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INTRODUCTION 

The r e c e n t r a p i d change i n t h e t e c h n o l o g y a p p l i e d f o r t h e i n t e r ­
f a c e b e t w e e n i n d u s t r i a l p r o c e s s p l a n t s and t h e o p e r a t i n g p e r s o n ­
n e l , c o m b i n e d w i t h t h e e f f o r t s t o s u p p o r t o p e r a t o r s i n t h e i r 
s u p e r v i s o r y c o n t r o l t a s k d u r i n g i n f r e q u e n t , b u t r i s k y p l a n t 
c o n d i t i o n s , have l e d t o a w i d e l y r e c o g n i s e d need f o r m e t h o d s t o 
e v a l u a t e t h e p e r f o r m a n c e of new s y s t e m c o n c e p t s . Managers r e ­
s p o n s i b l e f o r t h e economy and s a f e t y o f l a r g e - s c a l e i n d u s t r i a l 
i n s t a l l a t i o n s a r e q u i t e n a t u r a l l y a s k i n g f o r " h a r d d a t a " t c 
p r o v e t h e b e n e f i t t o g a i n from new s y s t e m s , and a u t h o r i t i e s need 
c o n f i r m a t i o n t h a t t h e new s y s t e m s w i l l b e a b l e t o m e e t t h e 
r e q u i r e m e n t s of t h e i r r e g u l a t i o n s . 

The s e a r c h f o r me thods f o r e m p i r i c a l e v a l u a t i o n of new d e c i s i o n 
s u p p o r t s y s t e m s by means of l a b o r a t o r y e x p e r i m e n t s o r s i m u l a t i o n 
o f c r i t i c a l f u n c t i o n s o f t h e t o t a l s y s t e m h a s n o t had d e f i n i t e 
r e s u l t s , a n d n o t i n f r e q u e n t l y i s one l e f t w i t h t h e i m p r e s s i o n 
t h a t e v a l u a t i o n s a r e a f t e r r a t i o n a l i s a t i o n s o f t h e j u d g e s ' i n ­
t u i t i v e hunches r a t h e r t h a n o b j e c t i v e d a t a . The same s y s t e m may 
v e r y w e l l be j u d g e d good o r i n f e r i o r i n c o n s e q u e n c e o f d i f f e r ­
e n c e s i n t h e - o f t e n i m p l i c i t - p r e c o n d i t i o n s of t h e t e s t s . T h i s 
s t a t e m e n t does; n o t i m p l y t h a t e v a l u a t o r s a r e d i s h o n e s t o r have 
h i d d e n m o t i v e s , i t i s s i m p l y a c o n s e q u e n c e o f t h e w e l l - k n o w n 
c o n f i r m a t i o n b i a s and o f t h e f a c t t h a t an e v a l u a t o r w i l l o n l y 
have r e a s o n s f o r c o n t i n u i n g t h e a n a l y s i s of p r e c o n d i t i o n s of h i s 
d a t a a s l o n g a s he h a s some d o u b t s ( r e s e a r c h d i d n o t l e a d t o 
v/hole number a t o m i c w e i g h t s u n t i l t h e o r y t o l d t h a t b r o k e n num­
b e r s were p r o b a b l y due t o m e a s u r i n g e r r o r s (Kuhn, 1962) ) . 

The e v a l u a t i o n o f a d e s i g n i s o f t e n c o n s i d e r e d a s e p a r a t e p r o ­
c e s s which s h o u l d s e r v e a s a l i n k b e t w e e n t h e c o n c e p t u a l f r a m e ­
work o f t h e d e s i g n e r a n d t h e n e e d s o f t h e e n d - u s e r ; a k i n d o f 
i n d e p e n d e n t g u a r a n t e e t h a t c o n c e p t and n e e d s w i l l m a t c h . T h i s 
can be t h e c a s e f o r s y s t e m s f o r which t h e p e r f o r m a n c e r e q u i r e ­
ments a r e p r i m a r i l y r e l a t e d t c t h e e f f i c i e n c y of n o r m a l , e v e r y ­
day p e r f o r m a n c e . For i n t e r f a c e s y s t e m s i n l a r g e - s c a l e i n d u s t r i a l 
p r o c e s s s y s t e m s t h i s i s t y p i c a l l y n o t t h e c a s e . I m p o r t a n t r e ­
q u i r e m e n t s a r e r e l a t e d t o t h e p e r f o r m a n c e d u r i n g v e r y i n f r e q u e n t 
and u n f a m i l i a r t a s k c o n d i t i o n s . The c o n c l u s i o n o f t h e p r e s e n t 
d i s c u s s i o n w i l l be t h a t d u r i n g a t r a n s i t i o n p h a s e of t h e i n t e r ­
f ace t e c h n o l o g y a p p l i e d i n h i g h r i s k s y s t e m s , e v a l u a t i o n c a n n o t 
be a s e p a r a t e p r o c e s s . An i n t i m a t e i n t e r a c t i o n i s r e q u i r e d 
be tween s y s t e m d e s i g n , p l a n t s t a f f i n g , t r a i n i n g , and e m p i r i c a l 
t e s t s , c o n c u r r e n t w i t h more b a s i c p s y c h o l o g i c a l e x p e r i m e n t s . 
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DESIGN AND EVALUATION 

