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Abstract 

This paper discusses some of our research 
i n t o detec t ing and reconc i l i ng c r i t i c a l 
d i f fe rences between a user 's view of the world and 
the system's. We fee l there is benef i t to be 
gained by separat ing misconceptions i n to two main 
c lasses: misconce.pt ions about what is the case 
and misconceptions about what can be the case. We 
review some i n i t i a l work in both areas and discuss 
our work in progress. 

1.0 INTRODUCTION 

For the past several years, we have been 
engaged in research aimed at extending the scope 
of Natural Language (NL) i n t e r a c t i o n wi th database 
systems beyond that of fac tua l requests 
[Webber83], One important sub-area is that of 
de tec t ing and reconc i l i ng c r i t i c a l d i f fe rences 
between the user 's and the system's views of the 
wo r l d . If not done, the resu l t may be that the 
user is confused, or worse, misled by the 
in format ion the system is t r y i n g to convey. 

Our goal is to i d e n t i f y the in format ion a 
system must have and use in order to detect and 
r e c t i f y var ious b e l i e f d i s p a r i t i e s , in the context 
of Natural Language database (db) 
quest ion-answering. In t h i s paper we review some 
e a r l i e r work which we now see as user 
misconceptions about what is the case in the 
database, as wel l as discussing more recent work 
on user misconceptions about what can be the case. 

2.0 MISCONCEPTIONS ABOUT WHAT IS THE CASE 

A user can hold many di f fe ren t kinds of 
incor rec t b e l i e f s about what is the case in the 
wor ld . One type that has received i n i t i a l 
computational a t t e n t i o n towards i t s detec t ion and 
co r rec t i on consists of misconceptions that 
something ex i s t s which is descr ibable by a 
p a r t i c u l a r d e s c r i p t i o n . I f that desc r ip t i on 
doesn' t in fact describe any th ing , any quest ion 
concerning add i t i ona l p roper t ies t rue of such a 
th ing is misguided, based as it is on a 
misconcept ion. For example, consider the quest ion 

1. Which female employees work in the 
department? 

shoe 

For a person to want to know the answer to t h i s 
ques t ion , s/he must bel ieve that there are some 
employees, that there are some female employees, 
and that there is a shoe department. Any one of 
these be l i e f s may be incons is tent w i th what is 
known to the system s/he is asking the quest ion 
o f . Recognizing and co r rec t i ng such 
misconceptions was the aim of the CO-OP system 
[Kaplan79]. 

The problem w i th not doing t h i s in responding 
to a user 's quest ion is the fa lse inferences the 
user may otherwise draw from the answer. If the 
system answers "None" to the above quest ion , the 
user may conclude that a l l female employees work 
in some other department, that the shoe department 
d isc r im ina tes against female employees, e t c . , even 
though the answer may a c t u a l l y fo l low from there 
being no female employees or no shoe department 
i . e . , from one of h is /her " i s " b e l i e f s being 
wrong. 

Now the type of " i s " -misconcept ion that CO-OP 
handles is only one of several that a user might 
have. For example, s/he may bel ieve that an 
object has a p a r t i c u l a r a t t r i b u t e when it jus t 
doesn't (example 2) or that one th ing depends on 
another when it doesn't (example 3) -

2. U: What's the maximum age for opening a Keogh 
account? 

S: There Is no maximum age: you can open one 
as long as you have income from 
self-employraent. 

3. U: What are p r o f i t margins as a percentage of 
sales for each i n s t a l l a t i o n ? 

S: Margins don' t depend on sa les . They are 
ca lcu la ted as the d i f fe rence between un i t 
product cost and l i s t p r i c e . 

Such misconceptions about objects and the 
re la t i onsh ips among them is the subject of a new 
research e f f o r t reported on in [McCoy83]. 

