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Management Summary 
 
The nuclear industry is currently facing several challenges. An internal threat to the 
safety and operations of nuclear power plants is the loss of those employees who hold 
knowledge that is either critical to operations or safety. This report discusses the 
possibilities to preserve knowledge in nuclear power plants. 
 
The major threat to any knowledge-based operation is the often unclear relationship 
between the employees’ knowledge and the organization’s output. Depending on 
whether the organizational activities are rather product- or process-oriented the 
identification of the critical knowledge is organized differently: while product-oriented 
activities are rather task driven, the first unit of knowledge preservation analysis in such 
environments is the task. It is analyzed which employees contribute to the task and how 
important each employee’s contribution to the task fulfillment is. In process-oriented 
environments a similar procedure is followed. Here the process is analyzed according to 
which employees provide process input and how critical this input is to the process 
output. In both situations, those employees that provide critical input to the task/process 
become the unit of analysis. 
 
Employees are analyzed according to which knowledge bases they dispose of and 
deploy in order to reach their objectives. Knowledge is seen as the capacity for effective 
action and the result of a process that integrates expertise, methodological knowledge, 
social competence and meta-knowledge. 
 
Knowledge can be differentiated into two types of knowledge: explicit and tacit. While 
explicit knowledge is not too different from information, tacit knowledge is tough to grasp 
and tough to handle. While people are able to ride a bicycle or to swim, they are 
normally not capable to explain why they are able to do this. This is a problem for an 
organization when it wants to preserve knowledge. Thus tacit knowledge poses the 
primary barrier to knowledge preservation. Dependent on the degree of tacitness two 
different knowledge preservation strategies can be discerned: personalization and 
codification. 
 
The personalization strategy for knowledge preservation comprises the creation of 
substitutes, the establishing of mentor/novice partnerships, communities of practice and 
the deployment of external experts. Generally, from a ‘preservation’ point of view, the 
personalization strategy is superior to the codification strategy as it creates a second 
source of knowledge for the organization. This is important to all activities that are time-
critical and where action cannot be waited for. 
 
On the other hand, when action is not time-critical, codification strategies can provide 
valuable services. They comprise the classical activity of documentation, exit interviews, 
de-briefings, knowledge elicitation, and simulation. The major disadvantage of the 
codification strategy is related to tacit knowledge. To create a document which allows a 
recipient to reconstruct an expert’s knowledge base is one of the most difficult 
endeavors in knowledge management. Knowledge is – normally – not free of context. 
Rather, knowledge is deeply rooted in context. To understand an activity often depends 
on understanding the context in which the activity took place. When documents are 
created, context is often neglected. In such a situation the reconstruction of knowledge 
at the recipient is difficult (or even impossible). Furthermore, tacit knowledge cannot be 
easily transferred on paper. Over time, people mask the relation between knowledge, 
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action and output: a novice car driver switches gears thoughtfully while an experienced 
driver does not even pay attention to think about that procedure. He/she simply does it. 
The same is true for experts: do often do not have to think, they simply do (without 
having to think why they should do). 
 
Accordingly, it is very difficult to elicit knowledge, i.e. making explicit again the relation 
between knowledge, action and output. Such a process can take months or even years 
and it is the question how important this knowledge is to the organization to engage 
itself in such an activity. In some instances, there is no way around elicitation. This is 
the case when organizations want to develop simulations as a means for knowledge 
preservation. 
 
To conclude, the knowledge preservation activities discussed can be valued according 
to the criteria 
 

 cost, 
 immediacy of availability and 
 completeness. 

 
Based on those criteria the following picture emerges: 
 

Substitution

Tandem

Communit ies of Practice ?
External Experts

Documentation

De-Briefing

Exit Interview

Knowledge Elicitat ion

Simulat ion   

Costs Immediate
Availability

Completeness 

?

  
 
One can clearly see where the strengths and the weaknesses of the various knowledge 
preservation strategies are. As there is not a single superior preservation strategy, the 
best strategy has to be chosen depending  of the concrete situation. Furthermore, the 
strategies are complementary and not exclusive.
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A. Knowledge preservation: Why it is a necessity and not a fad 
 
In several countries the generation of the so-called baby boomers is approaching the 
age of retirement. When those people will retire a lot of knowledge too will walk out of 
the companies where those people used to work. Some examples might illustrate this 
point: 
 

 When piano manufacturer Steinway decided to resume the production of a model 
which it had discontinued some time ago, the company discovered that it did not 
have any records or blue-prints at its New York facility about how to produce the 
piano again. 

 
 Throughout the 90es, more than 50.000 people were laid of at Boeing. Due to an 

unknown and increasing number of problems with Boeing airplanes the FAA started 
an investigation into the causes of these problems. Its report was published in 
October 2000 and it stated that there were considerable systematic errors and 
problems at Boeing in the areas of production and engineering (Liebig, 2001). 
Further more, as a result of these layoffs the firm realized it had laid off the wrong 
employees. In the end, this misstep caused the firm to rehire 9000 of the employees 
it had laid off before. 

 
 Shortly after one of its computer systems experts had left the company, a Swiss 

Bank faced tremendous problems. As those problems needed to be solved and no 
one inside the firm was able to do so, the expert demanded the company to pay 
around $ 250.000 for his services. The company paid (Probst and Knaese, 1998). 

 
 

 In April 1996, Deutsche Bank lured away the now-infamous investment banker 
Frank Quattrone from US rival Morgan Stanley. Two years later, the company not 
only lost Mr. Quattrone to Swiss Rival Credit Suisse First Boston, it also lost most of 
the team (analysts, bankers and salespeople) Quattrone had built up: In all, 100 
analysts, bankers and salespeople jumped to CS First Boston, following Frank 
Quattrone, their boss at Deutsche Bank Securities, who left the unit of Germany’s 
Deutsche Bank AG. 

 
 In the months following July 1999, Dutch bank ABN AMRO suffered the loss of 

several key employees, threatening its US securities business: First, it lost its leader 
in the oil business to Credit Suisse First Boston, then its boss and the leading 
executives of the pharmaceutical business, and – finally – in September 1999 it lost 
its star research team to US competitor Morgan Stanley (Graham, 1999). 

 
 
Those examples emphasize one point: It is not only important to firms to attract top 
talent, it is even more important to keep talented people inside of firms and to do their 
best to keep their knowledge inside of the firm when these people leave – either for a 
new job or for retirement. 
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The reason why the departure of employees from the firms will be accompanied by 
massive losses of knowledge cannot be explained without explaining some aspects of 
what knowledge is.  
 
To understand the consequences of key personnel turnover the nature of knowledge 
has to be understood. Assumptions regarding knowledge and what knowledge is are 
differing widely. Here, a so-called constructivistic understanding of the knowledge 
concept is suggested. Thus, knowledge is seen as a personal and highly subjective 
construction which is strongly related to the context within which it was created (Galunic 
and Rodan, 1998; Nelson and Winter, 1982). We then can define knowledge as those 
cognitive structures a person develops over time and which allow her/him to act and to 
achieve successfully the results intended. 
 
Figure A1: Capacity for effective action as the result of a fourfold integration process. 
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Peter Senge (1999), former professor at the Massachusetts Institute of Technology and 
now Chairperson of the Society for Organizational Learning defines knowledge as the 
capacity for effective action. Senge’s definition of knowledge is chosen as it integrates 
the concept of action into the concept of knowledge. From this point of view, being 
knowledgeable means to be able to achieve the results a person is expected to deliver. 
Such a capacity for action is seen as the result of an extensive integration process (see 
figure A1) that consists of integrating technical expertise, methodological knowledge 
and social competence. 
 
Furthermore, the capacity for effective action heavily depends on an individuals 
efficiency and effectiveness to search and deploy knowledge (see figure A2). 
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Figure A2: Importance of knowing-where: Search times for information in a German 
engineering firm. 
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Knowledge exists in two different forms: an explicit and an implicit form. When we ask a 
person: how do you do this?, a person will give us a few explanations why he/she is 
performing certain steps to achieve a certain objective. Those explanations can be 
written down and transferred easily to interested parties. However, a novice reading 
those instructions still might not end up with the same results as the expert. Just 
compare the results of a novice and an expert cook. To the expert, many aspects of 
cooking are not worth mentioning. He/she is doing them unconsciously. Further more, 
he/she will feel when the meat is ready or not. The difference in the output between the 
novice and the expert cook is called tacit knowledge. Hungary-born philosopher Michael 
Polanyi (1966) identified such knowledge as critical to human performance. 
 
As such knowledge cannot easily be articulated (or rather: never be fully articulated), 
documents never comprise the experts’ complete knowledge. That means that an 
employee leaving a firm always takes knowledge with him/her that will – later on – not 
be available any more to the firm. The impact of this loss will not become apparent 
immediately. It will become apparent when this knowledge is not available the next time 
it is needed. Then the loss of the employee/knowledge will be felt. That it is not felt 
before is related to the often unclear relationship between tasks, employees and the 
knowledge involved. As this relationship is largely unclear the whole impact of losing 
employees is often underestimated. Thus it is important to identify – or rather: make 
evident – the relationship between individuals and organizational performance. 
Whenever this relationship points to critical knowledge distributions (e.g. only one 
person or two persons can do a certain task), preservation activities should be initiated 
immediately. 
 
Knowledge preservation is affected by both the unclear relationship of firm performance 
and employees’ contribution as well as the tacit nature of knowledge. The primary 
challenge in preserving knowledge for firms is to figure out how this tacit knowledge 
(nevertheless) might be captured or – at least – be transferred to successors. 
 
The good news here is that there are several ways to preserve knowledge to firms.  
This report is about to explain the possibilities how knowledge can be preserved for the 
nuclear industry (i.e. Nuclear Power Plants). 
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B. What business are we in: Product or process? 
 
At first sight the headline of this chapter might confuse a reader. However, the simple 
question “product or process” is key to develop a viable system to preserve knowledge 
for any company. 
 
The question is essential as companies differ regarding their operations. A product-
oriented company deploys several processes to develop, manufacture and distribute 
new products. Although the manufacturing and distribution of those products are 
important, the key to a firm’s competitive advantage is the ability to develop new 
products. New product development thus is key to a firm’s competitive advantage. 
 
Process-oriented companies (e.g. producers of electricity) largely differ from product-
oriented companies. Their focus is on operating a certain facility with high efficiency. 
Thus, the development of new knowledge along the development of new products is not 
the focus. Rather, smooth and continued operation without any interruptions is key to 
competitive advantage. 
 
Most firms’ activities share both aspects: product and process. While product 
development is clearly product oriented, production is clearly process oriented. Thus, 
both approaches have their benefits to knowledge preservation. Which methodology is 
deployed depends on the character of the firm’s activities. 
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C. Knowledge preservation in product-oriented environments 
 
To preserve knowledge companies have to become aware of the problems that are 
accompanied with the loss of knowledge as a result of attrition. While such insight is 
important and prepares the ground for further activities, it is far from being sufficient. 
 
