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ABSTRACT

There are many efforts underway to use the power of networked multimedia systems, particularly WWW and large Intranets, for the support of learning processes. WBT, Web Based Training, is one of the many buzz-words describing this kind of activity. And the GEneral Networked Training and Learning Environment (GENTLE) developed at the author's institute is one example. However, looking at WBT in isolation does not make sense: it is just one facet of a larger whole: of knowledge management (KM) and knowledge transfer (KT). In this paper we present the basis of KM and KT and show how WBT and GENTLE fit into this general model.

1. INTRODUCTION

In this paper we show that Web Based Training (WBT) in the sense of “using networks to improve the efficiency and timeliness of knowledge transfer” should be and can be seen as one small piece in a much larger puzzle which is now often called Knowledge Management (KM). We explain how these things fit together and then briefly mention one powerful platform for KM and one specific WBT-system that is based on it.

The remainder of this paper is structured as follows: In chapter 2 we explain why the ideas of KM are indeed important, no matter what label is attached to them. In the following chapter 3 we argue that the label KM is indeed justified, if seen the right way. We discuss in chapter 4 a general model for the Information Technology (IT) component of KM (with the overt omission of the organizational component that is just as important). Chapter 5 is dedicated to an example of KM by explaining some important aspects of KM in corporate environments. Chapter 6 briefly mentions Hyperwave, a solid software basis for future KM-systems, and a WBT system called GENTLE (GEneral Networked Training and Learning Environment) that is based on Hyperwave. The remaining Chapters 7 and 8 give a brief summary and a few references.

2. WHY THE IDEAS OF KNOWLEDGE MANAGEMENT (KM) ARE IMPORTANT

Knowledge in the sense as we commonly use it resides in the brains of people. It is self-evident that within any group of persons the combined knowledge of this group is much larger than the knowledge of any individual. Yet, although we talk about this combined knowledge or ‘group knowledge’ in reality it remains much of a fiction: since human beings (unfortunately ?) have no direct brain-to-brain connection (and even their communication channels are severely handicapped due to a missing organ [1]) group knowledge is fragmented between the individuals, persons often not knowing or understanding what is clear for others. After all, this is why we have teaching and learning processes where in some laborious fashion knowledge is transferred to some extent between individuals, be it teacher to learners or be it in a working group between ‘equals’. This is also why we write memos, reports and books: we try to share knowledge with others. This is also why we have seminars, discussions and why we talk to each other. In the past, it was accepted as a sad fact of life that there is no easy way to increase knowledge of individuals and that no easy route to efficiently share knowledge exists.

However, the pressure to more efficiently transfer knowledge to obtain highly qualified people that stay at the edge of the state of the art throughout life, and that can acquire new knowledge (=learn) whenever the need arises has much increased over the years, mainly due to the acceleration of growth of information (knowledge ?) and partly due to high cost of education, training and re-training. Even more serious, the fact that persons within an organization do not know what others are doing or what they know has lead to so much waste and duplication of efforts that it became imperative to look for at least partial solutions: it is only in this light that the following frustrated sigh of the chairman of the board of a large international group can be understood: ‘If our employees only knew what our employees know, we would be the top leading company’. There is yet another development that is constantly accelerating: in traditional organizations their main assets were property, buildings, machinery, inventory, etc.; in high-tech (high-brain) organizations the main asset has become more and more the knowledge in the brains of their employees. Putting this together, techniques for increasing, transferring and archiving knowledge will be crucial factors for high performance organizations, be it companies, governmental organizations, teaching institutions, or what have you.

It is this problem area that Knowledge Management (KM) including Knowledge Transfer (KT) and other related problems is trying to tackle. Thus, the basic aim of KM is to nurture and to increase the knowledge of individuals and to make sure that knowledge can be easily shared with others and (at least to some extent) remains even if the persons involved become unavailable. Hence, KM has a strong human and organizational component; however, for knowledge sharing, knowledge transfer and knowledge archival it is also necessary to computerize knowledge as much as possible. Thus, KM has also a strong IT component involving the transfer of (parts of) human knowledge (HK) into computer systems, techniques that assure that computerized knowledge (CK) is interlinked, is enriched continuously and that persons can extract the computerized knowledge through queries or more formalized processes to again use it as human knowledge.

The goals of KM are the study and development of all related tools together with their applications. This requires the analysis of complex systems and organizational approaches plus socio-psychological input and know-how as basis for research, software development and software deployment.

