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Text structure refers to the semantic and syntactic

relations in a continuous, 1linear sample of written
language. Because there is more to a text such as a novel
or reference manual than the ideas embodied within it,
consideration of structural features increases the
possibilities for text processing by computer. For example,
question—answering systems can use structural information to
locate passages likely to «contain requested data. Also,
automatic text generators must account for the order in
which material 1is presented and the amount of detail
provided.

This thesis proposes a multi-purpose notation for
representing text structure, called the strep. While the
strep can be used to encode the results of previous
structural studies on restricted classes of texts, it is
more flexible and complete than earlier notations. In fact,

the volume of the encoded data suggests that the strep be

manipulated by computer.

[
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Two classes of structural relations are emphasized.
The first group, which parallels other studies, describes
the hierarchy formed by the chapters, sections, and
paragraphs of a text and identifies the function served by
each passage. The second type of relationship involves
recurring concepts (e.g., statements in a programming
language or themes, locations, characters in a story) that
appear throughout a text. The strep allows the analyst to
indicate interactions among such concepts and to associate
them with pertinent portions of a text.

Although no algorithm 1is suggested for automatic
generation of a strep from an input text, the usefulness of
the notation is demonstrated by its applications based on
manual encoding. In particular, a system for interactive
use of programming documentation is designed. This program
allows users to locate material without alternating between
an index and the body of a manual. As each passage is
displayed, cross-referenced sections and other related

information can easily be obtained.
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1. General Description

1.1 Introduction

Computer processing of natural language has many
facets. ! Research in input and output of language includes
optical scanning, speech recognition, and speech synthesis.
Computers are used for lexical analyses of the distribution
and frequency of words. Knowledge representations, most
notably semantic networks, organize the information
expressed in texts as well as the background knowledge
needed to interpret them. Linguistic tools such as
transformational grammar, case grammar, and augmented
transition networks allow parsing and generation of single
sentences. Within small groups of sentences, problems that
have been investigated include presupposition, inference,

implication, and anaphora. The state of the art is

1. Research by Schank, Charniak, Wilks, Woods, Winograd,
Quillian, Raphael, Salton, Strasbourger and many others [5,
6, 7, 11, 14, 22, 23, 47, 57, 58, 62, 67, 70, 72, T71 is
pertinent to the ideas discussed in this paragraph.

reflected by programs that answer questions, paraphrase, and
generate simple stories.

Nevertheless, many unsolved problems still prevent a
successful Turing test oun the use of long written texts such
mm:o<m~moxﬂmxncooxm. eovwoommmn:mmmwmxﬁmwsm

human-like fashion, an understanding of their overall

organization 1s needed. The term text structure refers to

the semantic and syntactic relations within a sample of
natural language. The goal of the work presented in this
dissertation is to formulate and test a method for
representing the global structure of written texts with the
properties of continuity and linearity described in Chapter
2. Three questions are investigated in the following
chapters:

1) What is text structure?

2) How can text structure be represented?

3) What are some practical applications of a

notation for representing text structure?

It is difficult to enumerate the properties that
constitute text structure. Certainly, the order in which
ideas are presented is an obvious and important component of
structure. Semantic relationships other than order exist
among the sections of a text and must be represented in a
structural description. Honadjacent segments are often
semantically connected. An entity {e.g., a character in a

story or a statement in a programming language) may be



mentioned at various points in a text. Similarly, different
aspects of a single topie (e.g., parent-child relationships
or program efficiency} may be considered at different times.
These and other associations must be included in a
definition of text structure. Once text structure is
adequately defined and a corresponding notation established,
numerous tasks can be automated.

Structural representations could be used by fact
retrieval and question answering systems to locate a passage
likely to contain needed data. Instead of formulating a
concise answer to a user's question, an interactive system
could display appropriate portions of a document so that the
user could extract the needed information himself.

Automatic text generation could be based on
descriptions of text structure that are supplied by a user
or are themselves computer~generated. Rather than composing
long passages of polished natural language, programs could
be used to produce outlines or other struectural descriptions
of needed texts. Actual wording could then be supplied
later by the user.

Text structure could also be used to evaluate the
readability of a text. Characteristics of paragraph
structure have already been used in experiments dealing with

reading time and retention of ideas [35, 36, 37]. For

purposes such as assigning grade levels to children's books,
assessment of readability is currently based on ‘easily
quantifiable features such as vocabulary size, number of
syllables per word, and number of words per sentence [21,
411, A structural representation could be used to add an
organizational term to existing formulas.

In an interactive environment, structure could underlie
a set of tools for partially automating text revision. For
example, a program could perform various transformations on
an  input text to increase its readability without altering
its content. Possible transformations include rearrangement
of material and addition of examples.

Structural information can also be used in the
comparison of related texts. Instead of evaluating a single
structural representation, a program could be designed to
select the best from a group of outlines or to synthesize a
new structural description containing the most desirable
features of each input text. Examination of similar texts
need not be motivated by the desire to produce a revision.
Folklorists, for example, frequently make structural
comparisons of different versions of a myth. Automation of
some of their procedures would allow in-depth comparison of

large classes of folktales.



The notation proposed below includes generalizations of
the conventional table of contents and index. Use of the
computer allows the encoding of more interconnections and
details than would be possible with pen and paper alone.
Complete automation of the process of generating structural
representations 1is a difficult problem. However, many
automatic tasks are feasible if such textual descriptions
are manually supplied. As a partial test of the success of
the introduced notation, its relevance to problems such as
locating material in a text, revising texts, and
computer-assisted writing is mentioned below. One
application in particular, a system for interactive perusal
of computer manuals, is discussed in detail. Although most
attention is given to applications within ooébcnmw science,

the techniques discussed are applicable to linguistics,

psychology, and the study of literature.

