
of tasks that have 
in AI-notably planning and prediction, diagnosis 
and explanation. Recently it has become an ob- 
ject of study in its own right, drawing inspiration 
from the work of philosophers and logicians as 
well as more immediately AI-oriented concerns. 
In this paper I shall examine just one approach to 

that advocated by Yoav Shoham 
and article. In particular, I s 
number of assumptions under- 

lying Shoham’s work, all of which I shall call 
into question. Key assumptions are that causal- 
ity is an epistemic notion, that causal reasoning 

general lines which I feel such a theory ought Ito 
follow. 

study in its own right, drawing 
sf philosophers and logicians as 
AI-oriented concerns. 

Amongst recent attempts to provide a formal basis for 
causal reasoning in AI may be mentioned Lifschitz’s use of 
circumscription to secure the desired non-monotonicity of 

lar, I shall try TV lay bare a number of assumptions underlying 

, all of which I shall call into question. I do 
ific theory of my own, but shall conclude 

with some suggestions as to the general lines which I feel 
such a theory ought to follow. 

A CUW~ theory, for Shoham, is a collection of causal state- 
ments, which are rules of the form 

041 A 042 A. a .AO~,AOX~AOX~A...AOX~--)~~ 

4i, xj, and II) are atomic sentences; in addition 
some constraints on the time-reference of these 

atomic constituents (designed to ensure that an effect cannot 
its cause), but the details of these do not immediately 

ss the active causes, while 
nditions (the ‘causal field’) 

order for the active causes to have 
rs are there in order to allow 

ptions to the effect that unless we 
explicitly told otherwise, we can e the background 

conditions to be present. 
am illustrates his ideas using an example concerning 
the engine of a motor-car. Fop the sake of variety, 

f the doorbell causes 
e circuit is connected up 

Wress-button(t) A OAll-working(t) 
--) OBell-rings@+ 1) 

ted(t) ---) q  lAll-working(t) 
aBell-broken(t) 

Shoham uses a non-monotonic inference mechanism 
cdkd chronological ’ 
one to put 0 
sible. By a 

‘l’dote that I have taken a few liberties with Shoharn’s no- 
tation; in particular I have ‘unreified’ his atomic propositions, 
writing for example Press-button(t) where Shoham would write 
True(t, t,Press-button&see (Galton 1991). 
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form 04. In the example above, suppose we are given the 
statement 

CPress-button(O). 

Then one possibility is ts assume, say, aBattery-dead(O), 
which would entail q  lAll-working(O), and hence would 
not allow us to conclude anything about time 1 (since the 
antecedent of the first conditional is falsified). Alternatively, 
we could refrain from making any positive assumptions 
about time 0, so that we do not have O-All-working(O); 
not having this is tantamount to having OAll-working(O), 
and we can now use the first conditional to conclude that 
OBell-rings( 1). 

Of the two alternatives outlined above, nciple of 
chronological ignorance prefers the second, since it puts 
off making positive assertions as late as possible-the first 
al a positive assertion about time 0 (namely 
0 ) whereas the second only makes a positive 
assertion about time 1 (namely q  Bell-rings(l)). 

e modal operators 
I shall begin my critique of Shoham’s theory by asking 
what, precisely, the modal operators 0 and 0 are supposed 
to mean. Shoham is rather vague about this; he says ‘I will 
feel free to describe the 0 modalityas knowledge and belief 
interchangeably’. Thus we might choose to read Shoham’s 
0 as something like ‘It is known that . . . ‘, or alternatively 
as something like ‘It is believed that . . . ‘. Or maybe the 
knowledge/belief should be located in a knowing/believing 
subject, say ‘I know that.. . ’ or ‘I believe that.. . ‘. All this 
Shoham deliberately leaves inexplicit. 

Consider now a causal rule such as 

Ol?ress-button(t) A OAll-working(t) ---) OBell-rings(t+l). 

Ifweread Oas ‘Iknowthat...‘,thenthisrulemustberead 
as saying something like 

(1) If I know that the button is pressed at t, and I do not 
know that all is not working at t, then I know that the 
doorbell rings at t + 1. 

If on the other hand we read 0 as ‘I believe that . . . ‘, then 
the rule comes out rather as saying that 

(2) If I believe that the button is pressed at t, and I do not 
believe that all is not working at t, then I believe that 
the doorbell rings at t + 1. 

Now (1) will clearly not do. Suppose 
button is pressed at t; suppose also that, u 
thebatteryisdeadatt,sothatitisnotthecasethatallis 
working at t. In 
therefore, contrary to reading (1) of 
possibly know that it will ring then 
is in fact false). 

What about (2)? This is more plausible, 
possible to believe a falsehood. But as it stands, it still can’t 
be right: what we want is a causal law, not a psychological 
one, yet all (2) gives us is a statement of the dynamics of 
belief. 

The causal law cannot in itself induce belief; at best it 
can give us a ESOIL for believing that such-and-such an 
effect wilf follow, given certain causes. This suggests that 

operator 13 is something 
. . . ’ or, with a personal 

subject, ‘I have reason to believe that. . . ’ . With this reading, 
our ex le comes out as 
(3) If I have reason ieve that the button is pressed at 

t, amd I do not e reason to believe that all is not 
ave reason to believe that the 

It is w comparing this formulation with Geffner ‘s ac- 
count using the causal operator C (Geffner 1990). In 
Geffner’s system, the rule about the door-bell might come 
out as 

Press-button(t) A -0ut-of-order(t) + CBell-rings(t + 1) 

i.e., roughly, ‘if the button is pressed at t, and the bell is not 
out of order at t, then we can explain why the bell rings at 
t + 1’. (Note that, reasonably enough, ‘we can explain why 
p’ implies p in Geffner’s system.) 

