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Abstract 

In engineering psychology the knowledge of system operators is traditionally conceived 
as abstract general knowledge residing in the heads of individuals, transmitted during 
theoretical education, and somehow "decaying" as skills and experience grows. Recently 
attempts to overcome the limitations that this view imposes on the understanding of real
world behavior and thinking have been made by various authors. The investigation 
reported here demonstrates the extensive use of episodic memories and narrative 
accounts of incidents in systems control. The episodic memories serves both as a basis 
for analogical problem solving in case of similar events happening, and as a medium for 
creating a base of shared knowledge among the operators, as well as for the development 
of general system knowledge. 

Introduction 

In engineering psychology the knowledge of system operators is usually understood as 
represented in general abstract forms as semantic networks, mental models, inference 
rules and skilled "know-how" (se e.g. Bainbridge 1988, Rasmussen 1988, Wirstad 1988). 
Corresponding to this is the notion that behavior can be knowledge based, rule based or 
skill based. These kinds of behavior rely on the retrieval of "lexical" knowledge, 
appropriated in science-based education, stored perceptual patterns and rules acquired 
in associative learning, or automatic motor schemas developed in practical training (se 
e.g. Rasmussen 1988; Schein 1973 - in Schon 1983). 

According to Schein (in Schon 1983 p.24) differences in the content of these forms of 
knowledge, behavior and learning constitutes the background of different professions and 
occupations. Science based professions - as e.g. engineering - is traditionally regarded as 
"applied sciences". Their practitioners are seen as performing problem solving activity, by 
searching parts of their general scientific knowledge relevant to the bounded problem
space along a means-ends dimension. This view of professional problem solving, as 
application of established abstract scientific knowledge to specific pre-existing categories 
of problems is however not an appropriate model of what actually goes on when 
professional practitioners "solve problems". The viewpoint overlooks the fact, that much 
of professional activity consists of finding the problem to be solved in a confusing 
problematic situation (Schon 1983, p. 40). 

In order to understand the nature of professional practice it is - Schon argues - necessary 
to view it as a reflective conversation with the situation. The practitioner performs a 
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special type of experiments in which he develops his categories for understanding of the 
situation in the process of trying to change it according to his goals. The experimental 
activity in unique situations call for knowledge based behavior, but in a specific sense that 
is frequently at variance with the traditional "applied science" view. The expert is often 
able to perform in ways not described by any textbook, sometimes seemingly in contrast 
to scientific thinking, and often without being able to describe his methods or the applied 
knowledge. His performance is therefore often regarded as based on "art" or "intuition", 
inaccessible to scientific analysis and systematic training. 

This state of affairs raises the question of the development and structure of expert 
knowledge. Schon (1983) suggests that "artistic" expert performance relies heavily on a 
specific form of case~based analogical reasoning that he terms "reflection-in-practice". He 
also suggests that expert knowledge is developed both in the immediate problem-setting 
activity and the time in between. Schons suggestions can be seen as a continuation of the 
work initiated by Simon's (1969) call for a "Science of design", and are readily relevant 
to process control, since there is no distinct border between system design and system 
operation, inasmuch as the operator continuously has to adapt the features of the system 
to changing demands and operational conditions (Meshkati 1991, p. 112). Many types of 
process control ought to be included in the category of science based professions as even 
the conduct of routine activities must be controlled by a thorough understanding of what 
is going on in the system (Wirstad 1988). 

In many situations it is not possible for the professional to carry out experiments directly 
in the real situation, because possible - and sometimes necessary - errors may have 
dangerous consequences. This is especially true in many kinds of process control. 

Schon suggests that much of the professional experimental activity takes place in virtual 
worlds, as manipulations of symbolic representations of the real world situations. In an 
example he describes how a clinical psychologist supervising a therapeutic proces utilizes 
the therapeut's narrative account of a session as a representation and substitution for first 
hand experience in order to find the clients problems and possible ways to their solution. 
All professions rely on the use of such virtual worlds, which are specific for the diverse. 
professions, and which off course have their limitations, as they are abstractions leaving 
out many complexities of the real world. This feature makes them manageable, and thus 
gives them their strength as a tool, but it also makes some "experimental" activity in the 
real world indispensable. (Schon 1983, p. 161£.). 

