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ABSTRACT 

Understanding a tex t depends on s reader 's 
a b i l i t y to const ruct a coherent i n t e r p r e t a t i o n that 
accounts f o r the statements in the t e x t . However, 
a g iven tex t does not always imply a unique 
coherent i n t e r p r e t a t i o n . In p a r t i c u l a r , readers 
can be steered away from an otherwise p laus ib le 
exp lanat ion f o r a s to ry by such e x t r a - t e x t u a l f ac ­
to rs as the source of the t e x t , the reading pur­
pose, i n t e r r u p t i o n s dur ing read ing , or repeated 
re -ques t ion ing of the reader. Some of these e f ­
fec ts have been observed in experiments in cogn i ­
t i v e psychology ( e . g . , Black [1980 ] ) . This paper 
presents a computer program c a l l e d MACARTHUR that 
can vary both the depth and d i r e c t i o n of i t s i n ­
ference pu rsu i t in response to r e -ques t i on i ng , r e ­
s u l t i n g in a ser ies o f markedly d i f f e r e n t i n t e r ­
p re ta t i ons of the same t e x t * 

1) INTRODUCTION 

Consider the f o l l o w i n g s t o r y : 

[1 ] The Pak is tan i Ambassador to the United States 
made an unscheduled stop in Albania yesterday 
on h is way home to what an aide of the 
ambassador descr ibed as "a working v a c a t i o n " . 

Why d id the ambassador go to Albania? People 
in in fo rma l experiments most o f t en answer that he 
may have simply gone there as par t of h i s vaca t i on . 
However, when the same quest ion is repeated, they 
generate a l t e r n a t i v e exp lana t ions , such as the 
f o l l o w i n g : 

1. There could have been some secret p o l i t i c a l 
meeting t he re . 

2. There might have been plane t r o u b l e ; say, an 
emergency landing to f i x a f u e l leak. 

3. Maybe he j ua t wanted to avoid repor te rs on h is 
vaca t i on . 

This research was supported in par t by the Naval 
Ocean Systems Center under con t rac t 
N66001-80-C-0377. 

The tex t presents an exp lanat ion on the sur­
face ( t ha t the ambassador was on v a c a t i o n ) , which 
is adequate to serve as an i n t e r p r e t a t i o n of the 
events in the s t o r y . Yet re -prob ing w i t h the same 
quest ion has the e f f e c t of causing people to gen­
erate new and " s l a n t e d " i n t e r p r e t a t i o n s , reading 
more i n t o the passage than be fo re . In a re la ted 
ser ies of in formal experiments, people were t o l d 
d i f f e r e n t "sources" o f the t e x t ; i n p a r t i c u l a r , 
they were e i t h e r t o l d that i t was excerpted from 
the New York Times, an Agatha C h r i s t i e nove l , Cos­
mopol i tan magazine, a grammar-school h i s t o r y tex t -
book or a Jimmy Stewart movie. Their i n t e r p r e t a ­
t ions of the tex t var ied s i g n i f i c a n t l y depending on 
the s ta ted tex t source. 

These observat ions about people's reading be­
havior agree w i t h experiments in cogn i t i ve psy­
chology in which vary ing the stated reading purpose 
( e . g . , Black [1980] , Frederiksen [1975 ] ) , and 
in te rpos ing quest ions about the tex t ( e . g . , 
Rothkopf and Bisbicos (1967] , Anderson and Biddle 
[1975]) resu l ted in d i f fe rences in the inferences 
tha t were made by the readers, as evidenced by 
tes t s f o r f a l se recogn i t i on o f statements co r res ­
ponding to inferences from the t e x t . 

This paper presents a program ca l l ed MACARTHUR 
which is able to r e d i r e c t i t s own inference proc­
esses when a quest ion about a tex t is re-asked r e ­
peated ly . MACARTHUR demonstrates i t s successive 
i n t e r p r e t a t i o n s by generat ing Engl ish answers to 
quest ions about the t e x t . For example, a f t e r 
reading a vers ion of the above s tory [ 1 ] , MACARTHUR 
responds in Engl ish to the f o l l ow ing sequence of 
ques t ions : 

Q) Why d id the ambassador go to Albania? 
A) HE WENT ON A VACATION IN ALBANIA AND PAKISTAN. 

Q) Are you sure? Why d id he go to Albania? 
A) MAYBE HE WANTED TO MEET WITH THE GOVERNMENT OF 

ALBANIA, BUT HE WANTED TO KEEP IT A SECRET. 

Most e x i s t i n g na tu ra l language systems ( e . g . , 
C u l l i n g f o r d [1978 ] , Wilensky [1978] , Charniak 
[1978]) do not account f o r people 's a b i l i t y to make 
d i f f e r e n t inferences depending on ex te rna l f ac to rs 
such as re -p rob ing . MACARTHUR models t h i s observed 
human a b i l i t y by using a h ierarchy of understanding 
processes, some of which " s t e e r " the d i r e c t i o n of 
pu rsu i t o f o the rs . 
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2. BACKGROUND: CORRECTING ERRONEOUS INFERENCES 

2.1 Maintain ing a connected representat ion 

MACARTHUR is an extension of the ARTHUR sys­
tem, described in Granger (1980s, 1980b]. That 
paper pointed out tha t the process of mapping a 
s to ry onto a representa t ion is not always 
s t r a i g h t f o r w a r d , but ra ther may requ i re the gener-
a t i o n of a number of intermediate representat ions 
which are supplanted by the time the f i n a l s tory 
representa t ion is complete. For example, consider 
the f o l l o w i n g simple s t o r y , taken from Granger 
[1980b] : 

[2 ] Geoffrey Huggins walked i n t o the Roger Sherman 
movie thea te r . Re went up to the balcony, 
where W i l l y North was wa i t i ng w i t h a gram of 
cocaine. Geoff paid W i l l y in large b i l l s and 
l e f t q u i c k l y . 

