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1 . I N T R O D U C T I O N

The organizers have p r o v i d e d u s w i t h a both s t i m u l a t i n g
a n d i r r i t a t i n g I i s t o f q u e s t i o n s r e L a t in g to the t o p i c of
the conference; Human Error, My f i r s t i n t e n t i o n was t o t r y
t o answer the q u e s t i o n s o n e b y o n e f o r a t L e a s t g r o u p b y
group. However, af t e r some c o n s i d e r a t i o n it appeared to me
that the q u e s t io n s c o n t a i n e d a n imp o r t a n t bias, a n d t h a t i t
was necessary t o d iscuss t h i s before t r y i n g to answer t h e
q u e s t i o n s ,

T h e b i a s t h a 1 I f i n d i s t h e a s s u m p t i o n t h, a t t h e r e
e x i s t s s o m e t h i n g c a l l e d 'Hum a n E r r o r ' a b o u t w h i c h rn e a n i n g f u I
questions can be posed a n d a ns were d ' 'H u m a n E rru r'
t h ereby get s t h e s t a t u s o f a c o n c r e t e p h e n o rn e n o n as, for
i n s t a n c e , d e c i s i o n m a k i n g . It is, h o w e ve r, o b v i o u s t h a t
1 H u rn a n Err o r ' d o e s n o t r e f e r t o s o rn e t h i n g o b s o r v a b I e , i n t h e
same s e n s e a s doc i si o r i rn a k i n g d o e s .

D e c i s i o n m a k i n g i s a n e x a rn p I e o f a f u n c t i o n o n t h e
p s y c h o l o g i c a l L e v e l . It c a n be used to denote the a c t i v i t y
of m a k i n g a d e c i s i o n a s w e L I a s t h e c o v e r t f u n c t: i o n b e h i n d
a ction. In the f i r s t sense it is o b s e r v a b l e in an everyday
m e a n ing of the term. In the l a t t e r i t m a y h av e t o be
inferred from obs erv e d beha v i o r , but t he i n f e r e n c e s n e e d not
be very elaborate. An d i n b o t h c a s e s i t i s re ga r d e d a s a
function. As a rule I w i l l ass u me t h a t f u n c t i o n s, s u c h a s
d e c i s i o n m a k i n g , c a n b e d e t e c t e d o r seen i n a
s t r a i g h t f o r w a r d way by an observer --• a l t h o u g h t h e y may not
b e d i r e c t l y o b s e r v a b I e f r o rn a m o r o s t r i n g e n t p h i I o s o p h i c a !,
p oi n t of view.

'Human E r r o r ' is, however, not a function, but a cause
(or, to be p r e c i s e : an assume d c a u s e) , We c a n us e the term
in a f u n c t i o n a l sense, as when we say that someone i s ma ki n g
a m i s t a k e or a n err o r . But in n e i t h e r case is the ' H u rn a n
Error' an a c t i v i t y , nor the result of an intention. It is
s i m p l y a c o n t r a d i c t i o n of any reasonable d e f i n i t i o n t o s a y
that a person can make an error i n t e n t i o n a l l y . A c c o r d i n g l y ,
i t would be m e a n i n g I e s s to c a U. i t a f u n c t i o n .
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11 rn a y b e a r g u e d t h a t 'Human E r r o r ' c h a r a c t e r i z e s t h e
outcome of an a c t i o n r a t h e r than the cause. But c l a s s i f y i n g
a n o u t c o rn e a s a ' H u m an E r r o r ' is a rn 1 s u s e o f the
t e r m i n o l o g y . W h a t Is meant Is rather t h a t the o u t c: o m e w a s
c a u s e c! b y a ' H u m a n E r r o r ' . N e 1 t her c a n t he 'Hum a n E r r o r ' be
the a c t i v i t y t h a t leads to the outcome. We cannot c l a s s i f y
an a c t i v i t y as b e i n g a ' H u rn a n E r r o r ' f si n c e t h a t w o u I d
assume that m a k i n g the e r r o r was intent i on a I, As that is not
the case, i t w i I. I be more c o r r e c t to c I, a s s i f y the a c t i v i t y
as a f a i l u r e to a c c o m p l i s h the intended outcome.

