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Abstract

Reading has been studied for decadesby a variety of cognitive
disciplines, yet no theoriesexist which sufficiently describeand
explain how people accomplish the complete task of reading
real-world texts. In particular, a type of knowledge intensive
reading known as creative reading has been largely ignored by
the past research. We argue that creative reading is an aspect
of practically all reading experiences; as a result, any theory
which overlooks this will be insufficient. We have built on
results from psychology, artificial intelligence, and education
in order to produce afunctional theory of the complete reading
process. The overall framework describes the set of tasks
necessary for reading to be performed. Within this framework,
we have developed a theory of creative reading. The theory
isimplemented in the ISAAC (Integrated Story Analysis And
Creativity) system, areading system whichreads sciencefiction
stories.

Introduction

Researchers from psychology, education, and artificia intel-
ligence have studied the process of reading for decades; how-
ever, whilemany theorieshave been proposed, noneexplained
the complete process. In particular, creative reading has been
largely ignored; while credtivity is recognized as a centra
and crucia issue in reading, past language researchers have
disregarded it. By analyzing existing evidence and reviewing
proposed theoriesfrom psychol ogy, artificial intelligence, and
education, we have created a functional theory which can act
as aframework for describing the compl ete range of cognitive
tasks involved in reading. The framework is instantiated by
building a computational model of the processes and knowl-
edge that underliethe reading tasks. This approach alows us
toinvestigate abroader set of reading issuesthan waspossible
in the past, namely the set of processes needed for credtive
reading to occur. Our focus is on the science fiction genre
since these stories offer many opportunitiesfor creative read-
ing. Weareimplementing our theory of creativereadinginthe
ISAAC (Integrated Story Analysis And Creativity) system.

Reading, creativity, and creativereading

Numerous terms have been proposed to describe what the
layperson calls “reading,” including text understanding, nar-
rative understanding, text comprehension and sentence pro-
cessing. Unfortunately, each of thesetermsrepresent research
efforts which focus on only small parts of the overall task
of reading, thereby carrying connotations which we wish to
avoid. We, therefore, choose to use the common term reading
to denotethe process by which an agent trandlates an external,

written representation of a text into an internal set of repre-
sentations; these internal representations can then be used to
explain elements of the text, to predict future events, or to
support other reasoning tasks. This should be considered a
working definition; whileit captures agreat dedl of the cogni-
tive aspects of reading, theremay beareasinwhichitiseither
too broad or too narrow.

Our definition of creativity isalso aworkingone. Thereare
two facets to creativity: creative invention (e.g., Hofstadter
& McGraw, 1993; Kolodner & Wills, 1993) is a directed,
internal process by a cognitive agent which resultsin an ar-
tifact which is novel and useful; creative understandingis a
directed, internal process by a cognitive agent which results
in a useful understanding of a novel artifact. Finally, we can
define creative reading as reading which includes novel con-
cepts which the reader must creatively understand in order to
comprehend the text. Active engagement of the text isapre-
requisite for creative reading to occur; readers must attempt
to incorporate the text into their own backgrounds.

In order to creatively read, a person must be a capable
reader at a number of levels, from simple decoding of words
into interna concepts to the active engagement of the text
and building of complex mental worlds to model the textual
elements. Education researchers have believed for decades
that creative reading is a part of all successful reading experi-
ences (see, for example, Harris & Sipay, 1990; Stoodt, 1989);
recent work by Popov (1993) aso shows the importance of
creativity for reading comprehension. Our chosen genre of
study, sciencefiction, iswell-suited for research into creative
reading. Most human readers will not have all of the con-
cepts needed to understand a science fiction story, especially
if they are first time readers of the genre. Consider the story,
Men Are Different, shown in Figure 1. In order for most past
“story understanding” systems to comprehend this story, all
the proper concepts would need to be in memory at reading
time. A system would need to know that Mankind was ex-
tinct, that Robots were intelligent, and so forth. Notice that
these concepts are fal se outside the confines of thisstory (and
possibly related science fiction tales). The story isnot asim-
plification of the real world, it is a falsehood about the real
world. Yet, human readers do not need to possess all the“cor-
rect” concepts a priori when reading a story. Instead, most
readers of science fiction have no problem suspending their
disbelief of these novel concepts and attemptingto understand
them within the world of the story. Our goa is to produce a
theory which is able explain thisability and to embody it in a
computationa model which could produce similar behavior.






