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Abs t rac t 
T h i s paper d e s c r i b e s a program f o r f i l l i n g in 

b l a n k s p a c e s i n s e n t e n c e s w h i c h a r e g i v e n t o 
e l e m e n t a r y s c h o o l c h i l d r e n t o t e s t r e a d i n g 
c o m p r e h e n s i o n . The paper d iscusses the knowledge 
s t r u c t u r e needed to represent what is being descr ibed 
I n t h e s e n t e n c e s . A s p a r t o f t h e s t r u c t u r e , 
s c e n a r i o s of c lasses of events are descr ibed. These 
s c e n a r i o s c o n t a i n genera l in fo rmat ion about how the 
even t o c c u r s , who the l i k e l y ac tors are , and when the 
s u b p a r t s of the event occur . The desc r i p t i on of the 
s c e n a r i o i nc ludes the use of f ree va r iab les and the 
e m b e d d i n g o f one s c e n a r i o w i t h i n a n o t h e r . 
I m p l e m e n t a t i o n o f t h e s e c h a r a c t e r i s t i c s o f t h e 
s c e n a r i o i s desc r ibed i n sone d e t a i l . 

I n t r o d u c t i o n 

T h i s paper addresses some of the questions Invo lved 
i n p e r f o r m i n g t h e s e n t e n c e c o m p l e t i o n t a s k b y 
c o m p u t e r . The s e n t e n c e c o m p l e t i o n t a s k i s t h e 
p r o c e s s o f f i n d i n g a word ( c a l l e d a f i l l e r ) f o r a 
b l a n k space l e f t in a sentence so tha t the sentence 
w i t h the f i l l e r "makes sense" w i t h i n the surrounding 
c o n t e x t . Sentence complet ion tasks are commonly used 
as p a r t o f U.S. read ing comprehension t e s t s f o r a l l 
e d u c a t i o n a l grade l e v e l s , elementary through graduate 
s c h o o l . Sentence complet ion t e s t s may be as simple 
as example El below or as complex as E2. 

S u r p r i s i n g f a c t C is observed. But i f A were 
known to be t r u e , then C would be a ma t te r of 
c o u r s e . Hence there is reason to suspect t h a t 
A i s t r u e . 
I n m y w o r k , I c a l l p r e m i s e s s c e n a r i o s . 

S c e n a r i o s a re o r g a n i z e d in a h i e r a r c h y w i t h each 
s c e n a r i o d e s c r i b i n g t h e components o f a complex 
a c t i o n such as go ing on a p i c n i c , possessing some 
o b j e c t , e a t i n g f o o d o r t h e l i k e . The s c e n a r i o 
c o n t a i n s some genera l i n fo rmat ion about the ac tors of 
t h e a c t i o n and more s p e c i f i c i n f o r m a t i o n about how 
t h e a c t i o n I s c a r r i e d o u t . Thus the scenar io f o r 
g o i n g o n a p i c n i c t e l l s u s t h a t the a c t o r s a r e 
humans, t h a t the event takes place usua l l y on a sunny 
day , t h a t t he re are baskets of food which are loaded 
i n t o a v e h i c l e o r c a r r i e d by the p a r t i c l p a n t ( s ) , t h a t 
t h e food is eaten at the p i c n i c p lace , games may be 
p l a y e d and t h e p i c n i c ends when the ac to r s l e a v e . 
The s c e n a r i o h i e r a r c h y is organized by l s - a - k l n d ~ o f 
l i n k s be tween more g e n e r a l s c e n a r i o s and s u b -
s c e n a r i o s . Thus In t h e t r e e be low , g o i n g on a 
p i c n i c , go ing on a shopping t r i p and going on a f i e l d 
t r i p a r e a l l s u b - s c e n a r i o s o f t h e g o i n g p l a c e s 
s c e n a r i o . Any ac t i ons t r ue of a super-scenar io a lso 
h o l d i n i t s sub -scenar io . 