In theoretical discussions, the conception of design is typi­
cally a more or less orderly process leading from the statement 
of goals, through several levels of functional formulations, to 
the final choice of the material implementation. In general, 
iterations between phases are included, but by and large the 
top-down, "vertical" design process is adopted as the formal 
model. This view does not correspond to realities during periods 
of rather stable technology. Design is then largely a "horizon­
tal" process. Previous designs are updated to incorporate new 
components or to respond to nev/ user requirements within the 
established overall framework, and the conceptual basis of - the 
reasons for - the established practice may no longer be expli­
citly formulated. However, indepc 'ent evaluation is no major 
requirement, since designers and u^ers share this established 
practice as a basis for discussion of the merits and diffi­
culties to be expected from proposed changes. Evaluation by 
"expert judgement" may bring you a long way. 

During periods of major technological changes, this established 
practice should ideally be replaced by a more explicit formu­
lation of the goal-function-implementation relationship in a 
systematic top-down design process. This is, however, difficult, 
since the user and the designer will have no established common 
framework for the formulation of goals and functions. With major 
changes in technology and tools, the needs and work organisation 
of users change in a way which may be unpredictable even for 
themselves, and the specifications necessary for a systematic 
design may be an unrealistic demandAt the same time, design is 
not a typical part of engineering curriculae, which are mostly 
strong in the formal analysis of systems which are themselves 
the results of "the art of design". The odds are that the coming 
successful designs will be based on inventions, intuitive con­
ceptions, etc., and the development will be controlled by indus­
trial competition and survival of the "fittest design". 

This means, however, that a process of "evaluation" which will 
then serve to make the conceptual basis of a design explicit 
and to test the match to the need of potential users is an 
indispensable requirement. 
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EVALUATION 

I t i s g e n e r a l l y a c c e p t e d t h a t d e s i g n e v a l u a t i o n i s a c o m p l e x 
p r o c e s s w h i c h c a n be a p p r o a c h e c f rom many d i f f e r e n t p o i n t s of 
v i e w . H o l l n a g e l (1981) d i s c u s s e s s e v e r a l a s p e c t o f e v a l u a t i o n 
from t h e p o i n t o f v i e w of h y p o t h e s i s t e s t i n g i n e x p e r i m e n t a l 
p s y c h o l o g y , and i n p a r t i c u l a r e m p h a s i s e s t h e n e e d t o c o n s i d e r 
two a s p e c t s i n d e s i g n e v a l u a t i o n : The v e r i f i c a t i o n of t h e c o r ­
r e s p o n d e n c e o f t h e f i n a l s y s t e m w i t h t h e c o n c e p t u a l s y s t e m a s 
i n t e n d e d by t h e d e s i g n e r , and t h e v a l i d a t i o n of t h e c o r r e s p o n d ­
ence of t h e d e s i g n c o n c e p t w i t h t h e c o n d i t i o n s of t h e r e a l w o r l d 
of a p p l i c a t i o n . 

