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ABSTRACT 

Emotions involve complex processes produced by 
i n te rac t i ons between motives/ b e l i e f s / percepts , 
e t c . E.g. real or imagined f u l f i l m e n t or v i o l a t i o n 
of a mot ive/ or t r i g g e r i n g of a 'mot ive-genera tor ' / 
can d i s tu rb processes produced by other mot ives. To 
understand emotions/ t he re fo re / we need to under
stand motives and the types of processes they can 
produce. This leads to a study of the g lobal a r c h i 
tec tu re of a mind. Some const ra in ts on the evo lu 
t i o n of minds are d isussed. Types of motives and 
the processes they generate are sketched. 

INTRODUCTION 

We a l l know a lo t about the d i f fe rences and s i m i 
l a r i t i e s between states l i k e anger/ embarrassment/ 
e l a t i o n / dismay, e t c . / but i t is not easy to 
a r t i c u l a t e t h i s knowledge. The task of making such 
knowledge e x p l i c i t could be ca l led ( fo l l ow ing 
Heider [23] Naive Psychology. This paper makes 
some steps towards Naive Psychology, and p a r t l y 
goes beyond i t / showing t h a t : 

the need to cope wi th a changing and p a r t l y 
unpredic table world makes i t very l i k e l y that 
any i n t e l l i g e n t system with mu l t i p le motives 
and l i m i t e d powers w i l l have emotions. 

So the be l i e f that emotions and i n t e l l e c t are 
somehow qu i te separate is mistaken. 

To const ra in our search for a model of mental 
processes we recommend a m u l t i d i s c i p l i n a r y approach 
combining (a) conceptual ana l ys i s , used by ph i l oso 
phers to a r t i c u l a t e common i m p l i c i t knowledge (see 
C33 ch 4 ) , (b) analys is of const ra in ts w i t h i n which 
organisms have to operate/ and which determine what 
would make them wel l adapted/ (c) a survey of a b i l 
i t i e s of d i f f e r e n t animals and (d) the design of 
poss ib le systems. This should y i e l d a grammar of 
poss ib le types of minds, na tura l and a r t i f i c i a l . 
We need to explore types of environmental con
s t r a i n t s / types of needs or motives organisms or 
robots may have, types of in format ion-processing 
mechanisms and s t ra teg ies relevant to achieving 
these motives w i t h i n d i f f e r e n t sor ts of con
s t r a i n t s . 

There is a huge array of possible cases, from 
systems wi th verysimple feedback loops to those 
conta in ing a l l the complexity sketched below. 

Arguing about where to draw the l i ne between cases 
of rea l i n t e l l i g e n c e or menta l i t y and the rest is 
qu i te p o i n t l e s s , l i ke arguing over whether i t i s 
s t i l l ' r e a l l y ' chess i f one player accepts the han
dicap of p lay ing without a queen. ( I n the end/ 
some of the decis ions are e t h i c a l . ) 

CONSTRAINTS ON INTELLIGENT SYSTEMS 

Here are some " c o n s t r a i n t s " on the design of I n t e l -
l i gen t systems. Some involve physica l needs, some 
mental needs (the need fo r powerful inference s t r a 
t e g i e s , e t c ) / some the needs of a soc ia l system, 
and some the needs of the comparatively help less 
young• 
* Goals, obstac les / o p p o r t u n i t i e s / f r i ends and 

foes do not come wi th simple physica l pat terns to 
i d e n t i f y them. Recognit ion w i l l o f ten requi re the 
use of s t r u c t u r a l d e s c r i p t i o n s . Motives w i l l need 
to incorporate s t r u c t u r a l descr ip t ions of s tates to 
be achieved/ preserved/ avoided/ e t c . 
* The c o l l e c t i o n of motives w i l l not be s t a t i c . 

The physical needs of an organism can vary . Old 
motives can generate new ones as subgoals for 
achieving some task . Mechanisms for changing the 
current set of motives and t h e i r p r i o r i t i e s are 
requ i red . The rev i s ion of goals makes it necessary 
for the system to be able to i n t e r r up t and r e 
d i r ec t processing. 

* The environment is not s t a t i c : oppor tun i t i es and 
dangers, may a l l vary from time to t ime . Changes 
w i l l need to be perceived or p red i c ted . Pred ic
t ions w i l l not always be r e l i a b l e . This impl ies a 
need fo r constant mon i to r ing / and a b i l i t y to no t i ce 
and deal w i th the unexpected. 
* Speed of computation may o f ten be impor tant . 

Events may happen q u i c k l y . The organism may have to 
decide and move q u i c k l y . Often there is no time for 
normal processes of in fe rence / and d e l i b e r a t i o n . 