Why d id Geoff go i n t o the movie theater? Most 
people i n f e r that he d id so in order to buy some 
coke, since that was the outcome of the s t o r y . The 
a l t e r n a t i v e p o s s i b i l i t y , that Geoff went to the 
theater to see a movie and then c o i n c i d e n t a l l y ran 
i n t o W i l l y and decided to buy some coke from him, 
seems to go v i r t u a l l y unnot iced. On the basis of 
pure l o g i c , e i t he r of these inferences about 
Geof f ' s i n ten t i ons is equal ly p l a u s i b l e . However, 
people overwhelmingly i n f e r the former exp lana t ion , 
i . e . , that he went to the theater in tending to buy 
coke. 

The problem is that the most p laus ib le i n i t i a l 
in ference from the s t o r y ' s f i r s t sentence is that 
Geoff d id go ins ide to see a movie. Hence, selec-
t i o n of the cor rec t in ference requi res r e j e c t i o n of 
t h i s i n i t i a l in ference. The po in t is tha t Geoff 
d id not change h is mind about why he went i n to the 
t hea te r ; he had a s ing le i n t e n t i o n from the ou t ­
se t . Rather it is we, the readers, who must change 
our minds about our i n i t i a l in ference of Geof f 's 
i n t e n t i o n . ARTHUR is able to understand s to r ies 
l i k e [2 ] because of i t s a b i l i t y to re-eva luate and 
supplant i t s own i n i t i a l inferences in l i g h t o f 
subsequent in fo rmat ion in a s t o r y . 

Story [1 ] presents us w i t h a d i f f e r e n t but 
r e l a ted d i f f i c u l t y . There is no strong inference 
in [1] that causes readers to supplant t h e i r i n i ­
t i a l i n fe rence ; the " vaca t i on " exp lanat ion ade­
quately accounts fo r the statements in the s t o r y . 
However, readers can be steered away from t h i s ex­
p lana t ion by ex te rna l f ac to rs such as vary ing the 
t ex t source or repeat ing the same ques t ion . The 
problem MACARTHUR addresses is how ex te rna l fac to rs 
l i k e re-prob ing can a f f e c t the inferences a reader 
produces. 

Story [1 ] describes two events: the 
ambassador leaves fo r Pakistan on vaca t i on , and 
then he makes an unscheduled stop in A lban ia . 
MACARTHUR's i n t e r p r e t a t i o n of the f i r s t event 
simply contains both the s ta ted ac t i on of 
phys i ca l l y leaving and the stated goal of going on 
a vaca t i on . Since changing your l oca t i on can be 
par t of a known plan f o r vaca t i on ing , MACARTHUR 
assumes that that is the connection between them. 

MACARTHUR then attempts to f i n d an exp lanat ion 
f o r the next event , stopping i n A lban ia . I t f i r s t 
checks whether the event can be i n te rp re ted as par t 
of a plan in serv ice of the already e x i s t i n g goal 
of vaca t i on ing . Since going to Albania is a lso a 
change of l o c a t i o n , MACARTHUR assumes tha t t h i s 
ac t i on too can be i n te rp re ted as being par t of the 
vaca t i on . In answer to a quest ion about why the 
ambassador went to A lban ia , then , MACARTHUR uses 
t h i s exp lanat ion i t has constructed to generate the 
answer that the t r i p was par t of the vaca t i on . 

2.2 Re-di rect ing inference pu rsu i t 

MACARTHUR has a r r i ved at a connected repre ­
sen ta t ion fo r the s t o r y , and has answered a ques­
t i o n about i t . Now the program is " re -probed" w i t h 
the same ques t ion , causing i t to re -eva lu ta te i t s 
i n i t i a l exp lanat ion f o r the ambassador's going to 
A lban ia . MACARTHUR f i nds that A lban ia , in a d d i t i o n 
to being a l oca t i on (and there fore the possib le 
s i t e o f a v a c a t i o n ) , is also a p o l i t i c a l e n t i t y . 
Hence, MACARTHUR i n f e r s that a t r i p to Albania 
could be part of a plan to meet w i t h members of 
A lban ia ' s government. 

Now MACARTHUR has a new p laus ib le exp lanat ion 
f o r the ambassador's ac t i on of going to A lban ia , 
but h is ac t i on o f going to Pakistan is s t i l l ex­
p la ined only by the o r i g i n a l " vaca t i on " in fe rence . 
This is • an example of a disconnected 
rep resen ta t ion , i . e . , one in which the explanat ions 
f o r the events of a s tory are not connected to each 
o ther . The current explanat ion would r e s u l t in 
MACARTHUR answering that the ambassador went to 
Albania to confer w i t h the government, but that he 
went to Pakistan to vaca t i on . Although there is 
noth ing wrong w i t h t h i s on the basis of pure l o g i c , 
i t does not at a l l correspond to the inferences 
people make at t h i s p o i n t . 

I t i s important to note tha t the "vaca t ion " 
exp lanat ion is not e x p l i c i t l y con t rad ic ted by the 
new exp lana t ion ; i t j us t f a i l s to be connected to 
i t . Granger [1980b] hypothesized that people a t ­
tempt to connect the pieces of a representa t ion 
according to the "parsimony p r i n c i p l e " , which 
s ta tes that the best goal inference is one which 
accounts fo r the most act ions of an ac to r . Hence, 
the best s tory representa t ion is one which contains 
the fewest number of context inferences to exp la in 
the most events in the s t o r y . 

