The X-Bar grammar for stories: Story grammar
revisited”
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Abstroer

The Story Grammar (5-G= Story Grammar ) approaeh suggests a el
based an the generative framework for representing both story st ture and
camprehension (cf., for example, Rumelhart, 1975, 1977 Mandler and
Jokmson, 1977; Stein and Glenn, 1979 Thorndyke, 1975). The present
paper 5 an attemp! to-develop the 5-G model in twe ways; i 05 supgesis a
radical revision of the -G mode! replacing it with an X=-8ar siory grantar
{ XBSG ), which incorporates the notion af the X-Bar grammar as developed
in semtence level grammar ¢ of. Jackendoff, 1977 ). T will argue that several
fundamental shoricomings of the 5-U [among swhick are the lock af
descriptive’ and ‘observational’ adeguacy ) can be gvercome By & Erammar
hased on the X-Bar model. 2. Of greater imporfance, it attempts to fill in the
masl significant defictency of the Iradisional siory grovmars, mmmely, the
fack of parsing procedures. Based en cansal relations befweet proposifions,
the parsing procedures whick are proposed Take as their inpul proposifions
of the story and produce the tree diagram of that story as their oulput. Some
empirical evidence, bated on. summiary experiments, I insroduced  in
support of the XBSG and the parsing procedures,

Introduction

The Story Grammar approach has suggested 8 model based on the
generative framework lor representing both the structure and the compre-
hension of stories fef., for example, Rumethart, 1975, 1977; Mandler and
Johnson, 1977; Stein and Glenn, 1979; Thorndyke 1975). The central aim
of this paper i to suggest a radical revision of the -G model (5-0=Stary
CGirammar), replacing it with a grammar biased on the X-Bor made! (this
was imtially developed in Shen, 1988).
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The organization of this paper is as follows, Section 1 will consider
certain fundamental shortcomings of the 5-G model, both as a grammar
for stories and as a theory of story comprehension. The discussion of each
of these shoricomings (especially the first one) will be sccompanied by an
{initial} presentation of some key features of the X-Bar model and the
solution it suggests for dealing with these shortcomings.

The X-Bar Story Grammar (XBSG) is developed in sections 2'and 3,
which preseni its two main components: the syntactic component in
section 2, the parser in section 3. Section @ will provide some empincal
evidence, hased on summary experiments, for the XBSG model’s ability
to explain aspects of narrative processing.

Motivations for the X-Bar Story Grammar

1.1 Basic assenptions of the siandard Story Grammur model

In crder to set the background for the presentation of the XBSG, let us
start by briefly considering the conceptual framework underlving the
“Story Grammar' model. This framework consists of two components: the
gencrative model taken from a linguistic theory, and the action structure,
The two systems are combined as follows: a story structone 13 generated
by a set of context-free phrase-structure rules, which correspond to the
‘syntactic’ rules of sentence level grammars, these rubes wse calegories
adopted from action theory such as EPISODE, PROBLEM, TRY, and
OUTCOME icf. Rumelhart, 1977). The structural (i.e. ‘syntactic’) rela-
lions between these categories have a ‘semantic’ interprelation which
comsists of action relations, for example Cause, Enable, and Motivate
This grammar opcrates on propositions as the minimal units of analysis ol
the story level, corresponding 10 words (or morphemes) as the minimal
units in the analysis of senlences,

Let me illustrate these characteristics of the standard 5-G medel with
the analysis of the Czar story which was suggested by Rumelhart, 187y
{An aliernative analysis to this story based on the XBS%G model will be
presented in section 2.)

The Czar story is presented in Table | Rumelhart’s grammar 15
introduced in Tabbe 1-1, and the tree diagram of the story generated by
this grammar appears in Figure 1. {The propositions in the story are
identical to those used by Rumelhart, save for the facl that 1 have
included the inferred propositions in the proposition list. These proposi-
tions are enclosed in brackets with their numbers prefixed by 17 [an
ahbreviation for “inferred’].)*
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Tahde - Ruoefhert s PETT versron o the Crar Sicry

