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A b s t r a c t 

We r e p o r t on a method of automated h y p o t h e 
s i s g e n e r a t i o n , c a l l e d f - r e s o l u t i o n , wh ich i s 
d e r i v e d f r o m d e d u c t i v e r e s o l u t i o n t e c h n i q u e s . 
The method i s i n d u c t i v e i n c h a r a c t e r , i n t h e 
sense t h a t g i ven i n p u t s ta tement E , i t genera tes 
hypotheses H, such t h a t E is a d e d u c t i v e conse 
quence of E. The method is extended by a gener 
a l i z e d u n i f i c a t i o n a l g o r i t h m wh ich i n t r o d u c e s 
a p p r o p r i a t e i d e n t i t y assumpt ions needed t o u n i f y 
a p a i r o f l i t e r a l s . The f - r e s o l u t i o n t e c h n i q u e 
is shown to embody a v e r s i o n of Ockham's r a r o r 
as a p r u n i n g h e u r i s t i c . Some p r o m i s i n g e x p e r i 
men ta l r e s u l t s a r e a l s o p r e s e n t e d . 

In [ 5 ] we d i s c u s s e d a g e n e r a l method f o r 
t r a n s f o r r a i r g d e d u c t i v e consequence g e n e r a t o r s 
i n t o i n d u c t i v e consequence g e n e r a t o r s . I n t h i s 
paper we w ish to r e p o r t on a g e n e r a l mechanised 
i n d u c t i v e m e t h o d , t o b e c a l l e d f - r e s o l u t i o n , 
wh ich was d e r i v e d f r om normal r e s o l u t i o n p r o c e 
d u r e s . The f - r e e o l u t i o n p rocedure was n o t 
des igned as a s p e c i a l purpose r o u t i n e o n l y 
a p p l i c a b l e t o c e r t a i n prob lems ( l i k e t h e r o u t i n e 
d e s c r i b e d i n [ 2 ] ) , bu t r a t h e r i t i s a p p l i c a b l e 
t o any p rob lem i n any c o n t e x t s u i t a b l y d e s c r l b -
a b l e i n t h e syn tax o f f i r s t - o r d e r p r e d i c a t e c a l 
c u l u s w i t h i d e n t i t y . The p o t e n t i a l range o f 
a p p l i c a b i l i t y o f t h e method i s t h u s e x t r e m e l y 
b r o a d . Our r o u t i n e appears to d e a l w i t h a more 
g e n e r a l c l a s s o f hypotheses t h a n p r e v i o u s l y 
r e p o r t e d e f f o r t s i n t h i s a r e a ; i n p a r t i c u l a r , 

see[1], [9], [10], [11], and [12] 
We assume f a m i l i a r i t y w i t h the usual t e r m i 

nology and theory of r e s o l u t i o n . For any expres
s ion E, we represent the set of clauses obtained 
from the clause form of E by C(E). For a set C 
of c lauses, we represent the set of a l l pa i rw ise 
reso lven ts of members of C by R(C). We then 
de f ine R0(C) = C and Rn+1(C) = R(Rn(C)) U R n (C) . 

For our purposes, we w i l l consider r e s o l u 
t i o n as a consequence generator . As such, reso
l u t i o n ie not complete. That i s , f o r any expres
sion E, there are expressions E' such t h a t E 
e n t a i l s E ' but f o r nc n is i t the case t h a t 
C(E ' ) c R n ( c ( E ) ) . For j u s t one type of example, 
cons ider the case in which E' conta ins pred icates 
which do not occur in E, and note t h a t r e s o l u t i o n 
in t roduces no new p red i ca tes . 

The basic f - r e s o l u t i o n p r i n c i p l e is very 
s i m i l a r to the basic r e s o l u t i o n p r i n c i p l e . The 
p r i n c i p l e appears to be, i n e s s e n t i a l respec ts , 
the same as the basic inverse method of [3], 
apparent ly developed by Maslov as ea r l y as 1964. 
However, our development was independent of 
Maslov's. work, and our r ou t i ne is used induc
t i v e l y r a the r than deduc t i ve l y . Ac w i t h the 
deduct ive case, before the p r i n c i p l e can be 

app l ied to a given expression, the expression 
muet f i r s t be transformed i n t o a ce r ta i n normal 
form. For f - r e s o l u t i o n , input expressions are 
f i r s t transformed i n t o prenex d i s j u n c t i v e normal 
form, us ing the standard equivalences: 