e metacontrol: Metacontrol integrates the other supertasks.
It includesfocus control, which manages the depth of read-
ing based on interest and understanding; time management,
which alowsthereader to make decisionsbased ontimere-
sources; and suspension of disbelief, which enablesareader
to accept a text which violates their world view. This last
function is particularly important in the case of reading a
story containing unfamiliar concepts. A reader of Men...
knows that the story cannot be true. Mankind still exists,
extensive space travel does not, and robots are merely me-
chanical tools. In order to understand the story, the reader
must accept these unfamiliar ideas for the duration of the
reading experience.

The supertasks were identified through functional analyses
of reading processes, supported by evidence from psycholin-
guistics (e.g., Holbrook et al., 1992; van Dijk & Kintsch,
1983), reading comprehension (e.g., Black & Seifert, 1981;
Graesser et d., 1991), story understanding (e.g., Ram, 1991;
Rumelhart, 1977), memory (e.g., Anderson, 1974; Kolodner,
1984), and metacognition (e.g., Ram & Cox, 1994; Weinert,
1987).

The power of thismodular, integrated approach isthat each
supertask directly supportsall of the others. No single super-
task can exist in avacuum; rather, each relies on aspects of the
processing being performed by the remaining ones. Further-
more, every task in the theory is situated with respect to the
overall framework; thisactsto focusthe behavior of each with
respect to the ultimate goal of reading agiven text. Similarly,
theentirereading act issituatedin thereal-world story context
being dealt with, adding further focus to the supertasks. It is
the synergy of the six supertasksin relation to the text which
produces the behavior we call reading.

In addition to thismodular breakdown of tasks, our theory
makes use of models in order to provide crucia knowledge
for comprehension. Sentence models provide the capability
of dealing with different low-level structures, such as ques-
tions, declarative sentences, quotations, broken or interrupted
speech, and sentence fragments. Next, story structure models
include genre specific models, as well as models describing
narrative types (such as first-person and third-person narra-
tives). A similar ideahas been proposed by Carpenter and Al-
terman (1993); in their model, case-based reasoning is used
to control the reading process which “knows’ how various
text genres should be read (e.g., when confronted with a set
of complex instructions, skim the first few pages |ooking for
an enumerated list as these are important to instruction fol-
lowing). Scenario models explain different styles of agent
interaction. These include various combinations of “socia
states” in communication; for example, the type of interac-
tions one would expect to see between two close ma e friends
would be very different from the type of interaction exhibited
between aboss and an employeein aforma business setting.
Severa of thesesocia relationscan beseen in Men Are Differ-
ent: the protagonistis a peer among the robot archaeol ogists,
it was a student of the historians discussed in the story, and
it was a researcher with respect to the experimenta subject
(the man). The reader’s high-level reasoning is guided by the
various reasoning models. These control how much expla-
nation a reasoner may choose to do in a given scenario; e.g.,
if a person’s car breaks down on the highway, do they im-

mediately try to find help, reason and examine the immediate
possible causes, or attempt to reason the problem through to
completion? Memory models permit different types of mem-
ory access to occur; based on the type of material being read,
areasoner may request the construction of a careful memory
of the materid (e.g., studying for a midterm test) or request
a more shallow memory be built (e.g., reading a cereal box
for thelist of ingredients). Finally, metacontrol models allow
thereader to tailor reading patternsto agiven situation. Isthe
materia being read for pleasure, for study, or to kill time?