To t h e s e c o n s i d e r a t i o n s , Rouse and h i s c o l l a b o r a t o r s (Rouse e t 
a l . , 1984a&b) add t h e d i s c u s s i o n of e m p i r i c a l v e r s u s a n a l y t i c a l 
e v a l u a t i o n . The d i s c u s s i o n of Rouse e t a l . p r e s e n t s t h e m o s t 
s y s t e m a t i c a n a l y s i s of t h e m e t h o d o l o g i c a l p r o b l e m s of d e s i g n 
e v a l u a t i o n of d e c i s i o n s u p p o r t s y s t e m s i n p r o c e s s p l a n t s . The 
approach i n c l u d e s a c l a s s i f i c a t i o n of t h e d e c i s i o n s u p p o r t s y s ­
t e m s , b a s e d on a g e n e r i c mode l of t h e e l e m e n t s o f c. d e c i s i o n 
t a s k . T h i s s t e p s e r v e s a s an a f t e r r a t i o n a l i s a t i o n of t h e d e s i g n 
p r o c e s s i n o r d e r t o c o p e w i t h t h e f r e q u e n t l a c k o f r e f e r e n c e f o r 
v e r i f i c a t i o n due t o t h e i m p l i c i t n a t u r e o f m o s t d e s i g n s , men­
t i o n e d a b o v e . T h e i r a p p r o a c h a l s o i n c l u d e s a t e s t o f t h e i n ­
t e r n a l f u n c t i o n a l c o n s i s t e n c y of a d e s i g n i n t h e form of a t o p -
down a n a l y t i c a l e v a l u a t i o n , d u r i n g w h i c h a t e s t i s made t o 
e n s u r e t h a t t h r e e main a s p e c t s of t h e d e s i g n a r e a p p r o p r i a t e l y 
c o n s i d e r e d d u r i n g d e s i g n : The e f f e c t i v e n e s s , i . e . w h e t h e r mes ­
s a g e s p r e s e n t e d t o u s e r s c o n t a i n t h e i n f o r m a t i o n r e q u i r e c f o r 
t h e f u n c t i o n s i d e n t i f i e d by t h e c l a s s i f i c a t i o n a n a l y s i s . The 
u n d e r s t a n dab i l i t y , i . e . w h e t h e r a u s e r w i l l be a b l e t o u n d e r ­
s t a n d t h e m e s s a g e , g i v e n t h e a c t u a l t a s k c o n t e x t and t r a i n i n g . 
And f i n a l l y , t h e c o m p a t i b i l i t y s h o u l d be c o n s i d e r e d , i . e . t h e 
p h y s i c a l p r e s e n t a t i o n of m e s s a g e s and t h e r e s p o n s e s e x p e c t e d 
s h o u l d m a t c h t h e i n p u t - o u t p u t c a p a b i l i t i e s of t h e u s e r s . 
Al though t h e s e a n a l y s e s s h o u l d i n f a c t be an i n t e g r a t e d p a r t of 
t h e d e s i g n , t h e g e n e r a l e x p e r i e n c e i s t h a t they a r e needed a s a 
p a r t of t h e e v a l u a t i o n p r o c e s s t o p r e p a r e t h e r e f e r e n c e s f o r 
j u d g e m e n t d u r i n g t h e e m p i r i c a l e v a l u a t i o n and t o s c r e e n f o r 
i n c o n s i s t e n c i e s in advance of t h e e x p e r i m e n t a l e f f o r t s . As i t i s 
a r g u e d by Rouse e t a l . t h e r a t i o n a l a p p r o a c h t o an e m p i r i c a l 
t e s t i s b o t t o m - u p , s t a r t i n g w i t h t e s t o f c o m p a t i b i l i t y and 
u n d e r s t a n d i b i l i t y , b e f o r e t h e complex t e s t i n g of e f f e c t i v e n e s s 
i s p r e p a r e d . I t s e r v e s no pu rpose t o p l a n t h e complex t e s t i n g of 
t h e e f f e c t i v e n e s s of t h e t o t a l sys tem c o n c e p t , i f t h e i n d i v i d u a l 
n .essages c a n n o t be i m m e d i a t e l y u n d e r s t o o d . The e m p i r i c a l e v a l u -
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a t ion w i l l genera l ly involve a s e r i e s of exper imental s e s s i o n s 
of growing complexity s t a r t i n g with simple l e g i b i l i t y t e s t s or 
c h e c k l i s t w a l k - t h r o u g h s , t h rough p a r t t a s k s i m u l a t i o n s , t o 
l a r g e - s c a l e high f i d e l i t y s imula to r s cena r io s . This s y s t e m a t i c 
approach w i l l g r e a t l y improve the b e n e f i t to be e x p e c t e d from 
a t t empts to eva lua te new des igns , in p a r t i c u l a r for systems in 
which the pe r fo rmance d u r i n g the normal work c o n d i t i o n s i s 
impor tant . However, d i f f i c u l t i e s are s t i l l to be expected when 
the eva lua t ion of performance during infrequent and u n f a r r i l i a r 
s i t u a t i o n s i s v i t a l . Several l a r g e - s c a l e s imu la to r exper iments 
have been per formed in o r d e r t o e v a l u a t e new d e c i s i o n s u p p o r t 
and d i s t u r b a n c e a n a l y s i s s y s t e m s (Woods e t a l . , 1981). Ra the r 
than g i v i n g c l e a r - c u t ev idence on t h e b e n e f i t t o be g a i n e d by 
the new s y s t e m s , t h e s e e x p e r i m e n t s have g iven ve ry i m p o r t a n t 
data for the understanding of human behaviour during unfamiliar-
task cond i t i ons which i s necessary for a n a l y t i c a l e v a l u a t i o n s . 
One major problem, which i s not solved by the p r e s e n t l y a v a i l ­
a b l e a p p r o a c h e s t o e m p i r i c a l e v a l u a t i o n , i s t he s e l e c t i o n of 
sub jec t s for l a r g e - s c a l e s imula t ion of inf requent events in new 
s y s t e m s . W e l l - t r a i n e d u s e r s from p r e v i o u s s y s t e m s w i l l be 
h e a v i l y b i a s e d in t h e i r r e s p o n s e s , and new u s e r s w i l l r e q u i r e 
very long t r a i n i n g to develop the t r i c k s and h e u r i s t i c s for the 
normal task performance which w i l l be necessary for an emp i r i c a l 
t e s t of the funct ional f i x a t i o n s during un fami l i a r s i t u a t i o n s . 
The q u e s t i o n r a i s e d in the p r e s e n t pape r i s whe tne r e m p i r i c a l 
e v a l u a t i o n i s f e a s i b l e a t a l l fo r t he k ind of s y s t e m s con­
s ide red , and/or whether f u r t he r development of a framework for 
a n a l y t i c a l eva lua t ion i s necessary . 