The r e s e a r c h d e s c r i b e d here was completed d u r i n g 
s t u d y i n t h e D e p a r t m e n t o f Computer S c i e n c e , 
U n i v e r s i t y o f P i t t s b u r g h i n p a r t i a l f u l f i l l m e n t o f 
t h e requ i rements f o r the degree of Hester o f Science. 
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per formance and complet ion which correspond roughly 
to b e f o r e , d u r i n g and a f t e r the event. The t ime l i n e 
is necessary because tense can be an important c lue 
to unde rs tand ing a t e s t paragraph since the order of 
a c t i v i t i e s may s u g g e s t d i f f e r e n t s c e n a r i o s . I n 
e x a m p l e E 4 b e l o w , t h e f i l l e r c o u l d b e " g r o c e r y 
shopp ing t r i p " r a t h e r than " p i c n i c " because the tense 
o f g o i n g i s p a s t . 

£4) I t was a l o v e l y , sunny morn ing . Bob and 
B e t t y were happy as they p i l e d bags of good 
t h i n g s to eat in the car . had gone on 
a . 

Second, s c e n a r i o s are designed so t h a t o the r 
s c e n a r i o s can be embedded in them. Embedding a l lows 
one s c e n a r i o to f u n c t i o n as a c lue to another. For 
e x a m p l e , g o i n g on a p i c n i c may have go ing g roce ry 
shopp ing embedded in I t ( f o r the food to be eaten at 
t h e p i c n i c ) . Embedded scenar ios imply t ha t the t ime 
l i n e of the embedded scenar io is a lso embedded in the 
t i m e l i n e o f t h e s u p e r - s c e n a r i o and t h a t a l l t h e 
I n f o r m a t i o n about shopping can be used to exp la in the 
p i c n i c e v e n t . 

T h i r d , each a c t i o n o f t h e s c e n a r i o has two 
w e i g h t s a t t a c h e d t o i t which measure the degree o f 
a s s o c i a t i o n between t h a t a c t i o n and the s c e n a r i o . 
The f i r s t w e i g h t , c a l l e d an upward weight or evoking 
s t r e n g t h , measures t h e l i k e l i h o o d o f a n a c t i o n 
e v o k i n g a s c e n a r i o . Thus sunny day evokes p i c n i c s 
(as w e l l as baseba l l games, tenn is matches, and walks 
in t h e pa rk ) but hav ing food in baskets more s t r ong l y 
evokes a p i c n i c and hence i t would have a l a r g e r 
n u m e r i c a l w e i g h t . The second w e i g h t , the downward 
w e i g h t or f requency s t r e n g t h , measures the frequency 
w i t h which an a c t i o n occurs when a scenario is known 
to be happening. For example, the downward weights 
o f h a v i n g f ood i n baske ts and e a t i n g t h a t food are 
c l o s e l y assoc ia ted w i t h p i c n i c s and w i l l have a h igh 
n u m e r i c a l w e i g h t . Weights range over values of 0 to 
5 . T h i s scheme o f we igh t s i s p a t t e r n e d a f t e r the 
w e i g h t i n g scheme f o r medical diagnosis of Pople et a l 
[ 8 ] . Weights used in sentence complet ion, however, 
have c o n d i t i o n s a t t a c h e d to them. Thus the we igh t 
p a t t e r n f o r an a c t i o n has the form: 

i f C o n d i t i o n s ' to be t r u e ) then <welght va lue) 
The c o n d i t i o n a l s i n c l u d e c o n s t r a i n t s such as the 
semant ic c l a s s of the ac to r of the a c t i o n , the number 
o f a c t o r s ( e s p e c i a l l y i f i t i s p l u r a l ) o r t h e 
presence of some o ther a c t i o n . 

F o u r t h , a s c e n a r i o i s c o n s t r u c t e d us ing f r e e 
v a r i a b l e s t o denote d i f f e r e n t c lasses o f o b j e c t s , 
p l a c e s , o r a c t o r s o f t h e s c e n a r i o . The f r e e 
v a r i a b l e s take on values from the sentence complet ion 
example, and some v a r i a b l e s have de fau l t values which 
can b e used i n f i l l i n g the b lank i n the sentence. 
E v e r y s c e n a r i o can be c o n s i d e r e d as a s e r i e s o f 
p r o d u c t i o n - l i k e r u l e s o f the form: 