In the example the virtual world for reflection is a narrative account of some real 
situation. Schon argues that this is very often so. A number of other researchers has made 
similar claims. Orr (1986, 1987) reports that diagnosis of faults in photocopiers often is 
accompanied by narrative accounts of earlier instances of faults and diagnostic processes, 
and that technicians utilize every opportunity to ten each other stories about problems 
and diagnostic processes when they meet on various occasions. 

Larsen (1986) suggests that retrieval of episodic memories may help decision making in 
situations that are similar to those remembered. He argues that memory for personally 
experienced events are important for the development and maintenance of operators 
system knowledge and skills in the context of control of complex technological systems, 
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and that the most important carrier of this empirically derived knowledge is the social 
system of operators. Likewise Bannon (1986) reports that users of computer systems 
prefer asking colleagues for help, rather than access online help facilities or system 
manuals, when they get in trouble. The social system of users is preferred due to the less 
abstract character of the help it provides. 

In psychological theories of memory it is now becoming widely accepted, that much of 
human memory is organized in an episodic format, i.e. as memories of specific experien
ced situations (Craik & Jacoby 1979, Leethovara 1952; Smimov 1973; Tulving 1985). 
According to Larsen (1983) episodic memory presupposes and subsumes memory for 
abstract procedural and semantic aspects of experience. 

In the context of engineering psychology Rasmussen (1986) mentions that episodic 
relations may exist between items of various abstract knowledge categories, and points 
to their importance in rulebased behavior for labeling prototypical situations as subjective 
experiential "frames" or contexts for intuitive judgments and skilled performance 
(Rasmussen 1988). Bainbridge (1988) has also noted the existence of episodic memories, 
and mentioned them as a possible intermediate format on the way from experience to 
general semantic knowledge. But apart from these short remarks the episodic format of 
knowledge is treated as a theoretically and practically relatively insignificant 
phenomenon. 

In order to illuminate the possible role of episodic memories in process control an 
investigation was carried out, with the aim to demonstrate the extent to which operators 
remembered specific instances of events or incidents, as well as the possible use these 
episodic memories might be put to, such as the development, dissemination and retrieval 
of plant knowledge in decision situations. (Brerentsen & Larsen 1990a, 1990b). 

Method of the Investigation 

The investigation was conducted as a series of individual and group interviews with 18 
operatorsl on a highly automated major danish power plant. 

(1) Individual interviews were carried out, in which 65 freely recalled episodic memories 
about incidents were collected. Some parameters of the memories were examined, such 
as the remembered date of the incident, the personal role of the informant in the event, 
the emotional "color" of the experience, and the vividness of the memories. The operators 
were also asked about the extent to which the events had been discussed among 
colleagues, if they had ever been reminded of them during their work, the occasions 
where such discqssions or recollections had taken place, and what kinds of knowledge -
if any - they had acquired in the discussions. 

(2) After the free recollections, short descriptions of 13 recorded incidents (2-3 lines) 
were presented to the operators in a random order. The events were selected from a list 

1 It should be noted, that power plant operators in Denmark are educated marine 
engineers, qualifying them as "professionals" in the sense of Schon (1983). 
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of 120 registered incidents on the plant, covering a period of 31/2 years (including the test 
periods of the blocks, in which relatively many incidents had happened). 234 answers 
were obtained, entailing information about whether the operator could identify the event 
as one he had experienced himself, or if he knew about it - or some other similar incident 
- from another source. They were also asked to supply information about conversations, 
remindings and knowledge, as was the case with the freely recollected episodic memories. 

(3) In subsequent group interviews, based on material from the individual interviews, the 
operators were asked to identify some of the freely recalled episodes from short 
descriptions (2-3 lines of text) resembling those of the 13 incidents, presented orally by 
the persons who had initially reported them, and his colleagues were aSked to identify 
whether they had been present or heard about it. After this, the possible function of 
episodic event memories as sources and carriers of system knowledge was debated, as 
well as their answers to the questions about the 13 registered incidents. 