3.0 MISCONCEPTIONS ABOUT WHAT CAN BE THE CASE 

In add i t i on to misconceptions about what is 
a c t u a l l y the case in the wor ld , a user might have 
misconceptions about what can be the case. There 
are at least two types of such misconceptions. 
The f i r s t , given a database of e n t i t i e s and 
r e l a t i o n s , is that some e n t i t y or subset of 
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e n t i t i e s can p a r t i c i p a t e in a p a r t i c u l a r r e l a t i o n . 
As w i th type const ra in ts and type v io la t i ons in 
programming languages, t h i s may not be the case 
because the e n t i t y is the wrong type. I n i t i a l 
work in t h i s area is reported in [Mays 80]. The 
knowledge needed to recognize such type fa i l u res 
in users ' queries consists of e n t i t y - r e l a t i o n 
i n fo rma t ion , h i e ra r ch i ca l (subset-superset) 
i n fo rmat ion , as wel l as p a r t i t i o n in format ion as 
to what subsets of a given set are mutually 
exc lus ive . I t i s the las t factor that i s c r i t i c a l 
for d i s t i ngu i sh ing between a non-deviant request 
l i k e 

Which women teach courses? 

and a deviant one l i ke 

Which undergraduates teach courses? 

where the " teach" r e l a t i o n holds between " f a c u l t y " 
and "courses" (Figure 1) . As Figure 1 shows, the 
e n t i t y "people" has two d i f f e r e n t p a r t i t i o n s 
one between "men" and "women", the other between 
" f a c u l t y " and "s tuden t " . Assuming a r e l a t i on is 
always asserted at the most general point in the 
h ie rarchy , the con f igura t ion means that only 
facu l t y can be the f i r s t argument to teach, and 
only courses, the second. Since " f a c u l t y " and 
"s tudent" have an empty i n te rsec t ion and 
"undergraduates" is a subset of "s tuden t " , the 
imp l i ca t i on is that " teach" cannot hold between 
"undergraduate" and "course" . The same is not 
t rue of "women", as "women" and " f a c u l t y " can have 
a non-empty i n t e r s e c t i o n . 

Mays' system detects such misconceptions in 
the course of t ransforming a parse s t ruc ture in to 
a database query. At that point i t v e r i f i e s that 
the given arguments sa t i s f y the const ra in ts 
spec i f ied in the data model. One problem wi th 
t h i s method is that i t cannot co r rec t l y detect 
misconceptions in negative questions l i k e ( 5 ) . 

4. Which facu l t y do not teach courses? 
5. Which courses are not taught by facul ty? 

The simple check of relat ion/argument const ra in ts 
would f i nd both questions acceptable, and both 
would be t rans la ted ( inc lud ing negation) i n to 
database quer ies . Yet (5) ac tua l l y reveals the 
user 's misconception that courses can be taught by 
people other than f a c u l t y . (Example (4) reveals 
no such misconception: facu l ty do not have to 
teach courses.) 

Negation has o f ten been a source of problems 
for question-answering systems, but in a 
cleaned-up vers ion of Mays' system, we hope to be 
able to deal co r rec t l y w i th detect ing 
misconceptions in negative quest ions, as we l l as 
in pos i t i ve ones. 

The second type of "can be" misconception 
involves v i o l a t i n g another type of const ra in t -
cons t ra in ts between events and states and t h e i r 
r e l a t i onsh ip over t ime. I t is possible for a user 
to be mistaken about what can be t rue now or what 
could have been true (or happened) in the past , 

(1) because s/he is unaware of the occurrence (or 
non-occurrence) of some event or of i t s 
consequences or (2) because s/he bel ieves some 
event has occured when it hasn ' t . Again, if the 
user 's question reveals such a misconception, i t 
should be corrected les t the user draw a false 
conclusion from the system's answer. The kind of 
behavior we are aiming for is as fo l lows: 

6. U: Is John reg is tered for CSE220? 
S: No. He can ' t be reg is tered for it because 

he has already advance placed i t . 

7. U: Is John reg is tered for CSE220? 
S: No. He can ' t be reg is tered for it because 

he hasn' t yet taken CSE121. 

The knowledge needed to recognize and square 
away such misconceptions consists of a knowledge 
of past events (or states of the dbs) — of ten 
preserved in back-up f i l e s but not accessible to 
the db system — and of the re l a t i onsh ip between 
past events and what can be t rue af terwards, 
inc lud ing possibly the present. The l a t t e r is 
very much l i k e update const ra in ts used to maintain 
db consistency. However, in general update 
cons t ra in ts are not expressed in a form that 
admits reasoning about possible change. Something 
more is needed. What we have chosen to use 
instead is an extension of the p ropos i t iona l 
branching time temporal log ic [BenAr i ] , as 
documented in [Mays82,Mays831. 

