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Abstract-- Knowledge development in an enterprise is about
approaches, methods, techniques and tools, that will support
the advancement of individual and organizational knowledge
for the purpose of an improvement of businesses. An approach
for knowledge development in a company is described in this
paper. This approach is based on a new conception of
knowledge, with the introduction of three knowledge
dimensions and conversions between knowledge assets. To
guide a formalized implementation of this conception in the
form of a knowledge ontology, we discuss principal ontology
categories of things and adapt them to the domain of
knowledge development and management. Thus, we can take
advantage of reasoning and rules processing, provided by a
reasoner in combination with a rule engine. Important
scenarios for knowledge development in a company are
identified and it is shown how these scenarios can be supported
by processing the developed rules. For example, knowledge
requirements for a new or existing employee can be gained
once the appropriate requirements for a planned project are
known aswell asthelearning optionsin the company.

Keywords-- Conception of knowledge, knowledge devel opment,
ontology categories, knowledge ontology, rule system, application
scenarios.

. INTRODUCTION

This is an extended version of a conference pdjer [

Knowledge development in an enterprise is abou
approaches, methods, techniques and tools, thiaswgport
the advancement of knowledge for the purpose of an

improvement of businesses. This notion includesvel
individual knowledge as

knowledge. It can be seen as integral part of kadgé
management; see [2], [3] and [4] for a descriptibseveral

existing approaches for knowledge management.

specific approach for enterprise knowledge devekamnis
EKD (Enterprise Knowledge Development), which aiats
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For the conception part, there exists one well-kmow
approach by Nonaka/Takeuchi [7], which is built the
distinction between tacit and explicit knowledgel am four
knowledge conversions between the knowledge types
(SECI-model). However, is explicit knowledge stibund
to the human being, or already detached from hired,A
the linear spiral model of knowledge development is
limiting.

Concepts for organizational learning, which is elgs
related to knowledge management, are given by Asgyrd
Schon [8, 9] and by Senge [10]. The latter refersystem
thinking as very important fifth discipline of tHearning
organization; also, see [11] for system thinking.

Approaches for knowledge transfer are surveyed . [

An approach for knowledge access and development in
firms is given by Boisot [13]. Here, developmenérsarios
of knowledge in the Information Space are provided.

Our conception of knowledge is represented by aethr
dimensional model of knowledge with types, kindsd an
qualities. General knowledge conversions betweea th
various knowledge variants are introduced as a infute
knowledge dynamics in the enterprise. First, adast of
such conversions is defined. Building on this ggneral
knowledge conversions can be defined, which reflect
knowledge transfers and development and do notersuff
from the restrictions of the SECI-model.

In order to formalize this conception of knowledayed
knowledge dynamics, we shortly introduce top level

group and organizationalcategories of ontologies as described in [14] gyplyathem

to the domain of knowledge and knowledge develogmen
Hence, major categories of knowledge managemenbean

Onidentified. A similar approach is given in [15] fdhe

intellectual capital domain.
Following this path, a knowledge ontology with a

articulating, modeling and reasoning about knowéedg corresponding rule system is described in this papeich
which supports the process of analyzing, planningimplements as well the appropriate top level omplo

designing, and changing your business; see [5]@jnfbr a

categories as the described conception of knowledge

description of EKD. EKD does not provide a conceptu knowledge conversions. Everything was developeddiyg

description of knowledge and knowledge development.

In this paper, we present a new conception of kadge

and knowledge development and describe

implementation of this conception based on a kndgde

ontology, reasoning support and a rule system.

the web ontology language OWL [16]. The reasoning
support in combination with a rule system allows o

AMormal treatment of important knowledge development

scenarios.
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Application scenarios for knowledge development are (Brain of the)
" Human Being

classified and described in this paper. They can beg

Internal Knowledge

represented by general knowledge conversions, waieh
subject to rule processing. A set of correspondirgs for
addressing these scenarios and their represergatias
been developed and is described in this paper.efdrer, Knowledgs
possible solutions for those scenarios can be daine Dnsmus
The structure of the paper is as follows. After an Knowledge
introduction, Section |l introduces our conceptiaf
knowledge and knowledge dynamics. Section Il oi\re
the top level categories of things and applies thighe @
domain of knowledge development. Using this, Secth
describes the knowledge ontology and the correspgnd
rule system. Afterwards, Section V classifies apdadibes Figure 1. Conception of knowledge types
application scenarios for knowledge developmentjciwh
partly can supported with the formalizations of irevious  purpose of knowledge externalization, the lattez ending
section. A summary and outlook section will conelutie up in external knowledge. Internal (or implicit) dwledge