To preserve knowledge effectively a firm must know which knowledge it loses when an 
employee leaves. And it should know whether such knowledge is important to the firm’s 
operations or not. Thus, firms have to know which knowledge is critical and which is not. 
 
Generally, research provides evidence that critical knowledge is defined by the 
customers. By deciding to buy a product from a company customers decide that certain 
aspects of a firm’s products are superior, i.e. some product attributes differentiate this 
product from the competitors’ ones. By knowing what differentiates a product from its 
competitors’ ones a company also knows what is the basis of its success and thus 
represents a competitive advantage. The knowledge behind its competitive advantage 
may rest on a team or a single individual. In the latter case the company is well advised 
to preserve this knowledge.  
 
However, starting to identify critical knowledge with customer input may not always be 
possible. This is especially true with NPPs. Many NPPs are owned and operated by 
monopolistic companies. That means: often, customers cannot buy electricity from a 
different supplier. Thus, differentiation is not really an issue and the knowledge 
preservation methodology has to adapt to this situation. Rather the following question 
should be asked: the loss of which employee would create the most damage to us? Can 
this person be substituted either internally or externally? 
 
Figure C0: Differentation potentials of products 
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While every firm may know its most important employees, we propose a different 
starting point for knowledge preservation. To identify knowledge that is critical1 to the 
organization, we propose that organizations first should identify what the basis of their 
competitive advantage is. This input normally comes from its customers; in the case of 
nuclear power plants his input may not be available as mentioned before. However, as 
the product delivered to the customers cannot be differentiated (electricity might be 
called “yellow” or “eco” in Germany; nevertheless it still remains electricity). 
 
Nevertheless, differentiation is possible. Yet, it is limited to the domain of costs, i.e. 
producing electricity at lower costs than the competitors. If an organization is able to 
produce electricity at lower costs than its competitors, it has to find out where from this 
cost advantage is coming from. Here, however, we are not interested in other aspects 
than knowledge-based advantages. When those knowledge-based advantages are 
identified, the activities that lead to such advantages have to be identified next. The unit 
of analysis of activities are the tasks performed by the organization or its departments. 
 
A task can be defined as part of an organization’s resource transformation process: raw 
resources (e.g. work, electricity) are transformed into a more valuable output. To 
achieve the output, many single activities are necessary. Such activities shall further on 
be called task. Major tasks may be divided into sub-tasks. 
 
To obtain the information which of the organization’s activities are critical, the tasks 
should be ranked according to their impact on the organization. To do so, a ranking 
scheme as given with figure B1 can be deployed.  
 
Figure C1: Task ranking scheme. 
 

 5 points When the task is not done the
damage to the organization is high

 3 points When the task is not done the
damage to the organization is middle

 1 points When the task is not done the
damage to the organization is close to
zero

 
 
Of course, to prepare a list of all a department’s activities and the ranking process itself 
are time consuming. Yet this initial effort will pay off because it allows to focus the 
knowledge preservation activities on those tasks where critical knowledge resides. As a 
result of identifying tasks and their importance to the firm, a task / importance matrix an 
be created (see figure C2). 
                                                           
1  We propose to label such knowledge as critical that contributes to a firm’s competitive advantage or 

is indispensable to guarantee certain operations (e.g. incident handling in nuclear power plants). 
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Figure C2: Task / importance matrix. 
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A matrix as introduced with figure C2 provides a quick impression where knowledge 
preservation activities should start. Certainly, the firm will have to decide (as in the case 
of figure C2) whether it should start with task 01 or task 03. Yet, and more important, 
the firm knows where to start! Certainly, it is beneficial to identify which tasks are 
important to the company and that knowledge preservation should start there. However, 
tasks are not executed by themselves or computers but by people. The performance of 
a task or even the execution may completely depend on a single individual. Thus, in the 
next step, the employee’s impact on task performance has to be analyzed/identified. 5 
points indicate that an individual is critical to a task while 1 point means that also without 
a specific person a task can be executed without any loss of performance. 
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Figure C3: Employee’s importance to a task. 
 

 5 points Without the person the task cannot
be done at all.

 3 points Without the person the task can be
done. Yet, task performance is clearly
below expectations.

 1 points Also without the person the task can
be done. Task performance and
expectations match each other.

 
 
Now, of course, both ranking schemes can be merged. The result can be seen in figure 
C4: it shows not only those tasks that are critical to a firm’s performance but also those 
where the process’s performance critically depends on one’s or several individual’s 
knowledge. In this example (see figure C4), tasks 02 and 04 depend a single 
individual’s contribution. Yet, as can also be seen in figure C4, only task 02 is really 
critical. Performance of task 04 is affected by employee 05 but the task itself is not 
critical. 
 
Figure C4: Employee/Task Matrix. 
 

The task can be easily 
done without the person

Without the person,
the task cannot be done!

Without the person, the task can
be done (yet not at the same level)I

Tasks of the
department

Employees

Employee 01

Employee 02

Employee 03

Employee 04

Employee 05

Tas
k 

01
 

Tas
k 

02

Tas
k 

03

Tas
k 

04

Tas
k 

05

III I

V I

III

V
 

 
With the result of the Employee/Task Matrix any organization can set the direction for its 
knowledge preservation activities. It will not waste precious resources on activities that 
are not critical. Generally, as shown in figure C5, according to the combination of the 



Knowledge Preservation for Nuclear Power Plants 

– 9 – 

values for task and person, the hierarchy for any preservation activity can be derived 
(see figure C5). 
 
The development of such hierarchy is an important step for the preservation of 
knowledge. It is not important in itself but rather it is important for stabilizing the thrust of 
the preservation activities. Preserving critical knowledge demands corporate resources. 
Those resources are also demanded by other activities. Yet, when preservation 
activities demonstrate that they fulfil an important function to the functioning of the 
organization the activities cannot be easily challenged by those that prefer a different 
allocation of resources. 
 
Figure C5: Task – Person – Necessity of Preservation Activities. 
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While at this point it has become clear when preservation activities should be initiated or 
not, it is still unclear how such preservation should occur.  
 
Going from the ‘where’ to the ‘how’. The answer to the question how knowledge can be 
preserved is not easy. To ease the answer it is proposed to have a closer look at 
knowledge. While it has been said that knowledge is the result of a fourfold integration 
process (see figure A1), some knowledge is also heavily context dependent while other 
is not. Also, some knowledge can easily be articulated while other not. Knowledge that 
can be articulated exists in two different forms: articulated and non-articulated. 
 
From a preservation point of view, tacit knowledge and non-articulated knowledge pose 
the greatest challenges. Tacit knowledge in itself is difficult to preserve for ‘technical 
reasons’ as – in the worst case – an individual may not even know what he/she knows. 
He/she may do things in an excellent way without being able to provide explanations for 
such behavior. Such inability may stem from a continuous process of unconsciously 
forgetting why certain things have to be done in a certain way or what is the reasons 
why things happen in a certain way. The most obvious prove for such masking can be 
found in medicine. 
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Expert doctors can quickly diagnose a patient’s disease. Expertise research calls such 
an expert doctor’s ability the result of forward reasoning. Such expertise is critical in 
situations when fast diagnosis is key. When medical students’ behavior in diagnosing 
behavior is compared, a significant difference is revealed: Starting from an obvious 
problem, they do not directly relate the problem to a certain cause (as the experts do) 
but rather they go – one after another – through all possible causes and test whether 
this cause relates to the problem or not (backward reasoning). Figure C6 illustrates this 
behavior. 
 
Figure C6: The difference between forward and backward reasoning. 
 

Problem

Cause

Forward reasoning of experienced doctors/experts

Backward reasoning of medical students
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The difference in performance between the expert and the novice is the time needed for 
diagnosis and the accuracy of the diagnosis. While the novice lacks the knowledge of 
the tree structure (speaking in terms of figure C6) the expert knows the tree and its 
structure and knots and – based on the symptoms perceived – can thus derive the 
diagnosis instantly. Over time, the expert may start to forget the ‘tree structure’ between 
problem and causes yet still derive the right diagnosis. However, in case of wrong 
diagnosis it will be very difficult for the expert to derive why his diagnosis was wrong. 
 
An expert who is still aware very much of the tree structure may help a team of 
knowledge engineers to develop a model for automated medical diagnosis – as long as 
he is willing to do so. For a doctor who has masked out large parts of the tree, he/she 
may not be able to support knowledge engineers in the same way even if he/she would 
be willing to do so. 
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The willingness to support an organization’s knowledge preservation activities becomes 
a key issue when knowledge should be preserved that can be articulated although it has 
not yet been articulated. While – from an external perspective – it is not possible to 
verify whether an expert is not willing to disclose the ‘tree structure’ or cannot disclose 
the tree structure because of masking, in the case of articulating knowledge that can be 
made explicit (i.e. knowing how to fix a certain engine problem) it only depends on the 
individual’s willingness to cooperate. Thus, knowledge preservation also has a 
tactical/political dimension whose influence on the process has to be taken into account. 
 
Figure C7: Enablers for knowledge preservation. 
 

Difference is only
perceived by
individual!

Knowledge
Critical to Preservation

Non-Articulated
Knowledge

Articulated
Knowledge

Ta
cit

Kn
ow

le
dg

e
Ar

tic
ul

ab
le

Kn
ow

le
dg

e

Elicitation Skills Expert‘s Cooperation

X X

X
political/tactical dimension

 
 
People will not support knowledge preservation activities when they expect that their 
contribution might – now or later on – backfire. When they ever experienced that older 
people were fired after they had transferred their knowledge to younger employees (and 
those could stay with the company), they will withhold their knowledge. They will not 
cooperate and they will behave as if the knowledge was tacit and they had masked the 
tree structure. 
 
At this point it becomes clear that only a cooperative organizational climate will enable 
successful knowledge preservation. When people are afraid of losing their jobs when 
they share their skills any knowledge preservation will only bring disappointing results. 
 
When an organization has ensured that its employees are willing to share what they 
know if they know, the next logical steps is to think how knowledge can be preserved. 
Here it is proposed that knowledge preservation is enabled when an individuals 
knowledge profile and his/her contribution to a tasks performance is elaborated. 
 
Thus, developing the individual’s knowledge profile is the next step in the knowledge 
preservation process. In order to achieve this objective the task will be decomposed into 
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those elements that constitute an individuals ability for effective action as was described 
in figure a1 (see figure C8). 
 
Figure C8: Task / Knowledge Decomposition. 
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As a result of this decomposition we can clearly see which knowledge bases are 
activated to achieve the necessary task performance. For illustration purposes, figure 
C9 covers only one part of a person’s ability for effective action (expertise) while the 
other elements are omitted. An individual’s expertise may consist of his/her ability in 
various disciplines, e.g. physics, chemistry, mechanical engineering or electrical 
engineering.  
 
It was already the first generation knowledge management authors who emphasized the 
importance of knowledge maps. As a result, several papers on knowledge mapping 
appeared. Most of those knowledge maps – e.g. see Probst, Raub and Romhardt 
(1999, p. 110ff) – remain rather superficial. They related organizational tasks (e.g. M&A 
or technology transfer) to employees without indicating how critical the task to 
organizational performance is nor emphasizing how important a single individual’s 
contribution to the task’s performance is. Such first generation knowledge maps are just 
one step into the right direction. To preserve knowledge effectively, knowledge maps 
have to answer the critics mentioned above. 
 
