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Abstract

Reading has been studied for decades by both artificial in-
telligent researchers and by cognitive psychologists. Yet
there till does not exist a theory which accurately de-
scribesthe process nor acomputer systemwhich performs
it. To overcome the shortfals of previous systems, we
have developed a functiona theory of the reading com-
prehension process. The theory not only enables us to
implement a model of the reading task, the ISAAC (In-
tegrated Story Analysis And Comprehension) system; it
also alowsusto analyze past systems and their problems
more completely and in a common framework. We also
use this paper to present our genera research philosophy,
the current level of the implementation of our ideas, and
our plans for future research.

1 Introduction

No one would dispute the claim that a mgjority of peo-
ple read a great deal over the course of a day. In fact,
reading seems to be a hallmark of intelligent behavior.
Perhaps this is why so much interest has been given to
the process, both by psychologists and by researchers
in artificia intelligence. Psychologists have tried to de-
velop a comprehensive theory of reading, while artificia
intelligence researchers have attempted to create a read-
ing system. These earlier theories and models failed for
a variety of diverse reasons which are tied to a central
point—themodel sin question did not make use of acom-
plete theory of reading. Asaresult, the various attempts
only concentrated on a portion of the problem. For exam-
ple, there were systems which were syntax-driven, such
as Woods ATN systems [11]; these did not understand
text at ahighlevel of comprehension. Systems which did
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strivefor comprehension level often sacrificed range, such
as BORIS [5], which understood two researcher-created
storiesin-depth.

We have devel oped, and are continuing to refine, athe-
ory of story understanding which enables us to overcome
some of the problems of these earlier systems, We are
approaching the problem from an integrated perspective,
which will enable our system to succeed in ways which
previousonesfailed. Thel SAAC (Integrated Story Anal-
ysisAnd Comprehension) system will be capabl e of read-
ingavariety of textsintheir unedited forms. Additionally,
ISAAC will be able to understand the storiesthat it reads
at alevel not possible before. As part of our theory, we
have developed the concept of creative understanding.
This is one reason we selected science fiction stories as
ISAAC's primary reading domain, as these offer unique
opportunitiesfor thistype of comprehension.

2 Our approach

After areview of previousstory understanding programs,
werealized that the systemswereunclear concerning what
they were trying to accomplish. While presented as story
understanding systems, they actually appeared more like
“episode understanding” systems. These programs did
not use the form of the story as an aid to understanding;
instead, thetext was simply seen asthewritten description
of areal-world event. It was this real-world event, or
episode, that the system was to understand.

As a result, we began to examine more carefully the
concept of story understanding. This examination of the
problem led us to the following central idea: what has
traditionally been dubbed story understanding by the Al
community is actualy a set of interlocking supertasks
which combine their ahilities to produce a coherent un-
derstanding of atext. Each supertask represents a set of
related tasks which together handle a different aspect of
the global reading process.

To date, we have identified six supertasks necessary
for textual understanding. Each supertask is made up of
numerous tasks which tightly interact within the function
of the supertask. These supertasks are:

e metacontrol: Metacontrol integrates the other super-
tasks. Focus control manages the depth of reading



based on interest and understanding. Time manage-
ment allowsthe reader to make decisionsbased ontime
resources. Another task i ssuspension of disbelief which
enables the reader to accept, at least temporarily, atext
which violates her/hisworld view.

e language understanding: This supertask is responsi-
blefor “low level” understanding, such as pronoun ref-
erence, syntactic parsing, and lexical retrieval. Other
tasks are punctuation analysis, which reasons about
punctuation of phrases; and tense analysis which at-
tempts to discover the text’s tense.

e story structure understanding: This handles the de-
tailsof thetext which relate to the story structure, such
as character identification, including protagonist and
antagonist; setting identification, made up of time and
location; plot description, which buildsacoherent sum-
mary of the story’splot; and genre identification, which
identifiesthe category of text the story belongsto.

e episodic understanding: The tasks making up
episodic understander are the event “ parser,” which
identifies various components such as agents, actions,
states, objects, and locations; the agent modeler, which
maintains descriptions of the agents, including their
goas, knowledge, and beliefs; and the action mod-
eler, which maintains descriptions of the acts which
the agents are involved with.

e explanation and reasoning: This supertask performs
high-level reasoning and learning. Creative analogy
attempts to understand concepts which do not fit the
reader’s world view. The unknown word definer tries
to use context clues, root words, and so forth to assign
plausible meanings to words not in the lexicon. Inter-
est management controls the reader’s level of interest
in the story. Belief management manages the beliefs
of the agentsinvolved in the episode. The explanation
task buildsthe inferences needed to connect the events
of the story, enabling the reader to learn from the ma-
terial. Finaly, the metareasoning task reflects on the
reader’s own actions during the reading process; this
informationis also used for learning.

e memory management: Thissupertask handlesgenera
memory storage and retrieval, including spontaneous
reminding. It is made up of case construction, which
creates the various cases which result from a reading
experience; memory retrieval, which returns informa
tion from memory; and memory storage, which places
new information and cases into memory.

