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Abstract: We present a framework for assessing knowledge management (KM)
technology that has been validated by using more than twenty well-known
tools. Based on a commercial case-based reasoning (CBR) toal, the technology
descriptions have been made available in the KM-PEB experience base over the
World Wide Web. KM researchers as well as KM tool developers and/or users
can search for similar descriptions and/or contribute their own ones. We think
that the KM and CBR communities can benefit very much from each other, and
we hope that this paper - and its underlying application KM-PEB - supports the
(already started) collaboration of these communitiesin a constructive way.

1 Introduction

Knowledge Management (KM) has its roots in very different areas of research
(Knowledge Engineering, Information Systems, Data Mining, Classification, Infor-
mation Retrieval, Economics, Software Engineering, etc.). This causes strong compli-
cations for the comparison of different kinds of approaches. Thus, a descriptive
framework is needed that is general enough to describe most of the existing ap-
proaches and sufficiently detailed to still be informative.

In this paper such a framework for categorizing and comparing KM techndlogies
will be described. It has been validated with more than twenty well-known tools in
KM.

The framework is the foundation for an application that serves as an experience
base for KM technology descriptions. This application, called Knowledge Manage-
ment Product Experience Base (KM-PEB), is publicly available and, therefore, acces-
sible on the World Wide WébFor the implementation, Fraunhofer IESE’s INTER-
ESTS (INTElligent REieval and Sorage_$stem) tool was used, which is based on

1 By technology we mean a technique, method, or tool. A technique is a basic algorithm or a
set of steps for achieving some task, a method is an organized approach based on some tech-
nique (Basili et al. 1994). A tool offers automated support for a technique and/or method.

2 http://demolab.iese.fhg.de:8080/K M-PEB



acommercia case-based reasoning (CBR) tool® and provides a good way to deal with
continuously growing experience bases.

This is an important fact because in the initial development phase the amount of
technology descriptions within the experience base is - of course - rather small, but
the application is designed for being used and filled in the future.

Possible users can be anyone interested in KM. Users who provide their own de-
velopments of KM technology will benefit as much from KM-PEB as persons who
need decision support for a KM tool or just want to make a state-of-the-art study.
Therefore, the application is designed with an interface for adding and maintaining
descriptions of KM technology.

To some degree KM-PEB continues the tradition of the CBR-PEB* application
(Bartsch-Sporl et al. 1997, Althoff et al. 1999), a publicly available experience base
on CBR tools and applications. The ongoing measurement and evaluation program of
CBR-PEB (Nick et al. 1999) is connected to KM-PEB through a rollout. However,
the underlying ontology is completely new (Snoek 1999). It has been developed based
on IESE's methodology for building experience bases (Tautz 2000).

We believe that KM is not only an interesting application domain for CBR tech-
nology, but that KM methods are also helpful in CBR research and application devel-
opment. In addition, CBR can be viewed (and used) as a strategy for organizational
learning and KM (Althoff et al. 2000a). This creates a complicated interplay between
the fields of CBR and KM, which will further increase in its complexity. One reason
is the increased use of approaches like textual CBR or the combination of CBR with
data mining techniques. Another reason is the already ongoing "merger" of these
communities (Bomarius 1999, Schmidt & Vollrath 1999, Aha et al. 1999, Althoff &
Muller 2000, Weber 2000). Therefore, we hope that this paper - and its underlying
application KM-PEB - supports the collaboration of the CBR and KM communities in
a constructive way.

From a CBR point of view we present an interesting application that is also of
some public interest. Our experience base applications rest upon the experience fac-
tory concept (Basili et al. 1994, Bomarius et al. 1998), an approach for organizational
learning from experience. This approach is refined and implemented using CBR (Alt-
hoff et al. 2000a). Already in 1997 it was argued that experience factory and CBR
should (and can) be combined (Althoff & Wilke 1997, Tautz & Althoff 1997). The
interesting complementarities of experience factory and CBR, which can be exploited
in various ways (Althoff 1998, Althoff et al. 1998), is a very good example for the
complicated interplay between KM and CBR. Common issues of KM and CBR in-
clude the acquisition, modeling, and reuse of knowledge, learning from experience,
evaluation and maintenance of knowledge, as well as issues like return on investment
and management of all knowledge related processes and tasks.