Latent
Knowledge

Explicit

Tacit

Know-

ledge ~° T,
. Infartmation }

Environment of the Human (e.g. Colleagues in the Company)

paper. is bound to the human being. It is all that, whaeason has
“in its brain” due to experience, history, actigg&i and

1. A CONCEPTION OFKNOWLEDGE AND learning. Explicit knowledge is “made explicit” tthe
KNOWLEDGEDYNAMICS outside world, e.g., through spoken language, bustill

bound to the human being. External knowledge final
A conception of knowledge and knowledge dynamics irdetached from the human being and may be kept in

a company is described. More details are given [2]. appropriate storage media as part of the orgaoizaii
' memory. Figure 1 depicts the different knowledgeet
A. Knowledge Conception Internal knowledge can be further divided into taci

latent and conscious knowledge, where those subtgpe
partly overlap with each other; see [18]. Conscious

as justified true belief (in the propositional kjndvith a knowledge Is conscious and mtentlo_ngl, IS _cogelyv
dimension of purpose and intent, identifying patsein its ~ available and may be made explicit easily. Latent
validity scope, brought to bear in action, seedi@l [9]. Itis ~knowledge has been typically learning as a by-prodnd

a perspective of “knowledge-in-use” [17] becausettf IS not available consciously. It may be made explfor
importance for its utilization in companies and forexample in situations, which are similar to thegoral
knowledge management. In contrast, information idearning situation, however. Tacit knowledge is ltouip
understood as data in relation with a semantic dgiom, through experiences and (cultural) socializatidnagions, is
but without the pragmatic and pattern-oriented disien,  specific in its context and based on intuition pedception.
which characterizes knowledge.

We provide a conception of knowledge with typesdki
and qualities. As our base notion, knowledge ideustood

2) Kind Dimension of Knowledge

1) Type Dimension of Knowledge In the second dimension of knowledge, four kinds of

The type dimension is the most important for knagle  knowledge are distinguished: propositional, procaland
management in a company. It categorizes knowledgstrategic knowledge, and familiarity. It resembles a
according to its presence and availability. Isnitycavailable  certain degree the type dimension as describedl. [
for the owning human being, or can it be commueidat Propositional knowledge is knowledge about contéatts
applied or transferred to the outside, or is iteexally in a domain, semantic interrelationship and theorie
available in the company’s organizational memory3sl  Experience, practical knowledge and the knowledge o
crucial for the purposes of the company, and henogin  “how-to-do” constitute procedural knowledge. Stogite
goal of knowledge management activities, to makemash  knowledge is meta-cognitive knowledge on optimal
as possible knowledge available, i.e., let it bevested strategies for structuring a problem-solving apphoa
from internal to more external types. Finally, familiarity is acquaintance with certaiitustions

Our conception for the type dimension of knowledgeand environments; it also resembles aspects oatinal
follows a distinction between the internal and exéd knowledge, i.e., knowledge about situations, wihtygically
knowledge types, seen from the perspective of tiream  appear in particular domains.
being. As third and intermediary type, explicit krledge is Knowledge kinds go along with knowledge typeshe
seen as an interface for human interaction anthéor sense, that they occur in most knowledge types. The
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TABLE | TYPEKIND-MATRIX OF KNOWLEDGE
Knowledge Type internal explicit external
Kind tacit |, latent , conscious
propositional X i X i X X X
| |
procedural X i X E X (X1 (X)2
i |
strategic X X X (X)* —
] 1
| |
familiarity (X)4 1 X 4 X 2?3
| 1
Legend: ' can be demonstrated, not to be articulated easily
2 partly through intelligent application systems
3 partly, can be demonstrated
4 ifat all, unconscious acquaintance
5 ifat all, possibly in future intelligent application systems
type/kind-matrix given in Table 1 indicates, which development in an organization. These general kedgd

type/kind-pairs normally appear. One interestingtent is,
that external knowledge does not appear in theesfia
and.familiarity kinds, the latter case with the guutal of
becoming possible with future intelligent applicati
systems.