3. IS KNOWLEDGE MANAGEMENT (KM) MORE THAN A BUZZ-WORD?

The most basic issue when talking about KM is surely: what is “knowledge”? After all, we have heard (in historic sequence) about data-processing, information-processing and now knowledge-processing. Some people might claim that a new buzz-word “KM” has been created, without really new concepts or techniques behind it. It is crucial to understand that this is not the case, that KM is indeed a new and remarkable phenomenon. To explain this it is best to start with the definition of knowledge. Outside IT, knowledge is often defined as “digested information” (= human knowledge). To be specific, if you buy a book, you have acquired information; once you have read and understood (= digested) the book, it is knowledge. 

This definition has a severe drawback from the point of view of IT: knowledge (by definition) resides only in the brains of people, but can never reside in computer systems. Another definition of “knowledge” is computerized knowledge, more precisely “structured, interlinked and continuously growing information, the growth due to interactions with people”. This second definition is much more specific from the IT point of view; it is clear that techniques to improve the management of knowledge defined in this fashion can be developed both by organizational changes and by suitable IT tools and can be potentially measured in whatever organization is at issue. However, critics of KM have tried to argue that KM defined as “computerized knowledge” is just glorified information processing and does not justify a new term, let alone a new concentrated R+D effort. What is overlooked in such arguments is that the two definitions are actually closely related: “knowledge” in the sense of “human knowledge” can be mapped onto “knowledge” in the sense of “computerized knowledge”: I.e., the “real” knowledge residing in the heads of people (HK) can be represented by a powerful “shadow” knowledge (CK) residing in computer.

The challenge of KM is to make this “shadow” as “close to the real thing” as possible. The main credo of modern KM is that this is possible if sophisticated techniques are used that allow for the creation of CK from HK in a variety of ways, that allow users to re-create HK from CK (even system initiated) and that permit users not just the passive retrieval of information, but the structuring, linking, annotation and “massaging” of such information using a variety of tools that are becoming visible on the horizon. In addition to actively structuring and interlinking information (thereby creating new “views”, new “associations”, new “knowledge structures”) users must be able to increase knowledge by “communicating” with documents: when users find whatever information, they should be able to ask arbitrary questions that are answered directly by the system. This feature might sound like science-fiction on first reading, but it can be accomplished to a large extent by a number of novel techniques; the most powerful one is using the fact that a large information base is used by many persons; hence, if a question asked cannot be answered by the system it will be answered (possibly later) by some human expert. However, and this is the crucial idea, once it has been answered this question/answer dialogue has enriched the system, hence the system is potentially capable of answering the same or a similar question posed by other persons later automatically. We believe that this approach is the first that interweaves the idea of an information/knowledge base that keeps growing because of user observation and of interactions (including questions) of users with the usual more mundane aspects of KM.

Lest we overstate the potential of KM: many areas of knowledge are understood so little that there is currently no hope to formalize them, and hence no hope to computerize them. For example, to quote [14] ‘the mental mechanisms involved in planning are not fully understood and cannot be fully automated.’ This is why we cannot map HK as such into CK, but just a mere ‘shadow’. However, as will become quite clear, much can be achieved nevertheless.

4. A GENERAL MODEL FOR KNOWLEDGE MANAGEMENT

KM is currently on the top of the hype-cycle of leading analysts. A typical case is the 1998 Ovum report that predicts a dramatic growth in KM to some US$ 5 billion by 2002. for figures see [8]. Ovum uses the so-called ‘Knowledge Sharing Cycle’-model that explains how creation of knowledge in the heads of humans should be followed by appropriately storing it in computer systems; those can further restructure it, then allow access to it in the sense of a query or a prolonged study effort; this creates new knowledge, closing the cycle. Other approaches, where the importance of information technology versus organizational aspects varies are e.g. described in [9]. Two short introductions on KM are [10] and [11]. 

Concentrating on the information technology aspects our view of KM as allowing the ‘archiving, expanding, sharing and transfering’ of knowledge within groups and how ‘knowledge’ in the heads of people (‘human knowledge’ – HK) can be mapped into ‘shadow knowledge’ (‘computerized knowledge’ – CK) but can thence lead to new human knowledge (and thus expanding the knowledge sharing cycle mentioned previously) is expressed best by Fig. 1. The labels of the arrows represent different functions as will be explained below.








Figure 1: Model of a KM System

Fig. 1 shows that in a KM system humans and computers are involved. Knowledge as such resides as Human Knowledge (HK) in the heads of persons; parts of this knowledge can be made to reside as Computerized Knowledge (CK) in a networked computer system. It is sometimes also called “shadow knowledge” – since it is just a weakish image of the “sums of human knowledge”.

