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Abstract 

The investigation aims to uncover the use of episodic memories and the development of semantic knowledge 
in work activities. 18 machinists on 2 power plants were interviewed with both free recall and identification of 
registered events. Recall and discussions of experienced episodes were widespread, and serves as a means to 
develop, disseminate and retrieve plant knowledge. The discussions serve to abstract and generalise essential 
elements of knowledge through analysis by synthesis. The systematic utilisation of this kind of knowledge 
processing holds a considerable potential for qualification and motivation of operators, and for technological 
development. 

Introduction 

The increasing level of automation in industrial production systems place increasing 
demands on the operators' ability to process system information and make decisions 
about control interventions. Currently the introduction of computerised decision support 
systems is suggested as a help to the operators (Hollnagel et al. 1986). The usefulness of 
decision support systems in real time process control is sometimes questioned on the 
ground that systems tend to be rigid and incomprehensible because of the unnatural 
representations of knowledge, reasoning strategies and explanation facilities applied (see 
e.g. Embrey & Humphreys 1985; Goodstein 1986). 

In the context of process control, as well as in Artificial Intelligence, knowledge is usually 
represented in abstract semantic and procedural forms, as e.g. production rules, i.e. 
systems of simple propositions (e.g. Rasmussen 1986, Wirstad 1988). Bainbridge (1988), 
as the one exception, however, mentions episodic memories as a possible intermediate 
format on the way from experience to general semantic knowledge. Apart from this single 
instance it is very unusual to take account of the episodic format of knowledge. 
In theories of memory it is on the contrary becoming generally accepted, that much of 
human memorx is organised in an episodic form, i.e. memories of specific experienced 
situations (Cralk & Jacoby 1979, Smimov 1973, Tulving 1985). 
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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 tech
nicians utilise every opportunity to tell each other stories about problems and diagnostic 
processes when they meet on various occasions. Larsen (1986) suggests that memory for 
personally experienced events may be important for the development and maintenance of 
operators system knowledge and skills in the context of control of complex technological 
systems, 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. 

In order to develop an understanding of how decisions are supported and how knowledge 
is represented in "natural decision support systems" - i.e. collective support in working 
groups - a number of interviews were conducted with machinists on a hIghly automated 
power plant. The objective was to uncover the use and function of episodic memories of 
particular incidents as a means to develop, disseminate and retrieve plant knowledge in 
decision situations, and to illuminate the relation between episodic and semantic 
knowledge. 

Method of the Investigation 

(1) In individual interviews 18 machinists from two power plants recollected 65 experien
ced work e1?isodes. They were asked questions about a number of parameters of their 
memories, mcluding information about whether they had discussed the events with 
colleagues and if they had been reminded of them on later occassions. 

(2) In addition they were asked about their knowledge of 13 incidents selected from a list 
of 120 registered incidents from a period of 31h years (which included the test periods of 
the two newly constructed power plants, in which relatively many incidents had 
happened). These incidents were presented to the operators as short descriptions in a 
random order. 234 answers were obtained, which included information about whether the 
machinist knew of the incident from his own experience, or from other sources, as well as 
information about various other characteristics of their memories. 

(3) In subsequent group interviews, based on material from the individual interviews, 
some characteristics of the memories and their use were debated, with special emphasis 
on event memories as sources and carriers of system knowledge. 

Results 

(1) Free recollection. The results show that 82% of the freely recollected episodes 
concerned incidents, 54% were incidents caused by material faults, like machine failures 
and the like, 28% were incidents caused by human errors, faulty procedures, regulations 
etc., while the rest of the episodes were regarded as instructive or generally memorable 
for some reason (see Figure 1). 

Of the freely recollected event memories, 91 % had at least once been the topic in 
discussions among the machinists (see Figure 2). Most often these discussions took place 
immediately after the incident, with the purpose of clarifying the causal factors and the 
course of events. 25% had been objects of conversations caused by the experience of 
similar incidents, and 32% had been talked about in more casual conversations. Ar.
proximately ~alf of the remembered events had been discussed several times and at dIf
ferent occasSlOns. 
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In 92% of the cases the discussions resulted in development of various kinds of knowledge 
relevant to control of the system (see Figure 2). The discussions for clarification of causes 
were most productive in terms of development of new knowledge of important process 
parameters and the correct procedure to apply. Discussions in similar situations tended to 
focus on specific aspects as either important process parameters or hints about which 
procedure to follow in the current situation. In the casual conversations it was primarily 
attitudes towards colleagues, the job, or the plant, that was influenced by the discussions. 