What is also often forgotten when knowledge maps are developed is the dynamics of 
the organization. Organizations are living organisms. They develop themselves further 
and further and they are (hopefully) far from being static. They adapt to changing 
environments, and they change the environment by initiating internal changes. Yet, 
knowledge maps are inherently static and not dynamic. To prevent knowledge maps 
being outdated within short time they have to be permanently updated. A knowledge 
map that doesn’t get updated regularly is not of big use. 
 
Henceforth we will try to develop second generation knowledge maps. First of all, 
compared to older generation knowledge maps, the domain of expertise – e.g. physics 
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– has to be detailed. Yet not only the domains have to be detailed, all the important 
domains of knowledge that contribute to a person’s capability for effective action have to 
be identified. To do so, as illustrated in figure C9, on the left side the four knowledge 
bases are represented (in figure C9, though, it is for illustrative purposes only 
(technical/scientific) expertise). 
 
While it is nice to know that one of our employees is skillful in physics, such information 
is far from useful in the context of a NPP. Here, employees knowledgeable in physics 
are (or should be) the norm. Thus, the management of a NPP that is interested in 
knowledge preservation rather will ask: what kind of knowledge within the domain of 
physics is in our employees’ heads? Theoretical physics is an interesting field, but it is 
not of high importance to operate a NPP efficiently and safely. Thus we would like to 
know which sub-domains of the physics discipline are important to fulfill a NPP’s 
objectives. 
 
A detailed knowledge map of a NPP will not easily fit on sheet of A4 paper. Rather, it 
will be several sheets of A4 paper long. Although the length of such a document 
reduces clarity, there is no alternative to it. To reduce the length, a departmental-wise 
knowledge mapping effort will help. Departments are formed to reduce complexity by 
specializing on certain aspects. Thus, certain sub-domains of expertise or other 
knowledge bases may be dominant while sub-domains of other knowledge bases may 
even not show up in the knowledge profile of a department. For clarity reasons the white 
spaces in the knowledge map can be masked. 
 
Figure C9: Knowledge Matrix. 
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It depends upon the needs of the organization whether an organization may want to go 
one level further in detailing of the knowledge domains. In figure C9, a sub-sub-sub-
level of the domain is not shown. What is more important, however, is to identify which 
knowledge bases are activated by an employee to exercise a certain task. This is 
illustrated in figure C10, again – for illustration purposes – in domain of expertise only. 
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Figure C10: Developing a task-oriented knowledge profile. 
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After the various knowledge bases that are necessary to execute a certain task are 
identified (e.g. task 01), we can develop the knowledge profile of the organization’s 
employees. As not all employees involved in a certain task have the same duties and 
responsibilities, it can be expected that their knowledge bases are rather heterogeneous 
than homogeneous, i.e. they may differ considerably (see figure C11). 
 
Figure C11: Task-oriented knowledge profile inside of the knowledge matrix. 
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In the next step, the employee’s knowledge profile is elaborated in detail. That means 
that the various knowledge bases that contribute to this employee’s performance have 
to be identified and evaluated (see figure C12). This step involves close cooperation 
and collaboration between the supervisor and the employee. Often enough, an 
individual may not even know which knowledge bases have to be activated to achieve 
results. Here, the supervisor can provide valuable inputs. Furthermore, processes of 
knowledge elicitation as they were developed during the “euphoria stage” of research 
on artificial intelligence can help. In such a process intensive of questioning the “elicitor” 
tries to relate activities to knowledge bases. 
 
The knowledge profile provides a quick and holistic view on the employee’s knowledge. 
And it displays what knowledge is critical to achieve a certain output. Furthermore, one 
can quickly see where to knowledge preservation should be directed to and where (so-
called irrelevant knowledge) such activities are not necessary/of high importance. As 
can be expected, some knowledge that employees dispose of may help them in some 
of their activities – yet, this knowledge may not be critical to achieve a certain task 
output level. 
 
A triple plus sign indicates those knowledge bases that are to preserve first. A 
knowledge base may be of tacit or rather explicit character.  
 



Knowledge Preservation for Nuclear Power Plants 

– 16 – 

Figure C12: Employee knowledge profile. 
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At the end of the procedure one can now merge the various process steps into one 
summarizing view (see figure C13). This summarizing view clearly indicates not only 
which knowledge is necessary to perform a certain task, it also informs which people 
(employees) are involved and what their contribution is and whether this contribution is 
critical. A triple xxx indicates that this person is critical to a task’s outcome and thus this 
person’s knowledge should be preserved. Which knowledge has to be preserved is 
marked by the rectangle filled with yellow color. 
 
It is important to start any knowledge preservation activity immediately when such a 
critical relationship between task and employee is identified. Knowledge is not only lost 
when employees retire. Retirement is one of the easier-to-handle situation in knowledge 
preservation. Other causes of attrition – internal relocations, illness or even death – can 
threaten a firm’s knowledge base considerably. While retirements can be planned, thos 
other cases of attrition come without an advance warning.  
 
Thus: While the Tennessee Valley Authority process to knowledge preservation is 
mainly triggered by the time of retirement, the process illustrated here is triggered by the 
interdependence between necessary task output and the scarcity of the human 
resources to generate such output. While the TVA approach is not wrong, it does not 
address the fact that knowledge may be lost in other cases than retirement. To prevent 
such unforeseen losses of knowledge a different trigger to knowledge preservation has 
to be considered. Here, it is the relationship between critical tasks and employees. 
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Figure C11: The knowledge / task / employee matrix. 
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D. Knowledge preservation in process-oriented environments 
 
Nuclear power plants definitely can be attributed to the process-oriented type of 
companies. They do not develop new products, although they might develop new 
processes to improve the efficiency of operations or reduce the risk of interruptions. 
Nevertheless, the focus is on process knowledge. The process orientation of nuclear 
power plants is highly important to the knowledge preservation activities. All analysis 
and activities start with the identification of the relevant processes within a nuclear 
power plant. The following processes can be discerned: 
 

 Processes for smooth operation 
 Monitoring 
 Ramp-Up 
 etc. 

 
 Processes for Maintenance 

 Annual replacement of nuclear fuels 
 etc. 

 
 Processes for handling interruptions (especially incidents) 

 Breaking of parts 
 etc. 

 
Those processes should be well identified within modern NPPs (see Miazza, 2002) as 
they affect the power plants efficiency considerably. Further more, a great deal of 
publications has arrived in the early 90s on the subject of processes and process 
organizations. If the core processes have not already been identified, the first step in 
preserving critical knowledge is to identify those processes that are critical to operations 
and those to safety (see Figure D1): 
 
Figure D1: Process landscape inside of a nuclear power plant. 
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Based on those processes a knowledge preservation manager can proceed to identify 
which steps within a process are critical to achieve a process’ objectives. To identify the 
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critical process steps they are evaluated by the process owner. To do so, he/she can 
deploy a ranking scheme as introduced with figure D2. 
 
Figure D2: Process ranking scheme. 
 

 5 points Process output is critical to the
organization‘s performance

 3 points Process output is important (yet not
critical to the organization.

 1 points The process does not play an output-
critical role for the firm.

 
 
 
As a result of the ranking – and completely similar to the ranking scheme introduced 
with the product and/or services oriented activities within an organization – those 
processes will be identified where knowledge preservation activities are a must. It is the 
processes that contribute the most to the organization’s output that have to be targeted 
first in knowledge preservation activities (see figure D3). 
 
Figure D3: Identifying the organization’s critical processes. 
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Process-based organizations have become a main research topic in the early 90s of the 
last decade. Processes were given high importance as they were seen as a major 
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instrument to achieve high customer satisfaction and internal efficiency. While many so-
called business process re-engineering projects failed because they underestimated the 
human factor, processes have become a major factor in organizational design. 
 
Earlier research on process management and process design clearly has shown that 
processes are constituted of several sub-processes. Those sub-processes represent 
the logical objects of a workflow. Each step contributes to the process’s performance. 
Yet, not all process steps display the same importance regarding the process output 
and knowledge preservation does not reach the same importance in all process steps. 
The ranking scheme introduced with figure C3 for tasks can be deployed to the various 
process steps to identify those process steps that are critical to the overall process 
outcome (  see figure D4). 
 
 
Figure D4: Identification of critical steps within NPP processes. 
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Next, those steps that were identified as critical are getting analyzed in more detail. 
First, the employees involved in reaching the process step’s objectives are identified. 
Their contribution to the output is evaluated and classified. To classify their inputs it is 
advised to deploy the same ranking scheme that was introduced with figure C3 (see 
page 8). Five points will be assigned to any employee whose contribution to a process 
is seen as indispensable. Three points will be given to employees with considerable 
process input and one point to those employees that are easily substitutable (i.e. a 
successor’s performance would not vary significantly; for details see figure D5). 
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Figure D5: Process step / employee contribution matrix. 
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For a better understanding, only those people are indicated (see figure D6) whose 
process input is critical for the process input. 
 
Figure D6: Process / employee contribution mapping. 
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As a result of this step a first indication is given which employees within a process may 
hold critical knowledge. However, as the process (see left side of figure D6) is still 
undifferentiated, the process step has to be examined in more detail. The process is 
differentiated into the various steps that are necessary to produce the process step 
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output. Depending on the process’ complexity more or less sub-steps are necessary to 
be performed to reach the expected output. As indicated in figure D7, it becomes 
evident that employees Nr. 03 and 07 are not substitutes but rather complement each 
other’s work. 
 
Figure D7: Process step level mapping of employee contribution to process output. 
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For those power plants that have identified and described their processes well, these 
first steps can be done within a rather short time frame. The next step will prove to be 
more time consuming. Now, the necessary knowledge bases to perform a certain 
process step have to be identified. This can prove extremely difficult as the employee 
involved may not even know why he/she is able to do certain things (so-called tacit 
knowledge). Nevertheless, there is no alternative. 
 
Once, the various knowledge bases are identified, their importance to achieving the 
process output are identified. This is best achieved by close cooperation between the 
process owner and the employee himself/herself. Often enough, an employee’s 
colleagues may also be able to indicate why only their colleague is able to achieve the 
process outputs and what skills differentiate him from others. 
 
As a result of this analysis a knowledge profile (or: knowledge fact sheet) can be 
developed. Herein one can easily see which knowledge base contributes to which 
extent to the process performance of the employee (see figure D8).2 
 

                                                           
2  Of course, an employee might not be willing to share this information when he/she is afraid to be 

substituted by employees who ask for lower wages. 
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Figure D8: Employee knowledge fact sheet in relation to a process sub-step3 
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Based on the knowledge profile a person-specific knowledge preservation strategy can 
be developed. However, it should not be forgotten that the expert may also contribute to 
other processes and his/her knowledge may also be critical to those. Thus, only after 
analyzing all processes and all sub-level process steps the knowledge profile for one 
expert will be complete. 
 