o b s e r v a t i o n ♦ weight <— scenario 
The l e f t p o r t i o n o f the product ion i s the ac t i on o r 
t h e s c e n a r i o and the r i g h t p o r t i o n i s the scena r i o 
p a t t e r n , g e n e r a l l y r e f e r r e d to as the scenario when 
no c o n f u s i o n can r e s u l t . In the complete scena r i o 
below f o r go ing on a p i c n i c , each l i n e represents two 
p r o d u c t i o n s . Thus l i n e L l can be i n t e r p r e t e d as 
r u l e s o f t he fo rm: 
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F i n a l l y , one impor tan t c o n s i d e r a t i o n in the 
d e s i g n of a sentence comp le t i on program shou ld be 
m e n t i o n e d . In examples El and E2, the reader is 
p r o v i d e d w i t h a set of choices f o r what could go in 
each of the b l anks . In E3, the reader must generate 
a f i l l e r w i t h o u t a set o f poss ib le f i l l e r s . In the 
imp lementa t ion d iscussed below, I have designed the 
p r o g r a m so t h a t i t is unaware of any set of p r e 
s e l e c t e d p o s s i b l e answers. It may have been poss ib le 
to d e s i g n t h e program so t h a t the computer would 
c h e c k each c h o i c e g i v e n and choose the one t h a t 
matched the con tex t most complete ly . Although humans 
o f t e n use t h e t e c h n i q u e o f c h e c k i n g the l i s t o f 
answers and read ing through the sentence complet ion 
q u e s t i o n w i t h each choice in place of the b lank, they 
a re a l s o capable o f per forming the task w i thout t h i s 
"backward search" from answers to quest ions. In f a c t 
exams g iven be fo re the use of machine scor ing d i d not 
h a v e a l i s t o f c h o i c e s . I have d i s r e g a r d e d t h e 
backward search approach c h i e f l y because I t h i nk I t 
is subo rd ina te to the general problem of choosing a 
f i l l e r f o r a b l ank w i t h a whole data base o f words 
t h a t a re " p o s s i b l e " answers. 

Implementation 

The f i r s t s t e p o f t he imp lementa t ion i s p rocess ing 
t h e sen tences o f the t e s t paragraph. This process 
r e d u c e s a s e n t e n c e f r o m one s t r i n g o f i n p u t t o 
s e v e r a l d i f f e r e n t s impler pieces o f in format ion which 
a r e l i s t e d o n a n o b s e r v a t i o n s l i s t ( O U S T , f o r 
s h o r t ) . The k i n d of In fo rmat ion produced from t h i s 
phase i s l i s t e d below f rom the sentence "Tom's c a t 
had f i v e k i t t e n s " : 

1. Semantic c lasses f o r Tom, cat and k i t t e n s . 
2. Fact t h a t Tom possesses the ca t . 
3. Fact t h a t the cat is parent to the k i t t e n s , 
4 . Number of k i t t e n s is f i v e . 
5. Tense of f a c t #3 is pas t . 
6 . A s e r i e s of s p e c i a l numbers to denote the 

uniqueness of Tom, cat and k i t t e n s . 
In t h e nex t s t a g e , each f a c t on the OLIST is 

m a t c h e d t o t h e a c t i o n p o r t i o n o f a s e r i e s o f 
s c e n a r i o s . If a match is found and the cond i t ions on 
t h e w e i g h t a re me t , t he f r e e v a r i a b l e s o f t h e 
s c e n a r i o are bound to the nouns in the f a c t from the 
OLIST. The r e s u l t i n g i n s t a n t i a t i o n of the scenar io 
p a t t e r n i s t h e n added to a s c e n a r i o l i s t . The 
p rocess is then repeated f o r every fac t of the OLIST. 

Adding an I n s t a n t i a t e d scenario pa t te rn to the 
s c e n a r i o l i s t i s done by means o f s y n t h e s i s , a 
t e c h n i q u e o f Pople [ 5 ] . The scenar io p a t t e r n i s 
ma tched to o t h e r s c e n a r i o ps++as on the scena r i o 
l i s t . Severa l d i f f e r e n a n d occur dur ing the 
ma tch ing r o u t i n e but wi l l not be discussed here. For 
d i s c u s s i o n see B u l l w i n k l e [ 7 ] . Hatch ing has t h r e e 
pu rposes : 

1 . To a v o i d d u p l i c a t i n g scenar io p a t t e r n s on 
the scenar io l i s t . Scenario pat te rns on the 
s c e n a r i o l i s t are cons idered the same when 
t h e y have t h e same p a t t e r n and the same 
b i n d i n g s f o r the v a r i a b l e s o f the scenar io 
p a t t e r n . 