83% of the remembered events had been subjected to individual considerations by the 
experiencing person. Of these considerations 79% had resulted in the acquisition of new 
knowledge, comparable to that gained in discussions in similar situations. 

In addition to the collective conversations and individual contemplations, 54% of the. 
event memories had been recollected at later occassions, almost always in situations 
similar to the original events, thereby supporting decision making by focusmg attention on 
the associated system knowledge that was more or less implicitly contained in the episodic 
memory (see Figure 3). 

(2) Recognition of incidents. The answers to questions about registered incidents showed 
that only half of the machinists who actually had been present at the specific incidents 
were able to recognise them from the description. A comparable number of persons who 
had not been present, falsely identified them as incidents they had experienced. In 24% of 
the cases some other similar event had been experienced. The answers also revealed a 
fairly high level of information about incidents among those who recognised that they had 
not been present; in 26% of these cases, the machinists said they had heard about the 
incidents, and in 22% that they had heard about similar incidents. The major source of 
knowledge of the incidents were talks with co-workers. In totally 64% of the cases the 
machinists said they knew about the incident or a similar incident, either because they 
had been present at the particular incident, had experienced a similar incident, or knew 
about them from conversations or written records. 

Approximately half of the registered incidents mown to the machinists had been 
discussed, usually to clarify the causes and course of the incidents (see Figure 4). In 80% 
of these conversations new knowledge was acquired, mainly about the plant or causal 
factors in the incident. Knowledge gained in conversations and remindings coming up in 
similar situations were mainly supplying relevant information about important parameters 
or procedures to handle the current situation. 

(3) Group discussions. In the group discussions it turned out that the machinists in 81 % 
of the tested cases readily recognised the incidents that other machinists had reported, if 
they had been present themselves, and in 59% of the cases if they had not been present. 
They usually only required 1-2 lines of text to identify the event. It was not possible to 
decide, whether recollections of the earlier episodes helped retrieve information relevant 
to the control of the current situation, or if recollections were not triggered until control 
of the current situation had been achieved. Examples of both were given. 

In summary the results show that the machinists often use narrative accounts of recalled 
events to pass on knowledge about the plant to colleagues on different occasions. Ex
perienced machinists explain the functions of the plant to novices undergoing training, or 
they answer direct questions about the -plant. The machinists also often entertain each 
other in idle periods with tales about inCIdents. Recollections of episodic memories were 
also shown to function as a mechanism to retrieve knowledge about the plant, important 
process parameters, and possible procedures to follow in case of similar events happening 
at a later time. 
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The discussions about the course and causes of incidents were highly valued as sources of 
knowledge, and were considered to some degree to compensate for the much regretted 
loss of possibilities for manual control. In the long term perspective the machinists feared 
that it might lead to loss of control competence and skills. In this connection they 
expressed a desire for a more systematic approach to the collection, processing and 
dissemination of knowledge from incidents - whereas there was no desire for the introduc
tion of computerised decision support systems. 

Discussion 

The process of development of control skills is often discussed in connection with control 
of complex systems (e.g. Rasmussen 1986), and is seen as proceeding from knowledge 
based behavior, through rule based behavior to skill based behavior by adaptation to the 
conditions of action. The opposite development of general knowledge from experience is 
rarely taken into consideration. 

Seen in the light of the apparently great importance of episodic memories and 
conversations about events as a means to maintain, retrieve, transmit and process plant 
knowledge, it seems necessary to find a way of understanding its significance for the deve
lopment of expertise, and a theoretical explanation of its relation to the commonly 
accepted semantic representations of general knowledge. 

Repisodisation of episodic knowledge (Le. the fusion of similar episodes and the fading of 
specific details from the memories of particular instances) has been considered as the 
mechanism of development of general semantic knowled~e (Neisser 1986; Schank 1982). 
Although this mechanism is real, it should not be conSIdered the most important and 
perhaps not even the most common. Conversations and discussions of events might be of 
greater importance for the "semantisation" of knowledge derived from specific 
experienced episodes. 