1.2 The Structure of This Text

This section sketches the organization of the remainder
of this paper. Chapter 2 surveys structural features of

texts. In Chapter 3, previous representations of text

structure are discussed. Chapter 4 presents a new notation,
called the strep. To illustrate the applicability of streps
to entire texts as well as isolated paragraphs, two complete
examples are discussed in Chapter 5. These textis and their
streps are included as Appendices A and B. To emphasize the
generality of the strep notation, different types of texts
are chosen. The examples in Chapter 5 are a Russian
folktale and a science book for young readers.

Chapter 6 investigates the structural characteristics
common to programming manuals. Two additional complete
examples, a user's manual and internal documentation for a
large program, are discussed. The streps for these examples
form Appendices C and D. Chapter 7 uses the characteristics
identified in Chapter 6 to design an on-line documentation
system based on streps. The 1last chapter, Chapter 8,
mentions other applications of the strep notation. Finally,
a glossary summarizes the expressions defined in this thesis

as well as some of the linguistic and computer science terms

it uses.



2. Defining Text Structure

2.1 1Introduction

A natural sense of text structure enables a reader to
recognize the protagonist in the opening pages of a novel.
The same knowledge influences his feeling that the story
does (or does not) have =z satisfactory conclusion. He can
recognize sequences of sentences that do not form coherent
texts. This ability is documented by recall experiments,
such as those of Stein [68, 691, where subjects transform
ill-formed narratives into texts with conventional
structure.

Text structure is pertinent to any field of research
dealing with natural language: the linguist enumerates ways
in which words can be combined, the sociologist identifies
characteristics of different groups of speakers, the
anthropologist compares related cultures by contrasting
their mythology, the critic evaluates a particular work of
literature, and the folklorist categorizes elements that

occur in fairy tales. Although the structure of the studied

texts is important to all these tasks, investigation of
structure takes various forms under the assorted
disciplines. Even within a single field, terminology may
vary. Friedman [281, for example, 1ists seven uses of the
word "structure"” in the context of literary criticism. Some
of the computer applications suggested in Chapter 1 use
different aspects of text structure than do others. Because
of this variety, it is important to identify the structural
features of natural language texts before a notation for

describing the structure is introduced.

2.2 Texts to be Considered

This thesis is primarily concerned with written prose
that is complete, continuous, aud linear. Complete texts
include short stories, novels, newspaper or magazine
articles, and essays but exclude isolated paragraphs.
Continuous texts consist of coherent grammatical sequences;
they exclude Sequences of natural language expressions that
are never read consecutively nor combine to form larger
language units. While timetables, telephone books, and
dictionaries are composed of natural language elements, they

are lists of language samples and not coherent texts



themselves. However, reference manuals, which may be used
without being read in entirety, are not eliminated by the
criterion of consecutive reading.

H:m constraint of linearity prevents consideration of
nonlinear segments (e.g., figures, tables, and footnotes) in
isolation. It does not eliminate 1linear texts containing
these forms. For example, the structure of a tax table is
that of a two-dimensional array in which most entries have
both a row successor and a column successor. Because
continuocus natural language is linear, the tax table itself
is not considered a text here. Nevertheless, the structure
of a book on income tax preparation, which might contain
such a table, 1is certainly a possible subject for this
study. Simple transformations can be used to convert some
texts to a strict linear form. Footnotes, for instance, can
be parenthetically embedded at the points where they are
referenced.

Despite these restrictions on the texts to be
considered, the conclusions made 1in this research can be
extended to other samples of language, including spoken
conversation. A notation for text structure is valuable
even if it does not completely describe the organization of
every text, just as phonemic analysis, though useful, does

not provide a complete description of the phonology of a

10

language; and just as context-free grammars, without
generating an entire natural language, can provide insight

into the syntax of large numbers of acceptable sentences.

2.3 Text Structure

A popular awowwo:mﬁwg defines structure as "the
interrelationship of parts or the principle of organization
in a complex entity." The parts of a text include its words,
phrases, sentences, paragraphs and sections, as well as the
ideas they present, Many types of relationships exist among
these entities. Relationships of scund {(e.g., meter,
alliteration) and relationships of presentation (e.g., size
and style of type, position on a page) are not relevant to
the current study.

Another category that is not important here is formed
by relationships pertaining to the wording and syntax used
within a text. Several types of paraphrasing have 1little
effect on meaning. These transformations include switching
between active and passive forms of a sentence, substitution

of an explicit statement for an implication, and the

B U

1. Ihe American Heritage Dictionar £
Language (1989). y of the English
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division of a lengthy sentence into two or more simpler
ones. Such alterations subtly change the sense of a
passage. However, experiments such as those by Bransford
and Franks [8, 25, 26] suggest that the effect of these
changes 1is so insignificant that readers are unlikely to
remember the particular variation used in a passage.
Furthermore, the meaning of these differences is outweighed
by the contributions of other portions of the text. The
substitution of a synonym for a single word in a novel, for
instance, is likely to have only a minimal effect on the
entire work. The structural features considered below
pertain to the underlying ideas in a text, unencumbered by
idiosyncracies of lexical choice and sentence structure,
The following pages concentrate on relationships among
larger units, sections containing several paragraphs, rather
than smaller units such as single sentences. 1In particular,
succeeding .chapters emphasize the natural subdivisions of a
text (e.g., chapters, sections) and the recurring elements
common to non-adjacent passages (e.g., a location where
different events occur, a subroutine whose use is mentioned
in different contexts). Structural relationships may be
very abstract (e.g., pertaining to a theme) or fairly
conerete (e.g., dealing with the order in which facts are

presented). The notation proposed in Chapter # allows an

12

analyst to encode the particular relationships that are
relevant for his specific application.