3) Quality Dimension of Knowledge

The quality dimension introduces five charactersstof
knowledge with an appropriate qualifying and
independent of the kind dimension; see [17]. Theelle

conversions are the building blocks to model knolgke
dynamics, i.e., all of acquisition, conversion, nsfer,
development and usage of knowledge, in an enterpris

Most important for knowledge management purposes ar
conversions between the knowledge types, espedladiye
making individual and internal knowledge of empleye
usable for a company. The explicitation and extéeraton

conversions described in this section achieve this.

iSImpIicitIy, socializations between tacit knowledgef

different people also contribute to this goal.

characteristics aims at overview vs. deep knowledge

structure distinguishes isolated from structuredvidedge.
The automation characteristic of knowledge cantbp-by-
step-doing by a beginner in a domain of work oomaéted
fast acting by an expert.

Modality as the fourth quality of knowledge asks tioe
representation of it, be it words versus picturesiiuational

1) Basic Knowledge Conversions

Five basic knowledge conversions in the type dirmenare
distinguished here: socialization, explicitation,
externalization, internalization and combinationasig
conversion means, that exactly one source knowledget
is converted into exactly one destination knowledgset

knowledge kinds, or propositions versus pictures irgng exactly one knowledge dimension (i.e., the type

procedural knowledge kinds.  Finally,
differentiates general versus domain-specific kreolgk.
Knowledge qualities apply to each knowledge asset.

4) The Knowledge Cube

Bringing all three dimensions of knowledge togethes
gain an overall picture of our knowledge conceptibrcan
be represented by the knowledge cube as showmyimd-2.

Note, that the dimensions in the knowledge cubebeh
different. In the type and kind dimensions, theegaties are
mostly distinctive (with the mentioned exceptiortle sub-
types), while in the quality dimension each of ¢finen five
characteristics are always present for each kngeledset.

B. Knowledge Dynamics

Here we give a conception of knowledge conversidine
transitions between the different knowledge typésy and
qualities are responsible to a high degree for kedge

generality dimension

in this case) is changed. More complex
conversions may be easily gained by building os #at as
described in the next sub-section. They will cansfan-to-
m-conversions and include information assets irtimd
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Figure 2. The knowledge cube
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Socialization converts tacit knowledge of a pergun knowledge of an experienced colleague. As a rasfulhe
tacit knowledge of another person. This may sucdagd conversion we have extended internal knowledg@ehiew
exchange of experience or in a learning-by-doiigasion.  employee and extended external knowledge. Figusteo8/s
Explicitation is the internal process of a perst;m,make  this general knowledge conversion in the proposBMRE-
internal knowledge of the latent or conscious tgpplicit, ~KEC2 notation, which extends the well-known busines
e.g., by articulation and formulation (in the cdose case) process modeling notation BPMN with constructsteglao

or by using metaphors, analogies and models (ifafeat  nowledge and knowledge dynamics; see [3] for more
case). Externalization converts from explicit knedde t0  yqtails of this notation.

external knowledge or information and leads to cletd
knowledge as seen from the perspective of the hilbeamy,

which can be kept in organizational memory systems. .  ONTOLOGY CATEGORIES
Internalization converts either external or explici ) ) )
knowledge into internal knowledge of the consciaurs In order to formalize this conception of knedge and

latent types. It leads to an integration of experés and Knowledge dynamics, we shortly introduce top level
competences in your own mental model. Finally,catégories of ontologies as described in [14] gomyathem
combination combines existing explicit or externalt® the domain of knowledge and knowledge develogmen

knowledge in new forms. Hence, major categories of knowledge managemenbean

Basic knowledge conversions in the kind dimensién oidentified. A similar approach is given in [15] fdhe
knowledge do not occur. Those in the quality dinemsre  intellectual capital domain.