Results 

(1) FREE RECALL IN INDIVIDUAL INTERVIEWS 

RECALL: In the individual 
interviews 65 episodic 
memories were elicited, 82% 
of which concerned incidents 
or similar events related to the 
operation of the plant. Out of 
these, 54% were caused by 
machine failures and other 
material causes, whereas 28% 
happened as a consequence of 
faulty procedures and 
prescriptions, or were due to 
human error. The rest of the 
episodes were not about 
incidents, but were regarded as 
memorable because they had 
led to discovery of heuristic 
value, or for some other 
reason (see Figure 1). 

Types of Recollected Episodes 

Machine error (35) Human error (own) (10) 

Human error (others) (5) 

Procedure error (3) 

Figure 1: Types of freely recollected episodes. 
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PROCESSING: Nearly all of 
the episodic memories of 
events (91 %) had been subject 
of conversations with col
leagues. Besides the collective 
deliberations, 83% of the 
remembered events were 
reported to have been topic for 
individual reflections. Half of 
the events (54%) had also 
been recollected later (see 
Figure 2). 

OCCASIONS: Conversations 
about events were most often 
undertaken in order to clarify 
the causes and/or the course 
of the incident, and had been 
conducted immediately after 
the incident. In addition, 25% 
had been topics of 
conversations caused by the 
occurrence of similar incidents, 
while 32% had been addressed 
in more casual conversations. 
Roughly 50% of the 
remembered events had been 
topics of discussion more than 
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Figure 2: Types of processing of experienced events. 
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occasions. Recollection of of experienced events. 
earlier experienced events 
were almost always occurring 
in similar operational situations, and only rarely reported as occurring while reading the 
operational records ("Updating") or in more casual settings (see Figure 3). 

KNOWLEDGE: Nearly all conversations (92%) were reported to having furnished the 
operator with some knowledge relevant for the operation of the plant (see Figure 4). 
Although figures are small, it seems likely that conversations conducted at different 
occasions also have different focus and results. Because of this, data on conversations 
have been split up according to the occasions for processing. 



-222-

The discussions taking place in 
order to clarify the causes and 
course of events appeared to 
be most productive in terms of 
new knowledge about both 
important process parameters 
and procedures to apply. Dis
cussions in similar situations 
tended to focus more on 
specific aspects as either 
important process parameters 
or the procedure to follow in 
the current situation. Casual 

Types of Knowledge Acquired 
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eo 
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new knowledge, or primarily to Figure 4: Types of knowledge acquired by different 
address the operator's attitudes types of processing of episodes. The three bars at the 
towards colleagues, the job, or left refer to conversations on various occasions. 
the plant. 

In 79% of the cases the individual reflections (Ind.Cons.) had reportedly resulted in the 
acquisition of new knowledge, of a variety resembling that obtained in discussions in 
similar situations. Also the recollection of experienced episodes in situations resembling 
the original occurrence seemed to have furnished the operators with useful knowledge, 
that was more or less implicitly contained in the episodic memory (see Figure 4). 

(2) REGISTERED INCIDENTS IN INDMDUAL INTERVIEWS 

RECOGNITION: Analysis of the 234 answers to questions about the 13 registered 
incidents revealed a'widespread familiarity with the episodes, as well as other similar epi
sodes. Of the 29 operators who were registered as being present at the event, 44% 
recognized the events as their personal experience, while 56% did not. Among those who 
didn't recognize the event as their own experience, 13% reported having experienced a 
similar event. In 28% of the cases operators said they had heard about it, or about a 
similar event, and 16% said they had no knowledge about any such event. Out of the 205 
answers from operators who had not been around at the event, 8% anyhow falsely 
recognized it at as one they had experienced, against 92% who did not; 13% reported 
having been present at a similar event, and 40% reported that they had heard about it 
or about a similar event. In 39% of the instances the operators reported no recognition 
or knowledge of the events at all (see table 1). 