The remainder of this chapter enumerates properties
that may be included. In order to allow the flexibility
required by different applications, no exhaustive 1list of
structural relationships is given. Some aspects of
structure cannot be discussed independently of the content
of the text or the style in which it is written. Features
considered here include chronological and textual orders of
described events, point of view, relative emphasis of
different sections, cause and effect relationships among the

expressed ideas, and identification of cohesive elements.

2.4 Some Structural Relationships

A set of facts may be presented in different orders and
with varying emphasis. Meehan [45] introduces the concept
of a metanovel, where the events of a story, retained in the
memory of a computer, are displayed in differing order and
detail as determined by a user's input. As an example, a
newspaper account and a detective story based on the same
events have much in common. Their structures, however, are

quite different. Technical material may also be arranged in
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many ways. For instance, while an introductory description
of a programming language may begin with the simplest forms
of statements and show more general forms only in later
chapters, a reference manual is likely to group together all
variations of each construct.

A major difference in each of these groups of texts 1is
the order in which ideas are presented. Many fictional and
nonfictional texts detail a sequence of events. A basic
part of their structure is the chronological order of these
occurrences and the relationship of this order to that in
which the events are presented in the text. Identification
of the two orders is complicated since boundaries between
events are obscure and arbitrary. Also, one event may be
mentioned several times within a text, perhaps from the
viewpoint of different characters or with additional details
included with each repetition.

There 1is more to structure than order. It is not
difficult to imagine texts in which corresponding ideas are
presented in the same order but are given different
emphasis. Point of view 1is a structural relationship
between the narrator and a text. The importance of a
textual element is dependent on the viewpoint of the
narrator. Interpretation of an event varies among the

participants. This idea is presented in more detail by

14

Abelson [2]. He discusses the effect of point of view on a
reader’'s interpretation of a text, along with the
implications of this interaction for automatic text
processing. It makes little difference whether some stories
are told in the first or the third person. However, this
relationship should be noted in analyses of novels where
portions are narrated by different characters (e.g., The

Sound and The Fury).

Another form of emphasis is the elaboration of an idea.
A description of a pair of experiments may briefly present
the first set of results as preliminary work before
completely detailing the second. Another report of the same
work may thoroughly discuss the earlier experiment and refer
to the second one as a confirming follow-up study.

The amount of elaboration may not be pertinent for some
studies. Structure can be explored at several levels of
detail. Variations of a mathematics textbook, for example,
may use different numbers of sample problems to illustrate
proven theorems. The number of problems certainly is a
structural feature. For some applications, however, it is
sufficient +to indicate the presentation of a theorem
foliowed by a block of worked exercises, and to ignore the

actual number of problems within the block.
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Meehan [45] makes a similar point wusing different
terminology. He discusses levels of abstraction that can be
used to describe stories. A single text, for instance, can
be interpreted as a story about climbing a particular
mountain, about mountain climbing, about adventure, about
man conquering nature, about man in conflict with nature, or
simply about confiict. Although Meehan does not explicitly
discuss structure, any structural representation would be
influenced by the level of abstraction considered.

Another structural relation is shown in the following
segments used by Kintsch [35, 36, 37] in experiments on

human text processing:

A carelessly discarded burning cigarette
started a fire. The fire destroyed many acres
of virgin forest.

and

A burning cigarette was carelessly discarded.
The fire destroyed many acres of virgin
forest.

The first paragraph explicitly states the cause of the
fire, while the second only suggests it. The structural
relationships between the component sentences are different
in the two paragraphs. However, because the passages could

serve the same function within a larger text, the difference

16

is not important at a less detailed level. Similar comnmients

apply to another paragraph:

Knowing his action would result in the
destruction of many acres of virgin forest,
the villain carelessly discarded a burning
cigarette.
In this variation, the existence of the fire is never
expliecitly confirmed. Nevertheless, barring contradictory
evidence elsewhere in the text, most readers would assume
the fire did take place.

The relationships of implication and cause~and-effect
that exist among the ideas conveyed by these paragraphs also
occur among larger textual units. For instance, several
chapters may create a collective impression of the state of
mind of a novel's main character.

Several pairs of texts wmentioned above have similar
content but different structure. The reverse situation is
also possible; texts dealing with different subjects often
have parallel structures. Pike and Pike [51] give three
stories with simiiar structure but very different content:
one 1is from the MNew Testament, another 1is about a boy
selling a dog, and the third predicts the experience of
Martians arriving in Moscow in the future. All three

stories consist largely of dialogue. The number of



17

exchanges 1is the same for all of the texts and rhetorical
questions are used similarly. Consequently, some structural
relationships among corresponding sentences are the same in
all three texts. Similarly, programming textbooks present
sample programs that solve the same problems regardless of
the language being taught. At a more abstract level,
expressions such as ‘"topic sentence followed by three
supporting statements” may be said to describe a structural
relationship within any number of semantically unrelated
paragraphs.

Many semantic connections can exist between nonadjacent
passages. Events taking place during a single time period,
references to a particular character, and occurrences with a
common location are all possible groupings. More abstract

themes may also be identified.

Harris and McDougall [33] state that an essay should be
divided into mutually exclusive sections. Yet they leave it
understood that 1in a coherent text some ideas must overlap
these sections. The structure of a children's book,
Millicent E. Selsam’'s When An Animal Grows [66],
demonstrates this conflict. The author illustrates the
different rates at which various species mature by
describing both a baby gorilla and a lamb shortly after

birth and then at selected stages of their growth. The

18

discussion alternates between the gorilla and the lamb in a
very effective manner. The various sections of this text
are not "mutually exclusive". Some sections are linked by
the animal mentioned within them; others by the state of
maturity described.