B e i n g a c a u s e , ' H u m a n E r r o r ' m u s t b e i n f e r r e d f r o rn
observations rat h e r t: h a n o b s e r v e d d i r e c t I y . 01, h e r exam p-1 e s
o f such n o n - o b s e r v a b I e s a r- e ' g o a I ' , 'memory', etc.
C o n s e q u e n t I y we must s p e c i f y the o b s e r v a t i o n s from w h i c h t h e
i n f e r e n c e s a r e rn a d e . These o b s e r v a t i o n s w i 11 n o r m a I L y b e
about a p a r t i c u I a r p erformance or segment of a per f o r m a nee.
We may observe t h e p e r f o r m a n c e o f a n o p e r a tor, c I a s s i f y i t
as being i n c o r r e c t , a n d d e te r m 1 n e t h e c a us e t o b e a 'H u m a n
E r r o r ' . B u t: i n n o c a s e can w e o b s e r v e the 'Hum a n E r r o r '
d i r e c t I y .

Since 'Human E r r o r ' is i n f e r r e d , it is n o t n e c e s s a r- i I y
u n i q u e . A n o t h e r w a y of s a y i n g t h i s i s b y n o t i n g t h a t ' H u rn a n
E r r o r ' is just one e x p l a n a t i o n out of s e v e r a l p o s s i b l e for
a n o b s e r v e d p e r f o r m a n c e (o r rn o r e p r e c i s e I y , a p a r t of a n
a c t u a l p e r f o r m a n c e d e s c r i p t i o n , cf, Ho linage I et a I., 1981).
The a na I y s i s i s n o r m a I I y c a r r i e d j u s t far en o u g h t o f i nd a
pI a u s i b L e e x pI a na t i o n . If a n e x pI a na t i o n , w h i ch re f e r s t o
t h e tec h n o L o g i c a I p a r t s of t h e s y s t e m , c a n n o t b s? f o u n c! t: h e
c a t e g o r y ' H u m a n E r r o r ' i s n o r m a !. I y u s o d f c f . R a s m u s s e n ,
1981). It is o n I. y w h e n t h e a n a I y s i s i s c a r r i e d b e y o n d t h i s
p o int t h a t we may r e a l i z e t h a t a n e x p l a n a t i o n in terms of
'H u m a n E r r o r ' i s i ns i j f f i c i e nt .

I am not saying t h i s to be q in a p h i l o s o p h i c a l
d i s c u s s i o n . The p o i n t I want to make is thai: we should s t a r t
wi t h a n a n a I y s i s o f t h e e m p 1 r i ca I data we have, and from
that: d e r i v e w h a t ' H u m a n E r r o r ' i s , I w i l l t ry to d o so i n
the f o i l o wing, using a f u n c t i o n a i. a n a I y s i s b a s e cl on s y s t e m s
t h e o r y .

5 i n c e my m a j o r s o u r c e o f e x p e r i e n c e i s o p e r a t o r s i n
c o n t r o I o f a c o m p1 e x p r o c e s s (a n u c I e a r p o w e r p I a n t ) , I w i I I
a s s t j m e t hat t h e system we de a I w i t h is a M a n - M a c h i n e System
(M M S) that f u n c t i o n s as a process c o n t r o l system. By an M M S
I m ea n a system t h a t is composed o f o ne o r m o r e o p e r a 1o r s
a n d one or m o r e rn a c h i n e s ( u s u a I L y c o rn p u t e r s ) t h a t a r e
design e d to support t h e c o n t r o I. of t h e p r o c e s s . C A
p a r t i c u l a r e x a m p l e of t h i s a p p r o a c h is t h e C o g n i t i v e Systems
E n g i n e e r i n g , c f . Ho! I nag el S Woods, 1983.) In the f o l l o w i n g ,
I w i l l address the s i x groups of q u e s t i o n s , a l t h o u g h in a
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d i f f e r en t o r d er t h a n p re s e n t e (j b y the or g a n1z;