* Some oppor tun i t i es ex is t only dur ing a r e l a 
t i v e l y short t ime i n t e r v a l / o f ten long before they 
are needed. The a b i l i t y to store th ings is t he re 
fore impor tant . Some subgoals may have to be 
achieved long in advance of the main g o a l . There 
may be in tense/ though less impor tant / motives 
which c o n f l i c t wi th a long term g o a l . I t is neces
sary to be able to i n te r leave pu rsu i t of d i f f e r e n t 
i n t e n t i o n s . This impl ies an a b i l i t y to no t ice con
d i t i o n s for con t i nua t i on . 
* The complexity of the environment w i l l o f ten 

lead to mistaken b e l i e f s / p l ans , and a c t i o n s . Later 
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the mistaken b e l i e f may be co r rec ted . It is then 
necessary to modify plans or a c t i o n s , accord ing ly . 
This requires storage of reasons fo r motives and 
dec i s i ons , so that when the new in format ion turns 
up, chains of relevance can be i d e n t i f i e d . 

* If the organism or machine has a complex body, 
it w i l l need to have many monitors capable of 
de tec t ing shor tages, d is turbances, e t c . , and e i t he r 
causing automatic co r rec t i ve ac t ion or causing a 
new motive to be c rea ted , poss ib ly wi th a high 
p r i o r i t y . 

* Making f u l l use of d i f f e r e n t par ts of the body 
requi res f a c i l i t i e s fo r d i f f e r e n t processes to 
ex i s t in p a r a l l e l . This considerably complicates 
the problems of i n t e r r u p t i n g and r e - d i r e c t i n g 
thoughts and a c t i o n s . 
* D i f f e ren t motives in the same i nd i v i dua l may be 

i n c o n s i s t e n t . Mechanisms and s t ra teg ies fo r deal ing 
w i th incons is tenc ies w i l l be needed. 
* Where the act ions or a t t i t u d e s of other agents 

matter i t w i l l be necessary to have the a b i l i t y to 
represent the mental s tates of o the rs . This plays 
an important ro le in many human emotions, such as 
embarrassment. 
* I nd i v i dua l s may p e r i s h , and new ones be p ro 

duced. Transmission of in format ion to o f f s p r i n g 
requires mechanisms and s t ra teg ies fo r such commun
i c a t i o n and motives which ensure that they are 
used. The task of communicating s k i l l s and 
knowledge to the young may be a considerable burden 
to the o lder i n d i v i d u a l s , and c o n f l i c t w i th many of 
t h e i r mot ives. 
* In co-operat ive communities, i n d i v i d u a l s should 

develop motives which do not necessar i l y maximise 
t h e i r own advantage, but which enable the community 
as a whole to f unc t i on w e l l . This can , of course, 
lead to c o n f l i c t i n g motives w i t h i n and between 
i n d i v i d u a l s . 

The need to learn mc ives ( i nc lud ing t a s t e s , 
aesthet ic and e t h i c a l p r i n c i p l e s , standards of 
behaviour , e t c . ) could apply to machines capa
b le of f u n c t i o n i n g , in co l l abo ra t i on w i th human 
be ings , in a wide v a r i e t y of c u l t u r e s . 

* The young w i l l need motives concerned wi th 
e x p l o r i n g , p r a c t i s i n g , not ing i n f o r m a t i o n , and 
s t imu la t i ng o lder i nd i v i dua l s to communicate wi th 
them. 

* Choosing between a l t e r n a t i v e s w i l l not be sim
p l e . The not ion of an opt imal choice w i l l not 
necessar i l y even be w e l l - d e f i n e d . Achieving a long 
term balance between d i f f e r e n t needs of the i n d i v i 
dual or the community can be a major problem. 
Decision-making processes w i l l have to be capable 
of coping w i th such c o n f l i c t s . 

Such cons t ra in ts def ine a set of quest ions to be 
asked about organisms, and a set of possib le tasks 
f o r the robot des igner . 

I f i n d i v i d u a l s conta in such complex co l l ec t i ons 
of motives and a b i l i t i e s , w i th d e l i c a t e l y balanced 
c o n f l i c t s between mot ives , they are l i k e l y to be 
very uns tab le , w i th r e l a t i v e l y small ex terna l 
changes producing new motives decis ions and 

a c t i o n s , which in tu rn can lead to f u r t he r i n t e r n a l 
changes. Thus i n i t i a l l y s im i l a r i nd i v i dua l s can 
develop in very d i f f e r e n t ways. 