There is clearly an between the expressions like 
‘I have reason to belie . . ’ and those like ‘We can ex- 
plain why . . . 99 which appear in my renderings of Shoham’s 

they are by no means identi- 
a sufficiently rich causal theory 
of expression and articulate the 

relationship between them. 

0 has the following 

sitions to form propositions: if 4 is a 

make sense; 
(c) It does not commute with negation: O-4 is, in general, 

not equivalent to 704. 
How does the expression ‘I have reason to believe that.. . ’ 
measure up to these properties? 

As regards item (a)9 it may seem obvious that if 4 is a 
sition then so is ‘I have reason to believe that 4’-but 

e this depemds on what exactly one takes a propo- 
Specifically, do we require a causal reasoning 

m to be able to handle expressions of both these 
if so, should these expressions belong to the same 

syntactic category? 
may distinguish assertions about the domain (e.g.) 
door-bells and batteries) on the one hand from state- 

ments about our state of knowledge of the domain on 
er. These two kinds of statements belong at different 

levels, for ex le ‘The battery is dead’ and ‘I have reason 
to believe that the battery is dead’. It is only in exceptional 
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the levels ever 

car example and my 

applies whether one 0 as ‘I have reason to believe that 
. . . 99 as I have suggested, or in one of the ways that Shoham 

lieve that 4. 

evidence, though, we need 
to consider propositions of 

-04) and O-4 respectively. 

tions 63 are false, then one believes B. 

background assmnptions C are 
case, 

tive. 
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ew is the one to 
of causal g. We 
relation as existing “out 

there” in the world. Shoham’s advocacy of the subjectivist 
view rests mainly on the notion of a ‘causal field’, wi 
resulting non-monotonicity of causal reasoning. 

wality inherently non- 
Shoham suggests that causal reasoning is 
monotonic reasoning. This would imply 
perfect knowledge, and hence had no need for non- 
monotonicity in our reasoning, then we should have no n 
for causality either. 

I do not want to deny that non-man 
reasoning in general, and hence of 
titular. For that 9 it is also a feature 
the weather, but this cannot in itself justify a c 
orological reasoning is a form of non-monotonic reasoning, 
for such a claim distinctly suggests that the weather itself is 
a non-monotonic phenomenon-whatever that could mean. 
Shoham’s case for building non-monotonicity in as an in- 
trinsic component of causal reasoning rests on the following 
considerations. 

Shoham asks MS to consider his motor-car example. Nor- 
mally, we say that turning the key causes the motor to start, 
even though what actually enables the motor to start is a 
conjunction of circumstances including not just turning the 
key but also the battery’s being charged, and csnnected up, 
etc. We don’t say that these are what cause the motor to 
start, though-we would not normally say, for example, in 
answer to the cluestion ‘Why did the motor start?‘, ‘Because 
the battery was connected up’. These are things which we 
tend to assume by default: they are the normal background 
conditions (the “causal field”), which enable the motor to 
be started, but do not in themselves suffice to start it. 

Shoham now asks us to envisage key jams in the 
ON position, so that in order to s motor we have 
to disconnect the battery. We can’t afford to get the key 
fixed so from now on we start the car by connecting up 
the battery. Shoham says: ‘After a short while it will seem 

words that causal inference is non-monotonic. 
I believe that there has bee ight of hand here. 

Shoham has tried to present us puzzle: why is it, 
he seems to ask, that normally w d say that the cause 
of the motor’s starting is the ignition key coming to the G&J 
positim, and not the battery’s being connected, whereas in 
the “jammed key” scenario, we do say that the 
of the battery is the cause of the motor’s starting, 
the key’s being in the ON position? He uses this example to 
motivate the idea of a causal field, without which the thing 
would be-so he would have us believe-inexplicable. 

has missed g very obvious? The 
1 the cause cases something that 

em, I.e., an event; whereas sal field is composed 
of states of &Gks, i.e., the states which obtain at the time 

aunt to anything more than a demon- 
s example is ill-chosen. Perhaps a 

ut it does show that one can- 
respecting distinctions of uspectual 
between states and events (Galton 
explicitly disavows when he says ‘I 

will not introduce a distinction among events, facts, pro- 
cesses, and so on, at the primitive level’. 

Of muse, even if my criticism of Shoham is right, this 
does not mean that non-monotonicity is necessarily ab- 
sent from causal reasonin it means, though, is 
that Shoham is wrong to source of this non- 
monotonicity in an intrins of causal reasoning 
as such, as opposed to reasoning c@e generally. It may be 
that non-monotonicity, as a feature of everyday reasoning, is 
all-pervasive, and hence interacts with causal reasoning as 

of reasoning; where I believe Shoham 
upposing that there is s ng about 
which is inextricably up with 

non-monotonicity. 

Shoham’s causal theory rests on two basic assumptions 
which we have called into question in this paper. They 
are 

1. Causality is an epistemic notion; 
2. Causal reasoning is non-monotonic. 

1 have argued that causality is not intrin- 
sically epistemic, nor causal reasoning non-mononotonic. 

epistemic and non-monotonic notions are im- 
our treatment of cau 
of reasoning general1 

causality has no speci 
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ave some sue 

in which the causal 
relation is described (not, in other words, from the declara- 
tive logic of the theory) but from the general principles of 

issue, see (Galton 1991). 

merits. I should like to 
and the two anonymous referees 

careful and c&structive comments on the origin 
for their 

of this paper. 
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