While different knowledge bases may contribute to the expert’s performance, it is not 
the single knowledge base that differentiates the expert from a novice. Rather, it is the 
expert’s ability to flexibly integrate those knowledge bases in doing his job. Thus, a 
successor must not only master the various knowledge bases, he/she must also be able 
to integrate them. 
 
Transferring knowledge can turn out to be a rather difficult task. Its difficulty is based on 
the tacitness of knowledge and its owner’s inability to articulate such knowledge. Tacit 
knowledge is almost never acquired through education (at whatever level). Rather, tacit 
knowledge is the result of practicing knowledge. The more certain knowledge is 
practiced (i.e. turned from mental modeling into real action), the more a person is 
cognitively freed from monitoring each single step towards the achievement of an 
objective. While a novice thoughtfully switches gears when he/she starts learning to 
drive a car, later on the experienced driver does not need to think about  when to 
switch. He/she simply does it, without consciously thinking what is to do. Learning to 
drive cannot be learned (at least not today) by doing desk research and doing to a 
driving simulation on the computer. It needs the real practice of driving a car and to 
learn in a real-world situation what can be done, should be done and not be done. 

                                                           
3  +++ within the knowledge fact sheets means that this knowledge is of utmost importance while ‘-’ 

means that this kind of the expert’s knowledge is not relevant to the task. 
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The more embrained and unconscious such knowledge is, the more difficult it is to 
articulate. Certain techniques may help to surface it again. However, there is no 
guarantee for that and thus tacit knowledge represents a major barrier to preserving 
and/or transferring knowledge. While explicit knowledge that can be put on paper and 
then get easily transferred, tacit knowledge requires close interaction between 
knowledge owner (sender) and a novice (less experienced person). However, we will 
discuss those issues in the next chapter. 
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E. Knowledge preservation: Developing learning packages 
 
While knowledge preservation methods vary considerably, the objective remains the 
same: to transfer the sender’s capability for effective action to the successor/recipient.  
This objective is achieved when the successor has developed a knowledge base that 
will allow him/her to achieve the same qualitative level of action as the expert. 
 
Still, knowledge is often poorly understood by management and thus compared to the 
complexity of knowledge transfer largely underestimated. Transferring knowledge often 
is perceived as an easy task. This assumption is reflected by two American researchers 
who investigated the transfer of technological knowledge. They state that management 
thinks that “you can just tie it (the technology; S. K.) up in a package, and I could just 
hand it to you; I would then forget about it, and you would open the package and say 
Wonderful. It just doesn’t happen that way” (Gibson and Rogers, 1994). 
 
The transfer of knowledge is a demanding process. It addresses the cognitive skills of 
both sender (teacher) and receiver/recipient (student). The sender has to take into 
account the student’s cognitive abilities and absorptive capacity4. Of course, direct 
interaction between both parties is beneficial in such a situation. In reality experts and 
their successors often do not meet. When experts leave their successors are often not 
found and they start their new job sometimes long after the expert has left. 
 
Figure E1: Typical situation of attrition in a Swiss firm. 
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Knowledge preservation activities have to take into account that an overlap is rather an 
exception. This means that often personal collaboration between the expert and his/her 
successor will not be possible. But also in situations where collaboration is possible one 
challenge remains: how should the expert’s knowledge be transferred effectively to the 

                                                           
4   The term absorptive capacity was created by Cohen and Levinthal (1990). Simply put this term 

stands for a person’s or organization’s cognitive ability to assimilate and deploy new 
information/knowledge. 
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successor? This section addresses this challenge and provides a framework for 
effective transfers of knowledge to successors. 
 
Depending on a successor’s previous knowledge (i.e. absorptive capacity) and learning 
ability the time to develop expertise may vary considerably. As shown in figure E2 the 
difference in time to productivity (TtP) between learning curve 01 and learning curve 04 
can vary considerably. From an organization’s perspective, the time to productivity (or 
even skill level) is critical: either a certain task cannot be done or its completion 
demands more time and thus more resources than foreseen. This is the conclusion of 
what has been observed with Swiss Federal Nuclear Inspectorate. In cases of attrition 
the work on certain subjects never dropped to zero. Successors often were intelligent 
and bright people. Yet they were not familiar with the governmental environment, and 
thus work proceeded slower (in the beginning) or needed additional input. 
 
However, when the introduction of a successor is well planned, the learning curve can 
get compressed considerably and the necessary skill level is reached much faster. 
While it can be assumed that learning curve 04 represents a situation where a 
successor has to work largely by his/her own without much help from others or his/her 
predecessor, the steeper learning curve 01 clearly indicates not only good cognitive 
abilities but also a well prepared learning package for the successor. Thus time to 
productivity depends on two factors: the cognitive abilities of the successor and the 
quality of knowledge preservation activities (i.e. the quality of the learning package / 
knowledge transfer). 
 
Figure E2: Time to productity (TtP) in relation to an individual’s learning curve. 
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Thus, the question arises: how can we help a successor to compress his/her learning 
curve? While we cannot just hand over a pill that improves the successor learning 
abilities, we can provide good learning packages that support the successor in the best 
possible way. 
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In order to compress the learning curve the content of learning has to be tailored to the 
learner’s needs. Thus knowledge preservation has to bear in mind the probable 
cognitive skills of those employees that are available from the labor market. Those skill 
levels will – normally – not stand the comparison to those of experts in the area. So it is 
best to sketch a probable knowledge profile of the successor and match the learning 
activities to this profile. This gap analysis is illustrated in figure E3. 
 
Figure E3: Skill gap analysis and development of learning packages. 
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The size of gap decides the structuring of the learning package. The size of the gap 
depends on what average qualification is available from the market: when the 
qualification is rather low the gap will be large while the gap will be small when average 
qualification is high. Of course, there is still the danger that the successor hired may not 
even match the average job criteria. This might be the situation in times of economic 
prosperity while in times of economic recession the qualification of the workforce 
available from the labor market might exceed the average knowledge profile.5 
 
The gaps identified between the expert’s skill level and the average skill level of the 
workforce now has to be translated into learning packages. This translation is often 
done by people involved in the process of managing knowledge transfers in situations of 
attrition – at least, this is the experience with the Swiss Federal Nuclear Inspectorate. It 
                                                           
5  There is one restriction that applies here: it is assumed that the successor has the same basic 

qualification as his predecessor. E.g. the expert was a nuclear physicist when hired, it is assumed 
that another nuclear physicist can be hired from the labor market. If it is not possible to hire a nuclear 
physicist, the learning package would have to be designed in accordance to the knowledge profile of 
– let’s say – an average physicist. 
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can be observed that the people involved in those processes do those translations 
diligently and carefully. They design learning packages that respect the successors’ 
previous knowledge. They provide the documents that are helpful. And they assign the 
successors to those tasks that can be executed with the successor’s previous 
knowledge. And, last but not least, successors are directed to those tasks that provide 
fast learning. 
 
It should be highlighted that application of what is learned is critical to develop a 
knowledge base. Without practice the successor may develop what one might call 
“theoretical knowledge”: he/she might be able to explain why something should be 
done. Yet, in critical situations, this person might fail because he/she lacks the 
experience of deploying the knowledge in a real situation. Learning packages thus must 
include times of practicing knowledge. 
 
In a first step, the expert (and e.g. his supervisor) identify the critical knowledge of a 
process step or (sub-)task as mentioned previously (see figure C10, page 14). Based 
on what can be generally expected from an average successor, they define how to 
connect the expert’s knowledge base with the successor’s. This first step is very 
important for the progress of the learning process. If the successor’s knowledge base is 
not successfully connected to the expert’s knowledge base, learning might not even 
happen and the successor could even decide to leave the organization out of 
frustration. 
 
Let’s have a look into one of the learning packages that the author of this report 
experienced when he joined Swiss Federal Institute of Technology (Zurich) as a 
research assistant at the Institute of Industrial Engineering several years ago. Besides 
the objective of writing a Ph.D. dissertation, a research assistant has several tasks to 
do. He/she has to coach students when they do their project and diploma theses. 
Coaching this process is more difficult than it can be assumed as all the theses are 
practice-oriented and thus take place in industrial organizations. And all theses have to 
follow the principles of a methodology called Systems Engineering (SE). 
 
To ensure the methodological knowledge, new assistants are sent to a five day 
Systems Engineering seminar before they are appointed coaches for student project or 
diploma theses. After the seminar, the Systems Engineering thinking is deployed with 
the first project thesis. 
 
To start with a project thesis means that an organization has to be found where the 
thesis can be done. Thus industrial partner identification is the first step a new assistant 
should learn. Normally, a new assistant inherits some of the business contacts of the 
more experienced assistants and can tap those sources easily. Thus, close cooperation 
between the new and the older assistants is important in the beginning. This is ensured 
by a mentoring partnership between an older assistant (normally one at the end of the 
assistant life cycle) and the new assistant. 
 
Next, when the company has been successfully contacted, the topic of the thesis has to 
be identified. Often enough, people in organizations are not completely aware what the 
real problem is and why things are not running as they should. As new assistants 
normally do not have business experience, the mentor plays a critical role and the new 
assistant attentively (hopefully) observes the discussion between the organization’s 
representatives and his/her mentor. Based on this discussion a task description is later 
on elaborated. This has to be done by the new assistant. Later on, the document is 
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discussed with the mentor who informs what corrections/modifications are necessary 
and why. The document then is sent to the organization’s representative and signed. 
Later on, the document will also be signed by the university supervisor. 
 
After two to three weeks in the thesis, a first presentation takes place. Here, our new 
assistant learns how he/she can provide the student valuable feedback regarding the 
work he/she has already done and what the next steps will be. In the very first 
assignment, the mentor is playing the lead role and the new assistant is observing and 
contributing according to his/her knowledge. Overall, there are three presentations, 
including a final one with the supervisor. When the project thesis is over, a report has to 
be analyzed. The students will receive a detailed appraisal and a mark. It is again up to 
the new assistant to write the appraisal and to suggest what mark the student will get. 
The document is discussed with the mentor and the new assistant gets feedback. 
 
For the next project thesis, the roles between our now not-so- new- anymore- assistant 
and the mentor are slightly changing. Now the assistant is taking the lead when a 
company is contacted and he/she also takes the lead during the elicitation of the 
organization’s problem. The task description is again discussed with the mentor. During 
the presentations the mentor now takes over the observing role and provides additional 
feedback – whenever necessary. In the end, the assistant writes the appraisal and 
suggests the mark for the student. The mentor provides his view on the thesis and both 
discuss where modifications to the appraisal and mark are necessary. This also 
represents the end of the assistant-mentor-relationship. Figure E4 summarizes the 
learning process. 
 
Figure E4: Tandem between new assistant and experienced assistant at ETH Zurich. 
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From the author’s perspective, this knowledge transfer was successful. In other 
instances transfer often did not take place or was incomplete. The result was inactivity 
in certain areas and considerably longer times to productivity. 
 