SYSTEM EVALUATION AND RISK ANALYSIS 

The d i f f i c u l t i e s in e v a l u a t i n g new d e s i g n s fo r a p p l i c a t i o n in 
which the pe r fo rmance d u r i n g i n f r e q u e n t , u n f a m i l i a r t a s k con­
d i t i o n s i s of prime i m p o r t a n c e , a r e r e l a t e d t o the f a c t t h a t 
human pe r fo rmance cannot be decomposed i n t o e l e m e n t s or 
funct ions which can be s tudied exper imenta l ly in i s o l a t i o n , as 
i s the ca se fo r t e c h n i c a l s y s t e m s . Human r e s p o n s e to cues from 
the environment very much depends on the contex t : t r a i n e d oper­
a t o r s compose t h e i r r e s p o n s e s from a r e p e r t o i r e of s k i l l e d 
s u b r o u t i n e s , they a r e p r e c o n d i t i o n e d f o r r e s p o n s e s by t h e i r 
p r o c e s s f e e l , i . e . t h e i r e x p e c t a t i o n s , and r e s p o n s e s a r e f r e ­
quently re leased by simple and informal cues. The only f e a s i b l e 
approach to evalua t ion of a system a t the level of e f f e c t i v e n e s s 
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for support during unfamiliar task conditions seems to be an 
analytical evaluation based on a conceptual model of man-machine 
interaction. This model should represent the structure of the 
human cognitive control in such a way that, it makes it possible 
to assess the likely interaction betv/een more elementary human 
functions, in particular the biases posed on infrequent re­
sponses from the background of habitual routines and familiar 
perceptual patterns. The basis of such an assessment will be 
information on more elementary patterns of behaviour studied 
separately, either during real life performance, in part task 
simulators, or by dedic ted psychological experiments. 

The problems met are analoguous to those of probabilistic risk 
assessment. Here, the probability of certain rare events has to 
be judged by means of a model representing the causal inter­
action among components during the specific scenario, from 
failure probabilities collected for the components individually. 
In man-machine system evaluation, the human behaviour during 
unfamiliar situations will be judged from information on more 
elementary behaviour by means of a model of the interaction of 
such elements, not only during a specific scenario, but across 
tasks and time. Another difference is that probabilistic risk 
assessment is based on prediction of particular courses of 
events aggregated in families (event trees), whereas due to the 
adaptive nature of human performance man-machine system evalu­
ation has to be based on relationships among categories of tasks 
and functions to allow for individual differences. Rouse et al., 
for instance, base their approach on generic decision functions, 
"prototype messages", and frequency classification of tasks 
(Rouse et al., 1984). 

A basic similarity is that neither probabilistic risk assessment 
nor system evaluation can be considered as a well-formed, 
isolated activity. Probabilistic risk analysis is a compu­
tational exercise relating a model, a set of assumptions, and 
some data to a global risk figure. This figure has no meaning 
unless the model and computational assumptions are considered as 
specifications for the ultimate acceptable operating conditions, 
and the correspondence is verified during operation. The risk 
assessment is not a separate analysis for acceptance of the 
design, it is the explicit formulation of the safety properties 
of the system to serve as a coupling of the design basis and the 
operations planning and management (Rasmussen and Pedersen, 
1984). 