(Q1) . . . (Cii)(E1 V . . . V Qa) 
where the Qi are q u a n t i f i e r s , each over a d i f f e r 
ent v a r i a b l e , and each Ei is a conjunct ion of 
l i t e r a l s . We must now remove the q u a n t i f i e r s to 
ob ta in the q u a n t i f i e r - f r e e d i s j u n c t i v e normal 
form. To avoid i n t r oduc t i on of more complex 
Skolera func t ions than necessary, we next employ 
the standard q u a n t i f i e r d i s t r i b u t i o n ru les t o 
ob ta in an equiva lent expression such tha t the 
scope of each q u a n t i f i e r conta ins as few cf the 
Ei as poss ib l e . We then remove a l l u n i v e r s a l 
q u a n t i f i e r s by rep lac ing them w i t h appropr ia te 
Skolem func t i ons . (That i s , i f a un i ve rsa l 
q u a n t i f i e r does not occur w i t h i n the scope of 
any e x i s t e n t i a l q u a n t i f i e r , we replace the 
va r i ab l e o f the un i ve rsa l q u a n t i f i e r , wherever 
i t occure in the E i , by a new constant (O-place 
f u n c t i o n ) . I f a un i ve rsa l q u a n t i f i e r occurs 
w i t h i n the scope o f e x i s t e n t i a l n u a n t i f i e r s over 
va r i ab les x 1 , . . . , xp , then w e replace the v a r i 
able o f the un i ve rsa l q u a n t i f i e r wherever i t 
occurs in the Ei by f(x1, . . . , x p ) , where f is 
some new p-place f u n c t i o n . ) We then drop a l l 
q u a n t i f i e r s . The r e s u l t i n g expression i s c a l l e d 
the f -c lauoe form; a con junct ion o f l i t e r a l s i s 
ca l l ed an f - c l a u s e . I f E is any exprepsion, 
then we represent the set of f - c lauses obta ined 
from E by fC (E ) . Note t h a t in the f - c l ause fo rm, 
f ree var iab lee represent e x i s t e n t i a l q u a n t i f i 
c a t i o n . Note a lco t h a t i f the input i s to be 
severa l expressions, A t , . . . , Aq, then we must 
ob ta in the f -c lauses from t h e i r con junc t i on , 
A1 & . . . & Aq. 

We assume f a m i l i a r i t y w i t h the standard 
terminology regard ing s u b s t i t u t i o n s and w i t h the 
u n i f i c a t i o n a l go r i t hm . As usua l , i f C is a set 
of expressions and X is a set of s u b s t i t u t i o n s , 
by CX we mean the set of expressions obta ined by 
per forming every s u b s t i t u t i o n in X on every 
member of C. 

The basic f - r e s o l u t i o n p r i n c i p l e a l lows the 
in ference of one f - c lause from a g iven p a i r of 
f - c l a u s e s . Cur f i r s t step is to rename the 
va r i ab les in one of the f -c lauses so t h a t the 
p a i r has no va r iab les in common. Let E1 and E2 
be the two r e s u l t i n g f - c l a u s e s . Let C1 and C2 
be the sets of l i t e r a l s occur r ing in E1 and E2, 
r e s p e c t i v e l y . Fur ther , suppose there are subsets 
C1' and C2' o f C1 and C2: 
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of £1 and E2 is the f - c l ause which r e s u l t s from 
con jo in ing the l i t e r a l s i n the s e t : 

where of course " ~ " is set t h e o r e t i c sub t rac
t i o n . Note t h a t we must inc lude the empty clause, 
designated by EMP, as a poss ib le f - r e s o l v e n t . 
For our purposes, EMP is taken to be t r u e in 
e re ry i n t e r p r e t a t i o n , 

For any expression E, there are only a 
f i n i t e number o f f - r e s o l v e n t a o f p a i r s in fC (E ) . 
We designate the set of f - r e s o l v e n t s of p a i r s of 
f - c l auses in set C by fR(C) . We then de f ine 
fHP(C) = C and fR n + 1 (C ) = fR(fRn(C)) U fR n (C ) . 
A d e t a i l e d proof of the f o l l o w i n g use fu l theorem 
may be found in [6]. 