3 Benefitsof our methodology

What doesour approach providethat the ol der approaches
did not? First, each of the supertasks is customizable
through the use of models of what to expect from a given
genreof text. For example, if ISAAC isawarethat thetext
that it is reading is a newspaper article, it will attempt to
read it differently thanif it realizesit isreading afictiona
story. Thisflexibility will allow |SAAC to handle numer-
oustext styles. A second benefit of our modular approach

is the potential expansion of certain components beyond
thelevel of text understanding. What we call the episodic
understander could be a general purpose module which
could someday interpret what it “sees’ going on around
it, in addition to what it sees in a piece of text. Next,
the metacontrol -based integration of the various compo-
nents of the ISAAC system allows the system to guide
its own reading processes. Rather than attempt to read
everything at the most intensive depth of understanding,
ISAAC will ater its reading depth based on the current
needs of theactivetasks. Thiswill enable| SAACto skim
sections which are uninteresting or which contain known
information, and will allow it to read longer passages than
possiblewith earlier systems.

Finally, our theory enables us to efficiently examine
older reading systems and see why they were unable to
handl e the complete reading task. Early systems such as
SAM [4] and PAM [10] were attemptsto handle episodic
understanding through scripts and plans. Dyer’'s BORIS
system was an integrated approach which tried to bring
together the current theories of its time; unfortunately, it
became too much of an engineering task to give BORIS
the knowledge it needed for more than two short stories.
CYRUS [6] was an implementation of the memory man-
agement supertask but sacrificed the rest of the reading
process. The later system, AQUA [7], contributed to
the explanation and reasoning supertask and somewhat to
the memory management supertask, but it ignored cer-
tain story structure aspects which could have aided the
comprehension process. Other systems concentrated on
syntacticissues, such as ATNs, which are part of our lan-
guage understanding supertask; these were generally too
low-level to get much past the level of sentence compre-
hension. Findly, there was one field of research which
focused on story structure as the key to understanding,
e.g. story grammars[8]. High-level reasoning was where
these systems fell short, relying too much on the story
structure aone.

These past systems all ignored various aspects of the
total process of reading, leading to them having to work
harder at the portionson which they did concentrate. Our
theory has tried to address the deficiencies of past sys-
tems by incorporating the knowledge gained from each
attempt. The theory is not simply a strict union of these
past theories, however. Our integration allows each su-
pertask to support the others, causing thewhol eto be more
powerful than any single component.

4 Story understanding and creativity

During our research, we have noticed an interesting cor-
rel ation between people who are creative and people who
are widely read. Thisled usto consider if ISAAC could
possess artificia creativity. Onethingthat creative people
are abletodoisapply past experiencesin new and differ-
ent waysto current problems. Thisapplication often leads
to a credtive solution being generated. ISAAC will have
access to past reading experiences and be able to reason
about themin much thesameway. These creativeapplica-
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Figure 1: Knowledge representation grid

tions of past experience will happen in two primary fash-
ions. First, ISAAC will be ableto directly adapt solutions
from past episodes to fit the current problem. Second,
ISAAC will be able to use past creative experiences in
much the same fashion as Carbonell’ sderivational replay
[2] in order to produce creative solutions. Both of these
techniques will enable ISAAC to act in acreative fashion
during the reading experience, alowing it to come to a
creative understanding of the story.

On the other hand, it is not enough simply to alow a
reasoning system to make any adaptations that it chooses
to. This could lead to totally nonsensical concepts being
generated. However, one does not wish to discount the
possibility of some type of modification from existing; to
do this would be to constrain the potentia creativity of
the system. To satisfy these conflicting goals, we em-
ploy a multidimensiona grid onto which al knowledge
ismapped (see Figure 1). One dimensionisatraditional,
Schankian breakdown of knowledge [9] into action, ob-
ject, agent, and state. The other is a natural breakdown
according to mode of existence—physical, mental, emo-
tional, social, and temporal. Concepts are located within
a cel of the grid according to their descriptions. For
example, walking is a physical action while hating is an
emotional one. Concepts are not restricted to one cell
withinthe grid; a person, for example, is aphysical agent
in some cases, a physica object in others, and a men-
tal agents in the mind of another agent. The constraints
on the adjustments comes from the fact that movement
within the grid is a costly process. A movement of a
concept withinagrid cell isthe cheapest type of transfor-
mation to make, movement along either arow or acolumn
is more expensive, and movement along both axes is the
most expensive type of movement of all.

In addition to using past reading episode to aid cre-
ativity, creativity isitself extremely useful in the process
of story understanding. Consider the problem of reading
a story about time travel. The part of the reader’s mind
whichisanchored inreality understandsthat timetravel is
impossibleat thispoint intime. Yet, to make sense of the
story, it is necessary to make use of awilling suspension

of disbelief [3]. To some degree, this must occur in all
reading. No onereally believesthat the defense attorney’s
investigator isable to find the crucia piece of datajust in
timeto savetheclient’scase; it just makesthestory anicer
oneto read. This suspension of disbelief is strongest in
the science fiction domain, which is one reason we chose
it for our research.