The arrow labeled 1 in Fig. 1 corresponds to direct human-human knowledge sharing; the arrows 2-4 correspond to converting HK into CK; arrows 5-6 do the “opposite”, i.e. make CK available to humans, while the arrow labeled 7 increases CK “automatically”. 

Let us now look at these processes 1-7 in turn.

The arrow labeled 1 subsumes traditional knowledge sharing, be it over a cup of coffee, a seminar, a classical training course, just a phone-call, etc.

The arrow labeled 2 corresponds to the situation when users explicitly convert some of their HK into CK by explicitly inserting a document, by writing an annotation, creating a link or creating a "new view" of existing documents. Modern server systems support such functions, yet the existence of such functions unfortunately does not mean that they are used: without major incentive to do the "extra work" required for an explicit action as described, users will often not participate sufficiently in the knowledge creation process. Indeed even more is true: persons will often not contribute information because they want to keep it to themselves! We will return to this in Chapter 5.

For above mentioned reasons other ways of converting HK into CK are necessary. The currently most realistic and implementable one is implicit knowledge creation, i.e. to assure that activities that persons are carrying out, anyway, (like writing a report, an email, or minutes of a meeting) are automatically stored (with sufficient meta-data) to add to the CK. We discuss this approach, symbolized by the arrow labeled 3 in Fig. 1, in more detail in Chapter 5.

The most sophisticated way of obtaining CK form KH is by either “communication monitoring” or by “user observation”. In the first case, relevant parts of discussions in emails, chats, news groups or the like are extracted and turned into CK. In the second case, actions of users are observed and recorded as “templates” for later use by other persons. It is clear that the system has to have sufficient “cleverness” (to avoid mentioning AI) to create knowledge this way. Indeed there is still a third way that the system can create knowledge: at a point in time when the user is, hopefully, not distracted by such action, the system asks a question to the user to expand its CK. To give a concrete example, when a user enters "coffee house" as synonym to “coffee shop” in some list the system may ask: “Should I also make “coffee house” and “coffee shop” synonymous in other dictionaries?” All such systemic acts of knowledge creation are symbolized by the arrow labeled 4 in Fig. 1.

The arrow labeled 5 in Fig. 1 represents situations when persons are explicitly asking for knowledge. This can be in the form of queries of various types; in the form of “backward teaching” (where a user asks for the explanation of a complex issue and - by asking questions - the system determines the necessary sequence of explanatory modules suitable for the knowledge level of that user); or in the form of a "courseware" package (see Chapter 6) possibly customized for the user at issue.

The arrow labeled 6 in Fig. 1 represents systemic actions: by observing a user the system decides to offer knowledge from its CK, assuming that this will help the user. This case (like the case of systemic actions discussed earlier) is the most open-ended one, and will require still much research to increase the functionality step-by-step.

The arrow labeled 7 in Fig. 1 represents also systemic actions, but his time inside the CK: based on various techniques (semantic dictionaries, meta-information, user observation, usage patterns, etc.) the system autonomously increases its CK over time. In particular, questions asked by some user and (possibly later) answered by others are a valuable source of continuous enrichment of the CK. Thus, although information is the substratum of transferring, archiving and creating knowledge, knowledge is much more than passive information in isolation: KM has to do much with interaction, collaboration and a community that keeps enriching information content in a specific context. Information is the currency of KM whereas people and communities are the agents, producers and consumers of the information staple.

5. KM IN A COPORATE ENVIRONMENT

The aspects of KM described, so far, apply to most large organizations. To be more specific, we look at (aspects of) KM in a corporate environment, and how Knowledge Transfer (KT) fits into such a scenario in an obvious way.

In a corporate environment the sum of the knowledge of individual persons forms the “corporate knowledge” or “memory”. This does unfortunately not mean that the corporate knowledge is also shared knowledge. To obtain shared knowledge it is necessary to transfer the knowledge that exists in the heads of the individual persons to others who need this knowledge and to make at least a “shadow” of knowledge in the heads of people available as CK. However, knowledge transfer is not necessarily a synchronous process. Rather, this process is problem-driven: whenever users have a problem they can learn from others that have already solved the problem or from courseware specifically prepared for this purpose. On the other hand people having solved a problem need not necessarily be available when the problem arises. For this reason one of the most important requirements in a corporate environment is to be able to store knowledge to make it accessible on a problem driven basis. The principle of KT is to map the knowledge in the heads of people to information that can actively be used, structured and enriched, and, when the need arises, be transferred to those who need it. Hence the vehicle for KM is CK. However, KM also comprises processes that influence corporate culture to ease knowledge capture and KT in the sense of human to human interaction. 

