES calculation motor will provide functions teegent different views on knowledge. For
instance, it will provide a function determiningtten best-valued pieces of knowledge to be
shown in a widget.

The result of this function, which will be provided a REST Web service, will be saved in
an RSS formatted file. The REST Web service willceéled by a CRON every x times (for
example every 20 minutes), so that the RSS filgpdated with current values every x times.

CRON [wikipedia]

CRON is a time-based scheduling service in Unix-tikmputer operating systems. The name
is derived from Greek “chronos’ypdvog), meaning time.

CRON is driven by a “crontab”, a configuration fildhat specifies shell commands to run
periodically on a given schedule.

RSS format

The RSS format contains for each item its titls, description and the link to access the
knowledge details in the CAKB. Further informatiooncerning KECES results are saved in
a particular type named <keces:keces>. In this dag be found a general value (the
knowledge value), stored in <keces:global>, butoalall propositions values, in
<keces:propositions>.

<?xml version="1.0"?>
<rss version="2.0" xmins:keces="http://www.tudor.lu/Ontologie/KECES.rdfs">
<channel>
<title>KECES results</title>
<description>KECES results</description>
<link>{REST WS}</link> <!-- link to the REST WS -->
<item>
<title> <!-- knowledge title -->
{title}
</title>
<description> <!-- knowledge description -->
{description}
</description>
<link> <!-- link to access the knowledge -->
{link to knowledge details}
</link>
<keces:keces> <!-- additional values calculated by keces -->
<keces:global>[0;1]</keces:global> <!-- global value of the knowledge -->
<keces:propositions>
<keces:p1>[0;1]</keces:pl>
<keces:p2>[0;1]</keces:p2>
<keces:p3>[0;1]</keces:p3>
<keces:p5>[0;1]</keces:p5>
<keces:p6>[0;1]</keces:p6>
<keces:p7>[0;1]</keces:p7>
</keces:propositions>
</keces:keces>
</item>
</channel>
<[rss>

3.3.4. KECES Widget

The values stored in the RSS file will be showraamidget, in the PALETTE portal.
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The first view of the widget will show a list oféhten best-valued pieces of knowledge, with
for each knowledge its general value. Clicking oknawledge value will allow to access
detailed information on the value which can beapbrrepresenting values for P1 to P7.

3.4. Limitsand Discussion

It is important to notice that the knowledge vatnedel developed here appears to be relevant
in the case of a particularly mature virtual Cobledo exchange best practices efficiently and
to produce new knowledge. But as (Gongla and Riz2001) have pointed out, CoPs (and
therefore virtual CoPs) evolve through differemiges of development that highlight different
needs in collaboration technologies. Several agteach as Gongla and Rizzuto (2001) and
Wenger et al. (2002) have shown that like any olilvarg things, CoPs evolve, go through a
natural cycle of birth, growth, and death (see @map for more details on CoP evolution).
Hence, the virtual CoPs life length depends on arsrhalance between autonomy and
formalisation, in which the importance of collabtiwa technologies emerges, according to its
stage of evolution. Of course, this must be comeiién the use of the previous knowledge
value model depicted in Figure 20 in order to matailaborative technologies and
knowledge management issues with the virtual Cagesof development.

For instance, Gongla and Rizzuto (2001) have ndtitet during the first steps of their
development, virtual CoPs focused on issues ofections and communication, while during
their active and maturing phases virtual CoPs fedum issues of collaboration and learning.
It is therefore necessary to study the considergday CoP life cycle in order to identify
expected needs by distinguishing essential, usefodf non-essential functionalities (and
related indicators as well).

3.5. Conclusions

The proposed formula calculating the value of kremge from the perspective of the CoP
member still need to be tested, tuned and adapithdswnulated or real data. One important
thing we have not considered yet is the tempona¢etsof the used indicators and calculated
values. For several criteria, it might be importémtconsider the sampling of indicators at
different period of time. For others, evolutiontime of some indicators might bring some
additional information that can be considered tamee the value.

Needless to say that the usefulness of such valdedctly linked with, on one side the CoP
functioning and the IT tools it uses, and on theeoside with the manner it will be presented
to CoP members. Hintssuch as completeness of iaftsmmight be provided to give a mean
to assess the validity of processed values.

As we have seen, there are various indicators @db calculate the knowledge value.
Indeed the more indicators informed we have, tighd the value obtained will be close to
reality.

