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- 28 -

is to maintain barriers to radioactive release. There are 

certain functions that are necessary and physical systems which 

support those functions in order to maintain the barriers. 

Similarly, a particular function, say primary loop circulation, 

can be taken as the goal of a lower level display which is turn 

requires that certain functions be met (e.g., seal flow, pumps 

on) and for which there are various physical components which 

support each function. 

There may be other successful ways to incorporate this and 

other principles into an interface depending on the entire set 

of goals to be achieved. In all cases, the specific guidelines 

are derived as means for building the man-machine concepts 

specified in the principles into a design. 

Evaluating the Suggested Design 

The resul t of the design process is a suggested design or an 

implementation of the model system. But too often the design 

process ends here. eSE, on the other hand, expl ici tly recog­

nized the need for an evaluation of the design, since it is the 

actual rather than the expected or anticipated consequences of 

the design which are of importance. 

Evaluation a design may take place on several different levels. 

One type of evaluation is the verification of the design, which 

essentially is a check of whether the model implementation 

meets the goals set up in the system task description. Woods & 
Eastman, (Note 14) is an example of a system design where task 

descriptions were used to perform this kind of evaluation. 

Another type of evaluation is concerned wi th the validi ty of 

the design. The two most important types of validi ty are the 

content validity, which is concerned with the similarity 

between the test conditions and the actual conditions, and the 

empirical validity, which is concerned with the match between 

the experimental results and the actual results. A more 
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penetrating discussion of these matters by be found in Holl ­

nagel, 1981a & b . A schematic representation of the vartous 

aspe cts of the evaluation is shown in Figure 6 . The evaluation 

of a design may, of course, al so serve as a part of the 

cognitive task analysis for future designs . For example, Woods 

et al ., (Note 15) developed a data base on power plant 

operator's behavior in emergencies while testing the effective­

ness of a new computerized operator aid . The process outlined 

in Figure 3 has been successfully (al though imperfectly) used 

in the design of a compute r operator aid for nuclear power 

plant control rooms (Li ttle & Woods, Note 16; Woods et al . , 

1981 & Note 15). 

FUTURE TASKS FOR COGNITIVE SYSTEMS ENGINEERING 

It is characteristic for the behavioral sciences, including the 

study of MMSs, that their development has been shaped more by 

external events than by an internal cumulation of knowledge . 

The development is therefore not continuous but rather takes 

place in jumps - which not always are jumps forward. This is 

shown r ather dramatica l ly by the very way in which Human 

Factors Engineering started in the 1940' s. The basis was the 

demands created by the technological development that took 

place during WW2. This accentuated the need for knowledge about 

MMSs, and al though it was not the historical beginning of the 

field (which goes back to the earl y days of the industrial 

revolution), it at least marked an important turning point. 

Another important jump was based on the American space program . 

And at present we are facing the need for a new kind of 

knowledge about MMSs, which we refer to as Cogni ti ve Systems 

Engineering. This need has come about both by the rapid 

evolution of machines which are on the verge of becoming 

intelligent, as well as 

the Three Mile Island 

by the occurrence of certain events, 

accident for instance, which have 
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Figure 6 . The r e l ation betwee n va l idi ty a n d ve r if i cation i n 

exper i mental evaluat i on (adap t e d from Hol lnage l, 
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demonstrated the deficiency of our present knowledge of MMSs. A 

jump is therefore required, and in this paper we have tried to 

describe the direction this jump must take. 

If the designer is to build an interface compatible with human 

cognitive characteristics rather than force the human to adapt 

to the machine, he must be provided with a clear description of 

these and wi th tools and principles that allow him to adapt 

machine properties to the human. Cognitive systems engineering 

must develop methods for cognitive task analysis to identify 

the operator I s model of a system, must provide the designer 

wi th data on characteristics of human cogni tion, and must 

provide the tools to build machines wi th explici t and appro­

priate images of the user. While significant step s to meet 

these goals have been taken in the past few years, considerable 

research work is needed. This new area of man-machine study is 

possible because of developments in cognitive psychology, 

cognitive science, and related disciplines. There ex ists a 

growing body of knowledge and techniques about cognitive 

function to apply to real - world situations. In addition, 

technological developments are creating a need for understand­

ing the cognitive function of MMSs. Produci ng a physical match 

between man and machine is no longer sufficient for effective 

man-machine function. The characteristics of man as a cognitive 

system, primarily his adaptability, should not be used as a 

buffer for bad designs, but rather as beacon for good designs . 
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NOTES TO THE TEXT 

Note 1: The physicalistic fallacy characterizes not only the 

knowledge about MMSs, but the knowledge in behavioral 

sciences generally. By saying that this knowledge is of 

a physicalistic nature we mean that it is modelled on 

the Natural Sciences, hence assumes that man can be 

described consistently and adequately in a similar way. 

This is, however, an untenable assumption, cf. the more 

thorough discussion in Hollnagel (Note 1). 

Note 2: It would be more proper to talk about the psycholo­

gical functioning of the operator, since cognition is 

only part of that. Such factors as motives, emotions , 

affects, attitudes, aspirations, etc., are obviously 

important in shaping the performance of the operator . 

In order to minimize the confusion we shall talk only 

about the cogni ti ve functioning of the operator, but 

the reader must remember that this is used as generic 

term for all the mental proc esses, and not just for 

those which are within the domain of rational think ing. 

Note 3: We do not at this point want to enter a discussion of 

whether machines as such can be intelligent, since this 

rapidly leads into a quagmire of unresolved philo­

sophical controversies. We simply want to state that 

from the point of view of the so-called naive observer 

- a person not concerned with philosophical or episte ­

mological problems - the machines of today appear to be 

able to behave in an intelligent way as that word is 

normally used. And we simply have to acknowledge the 

fact that in a specific context a person may treat a 

machine as if it was intelligent, cf. e.g., McCorduck, 

1979 and Weizenbaum, 1976. 
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Note 4: As used here, the terms are 

usage suggested by Norman 

in disagreement wi th the 

(Note 4). He calls the 

operator's model of the machine for a System Image, 

while the corresponding model of the operator is called 

the Model of the User. This Model of the User is , 

however, specified as a model of the information 

processing structures of the user, i.e. essentially a 

model of the assumed cognitive mechanisms . But the 

machine's image of the operato r need not contain a 

specification o f his information processing system, 

since this is just one way of looking at the ope r ator . 

We have chosen to use the term "image" to refer to the 

system's model of the user because image connotes a 

built-in, fixed characteristic . The term "model" is 

used to refer to the user's mental model of the system 

because the user's model can change as a function of 

experience, training, and the characteristics of the 

system interface. 

Note 5: In addition to these points of view, further instances 

may be given once the exact nature of the MMS is known . 

If, for instance, it is a nuclear power plant, descrip­

tions of the system wi th respect to e. g ., radiation, 

risk analysis, economy, public attitudes, etc ., become 

important as separate pOints of view . Al though both 

authors have worked mainly with nuclear MMSs, we do not 

want to restrict the idea of CSE to that, hence try to 

avoid specific refere nces in the text . 
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