Our o r i g i n a l impetus in to t h i s area was a 
desire to give a db system the a b i l i t y to take the 
i n i t i a t i v e and o f f e r to monitor for In format ion of 
which it was cu r ren t l y unaware. For example, 

8. U: Has John checked in yet? 
S: No - sha l l I l e t you know when he has? 

9. U: Has John checked in yet? 
S: Yes - sha l l I l e t you know when the rest of 

the committee members do? 

Work on producing monitor o f fe rs that are both 
competent ( i . e . , that correspond to a possible 
fu ture s ta te of the database) and relevant ( I . e . , 
that the user would be in te res ted in ) Is 
proceeding concurrent ly wi th the work reported on 
here. We have termed systems which can reason 
about possible future states of the db "dynamic 
database systems". 

We do not have the space here to exp la in in 
d e t a i l the l og i ca l system we are using (but see 
[Mays83]). In b r i e f , the system t rea ts the past 
as a l i near sequence of time points up to and 
inc lud ing a reference point t h a t , for s i m p l i c i t y , 
we can c a l l NOW. The fu ture is t reated as a 
branching s t ruc tu re of time points that go out 
from (and inc lude) the reference po i n t . A set of 
complex operators Is ava i lab le to quant i fy 
propos i t ions as to the points they are asserted to 
hold over - e . g . , 

AGq - p ropos i t ion q holds at every time of 
every fu ture 
EXq - p ropos i t ion q holds at the next point in 
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some fu ture 
Pq - p ropos i t i on q holds at some time 
past 
e t c . 

i n the 

Two classes of axioms describe the re l a t i onsh ip 
between events /s ta tes in the past , present and 
f u t u r e . The f i r s t class contains l og i ca l axiom 
schemas that apply to temporal asser t ions in 
general - e . g . , if p r i o r to NOW, Pq was true 
( i . e . , LPq), then Pq is s t i l l t rue NOW ( i . e . , LPq 
-> Pq). There are also " s p e c i a l i z a t i o n " axioms 
r e l a t i n g general and more spec i f i c operators -
e . g . , i f for a l l times in every fu ture q w i l l be 
t rue ( i . e . , AGq) then, more s p e c i f i c a l l y , q w i l l 
be true at the next time in every fu ture ( i . e . , 
AGq -> AXq). 

The second class of axioms are non- log ica l 
axioms that describe re la t i onsh ips that hold in 
the p a r t i c u l a r domain. Here we have taken a 
u n i v e r s i t y domain of students and courses. Let 
the p ropos i t iona l l e t t e r ' a ' stand for 'student 
advance places course' and ' r ' , for 's tudent is 
reg is tered for course ' . Then the fo l lowing 
non- log ica l axiom states that a student who has 
advance placed a course (some time in the past) is 
not now reg is tered for i t : H[AG[Pa -> ~ r ] ] . 
(Most non- log ica l axioms are taken to have held 
and to continue to hold fo rever . Hence the 
complex operator HAG around the i m p l i c a t i o n . ) 

Our problem, given the two r e g i s t r a t i o n 
examples above (6 and 7) to d i s t i n g u i s h whether it 
is acc identa l that John is not reg is tered for 
CSE220 now (he could be, only he's not) or 
foreordained (some event has taken place that 
precludes reg i s t e r i ng or some enabl ing event has 
not yet occured) requires the system to suppress 
i t s knowledge of John's current status and 
consider whether i t could provably bel ieve the 
opposite - i . e . , that John is reg is tered now for 
CSE220. If i t c o u l d n ' t , then not only is John not 
reg is tered for CSE220, the system should have 
i d e n t i f i e d at least one basis for why he cou ldn ' t 
be. By the above axiom, it is c lear that i t Is 
not acc identa l that John i s n ' t r eg i s t e red , because 
r (being reg is tered for CSE220) is incons is tent 
w i th Pa (having advance placed GSE220) 
Pa -> ~r. This is the knowledge and reasoning on 
which we are basing the recogn i t ion of such "could 
be" misconceptions. 

cont inu ing our e f f o r t s on it and encourage others 
to do so as w e l l . 
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