THE COMPUTATIONAL ARCHITECTURE OF A MIND 

Chapters 6 to 10 of C33 sketched some of the compu
t a t i o n a l a rch i t ec tu re of the human mind. I t turned 
out use fu l to d i s t i n g u i s h at least the f o l l o w i n g : 

* A s tore of ' sp r ings of ac t ion ' (mot ives) . 
* A store of resources ( inc lud ing f a c t s , p ro 

cedures, e t c . ) . 
* Indexes to resources. 
* A c o l l e c t i o n of concurrent on-going g o a l -

d i rec ted processes. 
* Many stores of temporary i n f o r m a t i o n , loca l to 

the var ious processes. 
* Indexes to current processes and t h e i r generat

ing purposes. 
* Many kinds of moni tor ing processes, perce iv ing 

ex terna l and i n t e r n a l ob jects end events , and able 
to cause i n t e r r u p t i o n s . 
* A ' c e n t r a l ' admin i s t ra t i ve process concerned 

with dec id ing : forming i n t e n t i o n s , making or 
se lec t ing plans and reso lv ing major c o n f l i c t s in 
the l i g h t o f motives ( t a s t e s , p r i n c i p l e s , e t c . ) . 
Since not a l l decis ions can be taken independent ly, 
and sub-processes w i l l sometimes generate incompa
t i b l e g o a l s , i t w i l l be necessary fo r c o n f l i c t s t o 
be resolved at a high level in the l i g h t of major 
goa l s , p o l i c i e s , e t c . 

These ideas need to be r e f i n e d . The rest of t h i s 
paper f i l l s in some d e t a i l s . 

PROCESSING MOTIVES 

Motives include representat ions of s tates of 
a f f a i r s or events to be achieved, preserved, 
prevented, e t c . There are very many d i f f e r e n t sor ts 
of mot ives, and the next sec t ion w i l l enlarge on 
t h i s . S i m i l a r l y , there are many sor ts of i n t e r n a l 
processes i nvo l v ing mot ives, such as : 
* Adding motives to and removing them from the 

s t o r e . 
* Select ing motives to act on ( forming i n t e n 

t i o n s ) : - Not a l l motives can be acted on . Those 
which are selected w i l l be described as ope ra t i ve . 
Those which are r e j e c t e d , are i nope ra t i ve . Some 
may be l e f t f o r f u r t he r cons iderat ion l a t e r , i . e . 
suspended. The word ' i n t e n t i o n ' covers opera t ive 
mot ives. Desires may be operat ive or i nope ra t i ve . 
Even strong desires can be over - r idden by other 
mot ives. Motives may be suspended because there is 
not yet enough i n f o rma t i on , or because measures of 
importance, or ru les fo r comparing, f a i l to y i e l d a 
c lear cut dec i s i on . 
* Drawing a t t e n t i o n to suspended or inopera t i ve 

mot i ves : - Suspended and inoperat ive motives may 
have to be reconsidered. Some may be assigned a 
moni tor ing process which decides when to i n t e r r u p t 
the admin i s t ra to r . Others may cons tan t ly request 
a t t e n t i o n . The power to request a t t e n t i o n we c a l l 
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t h e i n t e n s i t y o f a mot ive. 
* Changing the i n t e n s i t y of mot ives : - I n t e n s i t y of 

a motive is a measure of how hard it attempts to 
get i t s e l f se lec ted . We contrast i n t e n s i t y with 
importance. I n t e n s i t y is the power to be considered 
for s e l e c t i o n , whereas importance* or s t r eng th , is 
the power to be selected for a c t i o n , and to over
r ide a l t e r n a t i v e mot ives. Sometimes the importance 
as wel l as i n t e n s i t y w i l l change, in which case an 
inopera t ive motive may be reconsidered and selected 
fo r a c t i o n . 
* Abandoning an i n t e n t i o n : - An operat ive motive 

may revert to an inoperat ive s t a t e . Goals which 
have been achieved can be removed from the s to re . 
* Deciding when to act on operat ive mot ives : -

Motives w i l l need to be temporal ly ordered, or even 
i n t e r l e a v e d . Operative motives not cu r ren t l y being 
acted on we c a l l dormant, the others a c t i v e . Some 
dormant motives are very genera l , and when the 
re levant circumstances turn up produce more 
spec i f i c i n t e n t i o n s . Hence a motive may be a motive 
generator . (Most of the time you are not in the 
process of t r y i n g to do anything to help people in 
d i s t r e s s , yet if you observe someone have an 
acc iden t , a dormant but operat ive general motive 
may generate a new spec i f i c ac t ive and operat ive 
i n t e n t i o n to he lp . ) Sometimes a motive w i l l be ren
dered dormant because some other motive has been 
assigned higher p r i o r i t y . Dormant motives may 
requi re some kind of monitor ing process. 
* Waking up dormant mot ives. 
* Making or choosing p l ans : - Sometimes a l t e r n a t i v e 

plans w i l l be a v a i l a b l e , and relevant motives may 
have to be invoked for choosing between them. So 
some motives need to take the form of preferences. 
(The planning process can be made more e f f i c i e n t by 
l e t t i n g pre-compiled preferences cont ro l the p ro
cess of cons t ruc t ion so that instead of being 
re jec ted a f t e r const ruc t ion bad a l t e rna t i ves are 
not even const ruc ted. ) 