Each learning package has to include milestones and to provide the information through 
which activities the successor can strengthen his/her knowledge base. Further more, 
the learning package clearly has to differentiate between tacit and explicit knowledge. 
Some expert activities may only be learned by close collaboration where the expert 
might say: “watch me”. Only a good designed learning package allows an organization 
to compress the successor’s learning curve as illustrated in figure E5. 
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Figure E5: Compression of learning curve by the means of learning packages. 
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Within the various learning packages there is a clear hierarchy: First of all, those 
packages are developed that are critical to a task’s or process step’s performance. 
Then, when the transfer is initiated, those prioritized packages represent the very start 
of the successor’s learning activities. It depends on the successor’s first tasks and 
duties which learning package will – in the end – have to be assimilated first. 
 
The development of learning packages has to address the needs of learners. Thus, the 
behaviors of adult learners and their preferences have to be taken into account. Adults 
prefer different learning styles compared to pupils or students. Starting from a skill level 
that can be assumed as being given on the labor market, knowledge is built up through 
the means of teaching and learning by observing (see figure E6). The longer the 
learning lasts the more the expert’s support is fading. The expert never must provide 
solutions. Rather he points the student to interesting points and facts and thus allows 
the construction of mental models that are directed towards the same objectives yet as 
much as possible independent from the knowledge’s source. 
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Figure E6: Designing the learning package for skill building. 
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In order to avoid inactive knowledge, the information assimilated has to be turned into 
actionable knowledge. Therefore, learning needs considerable practice opportunities. 
Practice sessions are important and helpful at the same time (see figure E7). In the end 
of this process, the successor (we assume that the necessary cognitive skills are 
available) disposes of what can be called expertise. Building expertise from basic skills 
may take days in simple cases and years in others. 
 
Figure E7: Expertise can only be acquired by practice. 
 

Building Competence by Reflection

Time

Le
ve

l o
f c

og
ni

tiv
e

pr
of

ici
en

cy
:

sk
ill

re
ac

to
r

te
ch

no
lo

gy

Expertise Building by Exploration

Knowledge
Building

Connecting new to old knowledge

Learning by observing

Increasing independence from expert, fading out

Action

Building Competence by Reflection

Time

Le
ve

l o
f c

og
ni

tiv
e

pr
of

ici
en

cy
:

sk
ill

re
ac

to
r

te
ch

no
lo

gy

Expertise Building by Exploration

Knowledge
Building

Connecting new to old knowledge

Learning by observing

Increasing independence from expert, fading out

Action

 
 
 



Knowledge Preservation for Nuclear Power Plants 

– 33 – 

F. Preservation strategies 
 
There is a considerable amount of strategies to preserve knowledge. Primarily, the 
activities to be deployed largely depend on the nature of knowledge: tacit knowledge 
requires greater efforts to preserve knowledge than explicit knowledge. While tacit 
knowledge can be preserved only by transferring it to successors or simply other people 
(so-called personalization strategy), explicit knowledge benefits from the possibility of 
codification (articulation) and its storage with the help of advanced information and 
communication technologies. 
 
Preserving tacit knowledge equals to transferring tacit knowledge to other employees6 
or to engage in a knowledge transformation process that transforms tacit knowledge to 
explicit knowledge. Such endeavors are highly time consuming. In literature well-known 
Japanese authors Nonaka and Takeuchi (1995) present an example of such a 
conversion along the development of a breadmaking machine developed by Matsushita. 
During the development of the machine it took an engineer around half a year to come 
up with a description (algorithm) how dough has to be manipulated to create a good 
quality of bread. Other examples are given by Davenport and Prusak (1998) for 
automating flight procedures in airplanes (2 years) and by von Krogh et al. (2000) for a 
chicken deboning machine (7 years). 
 
Generally, two categories of knowledge preservation strategies (activities) can be 
discerned (see also Figure F1): personalization strategies (knowledge transfer) and 
codification strategies (knowledge articulation/elicitation). 
 
Figure F1: Survey of knowledge preservation activities. 
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Personalization strategies have several advantages: as a direct contact between the 
sender (leaving employee) and recipient (successor) is established, the transfer 
provides the opportunity to include feedback loops into the successor’s learning. Things 
that are not easy to be understood can be explained in more detail. Certainly, such 

                                                           
6  One of the biggest barriers in transferring knowledge between an expert and a novice are cultural 

differences between both of them. While younger employees generally benefit from advances in 
science and the integration of such advances in the university education, the aging expert has 
gathered a lot of experience that can provide superior to anything the novice knows. 
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close cooperation and collaboration bears the danger of conflict and thus both sides – 
sender and recipient – have to get well prepared for this endeavor. One other major 
disadvantage is the aspect of costs: employing two persons for the same “job” over a 
certain amount of time is not efficient. Such a solution will thus only be selected when 
either the knowledge to be transferred is very important to the firm or the firm (more or 
less) enjoys a monopolistic situation which reduces the pressure of competition. 
 
Codification strategies shine where personalization strategies are weak: they are 
efficient from a transaction point of view. Knowledge is stored (i.e. transferred to some 
kind of “document” [e.g. file, video tape, etc.]) and can easily be distributed to anybody 
in search for this knowledge. Also, interpersonal conflicts are not an issue. There is, 
however, one great disadvantage. Documents are normally developed with the 
developer’s needs in mind. They are not created for third parties. They are created 
because of reduced reliability of the human brain to remember. They are created to 
avoid the loss of certain elements of an individual’s capacity for effective action. So 
documents are created to allow – later on – a more or less complete reconstruction of 
the original situation (and thus capability for effective action). To create documents with 
the needs of unknown users in mind poses considerable difficulties that are not easy to 
overcome. Or, if they are overcome, the codification solution is no longer as efficient as 
it was intended. 
 
 
F1. Personalization strategies 
 
 
Substitution 
 
Developing or installing a substitute can often be considered to be one of the best 
activities for knowledge preservation. The Swiss Federal Nuclear Safety Inspectorate 
has deployed a very sophisticated substitution regime. Often enough, substitutes share 
the same office and thus learn the expert’s skills continuously. 
 
From a technical point of view the installation of a substitution regime can be called in 
indirect measure for knowledge preservation. Knowledge preservation is the result of 
having two people doing the same thing and being able to replace each other at around 
100 percent. So knowledge preservation is the result of redundancy. 
 
However, due to economic pressures substitutes are often considered to be expensive 
(and unnecessary redundancy) and thus can rather be found in governmental 
institutions than in private organizations. 
 
 
Tandem 
 
Preserving knowledge by using a tandem means a temporal cooperation and 
collaboration between an expert and his/her successor. For a certain period of time, 
both people work very closely together and – as a result of this cooperation – the 
successor step by step acquires the necessary skills to perform the expert’s tasks. The 
tandem principle is illustrated by figure F2. 
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Figure F2: Tandem 
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Basically, the tandem is a dynamic construction for the means of knowledge 
preservation. Strictly speaking, a tandem is not a knowledge preservation activity but 
rather a knowledge transfer activity as knowledge is transfer from one and rebuilt by 
another person. With the help of the expert the successor can compress his/her 
learning curve and thus achieve the critical skill level considerably earlier than without 
the expert’s help (figure F3). 
 
Figure F3: Compression of the learning curve in tandem knowledge transfers. 
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As figure F4 will illustrate, an ideal7 tandem situation with an overlap between an expert 
and his/successor is generally beneficial. Without the overlap the necessary process 
output is not given for a certain amount of time. This might not be harmful during the 
times of normal operation in a NPP. However, in situations of crisis (incidents) such a 
knowledge gap can become disastrous. 
 

                                                           
7  i.e. mainly a good “chemistry” between the mentor and the successor. 
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Figure F4: Effects of attrition to process output with/without tandem 
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Experience from Swiss NPPs show an extreme disposition towards the adoption of the 
tandem to ensure smooth operation and securing the necessary process output levels. 
In some NPPs tandems stretch over an eight year period (including all the successor’s 
learning activities). This, however, is only possible in a situation of financial prosperity. 
In other countries, cost saving activities do exclude such long times of overlap. 
 
For the tandem to provide an ideal learning opportunity, the chemistry between the 
people involved has to be alright. Often enough, successors dispose of diverging 
frames of references and think differently compared to the experts. It does not take a lot 
to enrage an expert when he/she thinks that his/her knowledge is not respected by 
his/her successor. 
 
Figure F5: Setting milestones for learning/knowledge transfer control. 
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Thus, for a tandem to fulfil the expectations it is necessary to prepare both parties 
involved – the expert as well as the successor – to the joint endeavor. Here NPPs can 
tap the literature on intercultural learning. Furthermore, tensions can be reduced when 
superiors get involved into the process and both – the expert as well as the successor – 
has to report the progress of the collaboration. Such reporting should be directly related 
to the milestones within the learning program of the successor (see figure F5). 
 
Appendix A explains in detail how the tandem has to be designed to make the 
successor’s learning as successful as possible.  
 
 
Communities of practice 
 
Recently, communities of practice have received a lot of attention within firms as well as 
academia (e.g. Wenger, McDermott and Snyder, 2002). Some people even 
communities of practice (CoPs) consider them as the backbone for knowledge 
management. This aspect of communities of practice is of minor importance to this 
study as the main topic here is knowledge preservation and not knowledge 
management. Here we focus on the community of practice’s ability to serve as a 
dynamic storage bin for a company’s knowledge. 
 
Figure F6: CoP memberships (on intra- and interorganizational levels) help 
compressing the learning curve. 
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CoPs develop when people convene that share a similar activity within a firm. However, 
communities of practice do not restrict themselves to intra-organizational membership 
but often extend beyond company boundaries. This is the main reason for including 
communities of practice as a means to preserve knowledge for NPPs. 
 
Supposing that pressurized water reactors (PWRs) have many things in common, it 
makes considerable sense for (even competing) firms to allow members of its staff to 
share knowledge. The larger the network (community) is the more experienced it will 
generally be. The more experience it has the more valuable it is to the participating 
firms as well as individuals. 
 
When a community of practice exists, an expert’s successor can tap the community’s 
knowledge to compress his/her learning curve (see figure F6). Of course, it becomes 
important to differentiate between company level and inter-organizational level CoPs. 
Company level CoPs are designed with knowledge sharing and transferring as the focal 
activity. They exist either because the organization’s management has initiated them or 
is supporting them with considerable resources. Still, CoP membership is not always 
seen welcome with supervisor. 
 
Whenever necessary he sends an email/fax or simply picks up the phone and dials the 
number of that community member that he/she thinks can help most. Normally, CoP 
members are loyal to the community and help each other based on the principle of 
generalized reciprocity. That means: helping is not oriented towards a single CoP 
member (and thus not a favor). 
 
CoPs at the inter-organizational level are a different story. Here, tapping a CoP 
member’s knowledge who works for a different company is more difficult. The two 
persons may work for competing organizations and superiors may keep an [attentive] 
eye on such activity because they fear the loss of trade secrets or proprietary 
knowledge. Thus knowledge may flow well between the members of an inter-
organizational level CoP in those instances where enabling activities are concerned. 
However, knowledge that affects an organization’s competitive position will not be easily 
and freely shared. 
 