Creative understanding

Reading occurs when the six supertasksinteract and make use
of the reasoner’s existing knowledge to trand ate a text repre-
sentation into a set of internal representations. If the reader’s
knowledge is sufficient to comprehend the text, creative un-
derstanding is not needed. However, it islikely that at some
point in the reading process, the reader will be faced with a
concept that cannot be understood with existing knowledge.
At thispoint, the creative under standing process must attempt
to understand the novel concept. The algorithmisafour step
cycle; each pass through the a gorithmincreases the potentia
for successful understanding. Anoverview of thisprocessfol-
lows; for a more complete description see Moorman & Ram
(1994).

1. During reading, internal representations of the text are be-
ing built and maintained. As each text phrase is decoded,
the reader attemptsto incorporateit into the existing struc-
tures. Memoryretrieval occurs, with thenew concept acting
as aprobe. If the concept aready exists in memory, one of
two things occurs. First, the concept may fit into the ex-
isting representations. If so, processing can continue. On
the other hand, the concept may not fit; thisisa signa that
more in-depth understanding is needed.

2. It may be that the new concept will fit into the existing
structures. Rather than a direct fit, however, an analogy
(e.g., Falkenhainer, 1987; Gentner, 1989) may have to be
derived, relating an existing concept (the base) to the new
concept (the target). The agorithm examines the existing
representation and checksto seeif any of the conceptsthere
can be related to the new concept. If such a relationship
exists, reading continues.

3. If no relationship can be found, the algorithm attempts to
force arelationship to exist. By using genera background
knowledge, the reader may be able create a concept which
captures the essence of the original one or a generdization
of the origina concept. This is similar to analogy, but
the base which is used to understand the new concept is
dynamically created by the reasoner; we therefore call this
mechani sm base-constr uctive anal ogy.*

4. If the above steps have failed to produce an understanding,
the creative understanding a gorithm resortsto problemre-
formulation. It may be that the initialy retrieved concept
is not the one which should have been remembered. It may
also be the case that a portion of the existing representa-
tionsis flawed and is not useful to the current reasoning.

1While we are not thefirst to describe acognitive processsimilar
to this (e.g., Nersessian, 1992; Clement, 1989), we do not know of
any models which implement it.






This concept is sufficient to understand the robot in the story,
s0 ISAAC storesit in memory as a story-robot, a new kind of
robot.

Skipping ahead to the last paragraph, we see that ISAAC
must treat this as a “ story-within-a-story.” To appreciate the
ending, thereader must have maintained acorrect model of the
narrator, includingitsbeliefsand goa's, in order to understand
why therobot’smistake took place. ISAAC needsto perform
asimilar creative understanding task on the man in the story
as it did on the robot narrator. In this case, the credtive
understanding arises from a need to understand why the robot
narrator acted in the fashion that it did. Asaresult, ISAAC
understands that the robot is seeing the man as more similar
to itself than iswarranted; this explainsthelogical error.

Thekey irony inthe story can be seen asadua shift within
our knowledge organization grid. 1SAAC is presented with
arobot character which is acting as an agent rather than as a
physical object. Thisisthe first shift which must take place
for ISAAC to “make sense” of the story. The twist ending
occurs because the robot narrator decides to treat the Man,
a physical agent, as a physical object and disassembles him
with theintent of doing afield repair.