* Executing p l a n s : - This may involve adding new 
subgoals to the s t o r e , removing subgoals when they 
have been achieved, moni tor ing progress, e t c . In 
some cases the plan can be executed by a lower-
leve l process, which al lows the cent ra l admin is t ra 
to r to carry on wi th more d i f f i c u l t tasks . This 
includes both automatic processes l i k e breathing 
and processes for which f u l l y debugged and r e l i a b l e 
s t ra teg ies ere a v a i l a b l e , l i k e walk ing. 
* Retrospect ive a n a l y s i s : - Fai lures sometimes pro

v ide in format ion from which the organism can l ea rn . 
So can unexpected successes. Even act ions which go 
as expected can provide new in format ion reveal ing 
redundancy, missed o p p o r t u n i t i e s , r i s k s , e t c . 
* Induct ive l e a r n i n g : - I f doipg something is con

s i s t e n t l y fo l lowed by s a t i s f a c t i o n of ex i s t i ng 
mot ives , then it might be usefu l to develop a new 
motive to do that th ing whenever poss ib le , or 
increase the i n t e n s i t y or strength of an ex i s t i ng 
motive (or mot ive-genera tor ) . S i m i l a r l y , i f a type 
of ac t ion or s i t u a t i o n is f requent ly fol lowed by 
the f r u s t r a t i o n of other mot ives. This sort of 
mechanism would exp la in some resu l ts of behaviour
i s t research. 

* I n t e r r u p t i o n s : - Inoperat ive or suspended motives 
can i n te r rup t the process which se lec ts motives for 
a c t i o n , i f something makes t h e i r i n t e n s i t y high 
enough. A new motive becoming o p e r a t i v e , or detec
t i o n of condi t ions relevant to operat ive but dor
mant motives can i n t e r r u p t the processes of p l a n 
ning or execu t ion , as can detec t ion of new c i r 
cumstances relevant to the current a c t i o n . Some 
i n te r rup t s may be capable of being handled by a 
lower- leve l spec ia l i s t subsystem, e . g . r e f l e x e s . 
Other i n t e r rup t s require g lobal r e - o r g a n i s a t i o n . 
Some i n t e r r u p t s may involve matters of such urgency 
and importance that the new motive bypasses normal 
se lec t ion and planning processes and d i r e c t l y 
causes a s t ra tegy to be invoked. 

* Suppressing i n t e r r u p t i o n s : - When something which 
is very important and requires f u l l a t t e n t i o n is in 
progress, then it may be necessary to prevent 
i n t e r r u p t i o n s . This could be handled by p r i o r i t y 
mechanisms. For ins tance , people who art i n j u red in 
b a t t l e sometimes don ' t not ice the i n j u r y t i l l long 
a f terwards. The i n a b i l i t y of r e l a t i v e l y intense 
des i r es , pa ins , e t c . to get any a t t e n t i o n at a l l 
dur ing the performance of some a c t i o n s , might seem 
to imply that not a l l the processes run in p a r a l l e l 
on independent processors. A l t e r n a t i v e l y , it may be 
the case that what we are conscious of is res 
t r i c t e d to in format ion accessed by some one p ro 
cess, a l l of whose resources are reserved for cer 
t a i n tasks . 

We now have a framework to account for d i f f e r e n t 
sor ts of mot ives. We see a need for many p a r a l l e l 
processes, moni tor ing i n t e r n a l and ex terna l events 
fo r s i g n i f i c a n t occurrences. These may t r i g g e r (or 
re-awaken) processes, which may involve i n t e r r u p t 
ing o the rs . 

TYPES OF MOTIVES 

Motives are representat ions used in deciding what 
to do, i . e . d e s i r e s , wishes, t a s t e s , preferences, 
i d e a l s , and so on. This includes 'mot ive genera
t o r s ' , and 'mot ive comparators ' . What makes a 
representat ion func t ion as a motive is not where it 
i s stored or what i t s s t ruc tu re i s , but i t s ro le in 
processing. There art many d i f f e r e n t sor ts of 
mot ives: 

* Motives may have any of the l og i ca l complexity 
o f f ac tua l statements. inc lud ing negat ion , d i s 
j u n c t i o n , c o n d i t i o n a l s , un iversa l q u a n t i f i c a t i o n , 
and so on . 