In the same way it will be important to consider an étnalytical 
verification of a design, not only as a test of the interna] 
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consistency of a design and of the correspondence with the final 
implementation, but basically as the explicit formulation of the 
design basis which will make it possible to plan system appli­
cation, work organisation, and training of the end-users. Simi­
larly, the validation is less an analysis of the design in order 
to evaluate the match between the system and the real life 
conditions, than it is an analysis of the future conditions of 
use, to see whether it will be realistic to match these con­
ditions to the assumptions behind the design. In case of a less 
satisfying match, modifications of either side may be feasible. 
Rouse et al. already stressed the importance of a coordinated 
design and evaluation; this should be extended to a consider­
ation of the evaluation analysis to be the formalisation of the 
design basis to serve as the link between design and operation 
planning. Furthermore, this should be a dynamic process which 
continues during the total phase of operation; no organisation 
is stable, neither is the level of training of users, and a 
dynamic interaction betv/een operations experience and properties 
of a decision support system may be crucial. Just as the value 
of a probabilistic risk analysis depends on a coordination with 
an effective risk management, which serves to upgrade both the 
system and the operating practice according to the operational 
experience gained from the analysis of event reports. In this 
way, the in-plant evaluation which is the last step in the 
evaluation procedure proposed by Rouse et al. should be a con­
tinuous process. 

STRUCTURE OF A CONCEPTUAL FRAMEWORK 

From this discussion it follows that conceptual models have two 
different roles in system evaluation. One is to serve as a 
vehicle for the explicit formulation of the design concept which 
is necessary as a reference for operation planning and for 
evaluation. For the more frequent task situations this evalu­
ation can be performed empirically. Another role is to serve as 
an analytical evaluation for those rare situations which cannot 
be studied empirically during design, and for which human per­
formance has to be predicted by means of a conceptual model 
interrelating more basic knowledge of human behaviour gener­
alised from a wide variety of sources. The basic structure of 
such a conceptual framework will include several components: a 
systematic representation of the task domain, i.e. of the prob­
lem space in which decision making will have to take place 
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during unfami l i a r s i t u a t i o n s ; a s e t of normative models of the 
informat ion processes which are acceptable for the task from a 
sys tem e f f e c t i v e n e s s p o i n t of v iew, i . e . t he i n f o r m a t i o n p r o ­
c e s s e s which can be used ; and, f i n a l l y , a model r e p r e s e n t i n g 
pe r fo rmance of humans c o n s i d e r e d as sys tem components . Th is 
model w i l l have t o i n c l u d e s e v e r a l a s p e c t s . Models which d e ­
s c r i b e human r e s o u r c e s and l i m i t a t i o n s w i t h r e s p e c t to the 
normative task formula t ions are necessary , in order to judge the 
d e s i g n of i n t e r f a c e s and t r a i n i n g schemes . Other models a t a 
h i g h e r l e v e l a re n e c e s s a r y to judge the c r i t e r i a beh ind the 
sub j ec t i ve task formulat ion and the ac tua l choice of informat ion 
p r o c e s s i n g s t r a t e g y , as w e l l as the i n t e r a c t i o n be tween more 
e lementary behavioural e lements in order to judge which i n f o r ­
mation processes w i l l be used. 

The elements in such a framework (Rasmussen, 1984, 1985) w i l l be 
discussed in some more d e t a i l in the fol lowing s e c t i o n s . 

The problem domain. The f i r s t a s p e c t to c o n s i d e r w i l l be the 
problem domain, i . e . the r e l a t i o n s h i p s in the many-to-many map­
pings of the purpose-funct ion-process-equipment h ie ra rchy . These 
means-end r e l a t i o n s h i p s s hou ld be a n a l y s e d and s y s t e m a t i c a l l y 
descr ibed along the par t -whole and means-end dimensions in order 
to have a c o n s i s t e n t framework for i d e n t i f i c a t i o n of the cont ro l 
r e q u i r e m e n t s of the sys tem and the c o n t e n t of the r e l a t e d d e ­
c i s i o n t a s k s . S u p e r v i s o r y d i s t u r b a n c e c o n t r o l i s a r e s o u r c e 
management t a s k in the means-end h i e r a r c h y , and adequacy of 
dec is ion support cannot be judged without an e x p l i c i t d e s c r i p ­
t i o n of t he sys tem in t e r m s of t he c o n f i g u r a t i o n and s t a t e of 
the ava i l ab l e resources a t each l e v e l . 