Statistical analysis reveals a highly significant difference regarding the "recognition as 
e~erienced" between persons registered as present and persons not registered as present 
X (1) = 37.23;p < 0.001; on the other hand there is no such difference in the figures for 
"experienced similar event" or "Heard about event or a similar event". 
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All in all, the operators said they knew about the incident or a similar incident in 64% 
of the cases, either because they had been present at the particular incident, had ex
perienced a similar incident, or knew about them from conversations or written records. 

Not 
Registered registered Total 
as present as present 

Experienced 14 16 30 
Experienced a similar event 4 27 31 
Heard about this, or a similar event 6 82 88 
No recognition at all 5 80 85 
Total 29 205 234 

Table 1: Reported recognition of experience, and knowledge of events by operators 
registered as present at the incident, and operators not registered as present. 
Only one answer for every incident/person is counted. 

CONVERSATIONS: The figures in table 1 are exclusive. Operators indicating that they 
have experienced the specified incident, are not counted again, if they also report to have 
experienced a similar event, etc. If all answers are counted, figures for "experience of 
similar event" increases 80% to 56 cases; and "heard about ... " increases by 50%, totalling 
112 instances. This indicates a widespread acquaintance with events occurring on the 
plant, even if they ar not personally experienced. This knowledge was most often gained 
in conversations with colleagues while trying to clarify what had happened or while 
changing the watch (20-30% of cases). In 25-40% of the cases knowledge came from 
reading the operational records, and in ca. 15% of the cases from more casual 
conversations and conversations in similar situations (se table 2). As the number of 
"unknown" is very high, the exact distribution of figures in the table should not be taken 
too seriously. 

Specified Similar Total 
event event 

Situation 1 1 2 
Clarification 9 1 10 
Change of watch 11 0 11 
Similar situation 1 7 8 
Casu~l 5 2 7 
Reading records 23 7 30 
Unknown 10 34 44 

Total 60 52 112 

Table 2: Situations in which operators learned about the occurrence of events they had 
not experienced themselves. 
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In addition to the situations in which they had come to know about incidents, the 
operators in 73 instances reported having talked about the specified events or similar 
events. The distribution among different situations is shown in table 3. Compared to the 
situations in which they came to know about the occurrence of the event, the figures for 
the "change of watch" situation and "reading records" are very small here. 

Specified Similar Total 
event event 

Situation 7 6 13 
Clarification 11 4 15" 

Change of watch 4 1 5 
Similar situation 5 11 16 
Casual 7 5 12 
Reading records 2 2 4 
Unknown 3 5 8 
Total 39 34 73 

Table 3: Situations in which operators reported having talked about events that had 
occurred on the plant. 

KNOWLEDGE: In approxima
tely half of the cases in which 
the registered incidents were 
known to the operators, they 
were said to have been 
discussed, usually in order to 
clarify the causes and the 
course of the incidents. In 80% 
of these conversations new 
knowledge was acquired. 
Discussions during the 
situation, and the following 
clarification, were mainly 
about the plant or causal 
factors in the incident. 
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Conversations about recol- Figure 5: Types of knowledge acquired by processing of 
lected episodic memories recorded episodes at various occasions. 
coming up in similar situations 
were apparently more 
focussed, supplying mainly relevant information about important parameters or 
procedures to handle the current situation. In the casual conversations focus seemed to 
be on attitudes, or nothing in particular (see Figure 5). 
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(3) GROUP INTERVIEWS 

In the group interviews 24 selected freely recalled episodic memories were taken up for 
examination in a recognition test. In 81 % of the cases the operators readily recognized 
the incidents if they had been present themselves, and in 59% of the cases if they had not 
been present. They were able to identify the events on the basis of a few pieces of 
information, usually only requiring 1-2 lines of text (se table 4). 

Not 
Present at present at 

Recognition event event Total 

After 1-2 lines 7 6 13 

3-9 lines 4 7 11 

19-29 lines 2 0 2 

Recognized total 13 13 26 
No recognition 3 9 12 

Total 16 22 38 

Table 4: Recognition of freely recalled episodic event memories by colleagues in group 
interviews. 