2 . To d e t e r m i n e wh i ch a c t i o n s on the OLIST 
evoked the same scena r i o p a t t e r n seve ra l 
t i m e s . 

3. To sum t o g e t h e r the evok ing s t r e n g t h s of 
t h o s e a c t i o n s o f 2 ) and a s s o c i a t e t h e 
r e s u l t i n g weight w i t h the scenario p a t t e r n . 

When a l l f a c t s of the OLIST have been matched, 
the s c e n a r i o w i t h the l a r g e s t weight is chosen as the 
p robab le s c e n a r i o . I t o f ten happens in running t h i s 
p rocess t h a t more than one scenario w i l l have equal 
o r n e a r l y e q u a l l a r g e n u m e r i c a l w e i g h t s . For 
purposes of d i s t i n g u i s h i n g between these and a lso f o r 

m o d e l l i n g a l l t h e e v e n t s p o s s i b l e o f t he t e s t 
p a r a g r a p h , a p a r t i t i o n i n g phase occurs nex t . 

For each scenar io w i t h la rge numerical we igh t , 
t h e r e s t o f t h e s c e n a r i o s o n the scenar io l i s t a re 
p a r t i t i o n e d i n ma jo r and m ino r l i s t s u s i n g t h e 
p r i n c i p l e of dominance (see Pople [ 8 ] ) def ined here 
a s : s c e n a r i o A dominates scena r i o B i f the set o f 
sentences which evoked A is a subset of the sentences 
w h i c h evoked B. The major l i s t con ta i ns s c e n a r i o s 
w h i c h e i t h e r domina te o r a re domina ted b y t h e 
p r o b a b l e s c e n a r i o . S c e n a r i o s o n the ma jo r l i s t 
r e p r e s e n t a l t e r n a t i v e s to the probable scenar io f o r 
e x p l a i n i n g the t e s t paragraph. The minor l i s t can be 
v iewed as a set of scenar ios which when combined w i t h 
t h e p robab le scenar io exp la in more than any scenar io 
can s e p a r a t e l y . Each scenar io on the minor l i s t is 
rev iewed to see i f i t i s an embedded scenario o f the 
p robab le s c e n a r i o . Those scenar ios t ha t are embedded 
a r e s a i d t o b e c a u s a l l y l i n k e d t o the p r o b a b l e 
s c e n a r i o , and t h e i r weights are added to the weight 
o f t h e p r o b a b l e s c e n a r i o . The m a j o r - m i n o r l i s t 
c o n s t r u c t i o n is repeated f o r each probable scenar io 
and the one w i t h the h ighes t weight Is then chosen as 
t h e most probable scena r io . 

From t h e most p robab le s c e n a r i o , the b lank in 
t h e sentence can be f i l l e d . This is accomplished in 
one of two ways. When a most probab le scena r i o is 
c h o s e n , t h e s e n t e n c e w i t h t h e b l a n k i s matched 
a g a i n s t t h a t scenar io p a t t e r n . I f there is a match, 
a b i n d i n g f o r the blank is se lec ted . I f there is no 
ma tch , then the value f o r the b ind ing of the blank is 
chosen o f f a s p e c i a l stack c a l l e d the blank b ind ings 
s t a c k o f t h e s c e n a r i o . The s tack u i s f i l l e d i n t h e 
f o l l o w i n g way . D u r i n g t h e p rocess o f e v o k i n g 

s c e n a r i o p a t t e r n s , a v a r i a b l e , c a l l e d t h e b l a n k 
v a r i a b l e , wh ich r e p r e s e n t s the sentence b l a n k , can 
become bound to a s c e n a r i o v a r i a b l e . The s c e n a r i o 
v a r i a b l e may a l s o be bound to a word f rom the t e s t 
pa rag raph , and so the blank va r i ab le " takes on" the 
s e n t e n c e word as i t s v a l u e . When t h i s happens, a 
copy of the b lank v a r i a b l e and i t s value are put i n t o 
t h e b lank b i nd ings s tack . The stack is then used as 
i n d i c a t e d above: to se lec t a f i l l e r f o r the b l ank . 
Note t h a t seve ra l b ind ings f o r a blank v a r i a b l e may 
b e I n t h e s t a c k . On ly the t o p one I s c h o s e n . 
F i n a l l y , the f i l l e r f o r the blank i s submit ted to a 
p o s t - p r o c e s s o r t o c h e c k f o r s u c h s y n t a c t i c 
c o n s t r a i n t s as number of the noun or verb , tense of 
ve rbs and a r t i c l e agreement and semantic c o n s t r a i n t s 
such as the semantic c lass of nouns so t h a t c e r t a i n 
n o n s e n s e c h o i c e s a r e t h r o w n o u t . A s m a l l , 
u n s o p h i s t i c a t e d processor has been implemented to do 
some of these t a s k s . 

