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Abstract- An approach for knowledge development is
described in this paper. Knowledge development in an

For the conception part, there exists one well-known
approach by Nonaka/Takeuchi [6], which is built on the

enterprise is about approaches, methods, techniques and tools,
which will support the advancement of individual and
organizational knowledge for the purpose of an improvement
of businesses. This approach is based on a conception of
knowledge, with the introduction of three knowledge
dimensions and conversions between knowledge assets. This
conception is implemented in the form of a knowledge
ontology. Thus, we can take advantage of reasoning and rules
processing, provided by a reasoner in combination with arule
engine. Important scenarios for knowledge development in a
company areidentified and it is shown how these scenarios can
be supported by processing the developed rules. For example,
knowledge requirementsfor a new or existing employee can be
gained once the appropriate requirements for a planned

distinction between tacit and explicit knowledge and on four
knowledge conversions between the knowledge types
(SECI-model). However, is explicit knowledge still bound
to the human being, or already detached from him? Also the
linear spiral model of knowledge development is limiting.

An approach for knowledge access and development in
firms is given by Boisot [7]. Here, development scenarios of
knowledge in the Information Space are provided.

Our conception of knowledge is represented by a three-
dimensional model of knowledge with types, kinds and
qualities. General knowledge conversions between the
various knowledge variants are introduced as a model for

project are known as well as the learning options in the

knowledge dynamics in the enterprise. First a basic set of
company.

such conversions is defined. Building on this set, general
knowledge conversions can be defined, which reflect
knowledge transfers and development and do not suffer
from the restrictions of the SECI-model.

Semantic support for knowledge development is
provided with the help of a knowledge ontology and

. . . reasoning support in combination with a rule system. The
Knowledge development in an enterprise is abo g supp y

. . owledge ontology has been developed in the web
approaches, methods, techniques and tools, which will ) )
gntology language OWL [8]. The reasoning support in
support the advancement of knowledge for the purpose ofan ~, 97 . .
mbination with a rule system allows for a formal

improvement of businesses. This notion includes as wél . )
individual knowledge as group and organizationaﬁreatment of important knowledge development scenarios.

knowledge. It can be seen as integral part of knowledge APPlication scenarios for knowledge development are
management; see [1], [2] and [3] for a description of severaipssified and described in this paper. They can be
existing approaches for knowledge management. Of@Presented by general knowledge conversions, which are
specific approach for enterprise knowledge development $&bject to rule processing. A set of corresponding rules for
EKD (Enterprise Knowledge Development), which aims akddressing these scenarios and their representations has
articulating, modeling and reasoning about knowledgéeen developed and is described in this paper. Therefore,
which supports the process of analyzing, planningiossible solutions for those scenarios can be gained.
designing, and changing your business; see [4] and [5] fora The structure of the paper is as follows. After an
description of EKD. EKD does not provide a conceptuahtroduction, section Il will introduce the conceptions of
description of knowledge and knowledge development.  knowledge and of knowledge dynamics, the latter one

In this paper, we present a new conception of knowledggpresented and modeled with basic and general knowledge
and  knowledge development and describe  agonversions. Section Ill presents the semantic support for
implementation of this conception based on a knowleddgowledge development in the form of a knowledge
ontology, reasoning support and a rule system. ontology and a corresponding rules system, while section IV
discusses application scenarios for knowledge development
together with the application of suitable rules. Finally,
dkction V summarizes and concludes the paper.

Index Terms—Knowledge representation, knowledge
development, knowledge ontology, rule system, application
scenarios.
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A.  Knowledge Conception knowledge has been typically learning as a by-product and
is not available consciously. It may be made explicit, for
We provide a conception of knowledge with types, kindexample in situations, which are similar to the original
and qualities. As our base notion, knowledge is understo@ghrning situation, however. Tacit knowledge is built up
as justified true belief (in the propositional kind), which ishrough experiences and (cultural) socialization situations, is

(normally) bound to the human being, with a dimension afpecific in its context and based on intuition and perception.
purpose and intent, identifying patterns in its validity scope,

brought to bear in action and with a generative capability % Kind Dimension of Knowledge

new information, see [3] and [9]. It is a perspective OF" | the second dimension of knowledge, four kinds of

“knowledge-in-use” [10] because of the importance for itgo\jedge are distinguished: propositional, procedural and
utilization in companies and for knowledge management. Wrategic knowledge, and familiarity. It resembles to a
contrast, information is understood as data in relation W'thc%rtain degree the type dimension as described in [10].