5 An example
The following is an excerpt from a short story we are
working with, Men Are Different by Alan Bloch[1].

I’m an archaeol ogist, and Men are my business.
Just the same, | wonder if we'll ever find out about
Men—I mean really find out what made Man differ-
ent from us Robots—Dby digging around on the dead
planets. You see, | lived with a Man once, and |
know it isn't as simpleas they told usback in school.
We have a few records, of course, and Rabots like
me are filling in some of the gaps, but | think now
that we aren’t really getting anywhere.

Our scientists tell us that Men were very much
like us—and the skeleton of a Man is, to be sure,
almost the same as the skeleton of a Robot, except
that it’smade of some cal cium compound instead of
titanium. Just the same, there are other differences.

It was on my last field trip that | met the Man.
He must have been the last Man in this system. One
day, for no reason at al, he complained of the heat.
| checked his temperature and decided that his ther-
mostat circuits were shot. | had a kit of field spares
with me, and hewas obviously out of order, so | went
towork. | pushed the needle into his neck to operate
the cut-off switch, and he stopped moving, just likea
Robot. But when | opened him up hewasn’t the same
inside. And when | put him back together | couldn’t
get him running again. Then he sort of weathered
away—and by the time | was ready to come home,
about a year later, there was nothing left of him but
bones. Yes, Men are indeed different.

5.1 Discussion

Consider the understanding of thisstory fromthe perspec-
tive of our theory. The pronoun reference task determines
that the | in the story refers to an agent whose occupa-
tion is archaeology. Punctuation analysis “notices’ that
Men is capitalized in an unusua way, implying that the
word carries some special meaning in the story’scontext.
Character identification contributes the knowledge that |
is a story character. This enables the genre identifier to
guess that the story is a first-person narrative, since |l is
acting as the subject of a sentence. By the end of the
first paragraph, the story structure model knows that the
main character of thisfirst-person narrativeis arobot ar-
chaeologist. and the episode model knows that the robot
is wondering about the fate of mankind. These models
continueto be refined over the course of the story.
During the reading experience, multiplecases are being
built. Firgt, there is the case representing the events of



the story, which is a summary of what the reader under-
stands of the text. Second, this case contains a subcase
representing the flashback scene at the end of the tale.
Third, there is a case which represents the actions of the
reader asit read and understood the story; this case would
contain, for example, information concerning when the
reader realized that the narrator was arobot. It isatrace
of what the reader went through during comprehension
rather than simply being the result of the comprehension
task. If the reader greatly empathized with the robotic
narrator, a fourth case may aso exist. This would be a
“pseudo-experience” in the memory of the reader—s/he
would remember it as being in the context of a story, but
the episode could aid the reader if /he ever has to deal
with aperson from aradically different cultureand if ghe
remembers that one should not project one's way of life
onto another due to surface similarities.

Finally, if the reader is familiar with science fiction
stories, the start of this reading experience will trigger
remindings which aid the process. If the reader is com-
fortable with science fiction stories, the idea of a robot
narrator will not require as much disbelief suspension as
needed by a science fiction novice. For areader to com-
prehend the story fully, s’he must be willingto accept that
robotsare thedominant lifeforminthefuture, that humans
have practically died out, and that robots are capable of
making the logic errors that the narrator did. If the reader
refuses to accept this story world, the story will not be
fully appreciated.

6 Current and futurework

ISAAC is currently implemented at a very basic level of
functionality, with the intent that the system be used as a
testbed for our ideas. The system contains enough infor-
mation to build acoherent story model of the short science
fiction story discussed above. ISAAC also performsrudi-
mentary pronoun referencing and handles the creation of
a limited episodic model of the events depicted in the
story. Finadly, it maintains a reasoning trace of its own
activities. Whiletheimplementationisstill at abeginning
level, what we have accomplished so far isimportant for
severa reasons. It has helped to show that the approach
we advocate is at least as competent as older theories. It
has allowed us to gain a concrete understanding of what
each of the supertasks in a reading system needs to be.
Finally, it has permitted us to glimpse the complex inter-
actions which exist between the modules of the reading
task. The short-term goal isfor ISAAC to be ableto read
afew text passages from several genres. After thegeneral
background knowledgeis in place, expanding ISAAC to
anew genre should be relatively straightforward, due to
itsmodular nature. The ultimate goal isfor ISAAC to be
able to read stories from several diverse genres, perform
in-depth reasoning, perform creative reasoning, and do all
of thisin adynamic, reader-driven fashion.

7 Conclusion
ISAAC represents the next generation of story under-
standing systems. It does not separate the reading process

from the rest of cognition; instead, ISAAC sees reading
as one aspect of agenera cognitive model. The reading
it performs will be at a better level and scaling to larger
reading tasks should be easier than with older systems.
The power of ISAAC comes from our theory of what the
reading process entails. How do people read? We fed
that the answer to this question will lead Al a step closer
to the ultimate goa of an intelligent computer system.
Beyond that, our methodology alows us to critically
examine past story understanding theories and systems
within a common framework and to see where they fell
short. Out hope is that the awareness we possess of the
total comprehension process will enable us to not make
some of the sacrifices earlier systems were forced to.
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