In t h e above d i s c u s s i o n , a l l phases have been 
i m p l e m e n t e d e x c e p t t h e p rocess wh ich r educes a 
sentence f rom one s t r i n g to severa l s impler pieces of 
i n f o r m a t i o n . This p o r t i o n of the program was hand-
s i m u l a t e d I n t h e c a s e s g i v e n b e l o w and I t s 
imp lemen ta t i on Is a sub jec t of f u r t h e r research. 

Some r e a l cases 

The above implementat ion, w r i t t e n in LISP, has been 
r u n on example E3, a m o d i f i e d v e r s i o n of E3 g i v e n 
be low as E5, and on E6 and E7. 

E5) I t was a l o v e l y , sunny morn ing . Fa ther 
came home w i t h bags of g r o c e r i e s . Mother 
made sandwiches and cook ies . Bob and Be t t y 
were happy as they p i l e d baskets of good 
t h i n g s to eat in the car . were going 
on a . 

E6) Have you ever heard of a l i b r a r y w i t h o u t 
books? There is such a l i b r a r y , owned by a 
m o t i o n p i c t u r e company, t h a t c o n t a i n s 
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n o t h i n g bu t h a i r . I t has more than 50000 
p i e c e s - - w i g s , mustaches and beards i n 
s t y l e s of many y e a r s , past and p r e s e n t . 
The n e x t t i m e y o u see y o u r f a v o r i t e 
b r u n e t t e ac t ress appear on the screen as a 
b l o n d , e i t h e r she may have had her h a i r 
b leached, or more l i k e l y , she is wearing a 

from t h i s . [ 9 ] 

In E3, and E5 reasonable choices a r t made. The 
program chooses "Bob and Betty" and "Bob and Betty, 
Mother and Father" respec t i ve ly fo r blank #B1, and 
" p i c n i c " fo r #B2. While the actual f i l l e r should be 
" t h e y " , t h i s cho ice i s implementable in a pos t 
p r o c e s s o r w i t h h e u r i s t i c s t h a t t a l l i t t o use a 
pronoun of correct number and case if several words 
are to be put in one blank space. It is important 
f o r t e x t explanat ion, however, that the program know 
who " they" re fe rs to and hence the choices which were 
made are s i g n i f i c a n t . In example E3, the blanks are 
f i l l e d from the scenario ( i n i t go-on X picnic) wi th X 
bound to "Bob and Be t t y " . The minor l i s t fo r t h i s 
scenario provides no new information for f i l l i n g the 
b lanks. In example E5, the same scenario is chosen 
as the most probable scenario although X in that case 
is bound to "Bob and Betty, Mother and Father". One 
scenario on the minor l i s t is of in te res t : (comp go
on X shopp ing - t r i p -g roce ry - s to re ) wi th X bound to 
"Fa ther " . The program has determined that Father has 
been g r o c e r y shopping and t h i s i n fo rma t ion is 
accounted for in the scenario of picnicking by use of 
the minor l i s t . 

Again in example E6 choices for the blank are 
the expected ones: "wig" for #B1 and " l i b ra ry " for 
#BZ. The choices fo r the blank come from the most 
probable scenario chosen for E6 which is (perf wear-
f rom X wig Z) w i th X bound to "ac t ress" and Z to 
" l i b r a r y . " However, i t is not u n t i l a f ter the minor 
l i s t of t h i s scenario is checked that the binding for 
Z is made. On the minor l i s t is the scenario ( i n i t 
borrow-from X Y l i b ra r y ) with X unbound and Y bound 
to " w i g " . When t h i s scenario becomes causally l inked 
to ( p e r f wear - f rom X wig Z ) , Z becomes bound to 
" l i b r a r y " . This example shows the importance of 
embedded scenarios in binding variables for f i l l i n g 
the b lank. 