semantic dimension, but without the pragmatic and patterp;,hositional knowledge is knowledge about content, facts

oriented dimension, which characterizes knowledge. in a domain, semantic interrelationship and theories.
i i Experience, practical knowledge and the knowledge on
1) Type Dimension of Knowledge “how-to-do” constitute procedural knowledge. Strategic

The type dir_nension is the most importan_t for k”OWIGdgﬁnowledge is meta-cognitive knowledge on optimal
management in a company. It categorizes knowledQg siegies for structuring a problem-solving approach.
according to its presence and availability. Is it only availablg;n )y - familiarity is acquaintance with certain situations
for the owning human being, or can it be communicatedy,y enyironments; it also resembles aspects of situational

applied or transferred to the outside, or is it externally,,,jedge, i.e. knowledge about situations, which typically
available in the company’s organizational memory? It iSppear in particular domains.

crucial for the purposes of the company, and hence a main
goal of knowledge management activities, to make as mugsl Quality Dimension of Knowledge
as possible knowledge available, i.e. let it be converted from 1,4 quality dimension introduces five characteristics of
internal to more external types. _ knowledge with an appropriate qualifying and is

Our conception for the type dimension of knowledgg,gependent of the kind dimension; see [10]. The level
follows a distinction between the internal and externalharacteristics aims at overview vs. deep  knowledge,
knowledge types, seen from the perspective of the humagycture distinguishes isolated from structured knowledge.
being. As third and intermediary type, explicit knowledge is
seen as an interface for human interaction and for thge automation characteristic of knowledge can be step-by-
purpose of knowledge externalization, the latter one endirgep-doing by a beginner in a domain of work or automated
up in external knowledge. Internal (or implicit) knowledgefast acting by an expert.
is bound to the human being. It is all that, what a person has Modality as the fourth quality of knowledge asks for the
“in its brain” due to experience, history, activities andepresentation of it, be it words versus pictures in situational
learning. Explicit knowledge is “made explicit” to theknowledge kinds, or propositions versus pictures in
outside world, e.g., through spoken language, but is stjfocedural knowledge kinds. Finally, generality
bound to the human being. External knowledge finally idifferentiates general versus domain-specific knowledge.
detached from the human being and may be kept Knowledge qualities apply to each knowledge asset.
appropriate storage media as part of the organizational
memory. Fig. 1 depicts the different knowledge types. 4) The Knowledge Cube

Bringing all three dimensions of knowledge together, we

(Brain of the) gain an overall picture of our knowledge conception. It can
" Hurman Bei -
| o i be represented by the knowledge cube as shown in Fig. 2.
nternal Knowledge
Type
) Explicit e 0%y )
Tacit ‘ I e 3 S A2
Knowledge ‘. Know. \& %\1\5 \>.\§0 Qe o
-
onsciuus ledge - - Tacit o g. Kind
Knowledge Information > ||| ] |3 |F
e Internal Latent 33 |ZF
777777777777777777777777 o | @<
Conscious gl e°
L=
Explicit =
Environment of the Human (e.g. Colleag in the Company)
. . External
Fig. 1. Conception of knowledge types Quality
Internal knowledge can be further divided into tacit, Fig. 2. The knowledge cube

latent and conscious knowledge, where those subtypes do ) ) _
partly overlap with each other; see [9]. Conscious Note, that the dimensions in the knowledge cube behave

knowledge is conscious and intentional, is cognitivel)‘ﬁiﬁerem- In the type and kind dimensions, the categories are
available and may be made explicit easily. Laterfnostly distinctive (with the mentioned exception in the sub-
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types), while in the quality dimension each of the given five Basic knowledge conversions in the kind dimension of

characteristics are always present for each knowledge asskhowledge do not occur. Those in the quality dimension are
mostly knowledge developments aiming at quality

B. Knowledge Dynamics improvement. Examples are basic conversions changing the

) ) . overview, structure and automation quality, respectively.
Here we give a conception of knowledge conversions. The

transitions between the different knowledge types, kind any General Knowledge Conversions
qualities are responsible to a high degree for knowledge Qur conception allows the generalization of the basic
development in an organization. These general knowledgge knowledge conversions described above. General
conversions are the building blocks to model knowledgghowledge conversions are modeled converting several
dynamics, i.e., all of acquisition, conversion, transfefsoyrce assets (possibly of different types, kinds and quality)
development and usage of knowledge, in an enterprise.  to several destination assets (also possibly different in their
Most important for knowledge management purposes agowledge dimensions). In addition, information assets are
conversions between the knowledge types, especially thasgnsidered as possible contributing or generated parts of
making individual and internal knowledge of employeegeneral knowledge conversions.
usable for a company. The explicitation and externalization For example, in a supervised learning-by-doing situation
conversions described in this section achieve thiseen as a complex knowledge conversion, a new employee
Implicitly, socializations between tacit knowledge ofmay extend his tacit and conscious knowledge by working

different people also contribute to this goal. on and extending external knowledge in a general
_ _ conversion, being assisted by the tacit and conscious
1) Basic Knowledge Conversions knowledge of an experienced colleague. As a result of the