The paper is structured as follows. We will briefly describe the approach we took
to develop our framework for assessing KM technology. We will introduce the
framework with its subparts in detail. Then we will present the application of the
framework for the analysis of 21 well-known KM tools. We also present a typical use

3 CBR-Works from tec:inno
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case of the KM-PEB system that was implemented based on the framework. Finally,
some conclusions are drawn.

2 Approach

The main steps in the KM-PEB project have been (1) the development of the descrip-

tive framework for technology in KM and organizational learning, (2) the description

of selected tools based on the framework, and (3) the technical implementation of an

experience base that makes the technology descriptions available over the World

Wide Web (WWW). In particular, the following tasks had to be carried out:

« ldentification, analysis, and structuring of relevant literature (e.g., Goodall 1999).

 Interviews with available experts and detailed study of theoretical literature.

» Development of the basic framework structure (cf. Section 3).

» Sdlection of typical KM tools from different classes of KM technology.

 Information acquisition and analysis as well as description of selected KM tools.

« Elicitation of detailed information on the selected tools including the tool vendors.

« Incremental improvement of the descriptive framework using the tool descriptions.

* Implementation of an experience base that includes the tool descriptions and that
enables similarity based retrieval of KM technology descriptions over the WWW.

« Going online, adding online help and an interface for the acquisition of new KM
technology descriptions.

 Caollecting feedback.

« A step currently being carried out: Public announcement of KM-PEB and setting-
up of a measurement and evaluation program (Nick et al. 1999).

3  Framework

Applying the above approach resulted in a comprehensive framework for KM
technology, which now will be introduced. It consists of seven main components (Fig.
1) that are adapted from Probst and Romhardt (1998). In the following we will intro-
duce them and present the more detailed attribute level for each of the components.

acquisition utilization

Preservatio?

distribution

Fig. 1. The underlying knowledge management framework

processing



3.1 Knowledge Management Components of the Framewor k

311 Knowledge Goals

The goals of a KM technology are subject of this framework component. The goals
describe on which level what kind of ability will be built. Goals exist on different
levels of abstraction, for instance, vague company guidelines or concrete task-ori-
ented goals.

3.1.2 Knowledge Acquisition

This component addresses the systematic collection of knowledge. Therefore, it is
first wise to identify the knowledge already existing in the enterprise, which, on the
other hand, makes the existence of knowledge transparency essential. To know what
the state of affairs is - relating to the available knowledge in the enterprise - knowl-
edge maps and other similar procedures are helpful.

Because of the worldwide knowledge explosion and fragmentation, companies are
not able to generate the entire know-how for the enterprise’s success by themselves.
Therefore, the knowledge has to be gathered using different means of procurement.
Some of them will now be shortly summarized.

Oneideaisthe acquisition of knowledge from other companies in the form of alli-
ances and takeovers. Another way to get knowledge is the inclusion of stakeholders, a
group in the environment of the enterprise with special interest in its activity.
Stakeholders (e.g., customers in key positions) can be involved in the development
process.

Another type of acquisition is the purchase of knowledge from external knowledge
carriers like specialists. For this, atime limit on employment is possible. Out-sourcing
is afurther possibility to handle this kind of acquisition.

Finally, an enterprise can buy knowledge products (e.g., CD-ROM, patents, soft-
ware, etc.). However, in this case one must consider that the enterprise perhaps does
not have the required capabilities to effectively use these knowledge sources.

3.1.3 Knowledge Processing

Here the focus of interest is the generation of new abilities and products, better ideas,
and efficient processes. Knowledge processing contains all management efforts that
lead to the conscious production of abilities that do not yet exist internally or, further
on, to the creation of abilitiesthat do not yet exist internally or externally.

An important role is the kind of representation that the approaches will use or the
tools they will support. Relationships or other associations will aid the knowledge to
evolve. The question of representation is also of interest here, because for some rea-
son it could be useful to separate the structural representation (like characterizations
and relationships) from the content of knowledge.

This leads to the question of whether the knowledge structure is a crucia factor for
the evolving knowledge. With the support of a useful representation a tool could, for
example, analyze the knowledge structure and change it in different ways to generate
new knowledge. The kind of changing reaches from adopting and aggregating rela-



tions or other associations up to restructuring the knowledge items themselves, which
can also be seen as part of the whole knowledge structure.