Theorem 1: Let E be any c losed f i r s t -
order express ion. Then E is v a l i d i f and on ly 
if f o r some n, EMP € fRn ( fC (E ) ) . 

For any two expressions, E1 and E2, if E2 
i s f a l s e i n every i n t e r p r e t a t i o n which f a l s i f i e s 
E1, then we w r i t e E1 |-F E2; i f E2 is t r ue in 
every i n t e r p r e t a t i o n which s a t i s f i e a E1, we w r i t e 
E1 I- E2. C lear ly we have E1 ll-F E2 if and on ly 
i f E2 l l - E1. So i f an expression E2 is generated 
from expression E1 by falsehood preserv ing r u l e s , 
we know t h a t E2 e n t a i l s E1 in the usual sense. 
The important t h i n g about f - r e s o l u t i o n is t h a t it-
is falsehood p reserv ing . A d e t a i l e d proof o f the 
f o l l o w i n g theorem may be found in [8]. 

Thus we can use f - r e s o l u t i o n to generate 
hypotheses from which our inpu t may be deduced 
(see [ 7 ] f o r a general d iscuss ion o f ob jec t i ons 
to t h i s approach). However, ae an hypothesis 
generator , f - r e c o l u t i o n i s incomplete in the sense 
t h a t f o r any expression E 1 , there are expressions 
E2 such t h a t E1 | l-F E2 but for no n is it the 
case tha t fC(E2) c fRn( fC(E1) ) . Again simply 
note t h a t f - r e s o l u t i o n introduces no new p r e d i 
ca tes . So f - r e s o l u t i o n au tomat i ca l l y incorporates 
some form of p run ing . 

I t i s use fu l t o charac te r i ze the prun ing 
h e u r i s t i c in more i n t u i t i v e terms. We may t h i n k 
of a l i t e r a l as a statement of a basic (or atomic) 
f a c t about the subject mat ter under cons ide ra t i on . 
Note f i r t t t h a t when we s u b s t i t u t e a te rm, which 
occurs in one l i t e r a l , f o r a f r ee va r i ab l e in 
some o ther l i t e r a l , we are in an i n t u i t i v e sense 
reducing the number of unnamed e n t i t i e s which 
might poss ib ly be requ i red to s a t i s f y the l i t e r -
a l s ; i n t u i t i v e l y , the more e x i s t e n t i a l q u a n t i 
f i e r s in the prenex form of an express ion, the 
more e n t i t i e s which might poss ib l y be requ i red 
to s a t i s f y the express ion. But note secondly 
t h a t the on ly s u b s t i t u t i o n s t h a t are made are 
those which a l low the e l i m i n a t i o n of a p a i r o f 
l i t e r a l s . So the i n t u i t i v e h e u r i s t i c seems to 
be : 

(H.1) Reduce the nunher of unnamed 
e n t i t i e s where ouch a reduc t ion 
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suggest adding another r u l e of in ference; the 
r u l e w i l l be ca l l ed l i n e a r c o n t r a c t i o n , or LC f o r 
s h o r t . The r u l e a l lows us to i n f e r one f - c lause 
from one o ther f - c l a u s e . Let C bo the set of 
l i t e r a l s in some given f - c l a u s e , and suppose there 
is a subset of E n ] , such 
t h a t there is a most general u n i f i e r t ha t 
i s , Then LC a l lows us to i n f e r 
the f - c lause formed by con jo in ing the members of 
Cλ. 

The r u l e LC would a l low the generat ion of 
(b.3 - 7) from (b. ,2) , as w e l l as some a d d i t i o n a l 
hypotheses. But note tha t the example i nd i ca tes 
the s e n s i t i v i t y of LC to the amount of d e t a i l in 
the rep resen ta t i on . I f the pred icate f o r person-
hood were e l im ina ted from (b .2) we would have: 

Since i n s t a n t i a t i n g x f o r y (or y f o r x) would 
not a l l ow us to reduce the number of basic f a c t s , 
even LC would not a l low any in ference from ( b . 8 ) . 
The fac t t h a t a l l the i n d i v i d u a l s in (b .1 ) are 
persons means tha t i n s t a n t i a t i o n reduces the 
number of persons. Consequently, in any proposed 
a p p l i c a t i o n , we must be c a r e f u l to inc lude a l l 
i n fo rmat ion concerning the i n d i v i d u a l s named or 
q u a n t i f i e d . 