mostly knowledge developments aiming at quality ~  Ontology ... is the study of existencé.all the
improvement. Examples are basic conversions chgrtpe ~ Kinds of existence — abstract and concrete thaenugkthe
overview, structure and automation quality, respebt. world” (Sowa in [14, p.51]). According to Peircelg], also

in [14]), one fundamental distinction of categori@s
2) General Knowledge Conversions ontologies is reflected by the idea of so-calleads, which

Our conception allows the generalization of theidas Ne called Firstness, Secondness, and Thirdnes® Wer

five knowledge conversions described above. Generdfllow Sowa [14] and call them Independent, Refatiand
knowledge conversions are modeled converting severd!ediating, respectively. Independents representuaact
source assets (possibly of different types, kinu$ guality) ~ €ntities, which are identified bquuahtles 'and caxist
to several destination assets (also possibly @iffiein their ~independent from any other entities. In logic, tey be
knowledge dimensions). In addition, informationedssare ~'eépresented by a monadic predicate (e.g., pergon(z)
considered as possible contributing or generateth Rella'tlves denpte entities, WhICh' exist relatlvg dther
general knowledge conversions. entities. In logic, their representation would bethe form
For example, in a supervised learning-by-doingasim ~ Of @ dyadic predicate (e.g., mother(y,z), wherequld be
seen as a complex knowledge conversion, a new gemlo the mother of z here). Mediating (or Thirdnesshisi the

may extend his tacit and conscious knowledge bykingr first and second categories in relation. In ournepa, a

on and extending external knowledge in a generaﬁernary predicate in logic could be motherhood(x,z),

conversion, being assisted by the tacit and conscio where the motherhood x brings together the motredy
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Figure 3. Examples of a general knowledge coneersi
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Figure 4. Categories of a knowledge managementagy
(SowscEl9], [15], author’s adaptation for knowledgenmagement)

main goal the ontology will enable the discovery thé
crucial knowledge conversions for a company. Thelogy
(as visually shown in Figure 5) is divided in fooore
concepts:Knowledge, Information, Knowledge Conversion
and Knowledge Dimension. The three different knowledge
dimensions are represented asType Dimension,
Kind_Dimension and Quality-Dimension. Knowledge is
defined according to these dimensions. Propertiesused

her child person z. It is not possible, to expréss
mediating entity with a monadic or dyadic predicatea
conjunction of dyadic predicates. In general, miug
entities can be represented in logic by ternaryhigher
predicates.
The second distinction of ontology categories askke the
physical vs. abstract contrast of entities. Thistidctionis
independent of an observer’s viewpoint. This iedént for
the third and final distinction of categories, whethe to model the relationships betweeKnowledge and
contrast between continuant and occurent is statedimensions. hasType, hasKind and hasQuality. For
Continuants are entities, which are recognizableresand example,Explicit Knowledge is defined as every piece of
the same entity at different times. Occurents flomthe  knowledge, which is related to the instarielicit_Type
sense, that they can only be identified by thetatmn in  via the hasType property. In the same wainowledge in
the space-time region. general must be related to every quality sub-dinoens
Having a triadic and two dual distinctionsg end up in  through thehasQuality property.
a set of twelve categories of entities. In Figuren list In the case of the type dimension of knowledge hawee
these categories in a matrix representation acogitdi [14].  defined disjoint axioms in order to make explidietfact
We changed the categories to reflect important eptscfor  that a piece of knowledge cannot be simultanecedgrnal
the domain of knowledge development and managemerand internal - except in the case Laftent, Conscious and
Those changes are partly already proposed in [@5tHe  Tacit Knowledge, which can actually overlap (compare with
domain of intellectual capital, which is relatedkitowledge  Figure 1). There are also disjoint axioms for thiedk
management. dimension, since a propositional piece of knowledgenot
On the physical side, we only want to empteathe beProcedural, neitherStrategic nor Familiarity.
occurent and mediating entry in Figure 4. Here camitres Two properties have been defined to model the
of practice in companies can be seen, which relaieesses knowledge conversionshasSource and hasDestination,
and participation in knowledge themes of inter€st. the  with knowledge conversions as ranges, and pieces of
abstract side, continuants in the knowledge dewvetopp  knowledge and information as domains.
and management domain are knowledge, rules, and A General Conversion is modeled through the
knowledge strategy, taken from independent ovettive to  Knowledge Conversion concept, and its only restriction the
mediating. Abstract occurents are organizationalnimg fact that it must have at least one source assgtome
entities, namely single-looplearning, double-lo@arhing, destination asseBasic Conversions are more specific, in
and deutero learning, see [8,9] for this organireti the sense that they have only one source and amdy o
learning loops. destination. Eight basic conversions (five in thgpet
dimension, three in the quality dimension) arerkdiin the
ontology.
IV. THEKNOWLEDGEONTOLOGY The concept Crucial_Conversion gathers those