Of the 25 debated episodes, 17 were reported to have been talked about in the group, 
and 8 were said to have been recalled since the occurrence. In 23 cases they claimed to 
have acquired new knowledge from the conversations. In the discussions the operators 
ascribed significant importance to the social communication of experiences. It was 
explained how the event memories served as "containers" for knowledge transmission, 
both between experienced operators and novices, as well as between operators with 
"equal" experience. Narrative accounts were used in order to explain the behavior and 
peculiarities of the plant, and to answer questions about specific issues, both in ongoing 
problem-solving situations and in "off-line" goal-directed discussions. Stories about events 
and incidents were also appreciated for their entertainment value. In passing it could be 
mentioned, that some of the conversations during interviews turned into knowledge 
transmission processes themselves. 

Finally the results from the recognition test of 13 registered incidents were taken up for 
discussion. The main issue was the reasons for false recognitions. The operators explained 
that some of the descriptions given could fit more than" one incident, because the 
information wa!i too abstract to specify a single episode. Most of the descriptions 
contained information specifying a plant subsystem, a primary cause, an alarm and the 
resulting consequence. According to the operators, the information necessary to identify 
a single episode should also include indication of the operational situation and ongoing 
activities that was the context of the incident, as well as information about the persons 
around, the activities undertaken to control the situation as well as their results and the 
eventual measures taken in order to prevent recurrence of the problem. On the other 
hand, alarms were said to be no help, except if they were very special. 
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Discussion 

SUMMARY OF RESULTS 

The interviews demonstrated that the operators readily recalled and reported a 
considerable number of episodic memories of operational incidents and other events. It 
was also shown that remembered episodes are recalled and talked about with colleagues 
to a significant degree. The conversations leads to a widespread awareness of events 
experienced by others, and to the operators gaining new knowledge about features of the 
plant, the processes, important parameters and useful procedures, and they develop their 
attitudes towards their work and to each other. Conversations taking place at different 
times and at different occasions have dissimilar focus and outcomes. The operators are 
to a significant degree able to distinguish events they have experienced from events they 
know about from other sources, although recurrent types of events produce memories of 
a repisodic character, that makes recognition of specific instances difficult. 

Conversations seemed to be most productive in terms of comprehensive new knowledge 
when they were conducted in order to clarify the cause and course of an event, while 
retrieval and conversations in similar situations appeared to be more focussed on specific 
aspects that were relevant in the context. Getting to know about incidents from other 
sources was highly represented in the "change of watch" situation and "reading records", 
while these are not indicated as situations for deeper conversations. The figures for con
versations in similar and casual situations indicates that episodes are remembered and 
recalled later to serve knowledge transmission in both "on-line" process control and in the 
"off-line" social contexts. Casual conversations were reported as either not relevant to the 
production of knowledge, or to be mostly concerned with attitudinal aspects. This suggests 
a function of creating mutual confidence based on an assessment of the credibility of the 
partners, which has been noted to be important by Bagnara, Stablum & Rizzo (1988). 

Although recall of episodic memories are reportedly rare in connection with the 
knowledge updating by reading of operational records, it is probable that they are 
retrieved to provide a context for comprehension of the record. As a context, it will by 
definition be "out of focus",and the retrieval therefore not noticed. The same arguments 
also applies to the reportedly rare occurrence of recall of episodes in casual settings. 
Here it is also very probable that recalled episodes surfaces as narratives in the 
conversation, and therefore appear in the interviews as topics for conversation. In case 
of similar situations happening, recollection of episodic memories serve as a medium for 
retrieval of relevant information in connection with analogical problem solving and 
reflection-in-action. 