The process of creation of CK from HK in Corporate Environment situations, and how CK can be “automatically” be increased over time is typical for all areas of KM and hence warrants a more detailed explanation by means of an example.

The CK of any organization should clearly contain elements such as: 

(i) an org-chart of the company showing responsibilities and tasks of all employees

(ii) a telephone-, email-, and room-directory

(iii) detailed information on all ongoing projects such as contract specification, schedules, persons involved, current state of project, potential problems, financial issues, etc.

(iv) emails and discussions relating to a project 

(v) invitations, agendas and minutes of meetings

(vi) reports, product documentation and much more.

(vii) learning modules for newcomers, for refreshment purposes, for re-training or for increasing knowledge in general

Note that probably (i), (ii), (v) and (vi) have to be prepared in electronic form anyway. Thus, it is “only” necessary to assure that documents produced are automatically inserted into the CK without bothering the producers of information more than at most offering them some choice where in the structured CK the material would fit best. This is basically the idea of implicit CK generation mentioned earlier. The extraction of information as described in (iv) is also an instance of implicit CK generation, albeit a bit more subtle: extraction may have to be based only on subject, author and addresses, and not all information should be recorded, at least not for everyone.

The case (iii) is the most interesting one. Much of the organizations’ know-how can be obtained as CK if employees provide and continuously update the types of information described. However, in general, there is no way employees will be willing to spend the time doing so, unless the organization has introduced some serious quality management before introducing SW for this part of KM. This is an important lesson to learn: the organizational change (in this case, e.g. ISO 9000 certification) has to be carried out, first. The introduction of SW afterwards will then be considered a help, rather than a burden. Similar approaches have to be taken when introducing work flow or other structural changes: they do often meet resistance, yet benefit the organization in the long run and help to achieve better KM. Note also in (iii) that not all information recorded should be available to everyone (e.g. financial data). Thus, a KM system of course requires a sophisticated system of access control. 

Note further that knowledge is power. Hence persons are often not willing to pass their knowledge to everyone, yet might be willing to share it with a certain group. Thus, completely free flow of knowledge within a large organization (although probably beneficial for the organization) is unrealistic: it is necessary to respect privacy; it is also necessary to respect a certain pride in knowledge, hence introducing KM in corporate environment has to be a stepwise and carefully orchestrated process. Also, special motivational aspects like honoring knowledge contribution in some way have been discussed in the literature. 

Observe further that the CK in a corporate environment can enrich itself without complex systemic actions by creating links (based on keywords and such), tables of contents, etc. and by carrying out question/answer book-keeping. I.e., when one person asks a question which is answered by someone else (possibly much later) the system records this and makes the answer automatically available when a similar question is asked. The research issues here are to solve the "similarity" problem better and better as time goes by and to even deal with situations when users do not ask questions since they do not realize that they have problems.

Note, finally, that once all kinds of background information are available in a KM system, and this system allows synchronous and asynchronous communication plus private and collaborative annotations many of the features of a GEneral Networked Training and Learning Environment for Knowledge Transfer that is supported by explicitly designed courseware modules is a logical further step, see [5], [7], [12] and [13].

We expand on this in the next Chapter 6.

6. A BASIC IMPLEMENTATION PLATFORM FOR KM, AND A GENERAL NETWORKED TRAINING AND LEARNING ENVIRONMENT BUILT ON IT

To implement KM in any big organization a number of parameters have to be observed: first, with the spread of WWW users should have a WWW feel, i.e. must be able to work with their usual browser: accessing the KM must be as easy as accessing an arbitrary WWW server; second, however, the server accessed must have a host of possibilities not found on ordinary WWW server: it must allow user authentication on various levels, must allow (full-text) searchable background archives including non-HTML documents such as PDF, PowerPoint or Winword files, it must supply a host of data-base facilities, version control, and much more.