Example E7 does no t produce the expected 
r e s u l t s since i t f a i l s to choose the scenario which 
e x p l a i n s the most events and thes i t prov ides 
i nco r rec t f i l l e r s for the blank. I t s fa i l u re points 
o u t t he c u r r e n t l i m i t a t i o n s o f the b l a n k f i l l l n g 
process implementation. 

F i r s t , the use of weights requires a ce r ta in 
amount of tuning to determine what values for weights 
should be used and whether these should be summed in 
a l i n e a r or non- l inear fash ion. An a l t e rna t i ve to 
the use of weights and the problems associated with 
t u n i n g would be to e l i m i n a t e the use of weights 
e n t i r e l y in favor of a process that re l ies solely on 
the number of f ac t s in the paragraph that it can 
e x p l a i n . 

Second, the present implementation of minor 
l i s t s l i m i t s the causal l i n k s between embedded 
scenar ios to a depth of one. This l i m i t a t i o n is 
r e q u i r e d to prevent the program from searching 
i n f i n i t e l y when look ing for causal l i nks between 
scenar ios. However, in example E7, the causal l i nk 

b e t w e e n t h e f a c t t h a t Tom i s s c r a t c h e d and t h e 
s c e n a r i o o f t h e c a t h a v i n g k i t t e n s i s embedded t o o 
d e e p l y f o r the c u r r e n t ve rs ion o f the minor l i s t t o 
f i n d . 

T h i r d , s y n t h e s i s o n scena r i o l i s t s a t p resen t 
does n o t pe rm i t scenar io pa t te rns w i th d i f f e r e n t t ime 
d e s i g n a t i o n s t o e s t a b l i s h a l i n k w i t h t h e i r common 
p a r e n t node. Thus the scenar io pat te rns ( i n i t go-on 
Tom p i c n i c ) and ( p e r f go-on Tom p i c n i c ) should become 
l i n k e d to the parent node (go-on Tom p i c n i c ) w i t hou t 
a t ime r e f e r e n c e . Establ ishment o f t h i s l i n k would 
evoke t h e g e n e r a l idea of go ing on a p i c n i c more 
s t r o n g l y than e i t h e r o f two sub-par ts o f i n i t i a t i o n 
o r p e r f o r m a n c e . S i n c e t h e p a r e n t s c e n a r i o w i l l 
o b t a i n i t s weight f rom a combination o f the weights 
o f i t s s u b - p a r t s , evoking the parent scenar io cou ld 
r u l e o u t some o t h e r s c e n a r i o as the most p robab le 
s c e n a r i o f o r the t e s t example. 

Conclusion 

In t h i s paper I have presented some examples of how 
s c e n a r i o s can be used in the sentence c o m p l e t i o n 
t a s k . I have i l l u s t r a t e d the processes needed to 
o b t a i n t h e s c e n a r i o and f i l l the b lanks a s w e l l a s 
p o i n t e d o u t some r e m a i n i n g r e s e a r c h p r o b l e m s 
i n v o l v e d . I t i s wor thwh i le t o note here t h a t the use 
of scena r ios In a task such as b l a n k f i l l l n g revea ls 
much of the assumed knowledge requ i red of people in 
p e r f o r m i n g language r e l a t e d t a s k s . The s c e n a r i o 
r e p r e s e n t s g r a p h i c a l l y the In format ion which must be 
a c q u i r e d In o r d e r f o r a person to u n d e r s t a n d a 
p a r t i c u l a r c o n c e p t and use i t i n l a n g u a g e 
c o m p r e h e n s i o n . I n p a r t i c u l a r , people not f a m i l i a r 
w i t h p i c n i c k i n g customs may not draw the conc lus ion 
of " p i c n i c " upon read ing example E3 even though t h e i r 

r e a d i n g c o m p r e h e n s i o n o f E n g l i s h i s a d e q u a t e . 
A d d i t i o n a l research w i t h scenar ios shows promise of 
p r o v i d i n g u s w i t h a b e t t e r u n d e r s t a n d i n g o f t h e 
"common sense" knowledge o f t e n assumed as p a r t of 
language s k i l l s . 
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