* Some motives c o n s t i t u t e desires or preferences, 
un l i ke mere sub-goals of other mot ives. Not a l l 
goals are valued i n t r i n s i c a l l y . Sometimes, in peo
p l e , a mere subgoal comes to be valued as an end, 
perhaps because ' reason ' in format ion gets lost 
somehow? 
* F i r s t - o r d e r motives d i r e c t l y speci fy goa l s , 

whi le second-order motives are concerned wi th gen
e ra t i ng new motives or decid ing r e l a t i v e p r i o r i t i e s 
of c o n f l i c t i n g mot ives: motive generators and 
motive comparators. A motive produced by a 
motive generator may have the status of a d e s i r e . 
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* Motives may vary in i n t e n s i t y . I n t e n s i t y can be 
thought of as an i n t e r r u p t p r i o r i t y l e v e l . The p ro 
cess i n te r rup ted is the admin i s t ra t i ve process con
cerned wi th choosing motives to act on . This may 
also cause other processes to be d i s t u rbed . 
* Some motives may be g e n e t i c a l l y programmed, such 

as a motive generator which produces desires to 
f i n d th ings o u t : a ' c u r i o s i t y i n s t i n c t ' . Others are 
generated by cogn i t i ve processes, such as the 
i n t e r a c t i o n of e x i s t i n g motive-generators wi th new 
percep t ions . Others are generated by bod i l y 
processes. 

* Some mot ives , e . g . some pa ins , do not contain 
s p e c i f i c goals to be achieved, yet i nd ica te a need 
f o r something to be done, leaving i t to other 
processes to determine what the problem i s . The 
motive may include in format ion about the loca t ion 
o r ser iousness, even i f the precise nature or cure 
i s l e f t unspec i f i ed . 
* Some motives are concerned w i th preserving a 

s ta te or process. These may involve phys ica l sensa
t i o n s , phys ica l o r mental a c t i v i t i e s ( e . g . sex, 
ea t ing or d r i n k i n g , developing some s k i l l ) . 
•Pleasure ' and 'enjoyment' character ise t h i s sort 
o f t h i n g . 

* Pleasure and displeasure may be associated wi th 
success and f a i l u r e of a c t i o n s . The des i re fo r the 
s i t u a t i o n to be d i f f e r e n t from what i t i s , is at 
least par t of what is involved in f i n d i n g the 
f a i l u r e unpleasant. The des i re to dwel l on a suc
cess is par t of ga in ing pleasure from success. 
* Mot iva t ion to persevere in the face of f a i l u r e 

is o f ten Important since repeated act ions don ' t 
always produce the same r e s u l t . However, sometimes 
f l e x i b i l i t y 1s p r e f e r a b l e . 
* I n a b i l i t y to decide between a l t e r n a t i v e s can 

lead to d i s a s t e r s . It may be important to be able 
to detect when decid ing is tak ing too long and gen
erate a motive to speed up the decision-making p ro 
cess. 
* Some k ind of p r i o r i t y system w i l l be needed. 

Di f f e ren t motives w i l l have d i f f e r e n t degrees of 
urgency associated wi th them, concerned wi th how 
much time is l e f t . This is not the same as i n t e n 
s i t y : something not wanted very much may be urgent . 
In add i t i on there may be a measure of importance of 
the mot ive . This 1s d i f f e r e n t from both urgency and 
i n t e n s i t y : e . g . important but una t t r ac t i ve d u t i e s . 
Importance may be l inked to e f f e c t s of not achiev
ing the mot ive . 
* Besides measures, there may be a c o l l e c t i o n of 

h e u r i s t i c s fo r choosing when c o n f l i c t s a r i s e : 
motive-comparators 

It 1s d i f f i c u l t to spec i fy what the task of a 
decision-maker 1s, when so many complex motives 
i n t e r a c t wi thout any we l l def ined concept of what 
cons t i t u tes the best dec i s i on . Some cases may be 
dea l t wi th by very general s t r a t e g i e s , e . g . choos
ing at random, or choosing the urgent one. Even 
where importance 1s represented by a measure, t h i s 
may be very coarsely quan t i sed , leaving a need fo r 
a d d i t i o n a l choice h e u r i s t i c s . There may be several 
incommensurable measures. The no t ion of an opt imal 

d e c i s i o n , and there fore of an opt imal dec i s i on 
making system is probably not w e l l - d e f i n e d . An 
e n t i r e l y r a t i ona l dec is ion making process is t he re 
fore not to be expected. 