The conversations about episodes can be seen to serve at least three functions. One 
function seems to be the dissemination of knowledge about the episodes as such, creating 
a fund of shared episodic memories. Second the narrative accounts of episodes can be 
a medium for experimental examination of problematic situations. The third function is 
the development of concrete general knowledge, different from both the episodic 
knowledge, as well as from general knowledge in an abstract text-book format. In relation 
to theories of knowledge representation, a possible conclusion may be, that the episodic 
relations between abstract knowledge items gives human knowledge its human character. 
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FUNCTIONS OF CONVERSATIONS 

As suggested by J. Lave (1991) the learning of a new profession is not only the 
accumulation of "knowledge" in the head of the learner, but also to acquire the status as 
a legitimate member of the team, which entails the buildup of a basis of mutual 
experiences. Although experience cannot be communicated by telling stories, they anyhow 
provides the listener with a notion of the world. In general, conversations about 
remembered episodes and incidents can create a shared interpretation context for the 
behavior of colleagues, as well as for technical information, and provide a redundancy of 
knowledge that is important for the long term stability of system functions (see e.g. 
Hutchins 1990). 

The circulation of narrative accounts of episodic memories alleviates the idiosyncratic 
nature of the "frames" they provide for intuitive judgments and skilled performance, that 
is mentioned by Rasmussen (1988). By being told to everybody they become a common 
framework, providing a publicly accessible context for interpretation of the behavior of 
individual team members. 

To the experienced practitioner, narrative accounts can represent and substitute for the 
real world, as it is shown by Schon (1983, p. 160ff.). As a medium for reflective 
experimentation they provide certain advantages. By selective questioning and attention, 
features of the situation can be kept constant. A story can be held as a datum, its 
meanings and its relationships to other stories can be examined at will. Events from 
different times and locations can be compared in order to explore commonalities and 
differences in their features. Some stories can be ignored, or reduced to sketches, while 
others may be expanded and detailed. By narrowing attention to a few features the main 
thread of a story can be isolated from the surrounding factors, and the data which will 
serve as material for experiments in interpretation can be reduced. By trying out different 
interpretations, experimental moves can be reversed and learning sequences designed. 
"Virtual worlds are contexts for experiment within which practitioners can suspend or 
control some of the everyday impediments to rigorous reflection-in-action. They are 
representative worlds of practice in the double sense of "practice". And practice in the 
construction, maintenance, and use of virtual worlds develops the capacity for reflection
in-action which we call artistry" (Schon 1983, p. 162). 

Since the episodes considered as "frames" implicitly carries representations of means-ends 
relations in the action space (Rasmussen 1988), they also become a medium for 
transmission of general knowledge. In this relation, the situated knowledge embodied in 
event memories has some advantages, compared to the more conventional "textbook" 
formats usually applied in general training, "help" systems and manuals. As Lave (1991) 
remarks, the usefulness of abstract knowledge hinges on its contextualisation. 

In his account of the probable functions of narratives in technical diagnosis of 
photocopiers, Orr (1986, s. 70) states that telling narratives as "war stories" to fellow 
technicians elaborates the shared understanding of the systems and provides an 
interesting, memorable context-laden medium in which the information can circulate and 
be used. The narratives are not only considered as a medium for the transmission of 
knowledge, but as a necessary format for the application of it. According to Orr, the 
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knowledge provided by general training programs only serves as a skeleton for the 
technician's mental model and is used to assimilate empirical lessons from the anecdotal 
community memory. The technicians need general knowledge with empirical reference 
because their understanding of the machines is a situated understanding in which the 
details of context constrain the application of retrieved general knowledge. 

This makes it relevant to examine the function of conversations in relation to the 
production of general semantic and procedural knowledge. Rasmussen (1986) describes 
how skills are developed as an adaptation to the context of action, and how "rules-of
thumb" are formulated on the basis of recurrent patterns of symptoms and actions. This 
is, however, only a part of the story, but in the model of Rasmussen (1986), the 
transformation of operational experience to general knowledge is not treated. 

Only the opposite direction of change seems to be considered by Rasmussen (1986): The 
decay of knowledge acquired through theoretical education as skills are developed in 
routine action. But this decay of general knowledge as experience grows, should not be 
seen as an anthropological constant. It seems rather to be a consequence of working 
conditions that does not allow for its exercise (Bainbridge 1982). 