2 . T H E Q R Y

When the p e r f o r m a n c e of an MM S is being observed (and
e v a I u a ted) a rn i s rn a t c h rn a y be d e t e c t e d between the a c t. u a L a n d
t h e i n t e n d e d system s t a t e s , o r b e t u c e n t h e a c h i e v e ci r e s u 11 s
and the goal, T h e d e t e c t i o n o f t h i s m i s m a t c h p r e s u rn e s t h a t a
d e s c r i p t i o n o f t h c; i n t e n ci e d s y s t e m state (or goal) is
a v a i l a b l e . The m i s m a t c h is a s s u rn e ci not to be random, hence
to have an i d e n t i f i a b l e cause. F i n d i n g the cause a m o u n t s to
a c c o u n t i n g for the o b s e r v e d v a r i a n c e in the system's
performance. If f a u 11 s in t h e t e c h n o l o g i c a l p a r t s of t h e
s y s t e rn cannot b e f o u n d , t h e s o I u t i o n i s g e n e r a I L y t o a s s i g n
the v a r i a n c e (or r e s i d u a l v a r i a n c e ) to the human
'component', hence to use 'Human E r r o r 1 as a n e x p I a n a t i o n.

The d e t e c t i o n of t h i s m i s m a t c h is thus the
o b s e r v a t i o n a l b a s i s for i n f e r r i n g the e x i s t e n c e of a ' H u rn a n
E r ror'. It s h o u l d be noted that if there is no observed
m i s rn a t c h f t h e r e w i IL be no reason to Look f o r a c a u s e ,
V a r i a t i o ns i n p e r f o r m3 n c e d o n o t n e c e s s a r i l y I e a d t o
u n d e s i r e d outcomes, h e n c e m i s ma t c h e s. T h e y m a y, for
i n s t a n c e , be detected and c o r r e c t e d by the s y s t e m a t a n
e a r I y s t a g e or t h e e n v i r o n m e n t c a n be s u f f i c i e n t l y f r i e n d I y
a n d f o r g i v i n g . There w i I L c o n s e q u e n tIy b e cases of
performance v a r i a b i l i t y t h a t r e rn a i n u n not i c e d . F r o rn the
point of view of a theory of ' Hu man E r r o r ' they are,
however, just as important as the cases where n m i s m a t c h is
o b s e r v e d , a n ci s h o u I d t, h e r e f o r e b e a c c o u n t e d for by it.

T h e c r u c i a I, p o i n t t h u s i s a rn i s m a t c h b e t w e e n i n t e n d e d
a n d a c t u a l o u ten m e s of a c t i o n . T f t h e f u n c t i o n a l , a n a l y s i s is
ca r r i ed o n e s t e p further, it w i LI show t ha t the c a u s e o f t h e
m i s m a t c h can be l o c a t e d e i t h e r in the s e l e c t i o n of the goal
f o r t h e a c t i o n (t h e f o r rn a t i o n of t h e i n tent i o n ) o r in the
execution of the actions d e s i g ned t o a c h ie v e that goal. On e
m a y e v e n d i s t i n g u i s h b e t w e e n a I a r g e r n u m b e r o f c a t e g o r i e s
by using one of the models of human d e c i s i o n making, or a
t h e o r y o f h u rn a n p e r f o r rn a n c e . But t h i s a c t u a I I y r e d u c e s t h e
need for a s p e c i f i c theory of 'Human Error', sin c e t h e
o b s e r v e d d i s c r e f) a n c i e s i n s t e a d c a n b e e x p I a i n e d b y refer r i n g
to, for instance, a performance theory. That may furthermore
have the v i r t u e of focusing on the s i t u a t i o n and context in
w h i c h the MMS must function, and the i n t e r a c t i o n between its
inherent c h a r a c t e r i s t i c s an d the e n v i r o n rn e n t a I c o n s t r a i n t s ,