The cor rec t representa t ion should, t he re fo re , 
connect the ambassador's i n t e n t i o n of con fe r r ing 
w i t h the Albanian government together w i t h both his 
ac t i on of t r a v e l l i n g to A lban ia , and h is announced 
vacat ion t r i p to Pakistan. To achieve t h i s con­
n e c t i o n , MACARTHUR i n f e r s that the ambassador may 
have had a cons t ra in t on h is g o a l , of keeping h is 
Albanian meeting secre t . A known method of keeping 
an event secret is to create a "cover s t o r y " f o r 
the event , i . e . , an a l t e r n a t i v e exp lanat ion that 
can account fo r the covert a c t i o n . In t h i s case, 
MACARTHUR assumes tha t the ambassador announced 
that he was going on vacat ion as a cover s to ry fo r 
h i s t r i p to A lban ia . (The s t ruc tu re of cover 
s t o r i es and MACARTHUR's a b i l i t y to recognise them 
is elaborated in Section 3 .2 . ) 
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MACARTHUR's representa t ion of the s to ry now 
cons is ts of a s ing le in ference about the ambassa­
do r ' s i n ten t i ons (he wanted to confer w i t h the Al-
banian government in s e c r e t ) , and a p lan in serv ice 
of that goal (going to A lban ia ) ; along w i t h the 
announced "cover s t o r y " about going on vaca t i on , in 
serv ice of the "secrecy" c o n s t r a i n t . The i n i t i a l 
goal in ference tha t the ambassador a c t u a l l y i n ­
tended to go on vacat ion has now been supplanted: 
i t is no longer considered to be the exp lanat ion 
f o r the events in the s t o r y . 

2.3 Experimental Evidence of Effects on Inference 

A number of experiments in cogn i t i ve psychol-
ogy have demonstrated that people 's reading behav­
i o r can be s i g n i f i c a n t l y a f fec ted by cond i t ions 
independent of the content of the tex t i t s e l f 
( e . g . , Anderson and Biddle [1975] , Frederiksen 
[1975 ] , Black [1980 ] , Haberlandt and Bingham 
[1978] , Rothkopf and Bisbicos [1967 ] ) . For 
ins tance , reading an assigned tex t on which you may 
be tes ted can r e s u l t in qu i t e d i f f e r e n t behavior 
than reading the same tex t out of pure i n t e r e s t in 
the t o p i c , reading i t t o attempt t o c r i t i c i s e i t , 
reading i t becauae your brother wrote i t , e t c . 

In p a r t i c u l a r , Freder iksen [1975] and Black 
[1980] have supported the hypothesis that people 
make more in fe rences , and d i f f e r e n t types of i n ­
ferences, depending on the purpose they are given 
by the experimenter f o r reading the t e x t . Black 
f o r example notes that people make more inferences 
when asked to read a passage in p repara t ion fo r a 
subsequent memory tes t than when they are asked to 
read i t i n order to simply ra te i t f o r "comprehen-
s i b i l i t y " . Since the l a t t e r task i s " sha l lower " , 
i t requ i res less of what Black terms " e l a b o r a t i v e " 
in ference ( in ferences above and beyond s t r i c t l y 
l o g i c a l deduct ions) . 

Black also notes that when subjects were asked 
to read the passage fo r the purpose of l a t e r w r i t ­
ing an essay that uses the main po in t of the pas­
sage, they tended to make more inferences that r e ­
la ted s p e c i f i c a l l y to the main po in t of the pas­
sage, al though they d id not make more e labora t i ve 
inferences o v e r a l l than the subjects who were to be 
tes ted f o r t h e i r memory fo r the passage. This 
s t rong ly impl ies that a s ta ted purpose f o r reading 
a tex t can cause a reader not only to suppress or 
accelerate h is inference processes, but a lso to 
steer the d i r e c t i o n of pu rsu i t of the inferences 
that are generated. 

To i l l u s t r a t e t h i s another way, consider using 
s to ry [1 ] ( the ambassador s to ry ) as the tex t f o r a 
s i m i l a r experiment. Since t h i s t ex t is more d i f ­
f i c u l t to a r r i v e a t a s ing le exp lanat ion f o r , the 
r e s u l t s might show "sha l low" readers i n f e r r i n g the 
"na i ve " i n t e r p r e t a t i o n o f the s t o r y , i . e . , tha t the 
ambassador was j u s t going on v a c a t i o n , whi le 
"deeper" readers might i n f e r one of the a l t e r n a t i v e 
i n t e r p r e t a t i o n s , e . g . , tha t there was a secret 
meeting in A lban ia . This would demonstrate that 
deeper reading tasks could r e s u l t i n d i f f e r e n t i n ­
ferences, not j u s t more in fe rences , being generated 
from a s ing le t e x t . 

MACARTHUR's a b i l i t y to r e - d i r e c t i t s own i n ­
ferences is designed to model people 's observed 
reading behavior in s i m i l a r tasks. The model is 
intended to provide a tes t -bed fo r comparing im­
plementat ions of our theor ies about people 's read­
ing behavior w i t h ac tua l experimental evidence. 
Towards t h i s end, sec t ion 5 of t h i s paper proposes 
some possib le new experiments and possib le ex ten­
sions to MACARTHUR. 

3. OPERATION OF THE MACARTHUR PROGRAM 

3.1 Annotated run- t ime output 

The f o l l ow ing represents ac tua l annotated 
run- t ime output of the MACARTHUR program. The i n ­
put to the program is the Conceptual Dependency 
representa t ion (Schank and Abelson [1977]) of the 
f o l l o w i n g s t o r y : 

[3 ] Dr. Fitzsimmons yawned l oud l y . He l e f t Carney 
and Samuelson and went i n t o the next room. He 
opened the r e f r i g e r a t o r . 