There is, of course, a major difference between the knowledge transfer that takes place 
within a tandem and a CoP. CoPs are voluntary and members cannot be commanded 
to help. While the expert during the tandem is mandated to help, the help of a CoP 
member is dependent on this person’s ability (skill, time) and willingness to help. 
 
A practical example of community of practice in the nuclear industry is the Young 
Generation Network whose name later was changed into International Youth Nuclear 
Congress (IYNC).8 In its mission statement the IYNC declares knowledge preservation 
as one of its key objectives: “Transfer knowledge from the current generation of leading 
scientists to the next generation and across international boundaries”. To achieve this 
objective, there is now a bi-annual world-wide conference organized that promotes 
knowledge sharing amoung younger members of the nuclear industry. 
 

                                                           
8  see http://www.iync.org for more information. 
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External Experts 
 
In many instances NPPs will find out that expertise necessary to produce process 
output can – at least partially – be found outside of its boundaries. Whenever critical 
knowledge exists it is useful to identify external sources of expertise in order to prevent 
desaster when an expert’s knowledge would be needed but he/she is not available. 
 
Such experts can be found in areas that may not even be directly related to the nuclear 
industry. Wölfel (2002) illustrates that knowledge which was originally developed for the 
nuclear industry was developed further outside of the nuclear domain because people 
involved in the creation of this knowledge lacked opportunities to deploy this knowledge 
within the nuclear industry. Thus, knowledge found new applications outside of the 
nuclear industry. Sometimes all relations to the nuclear industry collapsed and firms 
exited the nuclear business to engage in more promising activities. Yet, the knowledge 
is still there. 
 
In Switzerland, Swiss Federal Nuclear Inspectorate heavily deploys external experts to 
get its work done. As the organization has not as many employees as necessary to fulfil 
its duties, external experts contribute where internal resources are not available. In 
those situations, internal experts allocate work packages to those external experts and 
supervise their activities and work results. 
 
In one area, a successor only was found several months after an employee had retired. 
During that time, the former employee still supported the Inspectorate’s activities. Yet, 
without the help of an external engineering company the workload could not have been 
managed. To ensure the continued external support the contractor was forced to sign 
an agreement that creates an internal backup inside of the engineering firm. 
 
To prevent taks/gaps in process outputs, external experts have to be continuously 
available. If internal backups are not possible, agreements with external experts should 
be concluded that ensure access to the external experts’ knowledge in situations where 
internal experts are not available. 
 
External experts, of course, can also be former members of the organization – whether 
they now work for a different company or have retired. An interesting solution to prevent 
the loss of knowledge as a result of retirement has been developed by ABB, the 
Swedish-Swiss-based firm. Formerly, the company financed a pool of senior executives 
(called ABB Consulting Ltd) that had reached the age of retirement but was considered 
to be too good (or too valuable) to simply be sent away. Thus, similar to a tandem 
situation, those executies served as mentors to younger executives and shared their 
insights with them. 
 
Recently, ABB has founded a separate entity called Consenec. Effective January 1, 
2003, ABB Consulting Ltd changed its name to Consenec Ltd – Consulting by Senior 
Executives. Consenec allows senior managers from ABB (and today due to selling parts 
of the company to Alstom and Bombardier) and Alstom and Bombardier to withdraw 
from their active business life step by step and it furthers the know how and experience 
transfer.9 
 
Of course, external experts cannot be relied on all a NPP’s activities. Whenever an 
individual’s knowledge is time critical, i.e. certain events call for immediate action, 
                                                           
9  More information is available at http://www.consenec.ch.  
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external experts are not a viable solution. Except from the situation that the external 
experts are located within the organization’s own premises, the use of external experts 
is normally limited to non time critical activities. 
 
 
F2. Codification strategies 
 
 
Documentation 
 
As with all knowledge workers, documentation is a word that is far from being loved. 
Engineers, for example, do not like to write down things. They prefer to act or to show 
but not to write. 
 
Forcing knowledge workers to create documents that illustrate their activities is  resisted 
with reference to the lack of time to do it. Thus, documentation is often more wish than 
reality. In some companies knowledge workers even threaten their superiors to leave 
the firm when they are forced to spend more time on documentation. 
 
Further more, documentation is always subject to one major problem of information 
management: Often enough, important information (i.e. documentation) cannot be found 
as people in need of the information do not know where it is stored. 
 
To make documentation work employees need incentives to do the documentation. As 
long as incentives are offered, knowledge workers may be willing to substitute their free 
time with documentation activities. However, lessons from various firms clearly indicate 
that as soon as the incentives for documentation are withdrawn the employees’ 
willingness do document rapidly decreases. 
 
 
Exit interview 
 
For many years, the Swedish-Swiss-based electrotechnical company ABB – a former 
supplier to the nuclear industry – has been doing exit interviews with people that left the 
company. An important part of those interviews was the capturing of knowledge. To do 
so, the company developed a series of forms that were to filled out by a facilitator who 
was leading the knowledge capturing session. 
 
In the nuclear industry knowledge capturing was pioneered by the Tennessee Valley 
Authority (http://www.tva.org). Generally, the US has often preceded European 
countries and firms regarding the preservation of knowledge. This is the impression 
based on the benchmarking exercise done by APQC in their 2001/2002 study. Among 
the best practice firms there were four US-based firms/organizations (Northrop 
Grumman, Corning, Tennessee Valley Authority, and the World Bank), one Canadian 
Company (Bank of Montreal) and just one European Company (Siemens AG). 
 
When the approaches of those best-practice companies are compared, exit interviews 
quickly emerge as the de-facto standard for knowledge preservation in those 
companies. Normally, a knowledge capturing-oriented exit interview proceeds as 
follows: 
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1. A person with knowledge in the field of the person who retires/leaves the 
organization makes himself/herself familiar with the expert’s situation. Depending on 
the interviewers knowledge this may take up to one week. 

2. The expert is interviewed. The interview has several sections:10 
 Technical / scientific knowledge 
 Methodological knowledge (how are problems solved) 
 Social competence 
 Meta-knowledge11 

3. The interview is analyzed. The information is brought in a format that can be 
communicated to people with non-expert knowledge. 

4. The document is stored in the company’s electronical/non-electonical archives. 
 
Critical to the success of the exit interview is the interviewer’s ability to elicit the expert’s 
knowledge. Therefore, the interviewer must NOT dispose of the same level of expertise 
as the expert. This advice might sound counter-intuitive in the beginning. When two 
experts communicate, a lot of technical jargon will be used. This is just one aspect that 
will prevent the connecting between the successor’s and the expert’s knowledge base. 
Further more, the expert has a very deep knowledge within the domain of his/her 
expertise. It is highly difficult for the expert to “think down” to the successor’s level. Yet, 
it is not only the inability to think down to the successor’s level of knowledge that makes 
experts a bad choice for exit interviews. 
 
As experts have a very large knowledge base, their notes to reconstruct some actions 
later on can be very short – yet still efficient. Remember figure A1: knowledge is context 
dependent. The experts know the context, they don’t have to put it down on paper. 
What they put down makes sense to them. It will, however, not make sense to non-
experts. Therefore it is highly recommended that the interviewer is someone who does 
not need to “think down” but who is representing the knowledge that can be expected to 
be representative for an average successor. 
 
On the other hand, technical skills have to be present to create valuable documents. 
Without technical knowledge, the interview will take place at a too trivial level where 
important aspects cannot be discussed.12 
 
 
De-Briefing 
 
In many ways, a person’s de-briefing resembles the exit interview. However, there is 
one important difference. De-briefings are not to be done in situations when an expert is 
leaving but rather as a continuous task during an expert is under contract. A person 
may be de-briefed several times during his/her stay with the company. 
 
                                                           
10  Expertise is normally the result of a persons ability to integrate technical/scientific knowledge, 

methodological knowledge, social competence and meta-knowledge (knowing where to find 
information/knowledge). 

11  Meta-knowledge is an individual’s cognitive state of having the information where the individual can 
find the knowledge he/she needs to do his/her work. 

12  Based on personal interviews with representatives from Corning this company sends the interviewers 
to a local college to provide them the necessary journalistic skills. However, it is technical people who 
do the interviews. 
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To do a good de-briefing the interviewer needs to have the same skills as in the case of 
the exit interview. However, to produce good results it is recommended that the expert 
starts maintaining a daily journal (or log file). The reason for maintaining a daily journal 
is simple: the expert’s knowledge gets visible by what he/she is doing. A daily log clearly 
provides an idea where the expert is deploying his/her knowledge. Thus it gets easier to 
identify what was necessary to be done to achieve the task/process output. 
 
However, to prepare for the interview the log file has to be provided to the interviewer. 
Figure F7 firms can deploy forms similar to the one depicted in figure F6. 
 
Figure F7: Forms for conducting an expert de-briefing. 
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Knowledge elicitation 
 
As was previously indicated, knowledge elicitation is often considered to be the solution 
to many knowledge management problems. Ever since Japanese authors Nonaka and 
Takeuchi (1995) introduced their idea of the transformation of tacit knowledge to explicit 
knowledge, an overwhelming number of authors have joined their – unfortunately – 
wrong view. Polanyi (1966) has clearly indicated that tacit knowledge is completely 
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different from explicit knowledge, i.e. tacit knowledge cannot be easily converted into 
explicit knowledge. 
 
Knowledge deployed by people can be defined as those constructions of reality that 
help an individual to achieve his/her objectives. Those constructions are normally tacit, 
only in the case of novices those constructions are explicit. Unfortunately, those tacit 
constructions cannot – somehow – be transferred easily to the explicit domain. To bring 
a construction into the explicit domain the expert’s knowledge has to be rebuilt from 
scratch in the explicit domain. 
 
Such a rebuilding is the main reason why this “conversion process” takes a long time: it 
took a Matsushita engineer six months to come up with the metaphor of “twisting 
stretch” to describe how a baker in a famous Kobe hotel prepared the dough to get an 
excellent bread. And, also not to neglect, it needs the expert’s cooperation. If he/she is 
not willing to cooperate, he/she simply can say: “I don’t know why it is like this or that. I 
simply do it”.13 
 
Another example regarding the amount of time necessary to rebuild an explicit 
knowledge model from tacit knowledge is given by researchers von Krogh, Ijicho and 
Nonaka (2000). They mention that it took a Japanese company seven years to develop 
a machine that removes the bones from chicken automatically, without any human 
intervention. 
 
Figure F8: Identifying relationships between action and an expert’s knowledge base. 
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13  For a more detailed explanation see part C. of this report and the explanations for figure C7. 
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To recreate tacit knowledge in the explicit domain, the expert is observed and asked in 
detail about his/her actions. Often enough, the expert will not be able to explain why 
he/she is doing something in a certain way or why a machine may operate under certain 
conditions and not work in some other instances.14 Such inability represents a major 
barrier to knowledge preservation and it causes the knowledge elicitation team a lot of 
trail and error testing to establish causal relationships between the expert’s actions and 
the knowledge bases involved (see Figure F8). 
 