Five basic knowledge conversions in the type dimensiagbnversion we have extended internal knowledge of the new

are distinguished here: socialization, explicitationemployee and extended external knowledge.
externalization, internalization and combination. Basic

conversion means, that exactly one source knowledge asset

is converted into exactly one destination knowledge asset  lll. ~ SEMANTIC SUPPORT FORKNOWLEDGE

and exactly one knowledge dimension (i.e. the type DEVELOPMENT

dimension in this case) is changed. More complex . .

conversions may be easily gained by building on this set a%.m this section we present the Knowledge Oniology,

described in the next sub-section. They will consist of n-tg- ich implements the conception of knowledge and

m-conversions and include information assets in addition. nowledge dynamics as described in section Il. The
Socialization converts tacit knowledge of a person intBnOWh:Jdge ontology has been deve_Ioped in the web

tacit knowledge of another person. This may succeed Qntology language OWL [8]. As one main goal the ontology

exchange of experience or in a learning-by-doing situatio .'” e”‘?‘b'e the discovery of the crucial know!edge
Explicitation is the internal process of a person, to ma PNVErsions -for a company. The ontology (as wsually
internal knowledge of the latent or conscious type explici own in Fig. 4) IS divided in four core - concepts:
e.g. by articulation and formulation (in the conscious cas owledge, _Inforr_nat|on, KnovvledgefConverson and

or by using metaphors, analogies and models (in the lat ovvle(_jge_Dlmenson. The three d|fferent _knovyledge
case). Externalization converts from explicit knowledge t imensions  are  represented  asType Dimension,

external knowledge or information and leads to detach ?ﬁw@%lr;\igi?gingr}(g tﬁgi'gﬁ%gﬁg;?g grgoggﬁ?gse alrse used
knowledge as seen from the perspective of the human being, model the relationships betweeKnowiedge and

which can be kept in organizational memory SyStemiﬁimens’ons hasType, haskind and hasQuality. For

Internalization converts either external or explici . . . .
knowledge into internal knowledge of the conscious or example,Epr|C|.t_Kr_10WIedge IS defme_d as every piece of
knowledge, which is related to the instarieelicit Type
C via the hasType property. In the same waifnowledge in
general must be related to every quality sub-dimension
Human Deing through thehasQuality property.

In the case of the type dimension of knowledge, we have
defined disjoint axioms in order to make explicit the fact
that a piece of knowledge cannot be simultaneously external
and internal - except in the case Laftent, Conscious and
Tacit Knowledge, which can actually overlap (compare with
Fig. 1). There are also disjoint axioms for the kind
dimension, since a propositional piece of knowledge cannot

Legend: E Esxplicitation X Externalisation I Internalisation beProceduraI’ neither&rategic norFa_m|||ar|ty

C Combination S Socialisation Two properties have been defined to model the knowledge

Fig. 3. Knowledge conversions in the type dimension  conversions: hasSource and hasDestination,  with
knowledge conversions as ranges, and pieces of knowledge

latent types. It leads to an integration of experiences awa@d information as domains.
competences in your own mental model. Finally, A General Conversion is modeled through the
combination combines existing explicit or externaKnowledge Conversion concept, and its only restriction the
knowledge in new forms. Basic knowledge conversions ifact that it must have at least one source asset and one
the type dimension are shown in Fig. 3. destination asseBasic Conversions are more specific, in