MACARTHUR generates inferences connecting the f i r s t 
two statements, i n f e r r i n g that Fitzsimmons is t i r e d 
and may be about to go to bed. The f o l l ow ing (ex­
tremely abridged) MACARTHUR output is generated 
from the processing of the t h i r d conceptua l i za t ion 
and subsequent quest ions. 

:CURRENT EXPLANATION-GRAPH: 
GOAL0: (S-SLEEP (PLANNER FITZ)) 
STATEO: (TIRED (ACTOR FITZ)) 
EVO: (INGEST (ACTOR FITZ) 

(OBJECT AIR) (MANNER YAWN)) 
PATHO: (INVOL-REACTION (ACTOR FITZ)) 
EV1: (PTRANS (ACTOR FITZ) (OBJECT FITZ) 

(TO R00M1) (FROM ROOM0)) 
PCI: (D-PROX (PLANNER FITZ) 

(OBJECT FITZ) (TO R00M1)) 
PATH1: ($CO-TO-BED (PLANNER FITZ)) 

MACARTHUR's exp lanat ion of the f i r s t two 
statements consis ts of an "exp lanat ion graph" 
(Granger [1980a] ) , conta in ing a goal (being 
rested) and two act ions (yawn, change rooms), 
each of which are connected to the goal v ia an 
i n f e r e n t i a l path (an invo lun ta ry r e a c t i o n , and 
the "go- to -bed" s c r i p t , a known plan f o r ge t ­
t i n g r e s t ) . Now the t h i r d statement is read. 

:NEXT SENTENCE CD: 
(PTRANS (ACTOR FITZ) (OBJECT DOOR (PARTOF FRIDGE)) 

(FROM CLOSED-POS) (TO OPEN-POS)) 

The Conceptual Dependency fo r Fitzsimmons' 
a c t i o n ; he moved the door to i t s open 
p o s i t i o n . 

:FOUND PLAN EXPLANATION: 
(DRINK (PLANNER FITZ) (OBJECT MILK (TEMP WARM))) 
CONTROL PRECONDITION IS : 
(D-CONT (PLANNER FITZ) (OBJECT MILK) (FROM FRIDGE)) 
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MACARTHUR connec t s a p o s s i b l e p l a n f o r g o i n g 
t o bed ( d r i n k i n g warm m i l k ) w i t h t h e knowledge 
t h a t m i l k i s a f o o d and t h e r e f o r e may b e i n 
t he f r i d g e . MACARTHUR now r e - e x p l a i n s t h e 
p r e v i o u s a c t i o n o f c h a n g i n g rooms i n t e rms o f 
t h i s p l a n o f d r i n k i n g warm m i l k . 

PROXIMITY PRECONDTION I S : 
(D-PROX (PLANNER F ITZ) (OBJECT F ITZ) (TO R00M1)) 

EXPLANATION COMPLETE: 

:SHAPE IS PURSUE-DESIRED-STATE: 

:READY FOR QUESTIONS: 

Q) Why d i d F i t z s immons open the r e f r i g e r a t o r ? 
A) BECAUSE HE WANTED TO GET SOME MILK FROM IT SO 

HE COULD DRINK SOME WARM MILK SO HE COULD GET 
SOME REST. 

MACARTHUR has f ound a c o n n e c t i v e e x p l a n a t i o n : 
a known p l a n f o r a v o i d i n g s l e e p i s t o d r i n k 
c o k e , and coke i s f o o d , s o i t may b e f o u n d i n 
t h e r e f r i g e r a t o r , s o g o i n g t o t h e f r i d g e and 
o p e n i n g i t can b e i n t e r p r e t e d a s s a t i s f y i n g t h e 
p r e c o n d i t i o n s o f g e t t i n g t o t h e coke and 
g e t t i n g h o l d o f i t i n o r d e r t o d r i n k i t . 

EXPLANATION COMPLETE: 
:SHAPE IS AVOID-UNDESIRED-STATE: 

:RE-RESPONDING TO PREVIOUS QUESTION: 
Why d i d F i t zs immons open the r e f r i g e r a t o r ? 

A) AT FIRST I THOUGHT IT WAS BECAUSE HE WANTED TO 
GET SOME MILK FROM IT SO HE COULD DRINK SOME WARM 
MILK SO HE COULD GET SOME REST, BUT ACTUALLY IT 
MIGHT BE BECAUSE HE WANTED TO GET SOME COFFEE 
FROM IT SO HE COULD DRINK SOME COFFEE SO HE COULD 
STAY AWAKE. 

MACARTHUR g e n e r a t e s an answer to t h e q u e s t i o n 
b y u s i n g i t s c u r r e n t e x p l a n a t i o n - g r a p h t o f i n d 
t h e g o a l f o r t h i s a c t i o n . I t a l s o m e n t i o n s 
t h e i n t e r m e d i a t e i n f e r e n c e s i n t h e c o n n e c t i v e 
c h a i n f r o m e v e n t t o g o a l . (MACARTHUR's E n g l i s h 
g e n e r a t i o n a l g o r i t h m i s t a k e n f r o m ARTHUR'S, 
d e s c r i b e d i n Granger [ 1 9 8 0 a ] . ) ( N o t e : The 
" e x p l a n a t i o n shape " r e p o r t e d he re a s " p u r s u e -
d e s i r e d - s t a t e " i s one o f f o u r such c a t e g o r i e s 
o f e x p l a n a t i o n s t h a t MACARTHUR knows a b o u t . 
These a re e x p l a i n e d i n S e c t i o n 3 . 2 . ) 

Now t h e same q u e s t i o n w i l l be asked a g a i n , 
c a u s i n g MACARTHUR t o r e - e v a l u a t e i t s e x p l a n a ­
t i o n . 