Many people deny that machines could ever be 
said to have t h e i r own mot ives. Machines h i t h e r t o 
f a m i l i a r to us e i the r are not goa l -d i rec ted at a l l 
( c l ocks , e t c . ) o r e l s e , l i k e current game-playing 
computer programs, have a simple h i e ra r ch i ca l set 
of goa l s , w i th the h ighes t - l eve l goal put there by 
a programmer. If machines were designed wi th a sys
tem of motives and motive generators as complex as 
that described above, then the machine could 
develop and change over time in such a way that it 
would be misleading to say that the machine was 
pursuing the goals of i t s designer. U l t ima te l y the 
decis ion whether to say such machines have motives 
is a moral d e c i s i o n , concerned wi th how we ought to 
t r ea t them. 

ANGER 

Consider a f a m i l i a r emot ion, anger. Typ i ca l l y i f 
some i nd i v i dua l X is angry, there is another i n d i 
v idua l Y wi th whom X is angry, and something X 
bel ieves Y to have done or f a i l e d to do. Y is 
bel ieved to be responsible fo r v i o l a t i n g one of X's 
mot ives, and X wants to hurt or harm Y: a new 
motive in X d i rec ted against Y. This motive need 
not be selected fo r a c t i o n : it may remain intense 
yet i n o p e r a t i v e , e . g . fo r fear of consequences. 
The existence of the des i re is s t i l l not s u f f i c i e n t 
fo r X's s ta te to be one of anger. He may have the 
d e s i r e , but put it out of mind, and calmly get on 
wi th something e l s e , and in that case he would not 
be angry. Anger involves an intense des i re to do 
something to Y, that i s , the desire should f r e 
quent ly ' request a t t e n t i o n ' from X's dec i s i on 
making processes. So unless acted on , the des i re 
w i l l f requen t l y come back i n to X's thoughts , making 
i t hard for him to concentrate on other a c t i v i t i e s . 
(Unconscious anger is possib le t oo . ) 

I t is poss i b l e , in human be ings, fo r the anger 
to produce physical d is turbances. However, i f X 
s a t i s f i e d enough cogn i t i ve condi t ions he could 
r i g h t l y describe himself as being very angry, 
despi te not having the physica l symptoms. The anger 
could be s t rong , inso far as i t cons tan t ly in t ruded 
i n t o h is thoughts and dec i s i ons , and inso fa r as he 
s t rong ly desired to make Y s u f f e r , and su f fe r a 
great d e a l . 

Strength of an emotion can vary along d i f f e r e n t 
dimensions: anger can vary according to how much X 
minds what he th inks Y has done, which w i l l depend 
on how important the v i o l a t e d motive was. It can 
vary according to how much harm X wants to do to Y. 
It can vary also wi th how important the wish to 
harm Y i s : the des i re may or may not be hard to 
o v e r r i d e . F i n a l l y , the s t rength of the anger can 
vary according to how much general d isturbance it 
produces, or tends to produce 1n X. Emotion need 
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not a c t u a l l y i n t e r f e r e wi th other mot ives: for 
instance if the new motive to punish Y is acted on , 
there need be no d is turbance. But the anger has the 
p o t e n t i a l to d i s tu rb other a c t i v i t i e s i f they are 
at tempted. 

When there is no desire to cause harm to Y, the 
emotion is more l i k e exasperation than anger. I f 
there is no a t t r i b u t i o n of r e s p o n s i b i l i t y , then the 
emotion is some form of annoyance, and if the 
motive that is v i o l a t ed is very impor tant , and can
not read i l y be s a t i s f i e d by some a l t e r n a t i v e , then 
the emotion is dismay. 

TOWARDS A GRAMMAR OF EMOTIONS 

We can now general ise towards a l i s t of components 
of a grammar of emotional s t a tes . 
* An emotional s ta te normally involves having at 

least one f a i r l y strong mot ive. Real or imagined or 
expected s a t i s f a c t i o n or v i o l a t i o n of t h i s motive 
produces the emotion. This generates several sorts 
of cases, depending on whether the motive is con
cerned wi th something s t rong ly des i red , or some
th ing s t rong ly d i s l i k e d , whether the desire is 
thought to be s a t i s f i e d or v i o l a t e d , or whether 
there is uncer ta in ty about which is the case. 

* The combination of motive and be l i e f (or uncer
t a i n t y ) must be capable of producing a d is turbance, 
i . e . con t i nua l l y i n t e r r u p t i n g th ink ing and dec id
i n g , and in f luenc ing one's decision-making c r i t e r i a 
and percept ions . 
* The disturbance may or may not involve spec i f i c 

new mot ives, for instance a desire to r i gh t what 
has gone wrong, or a desire to inform other people. 
Where there is no new mot ive: there may simply be a 
constant dwel l ing on what has happened. 
* The new motives need not be selected for a c t i o n . 