The recurrence of similar semantic entities throughout
the flow of a discourse is called "cohesion" by Halliday and
Hasan [32]. While cohesion 1is an essential factor in
differentiating between texts and sequences of unrelated
sentences, the features that indicate cohesion among textual
elements are applicable in non-linguistic contexts as well.
Many of the connections among segments of continuous
discourse are also appropriate to other means of organizing
information. The same types of semantic relationships that
occur in samples of natural language exist among entries in
timetables, encyclopedias, computerized data bases, and even
entire libraries. Any categorization of semantic elements
in discourse might be extendable to these other media as
well. Grimes [31] describes the range of material facing
linguists who consider discourse rather than single

sentences:
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... beyond the ordered paradigms and mildly
controversial counterexamples of sentence
grammar they see business letters,

conversations, restaurant menus, novels, laws,
nonverbal behavior, movie scripts, editorials,
without end.

The inclusion of ‘"nonverbal ©behavior" in this 1list
illustrates that discourse shares properties with other
human actions. The problem of identifying the relations
among the elements in a sequence of language acts 1is 2

special case of the more general goal of understanding human

behavior,

20

3. Representing Text Structure

3.1 Introduction

A new representation of text structure should preserve
and expand previous uses. At the same time no researcher
should be forced to encode relationships in which he is
uninterested. The approach developed in Chapter 4 allows
various structural repesentations to be made for a single
text. Of the various structural features identified in
Chapter 2, the analyst who encodes a particular
representation may select those that are relevant for a
specific application. The different representations for one
text vary in the amount of detail contained, the type of
feature emphasized, and the relationships specified between
nonadjacent passages. This chapter focuses on methods for
representing text structure. Examples of notation and
terminology used to describe textual organization are
preceded by a discussion of some of the goals of this
research. Features common to several previous studies are

interpreted with respect to the stated criteria.
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Every notation is dependent on units of some sort. As
described in more detail below, structural units used in
previous research include the function (e.g., introduction,
act of wvillainy) and the motif (e.g., animal tale).
Functions classify the purpose served by a portion of a
text; motifs categorize the plot of a story. Discussing the
choice of units for the structural study of folkore, Dundes
[18] points out that units are used to compare elements from
different folktales as well as to refer to pieces of
individual texts. The possible applications of a
general-purpose notation are partially determined by the
units used.

The notation introduced below is intended to encode the

relationships described in the previous chapter. The

following criteria can be used to measure its success:

practicality: The resulting description
shoul be economically wusable in several
practical applications.

generality: The notation should not depend on
texts written in expectation of analysis by
the proposed method. It should be
applicable to different classes of texts.
It should not be restricted to a particular
language, i.e., to English.

order: The order in which ideas are presented
should be representable.

function: The functions served by each
portion of the text should be identified.

22

gross-reference: The semantic entities (e.g.,
themes, locations, times, characters) that
recur throughout a text should be indicated
and associated with appropriate parts of
the discourse.

wumchwwwnz" The notation should allow
different descriptions of a single text,
emphasizing different features and

providing different details.

completeness: The notation should be
applicable to entire texts. It should be
able to represent all needed structural
relationships. However, there should be no
requirement to include unneeded
information, even if it could be relevant
for other structural analyses.

incrementality: The method should be
applicable to texts {e.g., programming
manuals) that are subject to revision. It
should be possible to obtain a structural
description of a revised text from
descriptions of the previous version and of
the modifications.

3.2 The Hierarchic Approach

There is no obvious method for encoding text structure.
Outlines and tables of contents are common partial
representations, but they are simplifications that do not
satisfy the criteria of funetion, cross-reference and
completeness. Another familiar approach, which encodes

function alone, is the traditional plot diagram indicating
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developing incidents, the culminating incident, resolution
of suspense, climax, and the conclusion of a story.

Propp's characterization of Russian fairy tales is one
of the better-known attempts to classify a restricted group
of texts. Propp defines thirty-one functions, such as
trickery, villainy, and magical agent that occur in these
stories. Hot all of the functions occur in every tale, but

the functions that appear follow a particular order. There

are multi-move tales in which one story is embedded within

another. For example, before nproviding his magical
assistance, a helper may require the hero to perform some
task. As the hero achieves this subgoal, the story steps
through a new sequence of functions embedded in the main
tale. Only a few functions permit another move; i.e.,
embedding may occur only at certain points in a story.

Propp also defines subclasses of his functions. For
example, mmmm:ﬂm«wo:, in which a member of the hero's family
leaves home, may take the form of the departure of a member
of the older generation (e.g., when parents leave for work},
the death of the parents, or an expedition of the children

(e.g., they go to gather berries). He wuses a linear

representation for the structure of a tale. An example is
B bttt WO
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where the letters and arrows represent functions and the
superscripts indicate subclasses of functions. Should
embedding occur, the different moves are distinguished by
subscript. This notation is equivalent to a tree in which
siblings represent the functions of one move and the
descendants of a node correspond to an embedded tale.

Almost without exception, Russian folktales seem to Ffit
this mold. Not only do events occur in the prescribed
order, but virtually every element of a story fulfills one
of these functions. There are complications, of course: a
single event may serve two or more functions. Also, without
attempting to represent the roles played by various
characters, Propp discusses seven possible spheres of
action: those of the villain, the donor, the helper, the
princess and her father, the dispatcher, the hero, and the
false hero. He points out that a character may participate
in more than one of these spheres. Thus, a particular
maiden who presents the hero with a magic ring is both a
donor and a princess. Similarly, several charzcters may act
in a single sphere. For example, after a dragon is killed,
any of his female relatives may assume the role of villain.
An example given in Chapter 5 extends Propp's analysis of

one tale to include this type of detail.
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Propp's work has stimulated further research, including
at least two computerized story-generators [19, 39, 40].
Both folklorists who are favorable toward Propp's analysis
{20} and those who are critical of his work {9] have had to
modify his functions significantly before applying them to
tales of other ethnic groups.