Q) Are you su re? 
Why d i d F i t z s immons open the r e f r i g e r a t o r ? 

:RE-PROCESSING AND RE-SHAPING EXPLANATION: 
:NEW SHAPE IS AVOID-UNDESIRED-STATE: 

(TIRED (ACTOR F I T Z ) ) IS UNDESIRED STATE 

GENERATING NEW GOAL EXPLANATION: 
GOAL: (P-AWAKE (PLANNER F I T Z ) ) 

MACARTHUR'8 f i n a l answer exp resses b o t h i t s 
s u p p l a n t e d i n i t i a l e x p l a n a t i o n ( " A t f i r s t I 
t h o u g h t . . . " ) , t h a t h e m i g h t have i n t e n d e d t o 
g o t o s l e e p because h e was t i r e d , a l o n g w i t h 
i t s new e x p l a n a t i o n ( " b u t a c t u a l l y . . . " ) t h a t 
h i s r e a c t i o n t o t h e s t a t e o f b e i n g t i r e d m i g h t 
have been t o t r y t o a v o i d g o i n g t o s l e e p . 

3 .2 N o t e : The shape o f t h i n g s to come 

When MACARTHUR a t t e m p t s to r e - e x p l a i n a s t o r y 
because o f r e - p r o b i n g , i t uses a c l a s s i f i c a t i o n 
scheme f o r d i s c e r n i n g t h e " s h a p e " o f a n e x p l a n a ­
t i o n , w h i c h a i d s i t i n s e l e c t i n g a l t e r n a t i v e e x ­
p l a n a t i o n s . T h i s scheme i s s t i l l t h e s u b j e c t o f 
o n g o i n g r e s e a r c h , b u t i t has p roved u s e f u l i n 
MACARTHUR's e x p l a n a t i o n s e l e c t i o n a l g o r i t h m . F o l ­
l o w i n g is a l i s t o f some of t h e shapes MACARTHUR 
c u r r e n t l y knows a b o u t . T h i s i s no t i n t e n d e d t o b e 
a comp le te l i s t , i t s i m p l y r e f l e c t s t h e p r e s e n t 
s t a t e o f ou r a n a l y s i s : 

1 . P u r s u e - d e s i r e d - s t a t e : T h i s r e f e r s t o s i m p l e 
g o a l p u r s u i t , i . e . a s t o r y i n w h i c h a c h a r a c ­
t e r has a g o a l and p e r f o r m s p l a n s i n s e r v i c e o f 
t h a t g o a l . 

ATTEMPTING TO SUPPLANT EXPLANATION: 

MACARTHUR uses i t s c l a s s i f i c a t i o n o f e x p l a n a ­
t i o n s i n t o shapes (see s e c t i o n 3 . 2 ) t o g e n e r ­
a t e a n a l t e r n a t i v e g o a l , t h a t F i t z s immons 
wan ts t o s t a y awake, i . e . , t o a v o i d s l e e p i n g . 
I t t h e n a t t e m p t s t o r e - e x p l a i n t h e e v e n t s o f 
t h e s t o r y i n te rms o f t h i s new g o a l , t h e r e b y 
s u p p l a n t i n g t h e p r e v i o u s g o a l e x p l a n a t i o n . 
T h i s r e q u i r e s MACARTHUR t o f i n d c o n n e c t i o n s 
between the s t o r y e v e n t s and t h e new g o a l . 

:FOUND PLAN EXPLANATION: 
(DRINK (PLANNER F ITZ) (OBJECT COKE)) 
CONTROL PRECONDITION I S : 
(D-CONT (PLANNER F ITZ) (OBJECT COKE) (FROM FRIDGE)) 

PROXIMITY PRECONDTION I S : 
(D-PROX (PLANNER F ITZ) (OBJECT F ITZ) (TO ROOMl)) 

2 . A v o i d - u n d e s i r e d - s t a t e : A c h a r a c t e r may no t 
have a s p e c i f i c g o a l o r d e s i r e d s t a t e , bu t 
r a t h e r i s a c t i n g o u t p l a n s t h a t a re i n s e r v i c e 
o f t h e a v o i d a n c e o f a p a r t i c u l a r u n d e s i r e d 
s t a t e , such as s l e e p i n e s s ( f o r w h i c h a remedy 
i s t o i n g e s t c o f f e e o r o t h e r s t i m u l a n t s ) , 
hunger ( r e m e d i e s i n c l u d e d o i n g some th i ng d i s ­
t r a c t i n g l i k e r e a d i n g , o r t a k i n g d i e t p i l l s , o r 
even g o i n g t o s l e e p ) , e t c . 

3 . A c c i d e n t - r e a c t i o n : A c h a r a c t e r may be i n v o l v e d 
i n some e v e n t s t h a t u n i n t e n t i o n a l l y h i n d e r h i s 
g o a l s . The c h a r a c t e r ' s subsequent a c t i o n s may 
i n c l u d e a t t e m p t s t o i n v e s t i g a t e t h e cause o f 
t h e a c c i d e n t ; ove rcom ing t h e a c c i d e n t b y 
r e - p l a n n i n g and r e - a c t i n g ; abandon ing o r 
p o s t p o n i n g t h e g o a l ; o r s i m p l y t r y i n g a g a i n . 