Some emotional states such as f r i g h t may involve 
the d i r ec t product ion of ac t i ons , by-passing the 
processes of d e l i b e r a t i o n and p lann ing . A v i o l a ted 
motive may be able d i r e c t l y to ac t i va te some e x i s t 
ing s t ra tegy , i n t e r r u p t i n g other ac t i ons . This 
would include cases of ' impu l s i ve ' a c t i o n . This 
could make it poss ib le to take very rapid remedial 
ac t ion in times of great danger, or when sudden 
oppor tun i t i es art recognized. 

* Some emotional s tates ar ise out of act ions per
formed by the i n d i v i d u a l , fo r instance fear about 
possib le e r r o r s , and secondary motives may be gen
erated to take extra care , e t c . These secondary 
motives may generate so much disturbance that they 
lead to d i s a s t e r . 
* In some cases, an emotion involves i n t e r r up t i ng 

and red i r ec t i ng a large number of ongoing 
processes, fo r instance processes c o n t r o l l i n g d i f 
ferent parts of the body. Sensory detectors may 
record local changes produced by the i n t e r r u p t i o n s , 
and the system's percept ion of i t s own state w i l l 
be changed. However, t h i s kind of experience is 
not a necessary part of a l l emotions. In te rna l 
moni tor ing need not produce recogn i t i on . The a b i l 
i t y to d isc r im ina te and recognise complex i n te rna l 
s ta tes may have to be l e a r n t , and may involve 

perceptual processes no less complex than recognis
ing a face or a t y p e w r i t e r . 
* One need not be conscious o f , or f e e l , the emo

t i o n : the d is tu rbance, or tendency to d i s t u r b need 
not be recognised, e . g . because re levant schemata 
have not been learnt (see [3] ch 10 ) . I f i t is 
recognised, t h i s may ac t i va te f u r t he r dormant 
motives or mot ive-generators , and poss ib ly lead to 
a second-order emotion ( recurs ive e s c a l a t i o n ) . 

Our conjecture is that the i n t e r r u p t i o n s , d i s 
turbances and departures from r a t i o n a l i t y which 
character ise emotions are a na tu ra l consequence of 
the sor ts of mechanisms required by the cons t ra in ts 
on the design of i n t e l l i g e n t systems l i s t e d ear
l i e r . Our theory does no th ing , as y e t , to charac
t e r i s e the de ta i l ed phenomenology of the e x p e r i 
ences involved in emotions. These are as r i ch and 
var ied as other percept ions, e . g . v i s i o n , where 
there is also much work to be done y e t . The f i ne 
s t ruc tu re of human emotional experience o f ten 
includes awareness and i n t e r p r e t a t i o n of bod i l y 
changes. A f u l l account of what i t is t y p i c a l l y 
l i k e to fee l anger, e l a t i o n , f e a r , e t c . would have 
to include descr ip t ions of t h i s f i ne s t r u c t u r e . Yet 
what makes many emotions important in our l i ves is 
not t h i s sort of d e t a i l , but the more g lobal s t r u c 
t u r e . And that is what we have t r i e d to descr ibe . 
This is what would make it possib le fo r us to use 
terms l i k e ' a n g r y ' , ' a f r a i d ' , ' d i s a p p o i n t e d ' , 
•embarrased', ' e c s t a t i c ' to describe the s ta te of 
mind of an a l i en be ing , or poss ib ly a s u f f i c i e n t l y 
soph is t i ca ted robo t . 

MOODS AND ATTITUDES ARE NOT EMOTIONS 

A mood is p a r t l y l i k e an emotion in that it 
involves some kind of g lobal d isturbance o f , or 
d i s p o s i t i o n to d i s t u r b , mental processes. But i t 
need not be the i n t r u s i o n of spec i f i c thoughts , 
desires and i n c l i n a t i o n s to a c t , e t c . In humans, 
moods can be induced by chemical processes, or by 
cogn i t i ve processes, fo r instance hearing good or 
bad news. A mood can colour the way one perceives 
t h i n g s , i n t e r p r e t s the act ions o f o t h e r s , p red ic ts 
the outcome of a c t i o n s , makes p lans , e t c . As wi th 
an emotional s t a t e , a mood may or may not be per
ceived and c l a s s i f i e d by the i n d i v i d u a l concerned. 