Consequently, I do not t h i n k t h a t there can be a
s p e c i f i c t. h e o r y o f ' H u m a n E r r o r ' , n o r t h a t t h e r e i s a n y n e e d
for it. T h i s is not because each err-or, as a ' s o m e t h i n g '
r e q u i r i n g an e x p l a n a t i o n , i s u ni q u e , b u t p re c i s e I y b e c a u s e
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it is n o t f i.e. bee a use it is one o u t of s e v e r a I. p o s s i b I e
causes, In s t e a d we sho u l d d e v e t o p a t h e o r y o f h u ma n a c t i o n F
i n c I. u d i n g a the o r y o f d e c i s i o n m a k i n g f w h i c h rn a y b e u s e f! a s
a basis for e x p l a i n i n g any observed m i s m a t c h . A t h e c r y of
a c t i o n rn u s t i n c L u d e a n a c c o u n t of p e r f o r m a n c e v a r i a b H i t y ,
and by that also the cases of where ' Hu m a n £rror' i s i n v o ke d
as a cause.

Observed m i s m a t c h e s in performance are always caused,
in t h e sens e t h a t they c a n b e a n a L y s e d u n t i l . the n e c e s G a r y
and s u f f i c i e n t c o n d i t i o n s for t h e i r o c c u r r e n c e have bee n
e s t a b L i s h e d , In some cases they may be c L a s s i f i e d a s r a n d o rn,
b u t that j u c t: m c a n s t h a t the natural p e r- form a n c e v a r i a b i I i t y
is s u f f i c i e n t to a c c o u n t for the mi s rn a 1: c h , he n c e t h a t n o
d e f i n i t e ' o t h e r' c a u s e h a s been i d e n t i f ie d,

S i n c >? e r rors are not i n t e n t i o n a l , and s i n c e we do n o t
n e e d a p a r t i c u l a r theory of e r r o r s f i t is m e a n i n g l e s s t o
t a I k a b o u t ' rn e c h a n i s rn s ' t h a t p r o d u c e e r r o r s , I n s t e a d f we
m u s f be concerned w i t h the ' m e c h a n i s m s ' that are b e h i n d
n o r rn a I a c t i o n . If w e are g o i n g t o u s e the t e r rn
' p s y c h o l o g i c a I m e c h a n i s m s ' at all, we sho u l d refer t o
'faults i n t h e f u n c t i o n i n g o f p s y c h o I o g i c a I rn e c h a n i s m s '
r a t h e r than 'error p r o d u c i n g m e c h a n i s m s ' . We mus t no t forget
t h a t i n a t h e o r y of a c t i o n , the very same ' m e c h a n i s m s ' m u s t
a Is o account for the c o r r e c t performance w h i c h is the r uIe
r a t. her than t h e e x c e p t i o n . I n v e n t i n g s e p a r a t e ' m e c h a n i s m s '
f o r e v e r y si n g I e k i n d of 'H u m a n E r r or' ma y be great f u n, bu t
is no t v e r y 3 e n s i b I e f r o m a s o i e n t i f i c p o i n f, of v i e w .