4 . C o v e r - s t o r i e s : A c h a r a c t e r may have a g o a l 
t h a t h e w i shes t o a c h i e v e s e c r e t l y . I f h e 
canno t s i m p l y a v o i d b e i n g o b s e r v e d , t h e n he may 

357 



const ruct a "cover s t o r y " ; i . e . , an a l t e r n a ­
t i v e connected exp lanat ion f o r h is act ions 
vh ich can serve as an " a l i b i " to any observers. 
Complete understanding of such s t o r i e s involves 
the a b i l i t y to main ta in separate b e l i e f spaces 
f o r d i f f e r e n t charac te rs , and to recognise de­
cept ion v ia c o n f l i c t i n g b e l i e f s held by d i f ­
fe ren t charac ters . 

Now we w i l l i l l u s t r a t e how these explanat ion 
shapes can g ive r i s e to a ser ies of a l t e r n a t i v e 
i n t e r p r e t a t i o n s o f s t o r i e s . Recal l s to ry [ 1 ] : 

[1 ] The Pak is tan i Ambassador to the United States 
made an unscheduled stop in Albania yesterday 
on h is way home to what an aide of the 
ambassador described as "a working v a c a t i o n " . 

The four a l t e r n a t i v e explanat ions given fo r t h i s 
s to ry at the beginning of t h i s paper can now be 
categor ised by exp lanat ion shape: 

1. He may have gone there as par t of h is vaca t ion . 
(PURSUE-DESIRED-STATE) 

2. There could have been some secret p o l i t i c a l 
meeting the re . (COVER-STORY) 

3. There might have been plane t r o u b l e ; say an 
emergency land ing . (ACCIDENT-REACTION) 

4. Maybe he j u s t wanted to avoid repor te rs on h is 
vaca t i on . (AVOID-UNDESIRABLE-STATE) 

Now r e c a l l s to ry [ 3 ] : 

[3 ] Dr. Fitssimmons yawned l o u d l y . He l e f t Carney 
and Samuelson and went i n t o the next room. He 
opened the r e f r i g e r a t o r . 

Fol lowing are four d i f f e ren t l y - shaped explanat ions 
fo r t h i s s t o r y , (two of which correspond to exp la ­
nat ions generated by MACARTHUR in sec t ion 3 ) : 

1. Maybe he wanted to make some warm mi lk to help 
him get to s leep. (PURSUE-DESIRED-STATE) 

2. Maybe he wanted to make some cof fee to help him 
stay awake. (AVOID-UNDESIRABLE-STATE) 

3. Maybe he heard something f a l l down in there and 
he went to i n v e s t i g a t e . (ACCIDENT-REACTION) 

4. Maybe he a c t u a l l y had some secret reaaon fo r 
going in t he re , so he yawned to pretend he was 
t i r e d . (COVER-STORY) 

The next sec t ion describes the processes by which 
MACARTHUR uses i t s knowledge of exp lanat ion shapes 
to generate a l t e r n a t i v e i n t e r p r e t a t i o n s of a s to ry 
when re-probed. 

4. THE PROCESSES UNDERLYING INFERENCE RE-DIRECTION 

4 .1 Hypothes is -se lec t ion and hypothes is -pursu i t 

Understanding a s tory or s i t u a t i o n o f t en 
requ i res us to generate a hypothesis about the 
goals of the p a r t i c i p a n t s , on the basis of t h e i r 
observed act ions ( s e l e c t i o n ) ; and then to attempt 
to continue to exp la in subsequent act ions in terms 
of the hypothesized goals ( p u r s u i t ) . Any 
s u f f i c i e n t l y d i f f i c u l t t ex t can suggest m u l t i p l e 
a l t e r n a t i v e exp lana t ions , and the reader must 
se lect one and pursue i t , but he must also be ready 
to supplant an i n i t i a l hypothesis w i t h a new one in 
l i g h t of subsequent i n fo rma t ion . 

4.2 Pursuing hypotheses 

MACARTHUR's understanding a lgor i thm 
e s s e n t i a l l y cons is ts o f at tempt ing to exp la in a l l 
of the conceptua l isa t ions in a tex t in terms of a 
minimum number of hypotheses, in accordance w i t h 
the "parsimony p r i n c i p l e " (Granger [1980b] ) . For 
example, in a t tempt ing to connect up a new s tory 
event w i t h an e x i s t i n g hypothesis about a 
charac te r ' s g o a l , MACARTHUR begins by pursuing the 
goal hypothesis , a t tempt ing to i n teg ra te the event 
i n t o the hypothesis , v ia the f o l l ow ing s teps: 

1 . Search fo r e x i s t i n g "indexed inference paths" 
(see Granger [1980a] ) , which correspond to 
pre-s tored i n f e r e n t i a l paths that can serve to 
connect the hypothesis w i t h the statement; 

2. Search known precondi t ions of the goal f o r 
matches w i t h the event ; 

3. Generate bottom-up indexed inferences from the 
event to see if any can match e x i s t i n g i n f e r ­
ence paths to the goa l . 

4.3 Supplanting hypotheses 

If these steps f a i l , then MACARTHUR may decide 
to supplant the current hypothesis w i t h a new one; 
i . e . , abandon i t s pu rsu i t of the hypothes is , and 
select an a l t e r n a t i v e hypothesis to exp la in the 
" r e c a l c i t r a n t " event. This process is described in 
d e t a i l in Granger [1980b] . 