This i s an engineer ing a n a l y s i s , and w i l l be a top-down e x p l i c i -
t a t i o n of the bases for the design dec i s ions in t echn ica l terms. 
As ment ioned above, t h i s a n a l y s i s i s p a r t i c u l a r l y i m p o r t a n t 
d u r i n g the i n t r o d u c t i o n of new t echno logy for c o n t r o l sy s t ems 
and man-machine i n t e r f a c e s , in order to rep lace the i n d u s t r i a l 
p r a c t i c e i m p l i c i t in t he p l a n t d e s i g n by e x p l i c i t models as a 
reference for eva lua t ion of those funct ional purposes and con­
s t r a i n t s which are considered c r u c i a l for the judgement of p l an t 
performance. The need for such an a n a l y s i s was r e a l i s e d during 
the f e a s i b i l i t y s t u d i e s f o r d i s t u r b a n c e a n a l y s i s sys t ems f o l ­
lowing the Three Mile I s land inc iden t (Gallagher e t a l . , 1982), 
and an a t t e m p t t c f o r m a l i s e the d e s c r i p t i o n has been made by 
Lind (1982) . An a p p l i c a t i o n on e x i s t i n g sy s t ems has shown t h a t 
an a f t e r r a t i o n a l i s a t i o n of an e x i s t i n g p l a n t design in order to 
get a r a t i o n a l b a s i s for a new cont ro l system design involves a 
cons iderable amount of work. 
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The decision task to be performed in this problem domain can be 
characterised in two respects; one is a description of the 
elements in the decision task, another is the information pro­
cessing strategies which are applicable within these elements. 
The decision sequence required for typical situations can be 
described in terms of the elements of analysis and diagnosis; 
evaluation and goal prioritising; and planning and execution. 
For proper evaluation of a system it is very important that the 
emergency management philosophy is made explicit, i.e. the cri­
teria behind the decisions, how these functions should be 
shared by the operator, the computer, and the systems designer. 
The evaluation will have to consider whether the decision should 
be based on the designer's a priori analysis, which is therefore 
implemented in terms of operational instructions and/or computer 
programs, or whether the decision must be left for an on-line 
evaluation by operators and/or computers. The task allocation 
adopted for a particular scenario will influence the appropriate 
design of interfaces, staffing, and training schemes, and a 
description will be necessary as a reference for any attempt to 
evaluate the design. Just choosing subjects for empirical 
evaluation v/ith a training or practical experience which does 
not match the allocation assumed will lead to erroneous judge­
ments. Frequently, in particular in systems based on more tra­
ditional technology, this information is only implicitly avail­
able, and a judgement and classification of the particular 
system by the evaluator as suggested by Rouse et al. will be 
necessary to identify a reference for judgement. The ambiguity 
has been demonstrated by the development in emergency management 
philosophy after Three Mile Island. Two different lines of 
development have been discussed. One being a further formal-
isation in direction of "symptom-based" procedures for which 
also the diagnostic phase is preplanned by the designer, the 
other being the call for more "knowledge-based" operator de­
cisions. In both cases the operators are supposed tc follow 
certain rule sets supported by training sessions and to monitor 
the performance by intelligent evaluation, and the designer will 
(more or less implicitly) choose to support these functions in 
varying degrees depending upon his perception of management 
policy for allocation of authority to operators, designer, and 
automatic equipment. In this situation, the reliability of an 
evaluation very much depends on the possibility of judging the 
correspondence between assumptions behind design and behind 
operation management. 

Strategies and heuristics. Other aspects of the mental task to 
consider are the information processing strategies and heuris-
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t i c s which w i l l be e f f e c t i v e and a c c e p t a b l e f o r the d i f f e r e n t 
d e c i s i o n f u n c t i o n s , and which may be used o n - l i n e by t h e com­
p u t e r or by an opera tor . Some conception of such s t r a t e g i e s w i l l 
be used as d e s i g n b a s i s f o r t he d i s p l a y f o r m a t s and f o r p l a n n i n g 
the content of t r a i n i n g programmes. Dif ferent s t r a t e g i e s for the 
same men ta l t a s k w i l l have very d i f f e r e n t r e q u i r e m e n t s w i t h 
r e spec t to process ing capac i ty , amount of observat ion and na tu re 
of background knowledge, and e x p l i c i t formulat ion of the design 
b a s i s i s c r u c i a l f o r p r o p e r c o u p l i n g t o e v a l u a t i o n as w e l l as t o 
o p e r a t o r t r a i n i n g . The c o n c e p t u a l models of t he i n f o r m a t i o n 
process ing s t r a t e g i e s needed for eva lua t ion w i l l not be d e t a i l e d 
process models, but h igher l eve l models of p ro to typ i ca l s t r a t ­
eg i e s j.n terms of the s t r u c t u r e and content of the mental model 
r e q u i r e d , t h e amount and type of d a t a on t he a c t u a l sys tem 
s t a t e s and reference s t a t e s , and gener ic s t r a t e g i c a l r u l e s . Such 
i n f o r m a t i o n w i l l e n a b l e an i d e n t i f i c a t i o n of the c o n t e n t i n 
p r o t o t y p i c a l messages from the i n t e r f a c e and the s t r u c t u r e of 
t he d i s p l a y fo rmat which i s r e q u i r e d f o r an e v a l u a t i o n of ef­
f e c t i v e n e s s of a dec i s ion support . Such an eva lua t ion w i l l have 
to cons ider whether the ac tua l design o f f e r s an envelope around 
a s t r a t e g y which v/ i l l be e f f ec t i ve for the scenar io considered, 
and w i t h i n which an o p e r a t o r can i m p r o v i s e an a c c e p t a b l e d e ­
c i s i o n process . 