According to the numbers of indicators obtained toe calculation, we can determine a
completeness index that informs us on the relevaricthe knowledge value and on the
volume of information obtained.

nbindicatorsInformed
nbtotal indicators

completenggk) =
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The realised prototype might also highly influente assessment of the approach. The
proposed architecture might be implemented as a&fpod concept and is not a final
proposition. Future enhancements concern partigulae display of information by the way
of different widgets. A possibility would be to shaall propositions values using a radar
graph, which would help showing a knowledge profA@other way to represent knowledge
value would be to show its evolution during timeff€ent views on knowledge could be
shown on different widgets in addition to the testvalued knowledge such as, for instance:
the ten knowledge authors having posted the bdsedgpieces of knowledge, the ten best
reified values, the ten pieces of knowledge hatliregless values, the ten pieces of knowledge
that have had in time the best value. There esistdf possibilities.
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Chapter 4: Conclusion and Further Work

We succinctly recap the research work done aboettibo services considered in this
deliverable and present the research work whictairesrto be done during the last months of
the Palette project.

4.1. Knowledge Evolution Service

What has been done

In order to design the Knowledge Evolution Servamvisioned for CoPs in the Palette
project, a service is developed aiming at manatjiegevolution of two kinds of knowledge
(ontologies and semantic annotations) materialisegdhat we have called a “CoP Memory”.
(1) We have identified,using CoP evolution cycled®is as analysis frameworks, (a) the
events that can originate the evolution of the camity knowledge and (b) the types of
knowledge evolution that can result from (a). Besacommunity memory evolves according
to the evolution of the community itself, this idiéication was intended to help understand
knowledge evolution better and to support it befy We studied two evolution scenarios of
ontology/annotation evolution: with trace and withdrace of ontology changes carried out
during its evolution. These two scenarios ofterdl¢a inconsistencies of the annotations
semantics using this modified ontology. (3) Forsthieason, we have explored two
approaches: a procedural approach and a rule-laggedach, corresponding to the scenarios,
in order to manage semantic annotations evolutidrese approaches allow us to detect
inconsistent annotations and to guide the procéssluing these inconsistencies. (4) These
propositions are implemented in the CoSWEM protetypghich facilitates the evolution
management of the changes. It enables to carryaotdmatically or semi-automatically
inconsistency detection and correction of the sdimamnotations. Moreover, CoOSWEM can
highlight visually the different entities betweewot ontology versions according to the
concept or property hierarchy.

Further work

We intend to improve the verification/validationegt of ontology/annotation evolution
management in CoOSWEM. Precisely, we have planneéédmn a generic type checker based
on a model of ontology and annotation type errdrss type checker will be an improvement
of the Corese search engine.

4.2. Knowledge Evaluation Service

What has been done

In order to design the Knowledge Evaluation Senrdts® envisioned for CoPs in the Palette
project, we (1) designed a model and indicatorsnofwvledge value from the perspective of a
CoP member. To elaborate this model, we studiedliffierent activities occurring in a CoP

basing on existing theories and tried to deternpi@ginent factors influencing positively or

negatively the knowledge value. The indicators wiwen grouped in seven propositions
within the model.(2) From these indicators and psifions, we elaborated an algorithm for
computing the value of knowledge. Values have meposed for the main propositions. A
distinction was made between values for proposstibr(incomes — pieces of knowledge), 2
(exchanges of knowledge and interactions withino®)C 3 (assimilation and anticipation of
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the created value) and 5 (reification by doing)t thaalifypieces of knowledge, and for

propositions 6 (knowledge base of the CoP) anahtér@ction with the knowledge base) that
gualify the whole knowledge base; and (3) we descrithe architecture of the future service
that will provide an interface to knowledge valwrputing. The service will be composed of
a calculation motor associated to the model ongglagd will send results into a RSS feed by
the way of a CRON system.

Further work

We intend to develop a Knowledge evaluation widgat] to test it locally. In order to test i,

a test board will be implemented that will pernatdimulate indicators values. Those trial
values will give us test cases to evaluate the Hedge evaluation process and the associated
Widget. For a set of knowledge pieces in a CoP,viltget will display by knowledge the
potential and realised value, and might additignallow displaying a graph showing the
values corresponding to the six propositions ofkiewledge value model.
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