Although Propp's notation satisfies the criteria of
order and function, it does not provide for cross-reference
or completeness. Rumelhart [61] describes the structure of
a broader class of texts. He gives a context-free grammar
describing the syntax of stories with rules such as

Story -> Setting + Episode

and
Episode -> Event + Reaction
These syntactic rules are accompanied by semantic rules, for
example:
ALLOW(Setting, Episode)
and
INITIATE(Event, Reaction)

The semantic rules are used to define conventions for
paraphrasing. The structure of a story is represented by a
pair of derivation trees, one corresponding to the syntactic
rules, the other to the semantic rules. The two trees are

essentially isomorphic. The relationship between a story
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and its trees is indicated by labels attached to the leaves.
The labels refer to either sentences from the story or to
underlying elements that do not explicitly appear in the
surface structure. The paragraph below is shown along with
the syntactic tree that results when it is analyzed
according to Rumelhart's grammar. The clauses have been
numbered to identify the text portions assigned to each leaf
in the tree. (This tree is a slight modification of the one
shown by Rumelhart. The original cannot be derived using

his grammar.)

(1) Margie was holding tigntly to the string
of her beautiful new balloon.

(2) Suddenly a gust of wind caught it.

(3) The wind carried it into a tree.

(4) The balloon hit a branch and (5) burst.

(6) Margie cried and cried.
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The feeling of sadness that triggers Margie's crying is not

overtly mentioned in the text.

mcamwswxw does not elaim that

his grammar permits

a

unique analysis of a text. The content of nodes (2) through

(5} may be said to consist of a single event, a pair of

events (movement into the tree and breaking against

the

branch), or three distinct events (as Rumelhart has chosen).

These alternatives reflect a difference

detail included in the tree.

different categorizations of textual elements.

Other variations

in the level of
reflect

The breaking
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of the balloon, for example, may be considered an event as
well as a change of state. Ambiguities of these types
multiply quickly when longer texts are studied.

Rules such as Rumelhart's correlate highly with a
reader®s intuition about the nature of stories, especially
when used with the very short narratives he analyzes. This
representation scheme, although applicable to larger texts,
is insufficient for describing their structures according to
the criteria given above. As with Propp's notation, there
is no provision for cross-reference. Furthermore, these
rules, designed in conjunction with event-oriented texts,
violate the criterion of generality. They require extensive
modification and supplementation before they can be used
with technical documents, such as computer reference
manuals.

Rumelhart uses his grammar to define algorithms for
paraphrasing simple stories. Stein [68, 69] merges
Rumelhart's semantic and syntactic trees to investigate
children's interpretations of ill-formed stories. She adds
the connectives used in Rumelhart's semantic rules to the
syntactic tree by attaching them as 1labels on the
relationships between siblings. For example, she would
merge the pair of subtrees shown in Figure 3.1 into the

single construct shown in Figure 3.2
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Episode Initiate
\\\\\\\slll/lll
m<mMM\\\\PIIIMManMo= Event Reaction
Syntactic Subtree Semantic Subtree

Figure 3.1 Rumelhart's Notation

Episode

\\\\\\\»/III/I

Event =————Regction
Initiate
Figure 3.2 Stein's Notation
A feature common to many analyses of structure,
including those of Propp and Rumelhart, is the division of a
text into a sequence of nonoverlapping topics, each of which
may in turn be subdivided. Other formulations based on a
hierarchiec approach include those of Kintsch, who studies
reading time and retention {35, 36, 371; Chafe [10], who
investigates the processes used by storytellers when
converting msorwmamm into words; and Pitken [52], who uses a
hierarchic representation of text structure as a tool for

teaching composition.
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3.3 HNon-Hierarchic Methods

There are representations of text structure that do not
depend on a hierarchy of subdivisions. The abstract-like
structure used by van Dijk [16] is an example. Petofi [50]
Suggests an elaborate matrix specifying the wmwmnwo:mwwvm
between each pair of sentences in a discourse.

Kahn [34] describes the structure of g class of
potential texts Wwith a finite state automaton based on a
pecking order among the races of the characters ip The

Faerie Queene. Members of a race higher in this order can

never be defeated by members of a lower race. Any string
accepted by the automaton represents a sequence of possible
battles and their outcomes and hence provides an outline for
a8 possible story. c:wovnc:mnm~<. this simple technique can
not be generalized to significantly broader classes of

texts,



31

3.4 Structurally Insignificant Variations of a Text

Chapter 2 argues that order of presentation is an
important facet of text structure. It also eclaims that the
substitution of an active sentence for a passive one does
not affect structure. Since order of subject and object is
a major difference between the active and passive forms in
English, it must be assumed that the order of 1large
discourse segments is structurally significant while that of
smaller pieces is not. (This hypothesis presupposes a
cutoff between large and small segments.)

Some studies focus on the question of varying order
without changing structure. Labov and Waletzky [42] work
with short narratives about personal experience in an
attempt to identify speech patterns used by speakers from
different groups. They analyze selected portions of spoken
discourse, nowmwaw:m each might fulfill a single function in
a scheme like Propp's. They break each sample into clauses
and calculate the “displacement set" of each. These sets
are composed of the groups of neighboring clauses with which
a particular clause can be exchanged without altering the

meaning of the narrative. For example, in the segment,
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and I crossed the street

and they was catchin® up to me

and I tripped, man
the order of the first two <clauses may be reversed.
However, if the first clause is moved to the end, the
interpretation of the entire sequence is changed.