To act as platform for a GEneral Networked Training and Learning Environment for Knowledge Transfer in the sense of serious instruction, training and learning it also particularly requires strong communicational features (like integrated mail, discussion forums, chats); it is of crucial importance that individuals can annotate and link together information for themselves or members of a group, it needs the facility to search in background documents (“digital libraries”) as discussed above but including electronic books (e.g. technical dictionaries) and journals supplied by publishers, and it particularly needs the facility that question/answer dialogues between users (in this case mainly between learners and experts) are recorded for later use. However, KT has also the need for very specific components absent in other KM applications: much CK (“courseware”) is purposefully explicitly created, much in contrast to the typical KM situation where (as mentioned in Chapter 5) material should become CK with as little human intervention as possible: this requires tools (‘authoring tools’, ‘module-reuse’-techniques, special sets of meta-data, etc.) to support the process; the whole area of student performance analysis up to exams or certifications that could lead to privacy issues in other KM-applications is critical for KT; synchronous communication facilities (e.g. audio- or video-conferences) play a prominent role in KT; the process of author/teacher/tutor/student/course administration is intrinsic to KT; etc. 

The KT-market (often mentioned under Web Based Training, Distance Teaching, and many other terms) is huge, not just or not even mainly for routine educational institutions but mainly for companies for on-the-spot, on-demand, in-time, goal-specific training, learning, or just re-learning. Observe also that a certain amount of KT is existing in any KM system! Thus, although KT is a logical extension of KM it does require a substantial amount of further functionality.

For our basic KM efforts we have chosen Hyperwave [2], [3] as only system available right now that has most features required for KM: the short whitepaper [4] gives a good indication of what we mean. On top of Hyperwave we have developed a number of KT modules, the whole system is called GENTLE, see [5], [7], [12], [13]. In addition to what one would expect from a WBT system like ‘easily’ customizable material, good communication and administration facilities GENTLE allows heterogeneous background archives (that are all full-text searchable) with well-definable search scopes, a unique annotation facility for private and group use including the important facet that questions asked by one student in one spot and that have been answered by an expert can be seen by other students; this eliminates many unnecessary dialogues, enriches the course material and gives feedback where material should be changed or supplemented. With the planned incorporation of further learning strategies (adaptive learning-paths, goal oriented learning and VR-friends) the system GENTLE is probably one of the more interesting WBT systems currently around, and in productive use by big organizations such as Motorola, German Bank Academy, General Motors and others. For a glimpse at some of the features access the URL in [6] (Attention: wbt not www), choose any student ID (invalid ones are ok, they just give you access to a limited database) and try out e.g. the course ‘Multimedia Systems’ with its note-, question/answer-, forum- and business-card features.

7. SUMMARY AND OUTLOOK

In this paper we have shown that networked-based training systems (WBT) are natural ‘spin-offs’ of a much more powerful concept that will change how we will work and live: networked knowledge management systems that draw their power from the large number of users that keep increasing – almost involuntarily – the knowledge stored, by interacting with the system.

8. REFERENCES

[1]
Carlson, P., Maurer, H.: Computer Visualization, a Missing Organ and a Cyber-Equivalency; Collegiate Microcomputer X, 2 (1992), 110-116. 

[2]
Maurer, H., HyperWave: The Next Generation Web Solution; (Ed.), Addison-Wesley Longman, London (1996)

[3]
http://www.hyperwave.de/documentation

[4]
http://www.hyperwave.com/whitepaper

[5]
http://www.iicm.edu/gentle.htm

[6]
http://wbt.iicm.edu/courses

[7]
http://iicm.edu/gentle

[8]
http://www.cnnfn.com/digitaljam/newsbytes/11898.html

[9]
Davenport, T., Prusak, L.: Working Knowledge: How Organizations Manage What They Know; Harvard Business School Press, Boston (1998)

[10]
Sivan, Y.: The PIE of Knowledge Infrastructure: To Manage Knowledge We Need Key Building Blocks; WebNet Journal 1,1 (1999), 15-17.

[11]
Maurer, H..: Web-Based Knowledge Management; Internet Watch, Computer, March 98, IEEE, 122-123.

[12]
Maurer, H.: Using the WWW System Hyperwave as the Basis of a General Networked Teaching and Learning Environment; CIT, vol. 6,1 (1998), 63-72 (special issue).

[13]
Dietinger, Th., Maurer, H.: GENTLE – (GEneral Networked Training and Learning Environment); Proceedings of ED-MEDIA & ED-TELECOM 98, Freiburg, Germany, AACE, Charlottesville, USA (1998), 925-930. 

[14]
Robillard, P.N.: The Role of Knowledge in Software Development; Communications of the ACM Vol. 42, No.1 (1999), 87-92.







Person with Human Knowledge (HK)





Person with Human Knowledge (HK)





1





1





........





(Networked) Computer System with


Computerized Knowledge (CK)





2





3





4





5





6





2





3





4





5





6





7








4
9