1. Generate a l t e r n a t i v e hypothesis by choosing 
d i f f e r e n t explanat ion-shape; 

2. Attempt to exp la in previous events in terms of 
new hypothesis , v i a ru les of p u r s u i t . 

4*4 Leaving loose ends 

I f the procedures above f a i l to r e -exp la i n the 
events in terms of the new hypothes is , then 
MACARTHUR is in the s i t u a t i o n of having two 
competing hypotheses, the i n i t i a l one and the new 
one, ne i ther of which can exp la in a l l of the events 
in the s t o r y . This impl ies tha t each of the 
hypotheses has run i n t o one or more " r e c a l c i t r a n t " 
events. In t h i s caae, MACARTHUR t e n t a t i v e l y admits 
defeat by r e v e r t i n g back to the i n i t i a l hypothes is , 
and marking i t s r e c a l c i t r a n t event as a " loose end" 
r e l a t i v e to the hypothes is ; i . e . , an event tha t 
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cannot be explained by the e x i s t i n g hypothesis . 
S i m i l a r l y , the a l t e r n a t i v e hypothesis i s ma in ta i n ­
ed, and i t s r e c a l c i t r a n t events are a lso marked as 
loose ends r e l a t i v e to t h i s hypothes is : 

1. Mark r e c a l c i t r a n t events as loose ends r e l a t i v e 
to new hypothes is ; 

2 . Reinstate i n i t i a l hypothes is ; 

3. Mark i t s r e c a l c i t r a n t events as loose ends 
r e l a t i v e t o i t . 

When MACARTHUR leaves a loose end, it then has a 
disconnected exp lana t ion . Hence, loose ends r e s u l t 
in MACARTHUR"s i n t e r p r e t a t i o n of the s tory being 
less than maximally parsimonious. (This paper has 
not shown any examples of MACARTHUR leav ing a loose 
end.) 

4.5 Re-shaping explanations 

Once MACARTHUR has a r r i ved at a complete ex­
p lana t ion fo r a s t o r y , then i t can answer quest ions 
that re fe r to the exp lana t ion , such as "why"-
questions asking about characters goa ls . 
MACARTHUR's processes of searching i t s exp lanat ion 
to provide an answer, and then generat ing that an­
swer in Eng l i sh , are s i m i l a r to those used by 
ARTHUR, as descr ibed in Granger [1980a] . However, 
MACARTHUR has the a d d i t i o n a l a b i l i t y to r e - e x p l a i n 
a s to ry in response to r e p e t i t i o n of a ques t ion . 
This requi res se l ec t i on of a new hypothesis as a 
s t a r t i n g po in t fo r the new exp lana t ion . MACARTHUR 
does t h i s by f i r s t se lec t i ng a shape d i f f e r e n t from 
the current exp lanat ion shape, and then l e t t i n g 
that shape suggest a new goal hypothes is : 

1. Choose a l t e r n a t i v e exp lant ion shape; 

2. Use new shape to generate a l t e r n a t i v e goal 
hypothes is ; 

3. Attempt to replace e x i s t i n g hypothesis w i t h new 
hypothesis v i a ru les of supp lan t ing . 

Table 1 (below) i l l u s t r a t e s a few examples of the 
knowledge MACARTHUR uses to construct a goal ex­
p lana t i on f o r a g iven event conforming to p a r t i c u ­
l a r shapes. For each of these event/shape p a i r s , 
examples abound. For example, the pa i r 
<PTRAMS/COVER-ST0RY> corresponds to the "secret 
meet ing" exp lanat ion o f s tory [ 1 ] , the pa i r 
<PROPEL/ACCIDENT-REACTION> could a r i se if Z 
PROPELed X towards W, but it went to Y i ns tead ; 
Z 's observed ac t i on of PROPELing X to Y might be 
i nexp l i cab le w i thout reference to some possib le 
" s k i l l f a i l u r e " on Z's p a r t . S i m i l a r l y , the pa i r 
<INGEST/ACCIDENT-REACTION> could a r i se if Z 
INGESTed something that he wouldn ' t have INGESTed 
had he known what it was; e . g . , poison disguised 
as chocola te . One more: the pa i r 
<ATRANS/AVOID-STATE>: Z could have given X to Y 
not because he wanted Y to have it p a r t i c u l a r l y , 
but because he (Z) wanted NOT to have X, because of 
some negat ive a t t r i b u t e ; e . g . , X is a TV and it 
d i s t r a c t s him from h is work, so he wanted to get 
r i d of i t . The PURSUE-STATE explanat ions 
correspond mostly to l i k e l y de fau l t reasons f o r the 
event being exp la ined, e . g . going somewhere 
(PTRANS) because you want to make use of some known 
f unc t i on of the l o c a t i o n , such as going to a 
s ing les bar to meet someone or going to a s tore to 
buy something. 
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5. CONCLUSIONS: PROPOSALS FOR FURTHER RESEARCH 

5.1 focperjmeiUs, on inference re-direction 

B lack 's [1980] experiments on the e f f e c t s of 
reading purpose on memory fo r t ex t assumed tha t the 
task of r a t i n g the comprehens ib i l i t y of a t e x t was 
"a ' s h a l l o w ' t a s k " , prepar ing f o r a memory tes t was 
"a 'deeper ' t a s k " , and prepar ing f o r an essay tes t 
in which the subjects would have to make use of the 
main po in t of the tex t was "a 'deepes t ' task" 
[ p . 2 0 ] . B lack 's i n i t i a l p r e d i c t i o n was b a s i c a l l y 
tha t the "deeper" the reading purpose, the greater 
the number of inferences the subject would produce, 
as evidenced by the number of f a l se recogn i t ions 
exh ib i t ed on tested inference i tems. 