It is probably the same circumstances that forms the background for the observation, that 
perceptual skills and rules of behavior developed in normal routine operation tends to 
lead to inadequate reactions and superficial reasoning in unusual situations (see e.g. 
Grosdeva et al. 1989; Rasmussen 1981). 

This phenomenon is associated with the kind of "statistical" knowledge generalization that 
is taking place in the "repisodisation", going on during routine activities. This process has 
been described as a generalization from experience by a simple blurring of details from 
the memories of recurring episodes (Neisser 1986; Schank 1982). As a consequence of 
the repetition of similar episodes, specific details of the individual episodes become 
"blurred", revealing the commonalities of the episodes. The generalization by repisodi
sation is a generalization of similar elements, whereas the unique features are removed. 

In the present investigation it was demonstrated, that many conversations were directly 
aimed at the acquisition of new general knowledge. A number of features of 
conversations contributes to this. In the conversations, it is necessary to explicate 
elements of the situation that might otherwise have remained implicit. Especially the 
unique features of the events, and in the conversations for "clarification", also the obscure 
and problematic features, must be spelled out. Although the person who is telling the 
story may not know exactly what had happened, or why it happened, his narrative account 
may reveal "problemspots" that can be scrutinized collectively in the conversation. 

In the conversations a kind of double, collective, problem solving takes place: the 
operators are working to solve the current practical problem in the system, and their own 
problem of understanding the causes and course of events. The discussions therefore deve
lop into a collective thinking activity, in which abstraction and generalization of event 
experiences into semantic and procedural knowledge is taking place. 
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The different partners in the conversation probably have different kinds and amounts of 
general knowledge, different prior experiences and different points of view on the current 
situation. In conversations the experienced events are combined with the general 
knowledge of the operators and get connected to other events that may in various ways 
be related to them. By embedding the episodes in other contexts and relations, and illu
minating it from many sides, the unique attributes of the situation are explicated and 
extracted. The abstracted features are not only those exhibited in a specific context but 
the many different characteristics that are displayed in diverse circumstances that are 
brought into the conversation. 

The development of general knowledge by collective processing of experienced events can 
be understood as a collective thinking activity in terms of Rubinstejns (1959) theory of 
thinking as a process of analysis by synthesis with simultaneous abstraction and general
ization. This activity was described as the ''backbone'' of individual thinking by Rubinstejn, 
but may be extended to collective thinking as well (c.f. Bruslinskij 1983, Lomov 1984). 
The events are analyzed by relating them to different events, "synthesizing" them with 
different circumstances. In the analysis the essential causal factors are abstracted, and 
their relations and bindings to specific circumstances revealed. The abstracted features 
are therefore not only those exhibited in a specific context, but generally the many 
different characteristics that may be displayed under various circumstances. One 
advantage of this kind of generalization compared to repisodisation is its many-sidedness, 
its greater versatility. It comes about as a consequence of the analysis from different 
perspectives, and the establishment of relationships to diverse events, and to general 
knowledge distributed among different people. 

The quality of the "products" resulting from the operators collective thinking activity, is 
not a linear sum of the results they are able to achieve individually. The cognitive 
processes in takes on special forms in collective problem solving, and reaches a higher 
system quality (Lomov 1978, 1979, 1980, 1984). Lomov also mentions, that in collective 
problem solving it can be advantageous to let one person have the role of a detached 
observer, as it makes him free to see features of the situation, that the other members 
of the team miss because of their goal oriented perspective on the situation. A similar 
phenomenon was noted by Woods et al. in analysis of the TMI incident, where mistakes 
persisted for a long time, until a "fresh viewpoint enters the situation" (Woods et al 1987, 
in Meshkati 1991, p. 115). 

CONCRETE GENERAL KNOWLEDGE 

According to Schon (1983 pp.137ff.) the performance of a professional practitioner is 
dependent on his access to a repertoire of examples, images, understandings and actions, 
that makes it possible for him to perceive a unique situation as something familiar, 
without having to squeeze it into a formal preconceived schema. The breadth and 
variability of this repertoire is a deciding factor in the quality of his expertise. 