A t t i tudes are o f ten confused wi th emotions. I t 
is possible to love , p i t y , admire, or hate someone 
without being a t a l l emotional about i t . The a t t i 
tude w i l l be expressed in tendencies to take cer 
t a i n decisions rather than others when the 
oppor tun i ty a r i s e s , but there need not be any con
t i n u a l disturbance of thoughts and dec is ions . A 
mother may love her ch i l d ren without t h e i r being 
constant ly in her mind, though a spec i f i c 
occurrence, such as news of danger to them may wel l 
i n te rac t wi th t h i s a t t i t u d e to produce an emot ion, 
such as anx ie ty . There is no sharp d i v i d i n g l i ne 
between a t t i t u d e s or moods and emotions. The space 
of possible mental s tates and processes is too r i ch 
and complex fo r simple d i v i s i ons to be u s e f u l . 
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There are many kinds of experiences which can be 
deep and 1n some sense moving, and which we may 
descr ibe as emotions, f o r lack of a r i c h e r , wore 
f i ne -g ra ined vocabulary: fo r instance de l i gh t in a 
landscape, reading poe t ry , hearing music, being 
absorbed in a f i l m or a problem. These seen to 
Involve processes in which what 1s c u r r e n t l y per-
ceived i n te rac t s power fu l ly w i th a large number of 
processes, sometimes phys ica l as wel l as menta l . 
For ins tance , l i s t e n i n g to Music can produce a t e n 
dency to Move phys i ca l l y in t ime to the music and 
also a great deal of mental 'movement': memories, 
percep t ions , r i pp les of assoc ia t ion a l l under the 
con t ro l of the music. These sor ts of processes 9re 
not explained by the present t heo ry , but they might 
be accounted fo r in terms of some aspects of the 
design of i n t e l l i g e n t systems not discussed here, 
such as the need fo r sub t le forms of i n t e g r a t i o n 
and synchronisat ion of many processes in c o n t r o l 
l i n g physical movement. The synchronisat ion is 
needed both w i t h i n an i n d i v i d u a l and between i n d i 
v idua ls engaged in co-operat ive tasks . Music seems 
to be able to take con t ro l of some such processes. 

CONCLUSION 

This sketch of some aspects of the a rch i t ec tu re of 
the human mind, provides a framework fo r t h i nk ing 
about a range of poss ib le types of i n t e l l i g e n t sys
tems, na tu ra l and a r t i f i c i a l , though the analys is 
s t i l l has gaps. In p a r t i c u l a r , our account of 
pleasure and pain requi res development, and we are 
not yet able to g ive an acceptable ana lys is of what 
i t i s t o f i n d something funny! 

We have o u t l i n e d a number of mechanisms and 
processes, which probably don ' t occur in a l l 
an imals. In some less f l e x i b l e forms of i n t e l l i 
gence, the process of se lec t i on of a motive could 
be Inseparable from the process of i n i t i a t i n g 
a c t i o n : operat ive motives could not be dormant. So 
not every i n t e l l i g e n t system w i l l necessar i l y have 
emot ions, though i t is very l i k e l y f o r any machine 
or animal whose c o l l e c t i o n of motives and motive 
generators is comparable in v a r i e t y to those of 
human be ings , ans whose perceptual and reasoning 
a b i l i t i e s are s i m i l a r . The mechanisms producing 
emotions are also the mechanisms requi red fo r great 
f l e x i b i l i t y in a complex environment. 

The model is re levant to a number of o l d p h i l o 
sophical problems, fo r instance the r e l a t i o n s h i p 
between mind and body, and the quest ion whether 
f r ee w i l l i s poss ib le . I t can be argued that the 
on ly s i g n i f i c a n t form of f ree w i l l 1s tha t which 
Involves tak ing decis ions on the basis of one's own 
mot ives , b e l i e f s , e t c . , as opposed to being e x t e r 
n a l l y cons t ra ined . We have begun to sketch an 
explanat ion o f the p o s s i b i l i t y o f t h i s sor t o f 
freedom. In t h i s sense a robot might a lso be f r e e . 
(Whether we would be wise to make such robots 1s 
another ques t ion . ) 

The model may be important fo r psychotherapy and 
educat ion , since i t reveals enormous scope f o r 
' b u g s ' . For Ins tance, recurs ive esca la t ion of emo
t i ons might account fo r some catatonic s t a t e s . 
Moreover, there are many ways in which the 
processes by which motives are generated, compared, 
selected fo r a c t i o n , re la ted to p lann ing , t r i gge red 
when dormant, e t c . may go wrong. The theory also 
impl ies that processes of learn ing and cogn i t i ve 
development, which are o f ten studied as if they 
were autonomous, w i l l occur w i t h i n the framework of 
a complex and f requen t l y changing c o l l e c t i o n of 
motives and mot ive-generators . These, and the emo
t i o n a l and other processes they generate must have 
a profound in f luence on what is learnt when, and it 
is to be expected that there w i l l be enormous v a r i 
a t i on between i n d i v i d u a l s . A deep understanding of 
the f u l l range of computational p o s s i b i l i t i e s is 
sure ly a p re requ i s i t e f o r Bny systematic attempt to 
deal w i th the human problems. 
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