The explicit knowledge developer creates a model of what he/she believes is a good 
representation of the expert’s construction of reality. In order to accomplish this 
objective, the explicit model permanently has to be tested and verified to guarantee that 
it meets the expectations. Generally, in the beginning of such reconstruction work there 
is no guarantee that a viable explicit model may be developed or work. 
 
However, when the recreation is done diligently and well, pay-off can be tremendous. 
Here is an example from the German machine tool-building industry. A company faced 
the following problem: when it assessed the costs of what a tool would cost to a car 
manufacturer, its cost estimates always exceeded the objective of plus/minus 5 percent 
deviation of the final price by a factor of 2 (i.e. 10 percent was the reality compared to 5 
percent intended). This was a considerable threat to the firm’s competitiveness.  
Because if the price communicated to the customer was too high, the order might go to 
a competitor. If the price was too low it might create financial problems for the firm (the 
average tool price was in the area of 500000 to 1000000 German Marks). 
 
The price calculation was done through senior construction engineers with 
approximately 20 or more years of construction experience. Yet, this was all what 
management knew how price calculation was done. Thus a research project with a 
Berlin-based technical university was initiated. 
 
The university’s researcher started observing the senior engineers’ activities when they 
were developing their assessment. He found out that they based their calculations on 
the similarity of sub-parts. The engineers compared the costs they assigned to earlier 
parts and then estimated how much a similar part probably would cost. Yet, often 
enough, such comparisons were not done as they had not done themselves similar 
parts in the past or they had forgotten where to find the information. 
 
It was up to the researcher to develop a catalogue of parts (i.e. shapes) that could to be 
manufactured with the firm’s machines (see figure F9). Based on dozen of basic parts 
then was developed a computer program to assess what would be the costs of a 
machine to manufacture a certain tool. 
 
From the beginning the program performed very well – and better than the engineers’ 
implicit models. Instead of variances in the area of 10 percent the program’s variance 
was just 5 percent. Furthermore, after having the explicit model, improvements to the 
knowledge (model) itself became possible (or easier to do). 
 

                                                           
14  A very good illustration to this can be found in professional sport disciplines where people may not 

replicate earlier performance levels in subsequent seasons. When asked why the perform in such an 
excellent form, they may say that they did good training, etc. Later on, when performance decreases 
or earlier levels cannot be reached again, they will say that they did excellent training sessions – but 
nevertheless success does not come. 



Knowledge Preservation for Nuclear Power Plants 

– 45 – 

Figure F9: Catalogue of shapes of a machine-tool manufacturer. 
 

 
 
Simulation 
 
Simulation tools are powerful instruments to preserve knowledge and to allow a novice 
to acquire expertise independently of the knowledge’s creator(s). 
 
To create a simulation, explicit as well as tacit knowledge is needed. While it is easy to 
integrate explicit knowledge into the simulation model, integrating the tacit knowledge 
proves to be really difficult. Whenever human action is part of a process, simulation is 
difficult because of the human factor. 
 
The benefit of a simulation becomes obvious in situations when an expert lacks the time 
to play the mentoring role.  
 
The simulation allows the novice/successor to compress his/her learning curve because 
the knowledge that was integrated into the simulation serves as an “advance organizer” 
which – in the end – speeds up learning. 
 
The benefits of simulation tools can be seen in the airline industry: training sessions in 
real airplanes have considerable cost disadvantages. Simulators allow airlines to train 
cockpit crews with much lower costs and minimal disadvantages to real-world training. 
However, to achieve such performance levels it took the providers of those simulators 
decades of work. And: while a 747 is the same to operate for German Lufthansa and 
French Air France, situations between NPPs might be far more heterogeneous and thus 
disadvantageous to the development of standardized simulators. 
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F3. Assessment of the knowledge preservation strategies 
 
 
The benefits and disadvantages of personalization strategies 
 
Knowledge is in the heads of employees. The strength of the personalization strategy is 
the direct transfer of knowledge from one person (or group of person) to another person 
(group of persons). By direct interaction and close collaboration the recipient develops 
his/her own expertise. It is not a copy of the expert’s knowledge but a new construction. 
The performance of the new construction might vary, although it primarily only should 
do so because of diverging cognitive abilities. A viable model (within the successor’s 
head) is the result of the close cooperation and collaboration between the expert 
(mentor) and the successor. This close collaboration helps the expert to steer and 
influence the development of the successor’s model and ensure its viability. From this 
point of view the personalization strategy is the superior strategy to knowledge 
preservation.  
 
Substitution can be considered as the best way to preserve knowledge. With 
substitution a backup source for knowledge is created that can be tapped any time 
when it is necessary. If one source cannot be accessed, another can. 
 
Tandems resemble the substitution activities in many aspects, although the backup is 
not available after a certain amount of time. Tandems are created intentionally when an 
employee’s departure becomes a threat to an organization’s operations. Depending on 
the successor’s learning capabilities the time to transfer can be short or long. 
 
Ideally, in both instances – for substitution as well as tandems (mentoring) – immediate 
feedback allows a novice/successor to change his/her mental model. Or, the knowledge 
source identifies mistakes in the recipient’s knowledge base and enforces changes 
therein. 
 
Communities of practice and external experts can be interesting complements or 
even substitutions to the first two measures mentioned here. Communities of practice 
create some costs (traveling, maintenance of the network), but they also have great 
benefits. In case of a (although not critical) problem an employee of a NPP may contact 
a colleague in another NPP and ask for help. Such help is normally granted – not on the 
basis of quid pro quo. In CoPs help is granted because the members of the community 
have joined the community in order to help each other. Helping others and being helped 
are the drivers of CoPs. 
 
CoPs within an organization are also highly valuable. They represent a dynamic storage 
facility for knowledge. Even more, the communities often engage in developing new 
knowledge. Thus, CoPs are not only important to preserve but also to create 
knowledge. 
 
In the situation of organization-spanning CoPs things look different. The support of such 
CoPs is– normally – not a firm’s priority. CoP members still will help each other albeit 
this help will not enjoy priority among a member’s activities. Therefore, in case of a 
problem, an employee may have to wait until his/her colleague can help. In some 
instances, this waiting time can be too long. Therefore, the use of organization-spanning 
CoPs is restricted to non time-critical NPP activities. 
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External experts have cost advantages (the backup does not cost as much compared to 
an employee) and the availability may be good dependent on the contract both parties 
agreed on. Further more, external experts don’t have to be educated but are already 
experts in their field. They offer expert advice and quick solutions. Nevertheless, this 
solution also has its downside: the people dependence factor is rather high. As in all 
strategies related to personalization, humans are subject to illness or sudden death.  
 
External experts also may lack the necessary context knowledge. Their activities may 
relate to the same knowledge base. Yet, as their knowledge normally is deployed in 
different contexts their capability for effective action within the nuclear industry may be 
limited. 
 
Therefore, the elicitation of knowledge that is embrained in people and the creation of 
explicit knowledge models is per se an attractive option for NPPs. Such explicit 
knowledge models may be integrated into machines. In such instances, the knowledge 
is transferred to the supplier of the machines. This transfer also means that the 
preservation of knowledge is delegated to the supplier. Unfortunately, machines, and 
humans too, can fail. 
 
 
Generally, the largest barrier to the personalization strategy are the associated costs. 
Substitutes mean that two people work for an organization when – at the extreme – only 
one is needed. Firms that operate NPPs and face competitive pressures might only see 
the costs without seeing the benefits. 
 
 
The benefits and disadvantages of codification strategies 
 
While the quality of the documents that are available in NPPs can be considered to be 
excellent, this might not be true for the documents that are created by knowledge 
preservation activities such as exit interview or knowledge elicitation. Those documents 
may share one major weakness: they are normally not designed with the customer in 
mind. Just pick up a VCR instruction manual and you hold the proof for this hypothesis 
in your own hands. 
 
Documents are normally created with one’s own needs in mind. Documents are 
normally not created for third parties as we do not know (much) about their skills. Thus, 
when a novice reads the document he/she may not be able to create the same ability of 
action compared to an expert. The novice will be able to read it, but he/she may not 
understand it. The knowledge cannot be applied. 
 
Often enough, time pressure does not allow for documenting. Also, people often lack 
the motivation to work additional hours and document their activities. When documents 
are created during exit interviews and de-briefs, the interviewer must have considerable 
interviewing skills. At the same time, he/she always must compare what the experts 
explains to what a novice may or may not understand. He/she must build advance 
organizers into the resulting document in order to allow the novice to learn well and to 
allow him/her compress his/her learning curve. 
 
This task is far from being easy as the concerning person may not be known at the time 
of the de-brief or exit interview. Thus, the quality of the document in the eyes of the 
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potential reader depends very much from the image the interviewer had regarding the 
successor’s skills. 
 
Documenting, de-briefing and exit-interviews may need the help from external sources 
and thus come along with additional costs. Even more costs will arise when a NPP 
decides to develop an explicit knowledge model out of an expert’s knowledge. Besides 
of the expert’s willingness to contribute, there is no golden way to build explicit 
knowledge models. Developing an explicit knowledge model is time-consuming and 
cost intensive. When such a model is integrated into a simulation tool, costs are 
increasing. However, such tools provide a great independence from the knowledge 
source and provide ample opportunities to improve the knowledge itself. 
 
 
One cannot say which method is generally the best. It always depends on the 
situation and the context which method should be applied. And even when a 
certain method is superior it might not be available (e.g. a new hire is not  
vailable before the retirement of the expert). 
 
Only after the analysis of the situation an ideal strategy can be developed and 
exercised. 
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H. Glossary 
 
Absorptive Capacity 

Absorptive capacity is an individual’s or organization’s ability to identify, 
assimilate and deploy new information. 
 

 
Advance Organizer 

Advance organizers are seen as an essential element of speeding up text-based 
learning by the so-called instructional psychology. Advance organizers are pre-
structures which are put in front of learning content.15 

 
Communities of Practice 

Communities of practice are communities that consist of persons that all perform 
similar activities within an organization (but also outside). The reason of the 
community is to help members to share experiences and knowledge. 
 

Meta-knowledge 
Meta-knowledge is an individual’s cognitive state of having the information where 
the individual can find the knowledge he/she needs to do his/her work. 

                                                           
15 For a more detailed discussion on advance organizers see 

http://www.teachsam.de/psy/psy_kom/psy_thun/psy_kom_thun_6_3_3_3_1_1.htm.  
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Appendix A: 
Knowledge Transfer 
 
 
The Process of Transferring Knowledge 
 
Transfers of technological and other knowledge are far from being new. Over the course 
of thousands of years mankind identified the transfer of people as the most effective 
way to transfer knowledge, as is highlighted by a leading manager from ABB: “You 
transfer technology (knowledge) with a pair of shoes. If you want to transfer the 
technology, transfer the person. That's absolutely far and away the best way to do it”.  
 