In this section, we present the Knowledge omomgyconversions that contribute to the goal of makimg t
which implements the conception of knowledge andMowledge available for the company.
knowledge dynamics, as described in Section Il. oAg

2011, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



International Journal on Advances in Life Sciences, vol 3 no 3 & 4, year 2011, http.//www.iariajournals.org/life_sciences/

Basic_Comersion JAutornation
—[ & structuring
2 ,:EI “Externalization
e Cuality_Comversion — K Deepening
A " A \ ,\__rilemalizanun-D
" ErType_Conversion % D —
i © Combination £ Explictation
“iCrucial_Corversion #Crucial “Basic_Comversion #Socialzation
—f = — {0
- a8 2 Internal_Knowledge kaenlagnowdde
= -
e " -——-__T__—_:f_ — £ Conscious_Knowedge
- “EF amiliarity_Knowledaz .-7_""&7--_,___ T - 1
e o ] T OiTack_Knowledge
g - S Explict_Knowledge Pe——
owl Thmg —5 Available_Knowlzdge - 0
E\ = B iy "'--_—f-i—, = External_Knowledge @ Generality_Value
o it Opropositional_knowledge —— _@
e TR e | _@tiodalty_Value
SR B A SRucadural_Knowledgs 0
. s, N, W
8 oy S Leve| Yalus
\z\ ! KnEMedge_Dimensinn_Va\ue . Sirateg.\chnw\edge ’D"" -0
Q\ 3 D— »Automation_Value
R ~ -
b . B @Quality_Dimensionallie- OSSR 0
\ \\ oo e—gee———— 5 U Structure_Value
% S "m_ﬂ = o —
e g . WType_Dimension_Valug Winternal_Type_Value
g Knawviledge_Dimensian =4 B
D { kiﬁHlD_\mensmn_Va\ue
i ~
S e
m{?ljmatmn Sirtnowledge_Guality_Dimension
gl
Figure 5. Knowledge ontology hierarchy
A. Restrictions and Reasoning B. Rules
Basic reasoning is based on subsumption mechanisms Ontology restrictions allow us to infer

that deal with the ontology hierarchy. However,abogies

can contain more complex elements to enable addancesome cases we could require to generate new irestanc
the ontology depending on certain situations. Ia tlse we

reasoning. In this way, the Knowledge Ontology baen

characteristics of a given concept or instance. &l@w, in

extended with OWL restrictions to enable new ways ohave used rules, so the knowledge ontology wilabke to

generating interesting new knowledge.

Here, we will only describe some of the most indtirg
restrictions. Let us imagine that we have two piecd
knowledge in our companknowledgel and knowledge2.
Both pieces of knowledge have as tgpe@licit (is related to
the instance ofType Dimension Value called Explicit
through the properthasTypeValue). Additionally we have
definedExplicit_Knowledge as follows:

Available_Knowledge AND

JhasTypeValue has Explicit
Thus, a reasoner will identify both pieces of knedde as
Explicit Knowledge (and using subsumption also as
Available_Knowledge).

We can consider two different conversiammsiversionl
and conversion2: one that convertsknowledgel in

knowledge2 and vice versa. Then, we have defined a

Crucial_Conversion as:

Knowledge_Conversion AND

JhasDestination some Available_Knowledge
Thus, we can infer that conversionl is a
Crucial_Conversion for the company.

infer all the possible conversions given some @eoé
create basic

knowledge. First, the rule engine will
conversions with all the possible source-destimatairs,
and then, the same engine will

new

34

characterize these
conversions, inferring the changing dimension fachecase.