The human informat ion processor . The conceptual framework d i s ­
cus sed so f a r w i l l make i t p o s s i b l e to judge a n a l y t i c a l l y 
whether the supervisory con t ro l dec i s ions requ i red in a scenar io 
adapted for eva lua t ion can be made, i . e . whether the informat ion 
needed fo r an e f f e c t i v e d e c i s i o n p r o c e s s w i l l be p r e s e n t e d . An 
e v a l u a t i o n r e m a i n s whe the r the p r o p e r d e c i s i o n w i l l be made, 
i . e . whether the dec is ion maker w i l l have the adequate resources 
and choose the p r o p e r s t r a t e g y in t he a c t u a l s i t u a t i o n , and 
perform i t success fu l ly . 

The f i r s t of these q u e s t i o n s , whether opera tor performance w i l l 
be i n a d e q u a t e due t o d a t a o r r e s o u r c e l i m i t a t i o n s , can be a p ­
proached f o r t h e d i f f e r e n t p o s s i b l e d e c i s i o n s t r a t e g i e s and 
scenar ios s e p a r a t e l y by a combination of a n a l y t i c a l e v a l u a t i o n s 
based on data from psychological research and empi r i ca l eva lu­
a t i o n s by s i m u l a t i o n s . The hard b i t i s the second q u e s t i o n , 
whe the r o p e r a t o r s in t h e a c t u a l s i t u a t i o n w i l l use t he p r o p e r 
s u b j e c t i v e f o r m u l a t i o n of the t a s k , and choose t o use a p r o p e r 
s t r a t e g y . This cannot be e m p i r i c a l l y r e s o l v e d . S y s t e m a t i c e x ­
p e r i m e n t s w i th r a r e e v e n t s a r e i m p o s s i b l e by d e f i n i t i o n , and 
ope ra to r s having the proper s t a t e of t r a i n i n g with a new system 
concep t a r e no t a v a i l a b l e a t t he p r o p e r t i m e . A n a l y t i c a l a s ­
se s smen t t h e r e f o r e has t o be used as f a r as i t can b r i n g one. 
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However, s ince "the whole of a man-machine system i s more than 
the sum of i t s p a r t s " ( H o l l n a g e l and Woods, 1983) , t h i s e v a l u ­
a t i o n has to be based on a model of human pe r fo rmance a t a 
higher leve l than the usual psychologica l rrodels, s ince i t has 
to r e p r e s e n t t he o v e r a l l c o g n i t i v e c o n t r o l of behav iou r i n a 
complex r e a l l i f e s i t u a t i o n . I t has to desc r ibe the i n t e r a c t i o n 
of va r ious human funct ions which are r e l a t e d to d i f f e r e n t s t ages 
of t r a i n i n g , such as au tomated s e n s o r ! - m o t o r s k i l l s , use of 
h e u r i s t i c r u l e s , and problem so lv ing . These a re funct ions which 
a re n o r m a l l y s t u d i e d s e p a r a t e l y in p s y c h o l o g i c a l r e s e a r c h . 
F u r t h e r m o r e , t h e models should r e p r e s e n t t h e l i m i t a t i o n s of 
human c a p a b i l i t i e s , and e x p l i c i t l y cons ide r those psychologica l 
mechanisms which can lead to e r r o r s . 

A f i r s t s t ep to such a model has been the sk i l l - ru l e -knowledge 
model of cogn i t ive con t ro l which has been used to c h a r a c t e r i s e 
human e r r o r s (Rasmussen, 1980). Recently t h i s framework has been 
the bas i s of an a n a l y s i s of human e r r o r s which fu r the r suppor ts 
the view t h a t a l a r g e f r a c t i o n of human s l i p s and m i s t a k e s can 
be explained by a few cogn i t ive mechanisms which are r e l a t e d to 
the i n t e r f e r e n c e in un fami l i a r s i t u a t i o n s from p a t t e r n s learned 
du r ing r o u t i n e t a s k s (Reason, 1985). Reason d i s c u s s e s s e v e r a l 
types of human e r r o r s and d e c i s i o n b i a s e s w i t h r e f e r e n c e to a 
h i g h e r l e v e l model of c o g n i t i v e c o n t r o l mechanisms , and t h e 
approach seems to be useful for development cf guides for ana­
l y t i c a l e v a l u a t i o n of t he form and c o n t e n t of messages from a 
dec is ion support system. 