Related wor k

In addition to modeling the process of reading and creative
understanding, our theory allows previous theories to be ex-
amined within a common framework. Past reading systems
have not been gresatly successful dueto their insufficient cov-
erage of the reading process. Early examples such as SAM
and PAM (see chapters 5 and 7 in Schank & Riesbeck, 1981)
were narrow attemptsto handle what we call the scenario un-
derstanding supertask through scriptsand plans. They did not
try to benefit from the other supertaskswe haveidentified; fur-
thermore, they dealt with extremely short narratives. Dyer's
BORIS (1983) was a more involved system which attempted
to overcome the deficiencies of earlier ones by integrating
the current theories of its day in order to perform “in-depth”
reading. Unfortunately, it overlooked some crucia aspects
of the reading process which we have identified, such as the
story structure. Thisled tothe system being overloaded by the
sheer amount of knowledge contained in even a short story.
Later systems tried to vary the reading depth, such as IPP
(Lebowitz, 1983) and AQUA (Ram, 1991). Unfortunately,
IPPfailed to do any high-level reasoning, such as explanation
of anomaies. AQUA added the explanation and reasoning
supertask, as well as some of the memory supertask, but it
ignored the story structure aspects which could have been a
valuableaid.

There also existsalong history of research on reading from
the teaching reading discipline. Much of thisresearch blurs
the line between task and knowledge, but the theories can still
be analyzed in our framework. Graesser (1981) described six
basic knowledge sources involved with textual comprehen-
sion: linguistic, rhetorical, causal, intentional, spatial, and
roles, personalities, and objects. This theory is highly de-
scriptive of the knowledge which reading needs, but the lack
of a process modd makes it impossible to implement. A
model suggested by Clymer (1968) broke reading into decod-
ing, grasping the author’s meaning, testing and recombining
the author’s messages, and application/extension of the read

material. This process-oriented model contains e ements of
the sentence processing supertask (decoding) and the story
structure, scenario, and explanation supertasks (the remain-
ing areas). Unfortunately, none of Clymer’s areas were well-
specified and the lack of control and explicit memory opera-
tionsis a severe limitation. These approaches exist more as
frameworks for exploration than as cognitive theories.

This shortcoming is certainly not the case with the last
two models. Van Dijk and Kintsch (1983) propose a uni-
fied process which is responsible for the characteristics of
reading. Text istransformed into propositions(units of infor-
mation) which are combined by the reader into higher level
understanding structures. The model has been extremely suc-
cessful in modeling psychological data regarding the reading
process, particularly research dealing with recall of read ma-
terial. Despite these accomplishments, the theory fails to
consider two aspects of reading which are important (for a
recent discussion of these issues, see Gerrig, 1993). First,
creative reading is not handled. Thus, while the theory may
be valid for explaining structured reading tasks, it is unable
to handle pleasure reading. Second, the theory does not place
enough emphasis on the role of the author, and is forced to
make reading more in-depth than it needs to be. Finally, Car-
penter and Just (1988) concentrate on the working memory
congtraints of the reader and how these influence reading and
recall issues. They, too, have had a great deal of success
modeling human performance within their READER frame-
work. The approach, however, aso ignores issues of creative
reading and author intent. The primary focus of their work
has always been on memory’s influence on reading; in that
regard, their work has had tremendous success and impact on
the field. Unfortunately, it is insufficient for modeling the
type of reading in which we are most interested.

Conclusions

Although our theory has proven sufficient for describing the
comprehension of a rea-world story and many of the un-
derlying points embodied in the theory have been supported
by existing evidence from psychology and education, there
are ill important issues to explore. For example, in-depth
evaluation of the understanding produced by the model needs
to be performed. Also, the system needs to be extended
with the addition of new stories for ISAAC to read; we are
currently working on the addition of Zoo by Edward Hoch
(1978). While similar to Men Are Different, it containsinter-
esting variations which will help us to gauge the range of our
theory’s coverage and scope.

By making extensive use of the knowledge which exists
within a story and by relying on a close interaction between
the various reading tasks, our theory is capable of modeling
the reading process to a degree not before possible. Further-
more, thetheory explains pleasurereading in additionto more
structured forms of reading, an areawhich many theorieshave
ignored. We aso provide a framework in which to analyze
previous systems. Most importantly, the theory incorporates
agenera process of creative understanding as an integra part
of reading. The power of the act comes from awillingnessto
not be bound by current world knowledge, to take a cognitive
risk and attempt to understand something in away it has never
been understood before.
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