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- lære om	brukskontekst
- lære annet verdenssyn
- trene på å skifte perspektiv
- nyttig fagkunnskap
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Ironies of Automation* 
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Abstract--This paper discusses the ways in which automation of 

industrial processes may expand rather than eliminate problems 

with the human operator. Some comments will be made on 

methods of alleviating these problems within the "classic' 

approach of leaving the operator with responsibility for 

abnormal conditions, and on the potential for continued use of 

the human operator for on-line decision-making within 

human-computer collaboration. 

Irony: combination of circumstances, the result of which is the 

direct opposite of what might be expected. 

Paradox: seemingly absurd though perhaps really well-founded 

statement. 

THE classic aim of automation is to replace human manual 

control, planning and problem solving by automatic devices and 

computers. However, as Bibby and colleagues (1975) point out: 

"even highly automated systems, such as electric power networks, 

need human beings for supervision, adjustment, main.tenance, 

expansion and improvement. Therefore one can draw the 

paradoxical conclusion that automated systems still are 

man-machine systems, for which both technical and human 

factors are important." This paper suggests that the increased 

interest in human factors among engineers reflects the irony that 

the more advanced a control system is, so the more crucial may be 

the contribution of the human operator. 

This paper is particularly concerned with control in process 

industries, although examples will be drawn from flight-deck 

automation. In process plants the different modes of operation 

may be automated to different extents, for example normal 

operation and shut-down may be atomatic while start-up and 

abnormal conditions are manual. The problems of the use of 

automatic or manual control are a function of the predictability 

of process behaviour, whatever the mode of operation. The first 

two sections of this paper discuss automatic on-line control 

where a human operator is expected to take-over in abnormal 

conditions, the last section introduces some aspects of human- 

computer collaboration in on-line control. 

1. Introduction 

The important ironies of the classic approach to automation 

lie in the expectations of the system designers, and in the nature of 

the tasks left for the human operators to carry out. 

The designer's view of the human operator may be that the 

operator is unreliable and inefficient, so should be eliminated 

from the system. There are two ironies of this attitude. One is that 

*Received 16 December 1982; revised 23 May 1983. The 

original version of this paper was presented at the 

IFAC/IFIP/IFORS/IEA Conference on Analysis, Design, and 

Evaluation of Man-Machine  Systems which was held in Baden- 

Baden, F.R.G. during September 1982. The published proceed- 

ings of this IFAC meeting may be ordered from Pergamon Press 

Ltd, Headington Hill Hall, Oxford OX3 0BW, U.K. This paper 

was recommended for publication in revised form by editor A. 

Sage. 
t Department of Psychology, University College London, 

London WC1E 6BT, U.K. 775 

designer errors can be a major source of operating problems. 

Unfortunately people who have collected data on this are 

reluctant to publish them, as the actual figures are difficult to 

interpret. (Some types of error may be reported more readily than 

others, and there may be disagreement about their origin.) The 

second irony is that the designer who tries to eliminate the 

operator still leaves the operator to do the tasks which the 

designer cannot think how to automate. It is this approach which 

causes the problems to be discussed here, as it means that the 

operator can be left with an arbitrary collection of tasks, and little 

thought may have been given to providing support for them. 

1.1. Tasks after automation. There are two general categories 

of task left for an operator in an automated system. He may be 

expected to monitor that the automatic system is operating 

correctly, and if it is not he may be expected to call a more 

experienced operator or to take-over himself. We will discuss the 

ironies of manual take-over first, as the points made also have 

implications for monitoring. To take over and stabilize the 

process requires manual control skills, to diagnose the fault as a 

basis for shut down or recovery requires cognitive skills. 

1.1.1. Manual control skills. Several studies (Edwards and Lees, 

1974) have shown the difference between inexperienced and 

experienced process operators making a step change. The 

experienced operator makes the minimum number of actions, 

and the process output moves smoothly and quickly to the new 

level, while with an inexperienced operator it oscillates round the 

target value. Unfortunately, physical skills deteriorate when they 

are not used, particularly the refinements of gain and timing. This 

means that a formerly experienced operator who has been 

monitoring an automated process may now be an inexperienced 

one. If he takes over he may set the process into oscillation. He 

may have to wait for feedback, rather than controlling by open- 

loop, and it will be difficult for him to interpret whether the 

feedback shows that there is something wrong with the system or 

more simply that he has misjudged his control action. He will 

need to make actions to counteract his ineffective control, which 

will add to his work load. When manual take-over is needed there 

is likely to be something wrong with the process, so that unusual 

actions will be needed to control it, and one can argue that the 

operator needs to be more rather than less skilled, and less rather 

than more loaded, than average. 

1.1.2. Cognitive skills. 

Long-term knowledge: An operator who finds out how to 

control the plant for himself, without explicit training, uses a set 

of propositions about possible process behaviour, from which he 

generates strategies to try (e.g. Bainbridge, 1981). Similarly an 

operator will only be able to generate successful new strategies for 

unusual situations if he has an adequate knowledge of the 

process. There are two problems with this for 'machine-minding' 

operators. One is that efficient retrieval of knowledge from long- 

term memory depends on frequency of use (consider any subject 

which you passed an examination in at school and have not 

thought about since). The other is that this type of knowledge 

develops only through use and feedback about its effectiveness. 

People given this knowledge in theoretical classroom instruction 

without appropriate practical exercises will probably not 

understand much of it, as it will not be within a framework which 
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