 
Transferring Data, Information, and Knowledge 
 
Knowledge transfer can happen in a broad array of settings: among individuals, groups 
of individuals, communities, organizations, industries, or even nations. In relation to the 
complexity several “levels of transfer” can be distinguished (see figure App1). On level I, 
the object of transfer is data and materials (materials, components, intermediate and 
end products, etc.). This kind of transfer will not enable the recipient to recreate the 
sender’s knowledge. On step further goes the transfer on level II. Here, the sender 
transfers documentation and blueprints and the necessary information to manufacture 
products based on the documentation and blueprints. Documentation and blueprints 
correspond to the original technology developer’s explicit knowledge. 
 
Transfer on level III allows the recipient to reproduce the knowledge and change it, 
adapting it to different conditions. Such transfers have to be accompanied by 
elements of level I and II transfers in order to make the recipient fully understand 
the sender’s knowledge. 
 
Figure App1: Data, Information and Knowledge. 
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Basic Elements of Knowledge Transfer 
 
Each transfer of knowledge at least comprises three elements: a sender, an object, and 
a recipient. Despite a considerable amount of research into the transfer of knowledge 
and technology, the process of transferring knowledge has largely remained a black 
box.  
 
Every knowledge originates with people. This people’s knowledge, dubbed expertise, is 
the object of manifold research (cognition psychology, cognitive science, information 
processing) and has gained considerable attention in the last few years. In the past, 
expertise was to be considered given to an individual; this view on expertise has 
changed recently as expertise now is mainly considered to be acquired. Experts acquire 
their skills and expertise within a specific context which allows them to perform quicker 
and better than non-experts within a certain domain. The process of acquiring expertise 
is situated in a context of multiple authentic activities and is a long-lasting process of 
learning, knowledge acquisition, knowledge refinement, development of problem solving 
skills.  
 
The importance of the context within which expertise builds up becomes evident when 
experts are challenged to elicit their knowledge, e.g. when they are challenged to put 
their knowledge into an expert system. The problems arising from eliciting the 
knowledge bases which are the basis of the experts’ superior performance highlight the 
importance of the implicit knowledge on which experts rely to solve problems. Such tacit 
knowledge is key to expertise. 
 
 
Object of the Transfer: Knowledge 
 
The ability to act is the main difference between information and knowledge. Knowledge 
as intangible construction makes clear that no such thing as knowledge  transfer in the 
sense of the word does exist. As knowledge is a subjective and personal construction, 
any kind of transfer of such construction is impossible. Figure App2 tries to illustrate this 
point: Without any knowledge about the situation and the context which was constituent 
to build up one’s expertise, the recipient never will be able to achieve the outcome of 
the transfer intended. Knowledge transfer is not easy to achieve as one cannot tie the 
technology up in a package, hand it over to the recipient who would then open the 
package and say wonderful. 
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Figure App2: Multi-Dimensional Challenge of Knowledge Transfer. 
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Whatever is sent, it has to allow the recipient to develop his or her those cognitive 
structures that will enable him/her to achieve the objectives intended: knowledge does 
not exist outside of individuals, it is what people construct and agree upon. As the 
situation and the context of the re-construction of knowledge [by the recipient] will be 
different from the creator’s one, both will end up with different knowledge. 
While it is easy to postulate to achieve a re-construction of knowledge by the recipient, 
knowledge transfer is far more difficult to achieve than thought. 
 
Drafting the Technology Transfer Process 
There is a variety of means to transfer knowledge. However, tacit and explicit 
knowledge demand different transfer strategies. While explicit knowledge may be 
transferred by the way of document transfer, such a transfer is not applicable to tacit 
knowledge.  
 
While there are three basic transfer processes (see Figure App3), the transfer of 
knowledge may be limited to strategies  and . 
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Figure App3: Three Basic Processes of Knowledge Transfer.16 
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Nonaka (1991) notes that tacit knowledge can be shared by observation and imitation 
and thus is transferable. Such transfer has a long tradition in craftsmanship. However, 
the master’s cognitive processes remain hidden to the apprentice. In technology 
transfer, those cognitive processes are key and the question arises how knowledge is 
transferred in such a case (process ). 
 
Although document transfer may appear simple and straightforward at first, document 
transfer’s ease may turn out to be wrong. Although explicit knowledge may be less 
situation and context specific than tacit knowledge, its language and symbols are often 
idiosyncratic and far from easy to understand for people not familiar with the original 
situation/context. Thus, any document is witness to the specific situation and context of 
its creation (see figure App4). Further more, documents often are only created with the 
idea of supporting re-creation of the capacity to act for the knowledge’s creator, leaving 
potential other “users” in the dust. 
 

                                                           
16  While the same basic colors are assigned to the explicit and tacit knowledge, the recipient’s 

knowledge has is given a pattern to indicate that it is not the same knowledge. 
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Figure App4: Diverging Contexts Among Sender and Recipient. 
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As was noted above the transfer of tacit knowledge has been practiced for centuries 
(e.g. in craftsmanship). In apprenticeship situations knowledge is being situated and is 
exchanged/transferred within the social fabric of an expert culture by the principles of 
observation and imitation. Yet, regarding the transfer of technology, one important 
challenge has emerged: How can the master’s cognitive structures be made accessible 
to the apprentice? Only such access will allow the apprentice/recipient to assimilate the 
sender’s expertise in the necessary depth and breadth. 
 
An Action-Oriented Model of  a Technology Transfer Process 
 
Applying apprenticeship methods to technology transfer requires the externalization of 
processes that are usually carried out internally. This problem is tried to be solved by 
establishing a close and personal interaction between the expert and the learning 
person. The basic methodology of transfer consists of having the recipient to solve real-
world problems in authentic situations (modeling). While the recipient is trying to solve 
the problems, the expert offers help and support only in those instances which are 
insurmountable by the person learning. 
 
The recipient’s learning activities and perceptions are directed by coaching and 
supported by scaffolding, i.e. partial involvement in problem solving by the expert. Over 
time, support is being sequentially reduced which leads to an increased level of self 
control of the recipient within the process of learning. The expert increasingly fades until 
the recipient finally reaches the level of expert by him/herself (see figure App5). The 
recipients acquire knowledge in the social fabric of the expert’s culture by articulation 
which causes them the externalize their thinking processes.  
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Externalization of the thinking processes gives the expert insight into the learner’s 
thinking, allows immediate feedback for correction opens opportunity for a reflection of 
those processes. Finally, expert’s help becoming less and less the recipient gains more 
and more self confidence and control which enables him in the end to reach the stage of 
autonomously solving the problems in authentic domains of problems (exploration). 
 
 
Figure App5: An Action-Enabling Model of Knowledge Transfer17 
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Modeling 
 
Modeling means that the various parts and steps of the task of solving a problem are 
made visible to the learner by the expert. The expert is providing the conduct of the 
activity but also providing the learner with a task overview that serves as an advanced 
organizer for future observation sessions with the expert or with others (expert or not) 
where much of the learning occurs. Thus, the expert serves as cognitive model and 
assistance for the learner (advanced organizer). Succesful modeling helps reducing the 
time for building up the learner’s knowledge base considerably: Instruction of this sort 
may accomplish a radical reduction in the time and effort required for skill acquisition, 
relative to what would be required (by the engineer) proceeding on trial and error alone. 
 
 
Coaching 
 
By coaching the expert offers the learner specific and situation-specific help, makes 
suggestions, gives hints and feedback and is directing the learner’s attention to the 
important aspects of the problem solving process. Coaching intends to make the 
recipient understand and deploy the constitutive elements of expertise. Together, the 
                                                           
17  Building knowledge intends to provide to an individual the necessary skills to achieve certain actions 

at a general level. Competence is different from knowledge in that the term competence signals an 
ability that goes beyond of just knowledge. Expertise, finally, represents the highest skill level an 
individual can achieve. 
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expert (coach) and apprentice, they develop situations which allow the latter to gain 
insight into the expert’s cognitive processes . A good coach will never solve the 
learner’s problems. His task is to get the apprentice on the right track by asking and 
listening and developing new insights. The building of new knowledge and problem 
solving strategies cannot be forced; thus good coaching always makes clear that it is an 
offer to develop and acquire new knowledge. 
 
 
Scaffolding and Fading 
 
Scaffolding can be perceived as the process of facilitation which provides structure as 
well as support. It provides meta-cognitive support by structuring tasks in ways that are 
beyond the apprentice’s skills: determining the problem to be solved, the goal and the 
way the goal can be broken down into manageable sub-goals. It gives a chance to see 
how the steps fit together and to participate in aspect of the activity that reflect the 
overall goals, gaining both skill and a vision of how and why the activity works. Hence, 
scaffolding is the process of building cognitive bridges so that the expert can engage an 
apprentice somewhere between what he/she understands already (prior knowledge) 
and what he/she is on the edge of learning. However, figuring out what an apprentice 
already knows, and hence what he or she is ready to handle is no trivial task. 
 
 
Reflection 
 
By reflection a learner is facing the challenge to compare his own thinking and 
reasoning with the thinking and problem solving strategy of either experts or peers. 
Those comparisons will help the learner to identify deficits within his or her knowledge 
bases. Once identified, those gaps can be closed. The interaction between expert and 
learner leads to questions which provide an adept incentive to make learners 
externalize their perception and reasoning. 
 
 
Exploration 
 
Instructions outside of the context of real problems lead to the accumulation of inert 
knowledge. Such knowledge may help to solve problems which are closely related to 
the original context of instruction. However, in real-world problem solving such 
knowledge will fail as the learner lacks the necessary application and situation specific 
aspects of knowledge. To accumulate the meta-cognitive strategies of experts in 
problem solving the sub-processes of articulation and reflection are of utmost 
importance as they force the learner to articulate his or her problem solving processes 
and to compare them with the expert problem solving procedures. 
To achieve this de-contextualization in order to create a flexible knowledge base the 
learner has to deploy multiple perspectives on a specific problem. Such criss-crossing 
(Wittgenstein, 1953) is essential to the development of multiple and flexible knowledge 
representations which are common to experts, allowing them to understand complex 
problems and adapting their knowledge on the solving of new problems.  
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Conclusions 
 
The model proposed here to transfer knowledge from a sender to a recipient may not be 
the result of thinking which is “new to the world”. Even though the elements of the 
methodology developed here are not news, their synthesis results in a concept which 
has proven already valid and solid in single cases of technology transfer.18 Despite the 
absence of empirical evidence, some facts are making this approach a more than just 
plausible approach to design processes of knowledge transfer: 
 
• As such, the transfer is effective. It builds on the fact, that tacit knowledge has to be 

transferred in interpersonal interaction. It enables the recipient to deploy the 
knowledge in order to achieve the results which caused his or her interest in the 
transfer of knowledge/technology. 

• The methodology pays attention to the main constituents of each technology transfer 
– sender, knowledge, and recipient –and the characteristics of those constituents. 

• Last but not least, the methodology heavily builds on research developed in 
cognitive science, cognitive psychology and information processing. Thus, learning 
is not just situated but also results in the creation of knowledge bases which allow 
flexible deployment of the knowledge acquired.  

 
However, there is one major disadvantage to the methodology as it is proposed here: 
Despite being effective, it is rather slow and resource intensive and thus will be 
questioned by inexperienced managers. 
 
 

                                                           
18  The author is working on obtaining the right to publish the name of firms engaging in such transfers. 