Another way to process new knowledge is to create it explicitly. Two main classes
can be regarded for an individual: Ad-hoc processing and systematic processing.

The ad-hoc processing of knowledge can be seen as an act of creation that seemsto
be chaotic, whereas the systematic processing of knowledge describes problem solv-
ing as a structured process in several steps.

For collective knowledge creation processing, it is aso necessary to create com-
plementary abilities in the group and to define meaningful and realistic group goals.
There must be an atmosphere of confidence based on communication intensity. Fur-
thermore, in a group it is possible (and wise) to do a post-mortem analysis after a
finished project and to write it down (as lessons learned) for later use in other projects
or for other groups.

3.14 Knowledge Preservation

For later use, the storage of knowledge is a very important part of a knowledge based
system. To preserve experience, information and documents require management
efforts to select the knowledge that is worth preserving.

In an enterprise, every day a mass of knowledge normally arises in the form of
minutes, letters, presentations given at different locations, etc. The difficulty is (see
also knowledge utilization) to select between the knowledge that is worth preserving
and the one that is not. The main rule for this decision is the question of whether the
regarded knowledge will be used by its potential users. Otherwise, it would decrease
trust in the quality of the system.

Knowledge preservation is a permanent process, which must be supported by con-
tinuous updating. Old systems are "dead systems', because omitting training leads to
the unlearning of the knowledge that was devel oped with great effort.

It isimportant at this point already to restructure or repackage the knowledge. But
different from knowledge processing, here it is important for the effectiveness of
giving response. Also, conscious forgetting leads to a faster system and is, therefore,
an important factor for knowledge base efficiency.

3.1.5 Knowledge Distribution

In order to utilize isolated knowledge for the whole enterprise, distribution is essen-
tial. The main question in this case is: Who should know (or be able to do) what (and
to which extent) and how should knowledge be distributed?

It is neither possible nor meaningful for everybody to know everything. The eco-
nomical principle demands a useful control of the scope of knowledge distribution.
Dividing knowledge into several fieldsisafirst step in reaching this goal.

During atime when our world gets smaller through growing networks, the creation
of virtual working groups is of increasing importance for knowledge distribution.
Here, the people in different parts of the world are able to work together on the same
projects. The creation of expert groups, in particular, benefits from this possibility,
because in most cases experts are spread far apart throughout the world.

The activity in the case of publishing can be passive, that is, the people themselves
have to get the knowledge if they want it. Otherwise, they get it automatically, with-



out their own help. The informing activity is passive if the people were not informed
of new knowledge, so they have to look for new knowledge themselves. In the case of
active informing, the system tells the people about the existence of new knowledge.

3.1.6 Knowledge Utilization

One main purpose of the KM is placed here. The bare existence of knowledge (what
the components described up to now guarantee) is not enough. Many constraints re-
strict the use of knowledge in the daily routine. The first problem is the dislike of
people to use outside knowledge, because it is seen as an unnatural act to do so. The
next borderline is the keeping of well-tried experiences, regardless of their quality, as
akind of security mechanism to avoid foreign infiltration.

In the face of these problems, the enterprise must guarantee that expensive and
strategically important knowledge will be used every day. All effort isin vain if the
potential users are not convinced of the system’s usefulness and, thus, do not use the
system.

So, one central question is whether the regarded approaches do support the moti-
vation of people to use the offer of KM. Or, if the approaches do not provide this
feature, it is interesting whether other (maybe additional) tools, which do this, can be
integrated in the approach.

The next point of interest in utilization is the basic ability of choosing the right
knowledge with the system. This question is close to the above-discussed representa-
tion of the knowledge. Could, for example, different knowledge items be merged
together to be used as an integrated whole?

Another question depends on the ability to check out knowledge before it is used to
avoid inconsistencies and conflicts with other potential users. Also, other models like
transactions are possible to keep the knowledge base consistent.

3.1.7 Knowledge Valuation

One of the biggest difficulties in KM is the measurement and valuation of organiza-
tional KM. Until now there is no decisive breakthrough. Unfortunately, knowledge
managers cannot fall back onto a large amount of well-tried instruments as, for exam-
ple, finance managers can do. Most often, knowledge and abilities cannot lead back to
a measurement dimension and/or the cost of measurement would be unjustifiable
high. Yet the field of knowledge valuation offers high potential.