I t i s very simple to es tab l i sh t h a t LC is 
falsehood p reserv ing . Since f ree va r iab les rep re 
sent e x i s t e n t i a l q u a n t i f i c a t i o n , s u b s t i t u t i o n o f 
a t e rm, t , f o r a free va r i ab le simply invo lves one 
o f three p o s s i b i l i t i e s : ( i ) r ep lac ing a p a i r o f 
e x i s t e n t i a l q u a n t i f i e r s by a s ing le e x i s t e n t i a l 
q u a n t i f i e r , in case t i s a va r i ab le } or ( i i ) 
r ep lac ing an e x i s t e n t i a l q u a n t i f i e r by a un i ve rsa l 
q u a n t i f i e r , in case t is composed of Skolem 
func t i one ; o r ( i l l ) rep lac ing an e x i s t e n t i a l 
q u a n t i f i e r by some i n te rp re ted constant , in case 

Both basic f - r e s o l u t i o n and LC s t r i v e to 
reduce the number of atomic f a c t e . However, 
since ne i the r deals e x p l i c i t l y w i th e q u a l i t y , 
both share the i m p l i c i t assumption t h a t constants 
represent d i s t i n c t e n t i t i e s . I f we could some
t imes assume t h a t c e r t a i n terms designate the 
same o b j e c t , wo might be able to f u r t h e r reduce 
the number of atomic f a c t s . For example, in (b .8) 
if we could assume J = b, then we could a r r i v e 
at Kxj v i a LC. These considerat ions l ed us to 
develop a s l i g h t l y d i f f e r e n t vers ion o f the u n i 
f i c a t i o n a l g o r i t h m , c a l l e d equa l i t y assumption 
i n t r o d u c t i o n (EA l ) , which int roduces j u s t those 
equal i ty assumptions which w i l l a l low a reduct ion 
in the number of basic f a c t s . We w i l l give a 
b r i e f statement of a vers ion of the EAI a lgo r i thm 
su i ted t o the u n i f i c a t i o n o f pa i rs o f l i t e r a l s , 
E1 and K2. We assume E1 and E2 are e i t h e r both 
negated or both unnegated and t h a t both employ the 
same p red i ca te . In the f o l l o w i n g a l g o r i t h m , k is 
j u s t a counter , w i l l correspond to e most 
general u n i f i e r , and eq w i l l be a set of requi red 
equa l i t y assumptions. we mean the 
s u b s t i t u t i o n of t for t ' ; we use to des ig -

This modi f ied u n i f i c a t i o n a lgor i thm ie Just 
an extension of the usual one. I f two clauses 
are u n i f i a b l e , then our a lgo r i thm re tu rns s most 
general u n i f i e r ( i n the usual sense) and an 
empty eq . Our a lgo r i thm d i f f e r s from the normal 
u n i f i c a t i o n p lgor i thm at those po in t s where the 
normal a lgor i thm terminates unsuccess fu l l y . The 
normal a lgor i thm h i l t s w i th no u n i f i e r i f ( i ) the 
disagreement set contains no v a r i a b l e , or i f 
( i i ) one term is contained in the o the r . In 
such cases, EAI introduces (v ia the set eq) the 
e x p l i c i t assumption that the two terms are eoual 
and rubatitutes the shortes for the longer . The 
reason f o r s u b s t i t u t i n g the shor ter f o r the 
longer is to guarantee tha t the s u b s t i t u t i o n 
process w i l l t e rm ina te . 

If we employ EAI, then basic f - r e s c l u t i o n 
and LC must be s l i g h t l y a l t e r e d so t h a t the 
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r e s u l t a n t f -c lauses conta in the contents o f eq . 
The f - r e s o l v e n t is obtained by con jo i n i ng the 
l i t e r a l s in the f o l l o w i n g set (compare w i th ( * ) , 
above): 

For LC, the r esu l t an t clause is the con junct ion of 
the members of Cλ U eq ( ins tead of Just, Cλ) In 
both cases, o f course, the λ is the s u b s t i t u t i o n 
set obta ined from E A I . 