Even though we d o n o t have a 'T h e o r y o f E r r o r ' , it
rn a k e s s e n s e t o d i s t i n g u i s h b e t w e e n e n d o g e n e o u s a n d
e x o g e n e o u s causes for the p e r f o r m a n c e m i s m a t c h. T h e r e are
c e r t a i n l y cases wh e r e the m i s m a t c h can be a 11 r i b u ted t o
e x t e r n a l causes, such as a bad i n t e r f a c e design, Lack of
o p e r a t i o n a I. s u p p o r t , rn i s I e a d i n g rn e s s a g e s , etc. Si rn i I a r I y ,
there are cases w h e r e the c a u s e s a r e o f a n i n t c; r n a I r a t h e r
t h a n e x tern a I n a t u r e . I do, h o w e v e r , b e L i e v e t h a t i n rn o s t
cases the cause is best d e s c r i b e d as a m i x t u r e . Stress, f u r -
i n s t a n ce, is often caused by ( s i t u a t i o n a U, y) unreasonable
demands to the operator. And d e f i c i e n c i e s in the d e s i g n of
the i n t e r f a c e may often be c o m p e n s a t e d b y the a d o p t a b i l i t y
of the operator (c f. T a y I o r 8 G a r vey , 19 r 9)- R e p I a ci ng a
'Theory of E r r o r ' w i t h a theory of h u rn a n a c t i o n i n c r e a s e s
r a t h e r than reduces the i m p o r t a n c e of both in t e r n a I an d
e x t e r n a I c a u s e s , a n d e m p h a s i z e s the n e e d t o carry t h e
analysis as far as possible.

T o c o n c I u d e, a t h e o r y of e r r o r m u s t be a theory of the
interaction between human performance v a r i a b i l i t y and the
s i t u a t i o n a L c o n s t r a i n t s .
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T A X O N O M Y

The taxonomy of t h e terms w i l t o b vi o u s l y f o L I o w from
the theory. A 1.1 e r n a 11 v e !. y It may be c o n s i d e r e d a p a r t o f i t .
S1nc e t h e t he o r y is about h u m a n a c t io n r a t h e n tha n 'H u ma n
E r r o r 1 , the tax o no m y s ho u L d b e con c e r n e d w i t h the si f u a t i o ns
where m i s m a t c h e s can be observed, r a t h e r t' h a n w i t h 1 h e
i n f e r r e d ' H u rn a n E r r o r s ' .

There a re se v e r a L o b v i o us d im e n s i o n s f o r ^ uch a
t a c o n o m y . One a I r e a d y m e n t i o n e d i s w h e t h e r t h e rn i •? rn a t c h c a n
be a 11 r i bu t e d to extern a I o r i nt e rna L f a cto r ? . In te r m s o f
the parts of a n M M S r the q u e s t i o n i s w h e t. h e r the c a u s e s
should be sought in the m a c h i n e a Lone, in t he o p e r a t o r
a Lo n e , or i n the i n t e r a c t i o n between the t w o, If t he o a u s e
i s a s s u m e d to L i e wit h t h e operator, we h a v e a L r e a d y s e e n
how the a n a l y s i s c n n be further refined using a d e c i s ion
m a k i n g m o d e I ,

i '-<A n o t h e r p o s s i b L e d i m e n s i o n i s w h e t h e r t he mi ? rn a t c h
d etect e d by t h e o p e r a tor, b y the m a c h i n e , o r b y a n e x t e r n a L
agent (e.g. a T e c h n i c a l . Support Center or a supervisor),. In
the f i r s t c a s e one can f u r t h e r ask w h e t h e r t h e o p e r a f o r
t r i e d to c o r r e c t t h e m i s m a t c h , and how t h a t i n f l u e n c e d h i s
a c t i v i t i e s ,

01 h e r d i m e r"! s i o n s c a n e a s i L y b e found, a n d s e v e r a I
c o m p L e ted t a x o n o m i e s are a v a i l a b l e . One g o o d e x a rn p I. e is the
C S NI taxonomy (c f. Rasmus sen e t a I .f 1981), w h i c h is an
a t t e m p t t o c h a r a c t e r i 7. e the s i t u a t i o n w h e r e a rn i s rn a t c h
occurs, r a t h e r than the 'Human Errors'. In t h i s taxonomy
'Human E r r o r ' is s i m p l y one of t h e many p o s s i b I e c a us e s f o r
a reported i n c i d e n t . O t h e r t a x o n o rn i e P can r a t h e r - c a s i L y be
s u g g e s t e d o nce a p r o per t h e o r e t i c a I b a ck g r o u n d ha s be e n
established. The choice of a taxo n omy must d e p e nd on the
pu r p o s e of t h e d a s c r i p t i o n , e.g. w h e t h e r one wants to re d u c e
the frequency of repor t e d i n c i d e nt s, or i m p r o v e t h e
u n d e r s t a n d i n g of h u rn a n d e c i s i o n m a k i n g ,