SWRL [20] rules have been defined and the Jess rule

engine [21] has been used. The main rule for oudehis

the one that creates new conversions for the krunele

assets that we have stored in our ontology:

Knowledge(?k1) # Knowledge(?k2) ~
hasDimensionValue(?k1, ?vl)
hasDimensionValue(?k2, ?v2) »

differentFrom(?k1, ?k2) ~ differentFrom(?v1, P92
swrlx:makeOWLThing(?c, ?k1, ?k2)

N

Knowledge_Conversion(?c) " hasSource(?c, ?k1) »
hasDestination(?c, ?k2)

Thus, this rule is activated when we have two dife
pieces of knowledge with different dimensions valumn
this case, a new instance is created for providingew
knowledge conversion between both pieces of knayded

2011, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



Then, we have six rules to infer the changing disimams
of each of the new discovered conversions: onéhf@itype
dimension and five for the quality ones. For examphe
rule for the type dimension is as follows:

Knowledge(?k1) » Knowledge(?k2) »
hasTypeValue(?k1, ?vl) ~ hasTypeValue(?k2, ?v2) »
differentFrom(?vl, ?v2) * Knowledge Conversion{?tl
hasSource(?c, ?k1) » hasDestination(?c, ?k2)

N
hasChangingDimension(?c,
Knowledge_Type Dimemgio

Suppose that we have two pieces of knowledge in oL

company knowledgel and knowledge2), which are related
through thehasTypeValue property toExplicit andExternal,
respectively. Both are related to the valdéesniliar and
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Figure 6. A basic scenario and its solution

Sep by step. Using the defined rules, new instances argequirements at least after some learning effortsis

produced. Thus, the rule engine has inferred
conversions, one for “knowledged> knowledge2”, and
another for “knowledge2— knowledgel”. Then, the
reasoner can infer additional facts:
e About the pieces of knowledge:
- They are botlramiliar_Knowledge.
- One of them i€xternal_Knowledge, the other
is Explicit_Knowledge.
- Both areAvailable_Knowl edge.
¢ About the conversions:
- They are botlBasic_Conversion.
- Both areCrucial_Conversion (since they have
Available_Knowledge as destination).
- Both areType Conversions (since they change
the type dimension).

V.  APPLICATION SCENARIOS

Application scenarios for knowledge development an

tw

Qcenario is modeled in Figure 6, where the first prows

the analytic scenario, and the second part is givime
solution after rule application. As notation BPMNEK? is
used again.

Our principle approach to deal with analytiesarios is
shown in Figure 7. The bold arrow in the first linelicates
the knowledge development activity, which is needed
order to resolve an application scenario with urnkmgoart.
Our approach first represents the application sterss a
general knowledge conversion, applies an apprapriae
of our rule system to it, and finally interprete tbompleted
knowledge conversion as solved application scenario

For example, the knowledge requirements faraect
are known as well as the learning options in thegany.
From that, one would try to identify minimal knowlge
requirements for a new employee, who should worthan
project and should be able to fulfill the requirenseat least
after some learning efforts.

Our representation of this scenario is thatkmow the

company can be related with our model of knowledge'esun of a knowledge conversion as well as theversion

dynamics. Two categories of scenarios exist. Tist dine is
constructive and builds knowledge development chéee
[2] for a modeling approach). Here we focus ongbeond
scenario category, which consists of analytic sgesa
They can be represented by general knowledge csionesr
and are subject to rule processing as describeseation
IV. In these scenarios we face gaps in knowledgeuhcs
chains as provided by knowledge conversions. Tigagps
will be closed by applying appropriate rules to tbkevant
instances of knowledge assets and conversionshwizge
been instantiated in our knowledge ontology.

As an example suppose, that the knowledgeinegent
for a project and the learning options in the comypare
known. The task would be to

work on the project and should be able to fulfiit

identify the minimal
knowledge requirements for a new employee, who Ishou

itself, but we do not know the source knowledgestsa
rule application should deliver the missing knovgedsset.