¢ Information }
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Fig. 4. Knowledge ontology hierarchy

the sense that they have only one source and only oBe Rules

destination. Eight basic conversions (five in the type

dimension, three in the quality dimension) are defined in the Ontology restrictions allow us to infer new
ontology. The concepCrucial_Conversion gathers those characteristics of a given concept or instance. However, in
conversions that contribute to the goal of making thsome cases we could require to generate new instances in

knowledge available for the company. the ontology depending on certain situations. In this case we
have used rules, so the knowledge ontology will be able to
A. Redtrictions and Reasoning infer all the possible conversions given some pieces of

knowledge. First, the rule engine will create basic

Basic reasoning is based on subsumption mechanisganversions with all the possible source-destination pairs,
that deal with the ontology hierarchy. However, ontologieand then, the same engine will characterize these
can contain more complex elements to enable advanceahversions, inferring the changing dimension for each case.
reasoning. In this way, the Knowledge Ontology has been SWRL [11] rules have been defined and the Jess rule
extended with OWL restrictions to enable new ways oéngine [12] has been used for testing purposes. The main
generating interesting new knowledge. rule for our model is the one that creates new conversions

Here we will only describe some of the most interestinfpr the knowledge assets that we have stored in our
restrictions. Let us imagine that we have two pieces ahtology:
knowledge in our companyknowledgel and knowledge?.
Both pieces of knowledge have as t¥p@licit (is related to ﬁnow:egge(:?)llg) 2
the instance ofType Dimension_Value called Explicit nowledge(?k2) N

. hasDimensionValue(?k1, ?v1)

through the properthasTypeValue). Additionally we have ; ; A

. L ) hasDimensionValue(?k2, ?v2)
definedExplicit_Knowledge as follows: differentFrom(?k1, ?k2) A

Available_Knowledge AND differentFrom(?v1, ?v2) *
S hasTypeValue has Explicit swrlx:makeOWLThing(?c, ?k1, ?k2)

—

Thus, a reasoner will identify both pieces of knowledge as ﬁno;vledge_f)CoQ\k/irsi:)n(?c) "
Explicit_ Knowledge (and using subsumption also as as our_ce(:c, ?k1)
Available Knowledge). hasDestination(?c, ?k2)

We can consider two different conversiamsversionl 1y this rule is activated when we have two different
and conversion2: one that convertsknowledgel in ;

knowled d vi h h defined %eces of knowledge with different dimensions values. In
nowleqge2 and vice versa. Then, we have define is case, a new instance is created for providing a new
Crucial_Conversion as:

knowledge conversion between both pieces of knowledge.

, Then, we have six rules to infer the changing dimensions
Knowledge_Conversion AND of each of the new discovered conversions: one for the type
JhasDestination some Available_Knowledge dimension and five for the quality ones. For example, the

_ _ ) rule for the type dimension is as follows:
Thus, we can infer that conversonl is a

Crucial_Conversion for the company.
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) A
ﬁzgmgggggotg N Application Scenaria Application Scenario
hasType?/aIﬁe(”kl V1) A with Knowledge Development' with
hasTypeVaIue(’;kZ, '.)VZ) A unknown Parts Activity all Parts known

differentFrom(?v1, ?v2) i

Knowledge_Conversion(?c1) Representation Interpretation
e ¥
N
hasSource(?c, ?k1) General Knowledge General Knowledge
hasDestination(?c, ?k2) . .
’ Conversion > Conversion

= : Rule Processing
hasChangingDimension(?c, with Gap(z) (7)
Knowledge Type_Dimension)

with Gap(s) filed

) . Fig. 5. Support of knowledge development scenarios
Suppose that we have two pieces of knowledge in our

company knowledgel and knowledge2), which are related scenario is, that we know the result of a knowledge
through thenasTypeValue property toExplicit andExternal,  conversion as well as the conversion itself, but we do not
respectively. Both are related to the valtesmiliar and  know the source knowledge asset. A rule application should
Sep by step. Using the defined rules, new instances argeliver the missing knowledge asset.

produced. Thus, the rule engine has inferred two

conversions, one for “knowledged: knowledge2”, and A Analytic Application Scenarios and their Representation
another for “knowledge2— knowledgel”. Then, the

reasoner can infer additional facts: Analytic  application scenarios for knowledge
development are characterized by gaps in the corresponding
e About the pieces of knowledge: knowledge dynamics chains. Without restriction of
- They are botlramiliar_Knowledge. generality, we focus on simple scenarios, which can be
- One of them i€xternal_Knowledge, the other  represented by a single general knowledge conversion. More
is Explicit_Knowledge. complex scenarios should be composed of simple ones.
- Both areAvailable_Knowledge. A representation as a general knowledge conversion
* About the conversions: leads to a set of eight possible scenarios. In the conversion
- They are botlBasic_Conversion. definition with sources, conversion and destinations we can
- Both areCrucial_Knowledge (since they have  apply zero or more question marks, i.e. gaps of unknown
Available_Knowledge as destination). parts, to the conversion. Out of the eight possible scenarios,
- Both areType Conversions (since they change  we do not further consider two of them. The case with no
the type dimension). gap is a constructive scenario really, while the case without

any known part is not a realistic one. The other six scenarios

IV.  APPLICATION SCENARIOS are outlined in the following and shown in Fig. 6.

Application scenarios for knowledge development in . — _—r
company can be related with our model of knowledg Sources .. Conversion 7 Destinations
dynamics. Two categories of scenarios exist. The first one — T
constructive and builds knowledge development chains (s . . o
. Scenario| Sources Conversion Destinations