4. D E F I N I T I O N OF KEY TERMS

B e fo r e t h e k e y terms a r e defined, it is imp o r t a n t to
m a k e s u re t h a t they are proper!, y s elected. One c a n , of
c o u r s e , make a p o t p o u r r i of terms t h a t are n o r m a L L y u s e d to
c h a r a c t e r i z e s i t u a t i o n s w h e r e h u m a n s rn a k e rn i s t a k e s o r
errors, and then d e f i n e them, e.g by using a recognized
d i c t i o n a r y . But i f the d e f i n i t i o n s are to serve a p u r p o s e,
it is e s s e n t i a l that they have o c o rri m o n basis, for instance
a theory. By the s a rn e r a t i o n a L e i t a L s o is e s s e n t i a l t h a t
the terms have a common basis.
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To re p eat w h a t has b e e n s a i d above, I b e L i e v e we s hou Ld
attempt to come forward w i t h a the o ry for H u man A c t i o n
r a t h e r than ' H u rn a n E r r o r ' / an d t h a t t h i s s h o u L d b e u s e d f o r
selecting and d e f i n i n g the key terms. Such a theory is not
yet a v a i L a b L e f but I w i l l , n e v e r t h e L e s s a 11 e m p t t o g i v e a
d e f i n i t i o n of some of the t e r m s the o r g a n i z e r s have I i s ted,,
u s ing i n t e n t i o n a l a c t i o n a s a b a s i s ,

i L L 2 C ! *J n d e f i n e d . T h i s term s h o u I d b e s u b s t i t u t e d
by ' a c t i o n 1 or ' a c t i v i t y ' ,

Mistake: Incorrect s e I e ct i o n o f g o a I st a t e;
i n c o r r e c t g o a I. d e c i s ion.

fayIII Incorrect s e l e c t i o n of a c t i o n to reach a
goal, or i n c o r r e c t e x e c u t i o n of that a c t i o n .

S I, i p_: U n i n t e n t i o n a I s u h s t i t. u t i o n of a c o r r e c t
p e r f o r m a n c e segment (action) w i t h an i n c o r r e c t one.

A9. 91 £!e 011 E x t e r n a I d i s 1: u r b a n c e o f i n t e n d e d
performance.

f: 3 y § § I A c c e p t e d e x p l a n a t i o n for some p e r f o r m a n c e
c h a r a c t e r i s t i c , n o r m a l l y a p e r f o r m a n c e m i s m a t c h ,

B § § § 2 QI ^ u b 3 e c t i v e e x p I a n a t i o n o f g o a I s t .a t e o r
intention.

Origin,:. Undefined.. I am n o t sure why t h i c; i s
i n c I u d e d in t h e I. i °. t ,

R e s p o n s i_ b i t i t y : A11 r i b u t i o n o f c a u s e f o r t: h e
rn i s rn ate h t o a s p e c i f i c p a r t of t h e M M S .

PREDICTION

A s s u m i n g that we try to e s t a b l i s h a th eory o f h u m a n
a c t i o n r a t h e r than 'Human E r r o r 1 , the p r e d i c t i o n s must b e
a b o i . i I a c t i o n s , T h e y m u s t • p e e i f i o a M y b o :; b o u t 1 h e
v a r i a b i l i t y of h u m an a c t i o n that lead to n) i s m a t: c h o s . We c a n ,

m a k e s a m i s t a k e , i.e. whe r e the cause of the m i s m a t c h is
a t t r i b u t e d to a ' H uma n E r r o r ' . B ut t h at d o e E nut m ean that
i t is s e n s i b l e to a t t e m p t to assess the r e I i a b i I i t' y of the
o p e ra t o r, e v e n i f w e r e f r a i n f ro m c o n s i d e r i n g t h e operator
in m e c h a n i s t i c terms. M a k i n g such a c o u n t f u r t h e r rn o r e
a s s u m e s t h a t, a m e a n i n g f u I. m e a s u r e m e n t h a s b e e n d c f i n c d .