A general notation for text structure should be able to
encode this relationship of interchangeability. It should
also be able to ignore portions of a text that are
unimportant for a particular application. Dorfman [171, for
instance, removes "nonfunctional" incidents from French and
Spanish epics. This removal allows him to reduce ten

stories to three structural patterns. One of these patterns

follows:
(1) The family quarrel.
(2) The insult.
(3) The act of treachery or of glory.
(4) The punishment or reward.

There are other applications where some portions of a
text can be omitted. Transitory passages are not needed
when fine details are irrelevant. Phrases 1linking one
concept to the next do not clearly belong with either idea.
Since their contribution to the broad organization of a text
is small, such phrases may be given disproportionate stress

by a representation that distinguishes them from the
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surrounding text. Short summaries of a few immediately
preceding ideas help to smooth the flow of a text for a
reader, but do not really belong with any of the ideas or
warrant a new section for themselves. Of course, a detailed
analysis may be concerned precisely with ¢the manner of
transition between ideas. For this purpose, transitory

passages should be identified and separately delimited.

3.5 A Hierarchic Composite

This chapter presented eriteria for an adequate
structural notation. Previous research has produced several
hierarchic representations. A tree 1is a convenient
formalism for representing ordered, nonoverlapping
subdivisions of a linear string. Furthermore, each node in
@ structure tree can be labelled to indicate the functions
filled by the text segment associated with it.

Such trees do not provide guidelines for subdividing a
text; the Margie story demonstrates that there may be no
unique way to do so. Furthermore, the relation between the
structure tree and the body of the text is not
straightforward. The simplest choice is to break the text

into contiguous non-overlapping pieces. These passages can
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be attached to the 1leaves so0o that the text can be
reconstructed by a traveral of the frontier from left ¢to
right. Other types of association are possible, however.
As mentioned above, it may be convenient to permute or omit
some segments. The data attached to the nodes may be
abstractions instead of actual text segments. Possibilities
include propositions such as those of Kintsch [35, 36, 37],
represented in words closely corresponding to those in the
surface structure; concepts such as those expressed by
Schank [47, 64] in terms of a few predetermined primitives;
and ideas indicated by filling slots in a case system such
as that defined by Frederikson [27].

This step towards a definition of structural units is
in accord with several of the criteria listed above.
Certainly the criteria of order, function, and flexibility
are satisfied. The main discrepancy is that a structure
tree aby itself does not cross-reference the entities that
recur in a discourse. The present work provides an addition
to other hierarchic analyses of discourse. In the following
chapter, a means for supplementing a tree Wwith

cross-referencing is presented.
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4. Streps

"If you don't find it in the Index, loock very carefully
through the entire catalogue."

Consumer’s Guide, Sears, Roebuck and Co.
(1897)

quoted by D. Knuth, The Art of Computer
Programming, Vol. 3, p. 710

4.1 Introduction

This chapter presents the notion of structural

representation or strep. A strep consists of a passage

‘ .
tree, a passage-dependent network, and an optional

5
passage-independent network. Two «classes of structural
relations are emphasized. First, the passage tree

represents the 1linear and hierarchic nature of texts
discussed in the previous chapter and encodes the function
of text segments. Second, the passage-dependent network
identifies the interplay of concepts that recur throughout a
text and associates pertinent portions of the text with each
concept. For applications that require other structural

information, the passage~independent network ,»amsowwwmm
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relationships among. recurring concepts that pertain to the
entire text rather than isolated passages and ‘encodes
structurally significant elements of content. The form of

each component of a strep is elaborated below.

4.2 The Passage Tree

The hierarchy that represents the natural subdivisions
of a text is called the pbassage tree; each node in the tree
is called a passage. Leaves of the passage tree are

connected to the text in some fashion; non-terminal passages
incorporate the connections of their descendants.

One type of connection associates leaf passages with
portions of the document so that the text can be
reconstructed by a left-to-right traversal of the frontier.
Nodes above the leaves then refer to the concatenation of
the text segments represented by their descendants. The
root of the passage tree corresponds to the entire text.
When <this connection is used, the word "passage" has its
usual meaning of a contiguous section of text.

The exact appearance of a umww»ocwmﬁ passage tree 1is
affected by the application and the analyst's philosophy.

To prepare a text for the on=line documentation system
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proposed 1in Chapter 7, an expert isolates the shortest text
segments that are complete enough to be understood out of
context. Typically, though not necessarily, these segments
consist of single <complete paragraphs. They are often
separated by segments that are not meaningful in isolation
(e.g., "In the first case", "For example"). The minimal
sections and intervening phrases are associated with leaves
of the passage ¢tree. Nodes above the leaves indicate
related passages with a coherent theme: groups of minimal
segments that might be displayed together.

Some hierarchic representations of text structure are
not based on segmentation. Kintsch [35. 36, 371, for
example, wuses abstract propositions. In Rumelhart’'s
analysis of the Margie story [61], most of the leaves do
correspond to text sections. In addition, Margie's feeling
of sadness is represented in the tree even though it is not
explicitly stated. Because these connections between the
passage tree and the text are permitted in the definition of
a strep, streps can be used as an alternate notation for
analyses that do not depend on a strict segmentation of the
text. However, 1in the examples given throughout the
remainder of this paper, the passage trees are formed over

adjacent, non-overlapping text segments.
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To identify portions of a text, one or more names may
be assigned to the corresponding node in the passage tree.
In addition, one or more functions served by the passage may
be indicated. While names pertain to an individual text,
functions recur throughout a class eof «mxnmm The term
identifier means "either name or functional label"™. It is
not necessary that every passage in a strep be identified.
Names for nodes near the root often have the form of chapter
and section headings. An example of a passage with both
types of identifiers 1s the last chapter in Alice 1in
Wonderland; this passage has the names, "Chapter XII" and
"Alice's Evidence", and serves the function of "conclusion®,

With the nodes appropriately identified, passage trees
can be wused to describe textual analyses such as those of
Propp [561, Chafe [10], and Rumelhart [61]. The identifiers
used in these schemes (e.g., "monetary reward", "trick",

"episode") are functional labels rather than names; they all

indicate general functions served by passages in many texts.