Although it is impossible to transfer experience from one person to another, it is possible 
to do something like it by sharing narrative accounts of experienced cases. This also 
seems to be a common basis for the teaching of professional expertise, as Schank (in 
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Manuel 1988) has remarked: "People learn by trading stories - they compare case 
experiences. People who teach well teach cases and stories - bad teachers teach rules". 

The essential factor in truly knowledge-based types of activity is their basis in theoreti
cally comprehended concrete knowledge structures. The knowledge based action control 
of experienced experts is constituted by rich general concepts, characterized by a rich stock 
of "pointers" to numerous and diverse actual practical situations, which contrasts with 
general knowledge in the sense in which it is represented in "theoretical textbooks". That 
type of abstract theoretical knowledge is rather characterized by the absence of any rela
tions to concrete practical situations. 

Concrete general concepts are not constrained to specific situations as it is characteristic 
of concrete "concepts" as habitual skills and rules, and the freedom is not established by 
absence of connections to any concrete circumstances, as it is characteristic of abstract 
general textbook knowledge. It is this absence of any relations and bindings to specific 
episodes that lends "abstract theoretical" textbook-knowledge its generality. On the other 
hand, it is the richness of relations and bindings to numerous concrete circumstances that 
gives knowledge developed through collective processing of episodic memories its 
generality, its lack of binding to specific circumstances. 

The essential difference between textbook-knowledge based behavior and experience
knowledge based behavior is that the objective meaning contained in the first, is filled 
with personal sense in the last, to use the terminology of Leont'ev (1979). The 
understanding of "semantic" knowledge as knowledge of abstract concepts and relations 
is missing essential properties of human knowledge, just like the classical theory of 
memory, that was based on the experimental investigation of memory for lists of 
meaningless syllables, missed essential properties of actual human memory. 

The need for knowledge with empirical reference, that Orr links to characteristics of the 
process of diagnosis of photocopiers, may in fact be a characteristic property of human 
thinking and problem solving in general. It was for instance shown in experiments by 
Johnson-Laird and Wason (1983) that dramatic increases in the number of correct 
solutions of a problem could be achieved by presenting it in a "realistic guise", compared 
to an abstract form. Lurija (1974) also reported that the solution of syllogistic reasoning 
problems often proceeds by reasoning about the real-world matters that are represented 
in the premises, rather than by formal manipulation of the premises. Also the observation 
of Patrick (1989), regarding the usefulness of theoretical training for technical problem 
solving, seems to be relevant here. 

Conclusion 

At the same time as industrial systems become more automated, the importance of the 
qualifications of the operators and their understanding of, and contact with the object of 
control is increasing (Bainbridge 1982). The investigation reported here confirms the 
notion that a considerable amount of informal knowledge based on experience circulates 
among operators on complex technological systems parallel to the formal knowledge in 
documentation, procedural prescriptions and the like. This circulation of informal 
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knowledge provides a potential for development and maintenance of qualifications, 
knowledge, and motivation. 

The transmission of narrative accounts of episodic memories of incidents serves to 
integrate individuals in the community of operators, creates a shared knowledge base, 
help the development of system knowledge and the retrieval of relevant knowledge in 
case of incidents, and provides a medium for the execution of thought experiments. By 
gathering, analyzing and disseminating narrative accounts of experiences in a cooperative 
fashion, involving management, technical staff and operators, it is possible to support 
practical control by development of relevant theoretical understanding and motivation, 
and on the other hand feed practical experiential knowledge into the management and 
design of systems in a systematic way (cf. Norros 1989). 

The provision of opportunities for conversations about experiences and a systematic 
collective treatment of experiences from incidents may help alleviate the foreseeable 
problems stemming from higher levels of automation (Bainbridge 1982). Any realistic and 
reasonable system will eventually include some kind of human operators, and the 
demands to their system knowledge and control skills tend to increase, rather than 
decrease, with higher levels of automation (Leont'ev 1970). A strategy of systematic 
maintenance and development of operator qualifications and motivation will remain 
adequate, no matter what level of sophistication computerized control systems may 
achieve. 
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