It is o b v i o u s for a n y o ne who Las work e d w i t h th e
re L i ab i L i t y aspect of the human operator, t h a t t h e
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o c c u r r e n c e and f r e q u e n c y of ' H u rn a n E r r o r s ' depends more on
t he i n t e r a c t i o n w 1 t h t he e n v iro n me n t t ha n on any sta b Le
i n h e r e n t c h a r a c t e r i s t i c of the operator. ' S i m p l e '
q u a n t i t a t i v e m e a s ur e s, such as error rate?, w i l l t h e r e f o r e
be inadequate and even m i s l e a d i n g , Instead we need de t a i ted
and con s i s t e n t d e s c r i p t i o n s of t h e conditions w h e r e
m i s m a t c h e s occur. These q u a I i t a t i v e d e s c r- i p t i o n s m a y
e v e n t u a l l y be used as a b a s i ". for more s t r a i g h t f o r w a r d
m e a s u r e rn e n t s .

W i t h rc g a r d t o th e s p e c i f i c q u e s t i o n s r e l a t i n g t o
p r e d i c t i o n , i t w i l l at our present state of knowledge o n I y
be t h e frequency of m i s m a t c h e s and t y p i c a l causes t h a t can
be p r e d i c t e d . We know f r o m e x p e r i rn e n t a I psycho I o n y ,
p a r t i c u l a r l y the s t u d i e s of at t e n t i o n a n d p e r f o r m a n c e , that
t h e r e are i m p o r t a n t r e g u l a r i t i e s , as d i u r n a l v a r i a t i o n s ,
s i t u a t i o n a L d e p e nd e n c i e s, etc. Even t h ough most of these
data come f r o rn s i m p l i f i e d laboratory s i t u a t i o n s , the r e is no
reason to assume t h a t they c a n n o t b e ap p I i e d t o r e a l i s t ic
work s i t u a t i o n s . T h i s h a s b e e n c o n f i r rn e d , f o r i n s t a n c e , b y
s t u d i e s o f s h i f t - w o r k . 11 i s a l s o h 'i g h I y p I a u':. i b I e t h a t
t h e r e a r e s i g ni f i c a n t ind i v i d u a I d i f f e r e n c e s i n ' E r ro r
Prone n ess'.

To summarize,, m a k i n g p r e d i c t i o n s r- e q u i r e s an adequate
d e f i n i t i o n o f w h a t t h e p r e d i c t i o n s a r e a b o u t . U n I e s s
frequencies and p r o b a b i l i t i e s are s u f f i c i en t,, o n e m u s t have
a theory, or at l e a s t a set of y o o d hypotheses, in order t o
make the predictions. It is furthermore I o g i c a I t 'n a t
p r e d i c t i o n s cannot be about causes, unless we assume a
s t r i o t I y d e t e r m i n i s t i c world. Consequently, the p r e d i c tions
must be about outcomes, i.e. observes:! m i s m a t c h e s , and
p o s s i b l y the a c t i o n s l e a d i n g to them. In t h e sense that
'Human Errors' are causes, we can t h e r e f o r e n ul m a k e
p r e d i c t i o n s of human errors.

6 . THE R. A P Y

a p r a c t i c a l p o in t of v i e w the m os t i mpo r t a n1
q u estions is how m i s m a t c h e s can be p r e v e n t e d . 0 n e c l u e to
t h i s is found i n the cases wh e r e m i s rn a t c h e s do not o c c u r ,
e i t h e r because they are d e t e c t e d a nd c o r r e c t e d by t h e
operator, or because the system is s u f f i c i e n t l y f o r g i v i n g ,
It would be reasonable to look f u r t h e r i n t o t h e s e
p o s s i b i l i t i e s for p r e v e n t i n g m i s m a t c h e s , hence r e d u c i n g
'Hum an Error'.