As the knowledge goals are differentiated into strategical, tactical, and operative
goals, the same is true for valuation. At the point of valuation, abstract knowledge
goals like "we will become a learning enterprise” will take revenge, because there is
no useful measurement for them. Only if the measurement and valuation of central as-
pects of KM will, in the future, become easier and gain more acceptance, will the
cycle of KM be closed.

Valuation is also important for providing feedback on the knowledge base's effec-
tiveness. Many aspects can be regarded for reaching this goal: Is it possible to analyze
the system behavior? Do log files exist that generate utilization profiles? Can feed-
back (maybe from other subroutines logged) be used to increase efficiency by re-
structuring? Is it possible to qualify knowledge items using analyzable flags?



3.2 Framework Attributesfor the Knowledge M anagement Components

Altogether the above-described seven KM components and the general aspects part
are represented using 54 attributes with different value ranges. We will now introduce
them using some kind of meta-attributes:

Type. This specifies the type of an attribute. Possible types are Boolean, symbal,
ordered symbol, symbol-set, ordered symbol-set, text, and taxonomy.

Possible Values. Depends on the respective type.

Cardinality. Defines how many values can be chosen in parallel.

Possibility to use “not applicable”. In some cases, an attribute could be left empty
because of itsinsignificance, even though it isimportant in other cases.
AssessmentSome attributes directly influence the quality of atool. If thisis so, one
can describe it in more detail under this point.

DependenciesDescribes how a given attribute influences other attributes, if at all.
Effects. The other case is that a given attribute (and thus its value) influences other
attributes.

Table 1. Overview of the framework

o S
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> |35 = =
S |22 21
2 . 382 8 2 |52
8 |[No Framework attributes SRR 8i<
£ Flelgl|s g |2
O g5 (SR < S |8
@) g |5 & i
3* 3 g v
> o
1 | Kind of approach s|3|3|no - - -
2 | Developed for what goal s|3|3|no - - -
3 | Purpose of the system t [13] * [no - - -
4 | Subject of knowledge t|4]*|no - - -
5 | Main orientation s|2]|1|no - 17
o 6 | Degree of formalization os| 3|3 |no - - -
8 [ 7 | Flexibility of configuration os| 4| 1 |yed lefttoright| - | -
@ 8 | Customizable configuration b|[2]|1]|no|yesisbest | - -
g 9 | Scalahility of configuration t |41 |yedlefttoright| - -
= 10 | On which platform could it run t [24| * |no most - -
O 11 | Supported databases t [20] * |yes most - -
12 | Single- or multi-user 0s| 3|1 |no|lefttoright| - | 44
13 | Supported network and transfer protocols t [23] * |yes - - -
14 | Used by enterprisesin practice te|] 0| * |no most - -
15 | Supported file formats t [13| * [no most - -
16 | Highlights te| 0| * |no - - -
" 17 | Kinds of goals os| 3 |* |no - 5| -
<
8 18 | Incomplete specification t |31 |yeslefttoright| - -

5"|_eft to right" means that the rightmost val ue in the attribute’s value range is the best value for
aKM tool (aspecia instanceis "yesis best"). "Most" means the more values are filled in the
better thetool is. "-" means nothing can be stated without further context information.