Application Scenario Application Scenario
with Knowledge Developmen; with
unknown Parts Actiity all Parts known

)
Representation Interpretation
¥
General Knowledge General Knowledge
Conversion » Conversion
with Gap(s) (?) Rule Processing with Gap(s) filed

Figure 7. Support of knowledge development scesari
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A. Analytic Application Scenarios and their Representation case of completely exclusively unknown sources and

) o ] destinations, no further treatment is possible.
Analytic  application  scenarios for knowledge

development are characterized by gaps in the quneing
knowledge dynamics chains. Without restriction of
generality, we focus on simple scenarios, which ban
represented by a single general knowledge converbsiore
complex scenarios should be composed of simple. ones

A representation as a general knowledge conversioai
leads to a set of eight possible scenarios. Inctiversion
definition with sources, conversion and destinatiare can
apply zero or more question marks, i.e., gaps &hawn
parts, to the conversion. Out of the eight posssiclenarios,
we do not further consider two of them. The casth wb
gap is a constructive scenario really, while thgecaithout
any known part is not a realistic one. The otherssenarios
are outlined in the following and shown in Figure 8

Scenarios with known destination parts of the
conversion and with gaps on the sources side repres
situations, where the target of knowledge develagme
activities is known. A known conversion part in the
knowledge conversion in this scenario would indicat

B. Rules Application to Representations of Scenarios

As described in Section IV, a rule system has been
developed, which is applied to instances of knogéednd
conversions introduced in the knowledge ontology.

Only rules for basic knowledge conversions in et
mension with only one gap exist until now. Wertdfere
are restricted currently to the corresponding 1-ttases of
scenarios 1, 3 and 5 as described before in Figukerule
for Scenario 5 case has already been given in @et¥.
For each of Scenarios 1 and 3, there exist fivér duto-1
cases, because the known conversion part mustebefdhe
five basic knowledge conversions in the type dirmns
Here we analyze the cases and provide appropridgs.r
Note that in some scenarios there is unambiguous
implication result of the corresponding rules.

1) Scenario: Sourc® Socialization> ?
The following rule produces a new destination
Tacit_Knowledge:

existing knowledge development options in the campa
while a gap indicates missing development support
(Scenarios 1 and 2). Scenario 5 describes knowncesu
and destination parts, but missing developmentboaoptiand
support in the company. Scenarios 3 and 4 haverglete

Knowledge(?k1l) ~ Socialization(?s)
hasSource(?s, ?k1) »
swrlx:makeOWLThing(?k2, ?k1)

—

Tacit_Knowledge(?k2) » hasDestination(?s, ?k2)

sources part of the knowledge conversion and gagkd
destinations part. If existing knowledge developtnen
options are available, then the scenario would faskhe
potential of evolving knowledge applying these op$
(Scenario 3). If no such options exist, the questd the
scenario would be, which knowledge developmenviiets
should be initiated and to which possible resulextended
and new knowledge this could lead (Scenario 4)alRin
Scenario 6 assumes existing knowledge development
options in the company, but incomplete sources and
destinations parts. If only very few out of thesset sources

or destinations are unknown, this scenario can &lyp
handled with our approach also. Otherwise, esggdiathe

2) ? -> Socialization> Destination
A new source Tacit_Knowledge is produced:
Knowledge(?k2) »
Socialization(?s)
hasDestination(?s, ?k2) »
swrlx:makeOWLThing(?k1, ?k2)
N
Tacit_Knowledge(?k1) »
hasSource(?s, ?k1)

Source~> Explicitation> ?

A new destination Explicit_Knowledge is produced:
Knowledge(?k1) »
Explicitation(?e) »

ﬁ _ ﬂ - hasSource(?e, ?k1) ~
Sources ... Conversion .. Destinations swrix:makeOWLThing(?k2, ?k1)
_—r — > . Re, 1
Scenarig) Sources Conversion Destinations Explicit_Knowledge(?k2) »
1 7 e — Legend: hasDestination(?e, ?k2)
2 ? ? known 7 for Sources (Destinations): L . .
- - - One or more ot the Sources 4) ? - Explicitation-> Destination
3 known  knewn 7 - . .
(Destinations) are unknown In this case, we produce latent or conscious
4 [fmovm 7 : ”‘”CEES:;“;'?:S I knowledge as the source. However, it is not possibl
5 [known ? known to decide on one of them so this rule has been
§ 7 known 7 generalized to produce a new destination internal

knowledge.
Figure 8. Application scenarios and representation
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5) Source> Externalization> ? As can be seen in Figure 7, there is a distindetween