The probable function of discussions in relation to the development of semantic 
knowledge leads to consideration of conversations as "production of shared general 
knowledge". In the conversations, it is necessary to explicate elements of the situation that 
might otherwise have remained implicit. By the communication of knowledge of specific 
events and general knowledge to collea~es, a collective fund of knowledge is created. 
The different partners in the conversatlOn probably has different amounts of general 
knowledge, different prior experiences and different points of view on the current 
situation. In the conversations a kind of collective problem solving takes place: the 
operators are solving the current practical problem in the system, and their own problem 
of understanding the causes and course of events. The discussions therefore develop into 
a collective thinking activity, in which abstraction and generalisation of event expenences 
into semantic and procedural knowledge is taking place. 

This collective thinking activity might be described as analysis by synthesis, because the 
events are analysed by relating them to different events and thereby "synthesising" them 
with different circumstances. By this the essential causal factors are abstracted and their 
relations and bindings to· specific circumstances revealed. Analysis by synthesis was 
described as the "backbone" of thinking by RubinJtejn (1959). Although he only 
considered it in relation to individual thinking, there is no reason why his analysis should 
not be extended to collective thinking as well (c.f. Lomov 1984), or from experimental 
settings to the technical domain. 
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The advantage of this kind of generalisation compared torepisodisation is, among other 
things, its many-sidedness, its greater versatility. Whereas generalisation through repisodi
sation comes about as a consequence of the repetition of similar episodes, by which 
specific details become "blurred", generalisation through conversation comes about as a 
consequence of the establishment of relationships to events seen from different 
perspectives, and to existing general knowledge distributed among different people. 
Another factor of essential importance is the necessity of explication of implicit elements 
when they are communicated to other persons. 

Whereas the generalisation by repisodisation is a generalisation of similar elements, the 
generalisation through discussions is a generalisation of essential elements. Semantic 
knowledge derived through generalisation of essential elements from experience is 
characterised by its rich stock of "pointers'~ to actual practical situations, which contrasts 
with general knowledge in the sense in which it is represented in "theoretical textbooks". 
This kind of abstract theoretical knowledge is rather characterised by the absence of any 
relations to concrete practical situations. 

It is this absence of any relations and bindings to specific episodes that lends "abstract 
theoretical" knowledge Its generality. On the other hand, it is the richness of relations and 
bindin~s to numerous concrete circumstances that gives knowledge developed through 
collectIve processing of episodic memories its generality, its lack of binding to specific 
circumstances. 

Even if this kind of generalised semantic knowledge has advantages compared to abstract 
theoretical knowledge, the episodic format itself might be of importance too, and should 
be considered in the context of decision support systems. As a medium for transmission of 
general knowledge, the situated knowledge embodied in event memories has some 
advantages, compared to the more conventional "textbook" formats usually applied in 
"help" systems and manuals. These advantages are considered by Orr 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 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. 

Orr links this need for knowledge with empirical reference to characteristics of the 
process of diagnosis of photocopiers, but it may in fact be a characteristic property of 
human thinkin~ and problem solving in general. It was for instance shown in experiments 
by Johnson-Laud 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 
m the premises, rather than by formal manipulation of the premises. Perhaps the 
understanding of "semantic" knowledge as knowledge of abstract concepts and relations is 
missing some 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. 
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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). As a consequence, it has been suggested to 
introduce computerised decision support systems as a help to the operators. 

We would like to focus attention on the relatively untapped potential for development 
and maintenance of qualifications, knowledge, and motivation which exists in the form of 
the widespread social transmission and processing of plant knowledge in remembered 
episodes. By gathering, analysing and disseminating narrative accounts of these 
experiences in a cooperative fashion, involving management, technical staff and 
operators, it might be possible to support practical control by development of relevant 
theoretical understandmg and motlvation, 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 might also help alleviate the fore
seeable problems stemming from higher levels of automation (Bainbridge 1982). As any 
realistic and reasonable system will eventually include some kind of human operators 
(Leont'ev 1970), and the demands to their system knowledge and control skills tend to 
increase, rather than decrease, with higher levels of automation. A strategy of systematic 
maintenance and development of operator qualifications and motivation will not become 
obsolete, no matter what level of sophistication the computerised control systems may 
achieve in the future. Possible computerised decision support systems should be designed 
to support human ways of making decisions, by providing operators the opportunity to 
exchange situated knowledge and process it in a collective way. 
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Types of processIng of episodes 
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