4.3 The Passage-Dependent Network

4.3.1 Concept Graphs

With functional labels, the passage tree satisfies the
criteria of order anc function defined in Chapter 3. To
satisfy the criterion of cross-reference, the passage tree

is augmented with a set of concepts. Each concept

represents a recurring element of the text, such as a
character, location, time period, or repeated theme.
Concepts are similar to keywords, key phrases, and sets of

synonymous key phrases [5H4, 59]. However, keywords are

surface structure features, while concepts are elements of
the underlying structure. Also, keywords (e.g., "she"™ or
"the President") may refer to different concepts at
different points in a text.

Each 1identified concept is explicitly linked to
pertinent portions of the document. The entire set of
concepts mowaw an augmented index. It may be desirable to
form different groupings of the references to a particular
concept. In a biography, for instance, references to the
main character's personal life might be distinguished from
references to professional achievements. The associations

between a concept and the text are represented by' an acyclic

40

directed graph called a concept graph. Because concept
graphs are directed, they can be described with terminology
usually reserved for trees: the node at the tail of an are
is called the ancestor of the node at its head; nodes with
no descendants are called leaves; nodes with no ancestors
are called roots.

Leaf nodes in a concept graph are associated with a set
of references to passages in the passage tree. The
referenced passages need not be leaves in the passage tree
-~ a concept linked to any passage is pertinent to the text
segments associated with all the passage's descendants. The
set of references associated with a non~leaf node in a
concept graph is the union of the sets assoclated with the
node's children. Unlike the children of a passage in the
passage tree, the children of 3 noae in a concept graph are
not ordered.

A possible concept graph is illustrated below. The
example shows the use of the ides "constant" in a
hypothetical wmanual for an algebraic programming language.
The relevant chapter has been divided into passages whose

content is indicated in the following list:



constant

a) there are different types of constants

b) definition of integer constants

¢) definition of real constants

d) 1legal values of integer constants

€) permitted range of reals

f) examples of integer constants

g) examples of real constants

h) the use of constants {type unspecified) in
arithmetic expressions

i) first example of a constant within an
arithmetic expression

J) second example of the use of constants
within arithmetic expressions

used 1in
arithmetic
expression

Figure 4.1 Leaves of a Hypothetical Passage Tree

Figure 4.2 shous a concept graph for "constant® based

on this segmentation of the manual.

Figure 4.2 A Sample Concept Graph

Variations of this graph are possible. A trivial
change is the addition of a node to the subgraph
representing examples of constants within arithmetic

expressions:



used in
arithmetic
gxpressions

examples of
iuse in arithmetic
expressions

Figure 4.3 4 Small Variation

More substantively, the second example might be longer
and more complex than the first. The variations of the

subgraph shown in Figures U.4 ang 4.5 bpreserve this

information,

used in
arithmetic
expressions

simple i
. example

examples

of use in

arithmetic

expressions
complex J
example

examples

Figure 4.4
One Method of Distinguishing Simple and Complex Examples

4y

used in
arithmetic
expressions

examples )

complex

Figure 4.5
Another Method of Distinguishing Examples

Variations in the passage tree do not necessarily
require dramatic changes to the concept graphs. The
hypothetical manual could be segmented in less detail than

was shown in Figure 4.1:

a') there are different types of constants

b') definition of integer constants

¢') definition of real constants

d') legal values of constants

e'}) examples of constants

f') use of constants in arithmetic

expressions

g') first example of constants within
arithmetic expressions

h') second example of the use of constants in

arithmetic expressions

Figure 4.6 4 Less-Detailed Segmentation

The form of the concept graph in Figure 4.2 can be retained
in a Strep using the more abbreviated bassage tree. In the
condensed passage tree, no passage 1is restricted to the

iegal range of integer constants. However, a text segment
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containing this information (passage d*) can be located with

the foilowing graph:

constant

“used in
arithmetic

definition

Figure 4.7 Multiple References to a Single Passage

This figure 1is almost identical to Figure 4.2. It

illustrates a concept graph with several references to a

single passage.
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4,3.2 Category and Co~occurrence Nodes

A convenient notation exists for illustrating nonplanar
graphs with figures that do not involve many crossing lines.
Several copies of certain nodes are drawn and equated by
jdentical labels. This convention is not followed in Figure
4.7, which has two distinct nodes referencing passage d' and
two referencing e'. The misleading results of merging
{dentically marked nodes can be seen in Figure 5.8.

constant

used 1in
arithmetic
expressions

examples

Figure 4.8 Erroneous Merging of Nodes
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This condensation suggests that passage d' describes
the range of constants that are at the same time both real
and integer. The problem can be illustrated by imagining
the operation of an interactive program for locating
passages within a manual. Using the concept graph in Figure
4.7, a session might proceed as follows:

USER: Tell me about integer constants.
PROGRAM: Do you want to know about integer
constants as they relate to

1) “"definition"

2} ‘"range"
or 3) T'"examples" ?