T h e r e a r e p r- o b a b I y very many ways in w h i c h a n M M S c a n
be designed to f a c i l i t a t e the d e t e c t i o n and c o r r e c t i o n of
e r r o r s . A g o o d w o r k i n g 1: h e o r y of h u in a n a c t i o n w i l l b e
i n v a l u a b l e in t h i s respect, s i n c e it: w i l l m a k e i t p o s s i b l e
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t o i n d i c a t e rn o r e p r e c i s e L y when a n d how i n t e r v e n t i o n s t o
c h a n g e t h e c o u r s e o f a c t i o n can b e m a d e. It is p r o b a b L y
b e 11 e r t o d e s i q n f o r g e n o r a !. d e t e c t. i o n an d c o r r e c t: i o n r a t h e r
t h an for s p e c i f i c p r e v e n t i o n . T h e e x p e r ie nee f r o m a l l t y p es
o f p r o c e s s c o n t r o \. c I e a r I y show s t hat M u r p h y ' s I a w c a n n o t b e
b e a t. e n ,

However, even if t h e b e s t of systems has be e n d esi g n e d,
t h e re w i I. I r e m a i n a b a s i c v a r i a b i I i t y in h u rn a n p e r f o r rn a n c e
that w i l l I e a d t o mi s m a t c h e s w h e n t h e c i r c u m s t a n c cf: a r c
r i g h t (or wrong, rather). If t h e operator w a s turn ed i n t o an
a u t o m a t o n (or e v e n r e p l a n e d by one), we mi g h t p r o d u c: e a n
error-free system, p r o v i d e d t h e d e g r e e o f c o rn p I e x i t y w a s
G u f f i c i e n t L y low. But t h a t is p r e c i s e l y t h c c r u x of t he
m a 11 e r . The rn i s rn a t c h e s rn a y o c c u r- n o t. j u s t b e a u s e o f m i s t a k e s
made by the o p e r a t o r d u r i n g o p e ration, but also b e c a u se o f
m i s t: a k e s rn a d e by t h e d e s i g n e r d u r i n g e a r l i e r phases. These
mi s t a k e s would n o1 be con t a i n e d u n I ess a I h e o r y of h u man
a c t i o n w a s a p p I i e d t o I i t e r- a I. l y e v e r y aspect o f the s y s t e rn,

7, SPECULATION

T h e q u e s t i o n s r a i s e d in t h i f; g r o u p a re v e r- y m i x e d . M o s t
of t h e rn s e e rn t o r e f e r t o f u n d a in e n t a I f) r o b L e rn s o f h u rn a n
beings, such a s t h e e v oIu t i o n of I e a rni n g a nd k r i o w I e d ge. I
w i l l . s a v e t h e rn for t h e , h o p e f u I L y, w a r rn n i g h t s a t Bel I a g i o .
S o m e of the m m a y h a v e been a n s w e r e d i n d i r e c t l y by t h e
c o n s i d e r a t i o n s g i v e n i n t h e p r e c o d i n g . Fro m a c y b e r n e 1: i c
point of v i e w t h e r e is d e f i n i t e l y a v i r t u e in error, seen as
rn i s m a t c h e s . 11: i s o n I y b y b e c o ;n i n g a w a r e o f , o r b e i n g
i n f o r rn e d a b o u t , our f a i l u r e s t o a c h i e v e 1 h e g o a I s , i n c I u d i n q
rn a k i n g c l e a r what t h e g o a I s are, t h a t w e c a n i rn p r o v e o u r
performance. That c e r t a i n l y also i n c l u d e s the p o s i f i on I
have exposed in t h i s paper.
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A taxonomy for
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