Basic f - r e s o l u t i o n and LC when extended by 
2AI s t i l l generate only a f i n i t e number o f f -
clauses from any given f i n i t e s e t . For a f i n i t e 
set C of f - c l a u s e s , we mean by efR(C) tne set of 
a l l f - c l auses which r e s u l t from the a p p l i c a t i o n 
of basic f - r e s o l u t i o n and LC, both extended by 
SA I , As u s u a l , we def ine efR°(C) = C and 
efftrrM(C) = efRm(C) U e f R ( e f l P ( C ) ) . For any set 
C of f - c l a u s e s , by EQ(C) we mean the set of 
e q u a l i t y axioms o f the language o f C . I t i s 
then poss ib le to prove the fo l lowing: 

-

In o ther worus, our methods, extended by EA l , w i l l 
generate from the f -c lauses of an inpu t expression 
E1, the f -c lauses of expressions E2 such t h a t 
given the usual e q u a l i t y axioms, £1 ie en ta i l ed 
by E2. 

The i n t u i t i o n s embodied in the EAI extension 
are s l i g h t l y more complex than those embodied in 
h e u r i s t i c (H.1) in two ways. F i r s t , the extended 
method proposes a reduct ion in the number of 
named e n t i t i e s , p rov id ing such a reduct ion w i l l 
reduce the number of atomic f a c t s . And secondly, 
the extended method proposes r e s t r i c t i o n f on 
c e r t a i n f u n c t i o n a l va lues, again p rov id ing t h a t 
such r e s t r i c t i o n s w i l l reduce the number of atomic 
f a c t s . 

Two ra the r d i s t i n c t circumstances f o r the 
app l i ca t i on of f - r e s o l u t i o n may be i d e n t i f i e d . 
In the f i r s t case, no background assumptions arc 
presuppoeori. The input to our procedure is then 
Just the set of f - c lauses obtained from the 
expression of the s ta te of a f f a i r s f o r which we 
wou ld l i k e an hypothes is . 

To ob ta i n the desi red hypothes is , we must t r a r s -
l a t e back i n t o normal f i r s t - o r d e r n o t a t i o n , Put 
the quest ion i s , which f -c lauses should be 
included? Py Theorem 3, we could choose any 
s ing le f - c l a u s e , or Any non-empty subnet. 
Various h e u r i s t i c s could be used to make the 
s e l e c t i o n , but we w i l l mention on ly one here . 

Suppose we are a f t e r hypotheses which account 
f o r a d i s j u n c t i o n , say P V Q, and suppose we know 
t h a t S e n t a i l s P and R e n t a i l s 0. Then we could 
use S, or we could use R, or we could use the 
d i s j u n c t i o n S V R. One reason f o r p r e f e r r i n g 
the d i s j u n c t i v e hypothesis i s t ha t i t i s deduc
t i v e l y weaker than the a l t e r n a t i v e s ; i t t h e r e f o r e 
places fewer r e p t r i c t i o n s on the range of p o s s i 
b i l i t i e s and is thus in some i n t u i t i v e sense 
more l i k e l y to be t r u e . To make t h i s idea a 
l i t t l e more p rec i se , we in t roduce a d e f i n i t i o n . 
We w i l l say tha t one f - c l ause A covers another 
f - c l ause B jus t in case e i t h e r ( i ) A is i d e n t i c a l 
to 6 , o r ( i i ) A r e s u l t s from app ly ing extended 
LC to some f - c lause C, where C covers B, or ( i i i ) 
A r e s u l t s from app ly ing extended basic f - r e s o l u 
t i o n to f -c lauses C and D, where B is covered by 
at l e a s t one of C and D. We may then fo rma l i ze 
our h e u r i s t i c by saying t h a t in the se lec t i on o f 
f - c lauses f o r hypotheses, we should inc lude f-
clauses s u f f i c i e n t to cover every f - c lause in the 
o r i g i n a l i n p u t . Thus in our example, we should 
not use Just ( c . 4 ) , o r Just ( c . 6 ) , o r j u s t ( e . 1 2 ) . 
In f a c t , there is no s ing le f - c lause which covers 
a l l of (c.2 - 5). But we could use (c .11) and 
(c .12) to o b t a i n : 

Each of these hypotheses e n t a i l s ( c . 1 ) . There are 
var ious o ther p o s s i b i l i t i e s as w e l l , but the 
range o f p o s s i b i l i t i e s i s s u b s t a n t i a l l y smal ler 
than t h a t which we would have to consider if no 
h e u r i s t i c were employed. 