I t i s , however , no t on ly a q u e s t i o n of t h e r e l i a b i l i t y of the 
g l o b a l p s y c h o l o g i c a l mode ls . The dependence of pe r fo rmance 
du r ing i n f r e q u e n t c i r c u m s t a n c e s upon h a b i t s and r o u t i n e s r e ­
qui res for eva lua t ion a d e s c r i p t i o n not only of the p a r t i c u l a r 
emergency s c e n a r i o , but of the t o t a l t a s k r e p e r t o i r e . Th is 
should be done in a way which makes i t p o s s i b l e to evaluate the 
"Hamming d i s t ance" between the symptom s e t r e l a t e d to the s i t u ­
a t i o n c o n s i d e r e d and those r e l a t e d t o more f r e q u e n t r o u t i n e 
t a s k s . The t o o l f o r such an a n a l y s i s cou ld be t h e "confus ion 
m a t r i x " which makes i t p o s s i b l e to i d e n t i f y the l i k e l y f a l s e 
a s s o c i a t i o n s to f a m i l i a r procedures which may happen i f one or 
more cues in a p a r t i c u l a r symptom se t are overlooked. This kind 
of a n a l y s i s i s becoming p a r t of r i s k a n a l y s i s , and a c o o r d i ­
nat ion of r i sk a n a l y s i s and i n t e r f a c e eva lua t i on appears to be 
b e n e f i c i a l . In a d d i t i o n , the scena r ios developed for opera to r 
response t r e e a n a l y s i s in r i s k a n a l y s i s are well su i ted to serve 
as context for the eva lua t ion of the man-machine i n t e r f ace (for 
a recen t review of the s t a t e of cogn i t i ve models for r i s k analy­
s i s , see Hannaman, 1985). 
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CONCLUSION 

This a n a l y s i s only touches p a r t of the e v a l u a t i o n problem. I t i s 
i m p l i c i t l y assunied t h a t an o p e r a t o r w i l l accept the suppor t of a 
compu te r in h i s s u p e r v i s o r y d e c i s i o n t a s k , and t h a t he w i l l 
t r u s t t h e i n f o r m a t i o n and a d v i c e r e c e i v e d from i t . T h i s may, 
however, not be the case , and c r i t e r i a fo r judging u s e r a c c e p t ­
ance and r o l e a l l o c a t i o n i n s y s t e m s a i m i n g a t i n t e r a c t i v e d e ­
c i s i o n making a r e b a d l y needed . Under which c o n d i t i o n s w i l l a 
human u s e r u n d e r s t a n d t h e p e r f o r m a n c e of a c o m p u t e r i n a d e ­
c i s i o n t a s k and a c c e p t i t s a d v i c e o r i n s t r u c t i o n s d u r i n g a 
complex and p o s s i b l y r i s ky p l a n t c o n d i t i o n ? 

There a r e s t i l l many p r o b l e m s t o be s o l v e d b e f o r e a c o m p l e t e 
a n a l y t i c a l e v a l u a t i o n i s p o s s i b l e . T h i s s h o u l d , however , n o t 
p r e v e n t t h e use of t h e p r e s e n t l y a v a i l a b l e knowledge in a s y s ­
t e m a t i c des ign and eva lua t i on and a proper c o o r d i n a t i o n to the 
o p e r a t i o n a l p lann ing and o p e r a t o r t r a i n i n g . 
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of t h e man-machine i n t e r a c t i o n a r e d i s c u s s e d , an« 
t h e r e l a t i o n s to sys tem d e s i g n and a n a l y t i c a l 
r i s k a s s e s s m e n t a r e c o n s i d e r e d . F i n a l l y , a c o n c e p ­
t u a l framework f o r a n a l y t i c a l e v a l u a t i o n i s p r o ­
p o s e d , i n c l u d i n g s e v e r a l domains of d e s c r i p t i o n : 
1 . The problem s p a c e , in t h e form of a means-end 
h i e r a r c h y ; 2 . The s t r u c t u r e of t h e d e c i s i o n p r o ­
c e s s ; 3 . The menta l s t r a t e g i e s and h e u r i s t i c s 
used by o p e r a t o r s ; 4 . The l e v e l s of c o g n i t i v e 
c o n t r o l and t h e mechanisms r e l a t e d t o human e r ­
r o r s . F i n a l l y , t h e need f o r models r e p r e s e n t i n g 
o p e r a t o r ' s s u b j e c t i v e c r i t e r i a f o r c h o o s i n g amonj 
a v a i l a b l e mental s t r a t e g i e s and f o r a c c e p t i n g 
a d v i c e from i n t e l l i g e n t i n t e r f a c e s i s d i s c u s s e d , 
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