c 19 | Kinds of sources t [16] * |no most - 120,29
}E 20 | Tolerance of incomplete data b|2|1|yes yesisbest 19| -
g 21 | Acquisition methods t|7]* |no|lefttoright| - | -
< 22 | Connection b|2]|1]|no|yesisbest |- | -
o | 23| Knowledge representation t [16] * |no - - 126,27
- 24 | (Re)package the knowledge structure t | 6|1 |no|lefttoright| - -
25 | Evolve knowledge items t |41 |yes|lefttoright| - -
2 26 | Coexistence of knowledge items t | 4] 1 |yedlefttoright| 23] -
= 27 | Forget unimportant knowledge items b|2]|1|yes yesisbest |23| -
28 | Separation of items/structure/other knowledge | t | 7 | * |no|lefttoright| - -
c 29 | Administrative information b|2]|1]|no|yesisbest |19| -
2 30 | Status of knowledge items t |41 |yes|lefttoright| - -
g 31 | Self-analyzing technical infrastructure t | 6]1|noflefttoright| - -
% 32 | Recording of new knowledge b|2]1]|yes yesisbest | - | -
& 33| Tolerance of inconsistent knowledge b| 2|1 |yes yesisbest | - -
34 | (Re)packaging the system structure t | 5] 1 |yeslefttoright| - -
35 | Forget knowledge items t |51 |yes|lefttoright| - -
36 | Adressability of target groups/persons 0s| 4 | 1 |yes|lefttoright| - -
s 37| Publishing os| 3|1 |yes - - 138,39
= 38 | Retrieva mechanism t 18] * |yes| - 37| -
2 39 | Browsing te| 0| * |no most 37| -
E 40| Informing os| 3|1 |yes|lefttoright| - -
o 41 | Personal environment b|2]1]|yes yesisbet | - | -
42 | Context sensitive b| 2|1 |yes yesisbest | - -
43 | Selecting/choosing possible b|2]|1|yes yesishet | - -
- 44 | Avoiding inconsistence t | 7]* |yes yesishest |12 -
2 45 | Composing of knowledge items b| 2|1 |yes yesisbest | - -
§ 46 | Modifying knowledge items b|2]|1|yes yesisbest | - -
g 47 | Merging of severa knowledge items b| 2|1 |yes yesisbest | - -
48 | Modifying the system b|2]|1|yes yesisbest | - -
49 | Support for employee motivation b|2]|1|yes yesisbhet | - -
- 50 | Examine the system structure t |41 |yes| yesisbes | - -
2 51 | Evaluation t | 4|1 |yes yesishest | - -
S 52 | Feedback possible t | 4]1|yes yesishest | - |5354
§ 53 | Analyzing feedback t |41 |yes yesisbes |52| -
54 | Qualifying t | 4] 1 |yes yesishest |[52| -
L egend:
b=boolean os=ordered symbol s=symbol
t=taxonomy te=text

4 Applying the Framework

The application of the framework was twofold. First the framework was applied to
analyze 21 KM tools. For these tools, Table 2 displays a subset of 24 of the 54 attrib-
utes presented in Table 1. The full tool descriptions can be retrieved from KM-PEB or
in Snoek (1999).

Second, the framework was used for the ontology development for KM-PEB, that is,
the KM components are implemented as concepts using the attributes shown in Table



1 and the values partialy shown in Table 2. A simple usage scenario is given below
(seedso Fig. 2-4).

Table 2. Overview of knowledge management tools covered
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CategoricAlert |prisfinajnaja|n|s|n|n|najnjac|0|njac|n|{n|n|y|ly|n|y|n|n
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Solution Series |pd|nfly |y | m|n|{o|n|n|man{ps|?|y|ps|y|lYy|n|n|y|n|n|n|n
RetriecvalWare |pd|nfly|y|a|n|s|n|n|najn|ps|1l]|y|aplap|y|y|(n|n|in|n|n|n
Concept Explorer |pd|sf |y |y |a|n|us|y|n|najnja|{0|y|ps/n|y|n|n|y|n|n|n|n
KA2Knowl. Agentipd|nf [najnal a|n|s|y|n|naly|ap|l|y|ap|y|y|n|n|n|jy|[n|n|n
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HyperKnowledge |pr{nf{n|{n|m|n|s|nin|najn|ps/2|y|ps/n|yly|n|n|n|n|[n|n
Dataw.ll KM-Suitejpd|sf |y | ? | 2|y [ss|n|n|?|njus|l|y|ap|?|y|ly|n|ly|n|y|n]|n
Kate SoftwareSuitefpd| sf |y [y |A|N[aA [y |y |y |n[ps|1|?|ps|y|Yy|lYy[n|n|y|n|y]|n
Eule2 priflmanaM|N|s|y|n|y|n|ps|l|y|la|y|[n|y|n|ly|n|y|y|n
Cognos pd{sf|?2|y|[?[n|?|n|n|jy|n|ps|l|y|ps|y|Yy|?|[n|n|n|y|?]?
KnowledgeBroker |jpd|sf |n|y |m|n|[?|y|n|y|n|ps|l|y|ps/n|[?|y|lyly|n|n|n]|n
Interests pdisflyly[m|y|sfin|infy|n|ps|/1l|y|ps|y|Yy|Yy|lYy|n]y|[n|n|n
L egend:
a=automatic na=not applicable s=structured
ac=active nf=non-formal sf=semi-formal
a=all o=other ss=semi-structured