Figure 4.9
Possible Dialogue with an On-Line Documentation System

The program phrases its question by examining other
ancestors of the descendants of "integer". Using this
technique on Figure 4.8, the program would produce the
following misleading dialogue:

USER: Tell me about integer constants.
PROGRAM: Do you want to know about integer
constants as they relate to

1) "definition"

2) “range" and "real"
or 3) '"examples" and "real" ?

Figure U4.10
Dialogue Resulting from Erroneous Concept Graph
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Two types of nodes are used to permit the analyst to
indicate the «co-occurrence of several subconcepts without
requiring an explicit 1list of copies of the relevant
subgraphs. A category node represents a set of references
pertinent to the interplay of the ideas represented by its
ancestors. In the examples shown above (except for the
erroneous concept graph in Figure 4.8}, all nodes have been
category nodes.

On the other hand, a co-occurrence node is relevant to

each ancestor individually. A co-occurrence node denotes
that all its ancestral concepts, regardless of any
interaction of their meanings, are pertinent to the
indicated passages. Ancestors of these nodes are concepts
that happen to be discussed in the same text segment.

A category node descended from "summer" and "rain"
might refer to text segments describing rainy summer days.
In contrast, passages such as "One hot summer day, Joe Smith
dreamt of rain® or "Jean likes summer and Sue 1likes rain"
would not be included. However, a co-occurrence node with
the same ancestors could point to all these passages.

Co-occurrence nodes are abbreviations. A co-occurrence
node can be removed from a concept graph by placing a copy
of the subgraph descendent from it under each of its

ancestors. Using the convention that category nodes are
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indicated with round shapes and co~occurrence nodes with
rectangles, this transformation yields Figure 4.11 from

Figure 4,7,

constant
type
/ used in N
arithmetic \
\ eXpressions)
a' integer){real
b* c!
definition

Figure 4,11 Example of a Co-ocecurrence Node

This new graph can be wused to provide the sample
dialogue shown in Figure 4.9, As the pProgram examines the
descendants of g selected node, it ignores other ancestors
of co-occurrence nodes. Thus, starting from "integer", the
only other relevant ancestors of the references to d*' and to

e' are the nodes marked respectively "range" and "examples',
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4.3.3 Names and Functions in Concept Graphs

Each node in a concept graph, like the passages in the
passage tree, may have one or more names and one or more
functional 1labels. For example, a concept named "Alice"
might fill the function of "protagonist". Names and
functions have a tagmemic "slot-and-filler" quality [15].
However, unlike tagmemiec units, nodes in =z strep may have
several identifiers, or none. In the sample concept graphs
shown above, no attempt is made to distinguish between names
and functional labels. Furthermore, redundant identifiers

were used. For example, in the subgraph

use in
arithmetic expressions

use of constants in
arithemtic expressions

Figure 4.12 Redundant Identifiers in a Concept Graph

the identifier "use of constants in arithmetic expressions™
is not really needed since it is implied by the identifiers
on the parent nodes. The remainder of this paper uses
redundant identifiers in the hope that they ciarify examples

for the reader.
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B.3.4 Combining the Graphs of Several Concepts

All concepts pertinent to a given application could be
represented by a set of «concept graphs. There are two
reasons to avoid this approach. The first is the difficulty
of isolating independent concepts. The examples given in
the preceding sections treat "the use of constants in
arithmetic expressions" as a subconcept of "constant". The
two concepts could have been encoded separately. In
addition, "constant" could have been included in a graph for
a more general topic such as "data". The second reason 1is
that different graphs duplicate information. The graph for
"constant” indicates that there are two types of constants:
real and integer. A similar breakdown could be made within
the graph for “variable', the graph for Tarrays", and the
graph for "input/output®.

Both objections <can be overcome by encoding all
cross-references in a single concept graph, called the

passage-dependent network. Some nodes in this network

correspond to global concepts, others to subconcepts. Since
it is never necessary to separate a concept from its
subconcepts, the first objection disappears. Secondly,
redundancy is eliminated by allowing nodes such as "type',

"integer", and "definition® to point simultaneously to
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subgraphs pertinent to several concepts. In the case of the
hypothetical manual used above, the subgraph pertaining to

constants might appear as follows:

use in
arithmetic }
expressions/

use of
constants
in
arithmetic
expressions

integer
ﬁ//oo:unm:ﬁ

integer
or real
censtant

definition mxmsbwmw

Figure 4.13 Portion of a Passage-Dependent Network

The entire network would probably contain other arcs
emanating from the nonterminal nodes in this subgraph.

An individual concept graph can be identified within
the passage-dependent network by locating the subgraph

formed by the category nede representing the concept, all
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its descendants, and all ancestors of the category nodes
among those descendants. The category node used to define a
concept graph is called the head of that subgraph. Each
descendant of the head is called a subconcept of the head
concept. The remaining nodes in the concept graph are

called modifiers of the head concept. A concept graph does

not necessarily contain all descendants of its modifiers.
The terminal nodes in Figure 4,13 are subconcepts of
the concept graph for "constant". All other nodes, except
the head node itself, are modifiers. Assuming the network
includes other references to all these modifiers, no proper
nontrivial subgraph of Figure 4.13 is 3z concept greaph. The
node marked "constant" is a modifier in the
partially~illustrated concept graphs for '"definition" and
"type". One of the concept graphs embedded in Figure 4,13
is the graph for TMuse of constants in arithmetic

expressions”:
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. use of constants in
arithmetic expressions

~

examples

Figure 4.14
Concept Graph for
"Use of Constants in Arithmetic Expressions®

While this graph contains the node "examples"” {(as a
modifier), it does not include the reference to e' that is
descendant from ‘“examples". The graph for "real constant"

is also contained within Figure 4.13:

real
constant

integer
or real
constant

Figure 4.15 Concept Graph for "Real Constant"®
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