The ac tua l r e s u l t s of the experiment ind ica ted 
tha t the memory task caused the most f a l se recog­
n i t i o n s of in ference i tems, whi le the essay task 
came second and the comprehens ib i l i t y task came 
lowest , as expected. A post-hoc ana lys is of the 
recogn i t i on tes t items revealed tha t the essay task 
caused s i g n i f i c a n t l y more fa l se recogn i t ions than 
the other two groups on inference items which were 
"related- to the main p o i n t ' ' of the JJ&£X, even 
though the number of f a l se recogn i t ions o v e r a l l 
( i . e . , i nc lud ing items both re la ted and unre la ted 
to the main p o i n t ) was lower fo r the essay task 
than f o r the memory task . 

In other words, the experiment was look ing f o r 
a monotonies l ly increas ing e f f e c t of more i n f e r -
ences corresponding to "deeper*' process ing. How­
ever , what i t found was a d i f f e rence in not only 
the "dep th " , but a lso in the " d i r e c t i o n " o f i n f e r ­
ences generated. In p a r t i c u l a r , Black acknowledges 
the existence of "main-point o r i e n t e d " processing 
in the essay task which d id not appear in the other 
two tasks . 

Consider a s i m i l a r set of experiments per­
formed using more d i f f i c u l t s t o r i e s , i . e . , s t o r i e s 
tha t are less s t rong ly connected to a s ing le main 
po in t than the essays used in B lack 's s tudy. For 
example, tex ts l i k e [1 ] and [3 ] in t h i s paper could 
be used. As noted by many researchers ( e . g . 
Haberlandt and Bingham [1978] , Black and Bern 
[1980 ] ) , readers tend to work at f i n d i n g connec­
t i ons among sentences in a t e x t , even when such 
connections are not obvious. Hence we p red i c t that 
subjects would d u t i f u l l y generate connective i n ­
ferences to exp la in the sentences in a non-
s t ra i gh t f o rwa rd tex t l i k e [1 ] and [ 3 ] , but since 
there are a number of d i f f e r e n t a l t e r n a t i v e i n t e r ­
p re ta t i ons o f t ex t s l i k e these, d i f f e r e n t explana­
t i ons might be produced by d i f f e r e n t sub jec ts , 
perhaps as a f u n c t i o n of d i f f e r e n t types of ex te r ­
nal f ac to r s such as reading purpose, t ex t source, 
in terposed quest ions and re -p rob ing . For example, 
in a reading-purpose experiment the "sha l lower" 
readers might generate a "na i ve " i n t e r p r e t a t i o n of 
a d i f f i c u l t t e x t ; wh i le deeper readers might gen­
erate not j u s t more inferences but d i f f e r e n t i n ­
ferences, corresponding to t h e i r s i g n i f i c a n t l y 
d i f f e r e n t i n t e r p r e t a t i o n o f the t e x t . 

We r e s p e c t f u l l y propose such a set of e x p e r i ­
ments, designed around non-s t ra igh t fo rward t e x t s , 
and making use of other types of e x t r a - t e x t u a l 
f ac to rs than j u s t reading purpose; in p a r t i c u l a r , 
the e f f ec t s of interposed questions and re -p rob ing . 
Some quest ions that might be resolved by these ex­
periments include the f o l l o w i n g : 

1. do peoples ' a l t e r n a t i v e explanat ions correspond 
w e l l w i t h the c l a s s i f i c a t i o n o f explanat ions 
i n t o d i f f e r e n t "shapes" (as proposed in sec t ion 
3 . 2 ) , and/or w i t h other inference 
c l a s s i f i c a t i o n s such as the three binary 
c l a s s i f i c a t i o n s ( d e r i v e d / e l a b o r a t i v e , 
l o c a l / g l o b a l and few-steps/many-steps) proposed 
by Black [1980]? 

2. do c e r t a i n categor ies of explanat ions 
correspond to longer reading times? 

3. do c e r t a i n categor ies of explanat ions 
correspond to be t te r recogn i t i on or r e c a l l f o r 
the s to r i es l a t e r on? 

4. are there any observed r e g u l a r i t i e s in the 
order in which people generate c e r t a i n 
categor ies of explanat ions in response to r e -
probing? 

There are c e r t a i n l y many other i n t e r e s t i n g issues 
dea l ing w i t h people 's i n fe renc ing and 
s to ry -exp lana t ion a b i l i t i e s ; t h i s l i s t i s j u s t 
meant to be suggestive of some issues that might be 
able to be resolved by the experiments proposed 
here. 

5.2 Proposed e x t e n d s to MACARTHUR 

MACARTHUR can generate a l t e r n a t i v e explana­
t i ons f o r a given tex t in response to repeated 
quest ion ing about a p a r t i c u l a r po in t in the t e x t . 
This paper has mentioned a number of types of ex­
t e r n a l f ac to rs that can in f luence the inferences 
generated from a t e x t , and thereby can give r i s e to 
a l t e r n a t i v e explanat ions fo r a t e x t , e . g . , t ex t 
source, interposed quest ions, r e -p rob ing , and 
vary ing reading purpose. 

It is not c lear how to construct a computer 
model corresponding to the s i t u a t i o n s of g i v i ng a 
reader a spec i f i ed reading purpose nor a spec i f i ed 
t e x t source, since most of the task would be to 
b u i l d enough knowledge i n to the program to model 
people 's extensive knowledge of d i f f e r e n t p a r t i c u ­
l a r tex t sources and of the i n t r i c a c i e s associated 
w i t h c e r t a i n reading purposes. However, the issue 
of in te rpos ing quest ions at var ious po in ts in the 
middle of the tex t is one which p o t e n t i a l l y could 
be model led. We plan to i nves t i ga te the l i t e r a t u r e 
of experiments in t h i s area, and hope to extend 
MACARTHUR to model the e f f ec t s of interposed ques­
t i ons on people 's in ference generat ion and explan­
a t i o n o f s t o r i e s . 
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