[2] for a modeling approach). Here we focus on the secol
scenario category, which consists of analytic scenaric _! ? fwowm  lmovm Legend:
They can be represented by general knowledge conversic 2 ! ! known ?fUrOSOLIrCES (Destlr;ahgﬂS]i
and are subject to rule processing as described in section 3 [kmown  knowm ? (E;]eest"i;;?igfs)o;treeunI‘:r:';:fns
In these scenarios we face gaps in knowledge dynami ~§  [inown 7 7 2 for Conversion:
chains as provided by knowledge conversions. These g¢ —t; o = Conversion is unknown

. . . b 0WIL B OWIl
will be closed by applying appropriate rules to the relevai
. . . 6 ? known ?
instances of knowledge assets and conversions, which h

been instantiated in our knowledge ontology.

Fig. 5 explains our approach. The bold arrow in the first line
indicates the knowledge development activity, which is
needed in order to resolve an application scenario with
unknown part. Our approach first represents the applicati@ﬁ1

scenario as a general knowledge conversion, applies ) _ e :
appropriate rule of our rule system to it, and finalb}(nown_conversm_n part in th? I_<n0w|edge conversion in this
interprets the completed knowledge conversion as Solvéﬁe_narlo_would indicate existing knowle_dge_z developm_ent
application scenario. options in the company, while a gap indicates missing

§§velopment support (Scenarios 1 and 2). Scenario 5
e

Fig. 6. Application scenarios and representations

Scenarios with known destination parts of the conversion
d with gaps on the sources side represent situations, where
target of knowledge development activities is known. A

For example, the knowledge requirements for a proje _ s o
P d ;. pro) scribes known sources and destination parts, but missing

are known as well as the learning options in the company: ) ; :
From that, one would try to identify minimal knowledge velopment options and support in the company. Scenarios

requirements for a new employee, who should work in the @nd 4 have a complete sources part of the knowledge

project and should be able to fulfill the requirements at |ea§9nver5|on and gaps in the destinations part. If existing
after some learning efforts. Our representation of this nowle_dge development options are a"a"?‘b'e' then the
scenario would ask for the potential of evolving knowledge
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applying these options (Scenario 3). If no such options exist, V.  SUMMARY AND OUTLOOK

the question of the scenario would be, which knowledge ) ) )
development activitiesshould be initiated and to which A conception of knowledge development in an enterprise
possible result in extended and new knowledge this codftS been given. It is based on a concept of knowledge and
lead (Scenario 4). Finally, Scenario 6 assumes existillfgowledge dynamics. In order to |mplement this c_once_ptlon_,
knowledge development options in the company, b knowledge onto_logy has been built and de_scrlbed_ln t_h|s
incomplete sources and destinations parts. If only very feR@Per. together with reasoning support and in combination
out of the sets of sources or destinations are unknown, tM&h @ rule engine. This has opened the path, to solve open
scenario can be partly handled with our approach algguestions in application scenarios for knowledge
Otherwise, especially in the case of completely exclusivefevelopment.  With the help of representations, these
unknown sources and destinations, no further treatmentSgenarios can be mapped to general knowledge conversions,

possible. which are subject to rule processing in relation to the
knowledge ontology. A final interpretation steps leads back
B. Rules Application to Representations of Scenarios to the solved scenario. o _ _
Until now only simple application scenarios and their
As described in Section lll, a rule system has beewepresentations are covered by the set of developed rules. In
developed, which is applied to instances of knowledge amaore complex scenarios, possible solutions are no longer
conversions introduced in the knowledge ontology. unique. With the help of heuristics, which have to be

Only rules for basic knowledge conversions in the typéeveloped, good or acceptable solutions may be identified.
dimension with only one gap exist until now. We therefore
are restricted currently to the corresponding 1-to-1 cases of
scenarios 1, 3 and 5 as described before in Fig. 6. A rule for REFERENCES
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