The second circumstance in which we might 
wish to use f - r e s o l u t i o n is the more usual one. 
Frequent ly we wish to ob ta in an hypotheiss to 
account for A, given the presuppos i t ion B. That 
i s , we want some C ouch t h a t : 
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From t h i s example we can see t h a t the input to 
our f - r e s o l u t i o n procedure should be the f-
clauses in A along w i th the f -c lausos in the 
negat ion of our p resuppos i t ion . If we have more 
than one p resuppos i t ion , then we must take the 
negat ion o f the conjunct ion o f a l l our presup
p o s i t i o n s . Our input presupposi t ions can be any 
statements a t e l l , whether f a c t u a l o r l o g i c a l . 
We could f o r example have the axioms f o r i d e n t i t y 
theory as our presuppof i i t ione. 

For s i m p l i c i t y , l e t us consider a standard 
s y l l o g i s t i c example. Suppose we would l i k e an 
hypothesis which would e n t a i l " A l l dogs are 
h a i r y " , given the assumption t h a t " A l l dogs are 
mammals". Our assumption may be formal ized a s : Exper imenta l ly , we can r e r o r t t ha t f o r any 

sy l log ism whose v a l i d i t y does not assume e x i s 
t e n t i a l impor t , given the conclusion and one 
premise, our method w i th the cover ing h e u r i s t i c 
w i l l y i e l d Just the requi red a d d i t i o n a l premise. 
Fur ther , f o r those sy l log isms which do requ i re 
e x i s t e n t i a l impor t , our method generates the 
hypothesis t h a t there is something in the 
appropr ia te subject c lass f rom the input of the 
desi red conclusion and the oremises as assume— 
t i o n s . 

The most extensive exper imental t e s t of our 
methods has beer made in the ares of non
standard l o g i c s . In p a r t i c u l a r we have dea l t 
in d e t a i l w i th many systems of modal l o g i c and 
many systems, of relevance l o g i c . The charac
t e r i s t i c semantics f o r such systems depends on 
the determinat ion o f ce r ta i n r e s t r i c t i o n s to 
be placed on given semantic r e l a t i o n s . Using 
our methods we have been able to generate from 
a semantic t r a n s l a t i o n of the axioms And i n f e r 
ence ru les the known semantic requirements f o r 
every case invest igated—about ?0 systems have 
been examined at t h i s t ime (see [4] and [ 8 ] ) . 
Fu r the r , in these cases, we can employ a s l i g h t l y 
modi f ied vers ion o f the cover ing h e u r i s t i c 
and prove tha t the hypotheses gererated by our 
methods w i l l y i e l d the c h c r a c t e r i s t i c semantics 
i f any f i r s t - o r d e r cond i t ions w i l l . These 
r e s u l t s are p a r t i c u l a r l y p leas ing , as our methods 
were designed from a general po in t of v iew, w i t h 
no thought of t h i s a p p l i c a t i o n . 

We would l i k e to see more extensive 
t e s t i n g of our methods 1n more p r a c t i c a l , less 
formal areas. In any case, it should be borne 
in minc' tha t the method carnot be used to ge r -
c ra te new predicates ( i . e . , new "concepts" ) . 
The hypotheses generated ?re always in terms of 
the input p red ica tes , w i th the poss ib le except ion 
o f e q u a l i t y . 

We would f i n a l l y l i k e to point out that EAI 
could be used to supplement norrial deduct ive 
r e s o l u t i o n . The resu l tan t clause would Ve 
formed in the usual way along w i t h the d i s j u r e -
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t i o n o f the negations o f the e q u a l i t y aesumptione 
in eq. By employing simple l e x i c a l o rde r i ng 
p r i n c i p l e s i n fo rmu la t i ng e q u a l i t y statements, 
no spec ia l axioue f o r e q u a l i t y would be r e q u i r e d . 
(Such an a p p l i c a t i o n would be s i m i l a r to the 
method described in [ 1 3 ] . ) I t seems i n t u i t i v e l y 
t h a t EAI might s u b s t a n t i a l l y speed up proofs 
i n v o l v i n g e q u a l i t y by i n t roduc ing Just the 
appropr ia te e q u a l i t y statements needed f o r 
o b t a i n i n g reso lven ts . However, at t h i s t ime we 
have not conducted an exper imental examination of 
EAI in the deduct ive con tex t . 
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