This kind of conversion produces information orthe application scenario level and the formal

external knowledge. So, this case will depend en threpresentational level with general knowledge cosivas.

user perspective and decision, so it cannot beedolv  In a real knowledge development situation gompany,

at rule level. as first activity the corresponding applicationrsmo must

be identified and described. The following steps of
6) ? - Externalization> Destination representation as general knowledge conversioris gaips,

A new source explicit knowledge is produced: rule processing, and the interpretation of the Itesas
Knowledge(?k2) ~ application scenario with all parts known are shoinwn
Externalization(?e) » Figure 7. As a final activity these outcomes havebe
hasDestination(?e, ?k2) » implemented in the company.
swrix:makeOWLThing(?k1, ?k2) According to this discussion, we can in praeiidentify
— a hierarchy consisting of knowledge developmentaimses,
Explicit_Knowledge(?k1) * descriptions of them, and a model for formally Hamyd
hasSource(?e, ?k1) them:

* Knowledge development situation/need in the
7) Source> Internalization> ? company.

We produce a new source internal knowledge: « Identification and description of it as application
Knowledge(?k1) * scenario with unknown parts.

Internalisation(?i) «  Modeling of this scenario with general knowledge

hasSource(?i, ?k1) » conversions with gaps, which allows for rule

swrix:makeOWLThing(?k2, ?k1) processing in order to fill the gaps.

N

Internal_Knowledge(?k2) " What is needed in the future is, firstly, teild up

hasDestination(?i, ?k2) experience in concrete knowledge development gitosin

companies and to apply the steps to them as desdcrib

8) ? - Internalization> Destination above. This would verify our approach and indidttealue

This kind of conversion can work over information for knowledge development. Secondly, the body téson

or external knowledge. So, this case will depend olhe modeling level must be extended beyond basic

the user perspective and decision, so it cannot benowledge conversions and augmented with heurjstics

solved at rule level. where rules application could not possibly showaumique
result. Heuristics should provide good or acceptabl
9) Source> Combination> ? solutions, where exact solutions are not possible.

This kind of conversion can produce Information or

External Knowledge. So, this case will depend @n th
user perspective and decision, so it cannot beedolv

at rule level.

10) Scenario: ?-> Combination> Destination
The following
Available_Knowledge, it cannot decide on a specific
type of Explicit_Knowledge or External_Knowledge:

Knowledge(?k2) ~ Combination(?c)
hasDestination(?c, ?k2) »
swrlx:makeOWLThing(?k1, ?k2)

N

Available_Knowledge(?k1) »
hasSource(?c, ?k1)

C. Setting the Approach into Perspective

In this section, application scenarios havenbdiscussed
so far, with focus on analytic scenarios. In thib-section,
the findings are set into perspective.

V.  SUMMARY AND OUTLOOK

A conception of knowledge development in an
enterprise has been given. It is based on a conckpt

rule produces a new sourceknowledge and knowledge dynamics.

In order to formalize this conception of knede and
knowledge dynamics, top level categories of onteeg
have been given and applied to the domain of knidgde
and knowledge development. Hence, major categamfes
knowledge management could be identified.

In order to implement this conception, a kredge
ontology has been built and described in this papgether
with reasoning support and in combination with deru
engine. This has opened the path, to solve opestiqns in
application scenarios for knowledge development.

With the help of representations, these sienaan be
mapped to general knowledge conversions, which are
subject to rule processing in relation to the kremge
ontology. A final interpretation steps leads back the
solved scenario. In effect, the knowledge develagme
activity has been undertaken with this procedurecléar
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distinction between the application scenario leaetl the
formalized model level is shown by this approachthw
representation and interpretation as bridging “afmes”.
Until now only simple application scenariosdatheir
representations are covered by the set of develnges. In
more complex scenarios, possible solutions areongdr
unique. With the help of heuristics, which have he
developed, good or acceptable solutions may beifaieh

Those heuristics should be developed having resofits

several fields of study in mind, e.g., learning gigyjogy
and organizational learning.
What is needed in the future is, to build upegience in

concrete knowledge development situations in comesan

and to apply the steps to them as described abiivis.

would verify our approach and indicate its valuer fo

knowledge development.
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