ap=active & passve
f=formal

m=manual
n=no/none

pd=product-oriented
pr=process-oriented
ps=passive

us=unstructured

=yes
?=undefined

Let us assume one wants to find some KM tool with specific knowledge distribu-
tion features as described in the screen shot in Fig. 2. KM-PEB then presents the ten
most similar tools in its case base sorted by similarity (see Fig. 3). Simply clicking on
the case number (see Fig. 3) then presents the respective tool (case) in more detail.




Fig. 4 presents the knowledge distribution details of the most similar case/tool as

presented in Fig. 3.

¥ Knowledge Distribution

Can the tool address groups or single persons o

inform them about new knowledge or to distribute it?

IDistribute -I
Iboth vl

Does the tool publish new knowledge for users/groups I activedpassive = I

or has the user to look for himself?
What retrieval mechanism is used by the tool?

Is it possible to hrowse through the retrieved
knowledge items (or through all, if no retrieval
mechanism is used)?

Does the tool inform users/groups ahout new
knowledge or has the user to look for himself?

Can the tool handle profiles for different users (or
groups) to make environments for different user

needs possihle?

Is it possible to use the tool context-sensitively (for
example, the leader of sales has another view io a

product than a quality manager)?

retriewal possible [ Ttioar

- rule interpretation o

- relational none

- simil arity based i unknowt
-- pattarn matching

« text based ;I ' undefined
wes -

I active&passive | » l

yas -

yas -

Fig. 2. Querying KM-PEB (focus on knowledge distribution features)

|Ser. Mo. |Similarity | Approach Nr. |Short title

| 1 |D.284286 |13 |KA2 Knowledges gent

H |D.251429 |'F |Intraspect Knowledge Server 20
H |D.225 |13 |KATE Software Suite

|i;| |D.214286 |3 |Autnnnmy Knowledge Server
H |D.1985'F1 |5 |Knowmm

|ﬂ |D.194286 |19 |EULE2

|ﬂ |D.18285? |4 |grapeVINE

H |D.18 |1? |Datawa.re 11 KM Suite

H |0.15?143 |2u |INTERESTS

| 10 |D.154286 |11 |Ret.tievalWare

Fig. 3. Result for the query specified in Fig. 2



Addressahility of target groups/persons  persons

3]

Publishing activedpassive
Retrieval mechanism m + other

Detailed information about retrieval knowledge mapping
mechanism %

Browsing m true

Detailed information about browsing 2| 7

Informi m activedpassive
Personal exvironment m trug

Context sensitive true

Fig. 4. Information included in the most similar KM tool of the query result presented in Fig. 3

5 Conclusion

Given the contrary goals of the different kinds of knowledge management (KM) tech-
nologyé, it is obvious that even the best framework would not allow to produce some-
thing like aranking list. With the described framework, we have tried to create a basis
for describing KM technology as adequately as possible. Since we viewed the as-
sessment as developing a technology experience base (i.e., a case-based reasoning
application), we could use our methodology (Tautz 2000, Althoff et a. 1999) to come
up with acceptable results (also through involving the technol ogy providers).

Of course, there probably is some KM technology that is missing because it is per-
haps on the borderline of this research field, not published yet, and/or was just over-
looked. Furthermore, it is a fact that science is continuously evolving. This justifies
the imperfection of the framework and requires being prepared for continuous im-
provement (e.g., of the value ranges) to capture the whole variety of KM and its con-
nected approaches.

Especially the implemented application of this framework makes this expenditure a
rewarding job, because the interested people can fill, use, and update this experience
base with little administrative support by IESE.

We hope that this work can be a little step for KM on the long way of becoming a
mature research field, and we aso hope that more and more researchers, devel opers,
and users will contribute descriptions of their KM techniques, methods, and tools. We
also believe that case-based reasoning will be of increasing importance for KM both
from atool perspective aswell as from a more method-oriented one.

6 By technology we mean techniques, methods, and tools (see footnote in Section 1).
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