] There wag once & king wha had three bovely daaghiers
Uine day, the daughters went walkang in the woods.
1 They were enjoying themselves o mich that
ful they sayed in the woods |
4 Thew forgat 1he nme
] and stayed oo loop
[12 They are in the woods |
i, The dragon choosess o kidnap the girls |
wl, A drapon desiees o have the girls ]
i A dragon kidnapped the three daughaers
i3 the dragon hae the daughbers |
7 they called [or beap
4 Thres heroes heard the orwes
fi&  They desire the dunphiers to be frec amd sile]
li7 The heroes detide te rescue the gicks from Uie deagon |
lid The heroes seleet the methad of going 10 the daeghiers’ ksation. |
o ared wet off 10 rescue the daughicrs
] I'he heroes camse
N The heroes are at the dragon’s locbon |
11, and foisght e dragon
i2  and they killed ibe dragon
13, amnd rescued the maidens
14 The beroes then reiurmed the daughlers safely 10 their paloce
15. Whes the Crir hesrdof the nescoee,
16,  he reaardsd the heroes hasdsamely,

Table 1-1: - Russriare 't ralee

ATORY - SETTIMG-EFISU:

EFIS00E « CAUSE-PROBLEM-TRY -OUTCOME
TRY = SOLECT ithe meibod)- TRY -DO-CORSEQUENCE
CALISE —= EPF[SODE

Thres points should be emphasized with respect 1o this analysis:

1. The minimal units of analysis are the propesitions whose numbers
are represented as the termmal nodes of the tree. The propositions
correspond 10 words (or morphemes) in the analysis of sentences. It
will Be recalled that not all the propositions are explicitly stated in
the story; some must be inferred,

2,  The non-terminal nodes represént aclion calegories, such as
CALUSE, DESIRE. TRY., OUTCOME e1c. These calegories {di-
rectly or indirectly) dominate the propositions of Lhe story.
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1. The entire tree is generated by the four rewrite rules presented in
Table 1-1. These allow for @ certain recursiveness, resulting in the
grammar’s abilily 1o gencraté an infinite number of stories. Thus, 2
"CAUSE" node dominated by an EPISODE node may itsell domi-
nate another EPISODE node.

1.2, Motivations for the X-Bar Story Gramimar

The above framework represents the standard Story CGirammar n_”_naﬂm.u..
Although 1 accept two of its central leatures, 1.e.. the appeal 10 PRETLIYE
grammar and the use of action calegories, there sull remain H.......-E
fundamental shortcomings with this grammar, In this seclion [ owill
suggest that these shoricomings be resolved by a grammar based on the
%.Bar Model Four shortcomings of the 5-G approach will be discussed:
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I. The lack of descriptive adequacy. 2. The lack of observational
adequacy. 3. The lack of ‘psvchological reality’. 4. The lack of parsing
procedures:

I, The first shortcoming of the 5-0 15 its lack of what might, roughly, be
called ‘descriptive adequacy’, ie. 15 inadequacy in Assigning & ‘correct”
structural description (o the stories it analyzes. More specifically, my claim
i% that the standard tree disgram of the standard 50 mode] fails (o accoant
for a central aspect of the internial structure of each of its constituen1s — a1
each leve! of the tree — namely, the fact that readers intuitively distinguish
between those propositions which represent the “essential and irreducible”
core (i.e., the ‘most important” information) of the entire unit, and those
which merely ‘expand on' or ‘elaborate’ this core.

Within the 5-G framework, the only structural means available for
captuning the different structural roles fulfilled by these two sets of
propositions is through the height of the proposition{s) in the tres
dingram. The standard claim made by several story grammarians (for
example Rumelhart, 1979) is that within a given wnit it is the higher
proposition{s) that represent the ‘essenoal core’ whereas the lower ones
represent the ‘elaborating information’ (what has been termed the level
effect’, of. for example Maniler, 1984), However, this 'level effect’ 1s not a
sufficient predictor even of Rumelhart's own findings obtained in sum-
mary experiments (this will be discussed when considering the 5-Gs third
shortcoming}.

Consider, for example, Rumelhart's analysis of the TRY unit which
consists of propositions i '~ 15 in the Czar story, repeated in Figure 1-1. {In
order to facilitate the identification of inferred propositions, 1 hawve
included them in the list of propositions as 17, i i® assigning them
superscripled numbers, )

The main shortcoming of this analysis (typical of analyses supgested by
the stendard 5-0G model) 1s that 1t fanls to account for the fact that within

| The hesmieis mebcr b resciee the ginls
TRY from Lhs diageril
I 1 he hemoo sckad e svefied of i
s E i e e ploers’ plane]
il Ty S Ol L] dmd wri ol 2 rocee the dasghiem

1 n 8 Rarges iy
_ _ | The bevdes aic il W8 dvapen shae|

T T | s b
L+ 3] TRY DM Il nad Saughi the dregar.

_ 1 _ (s madl ghay Ei¥cd the drapon

| _ (1} s pgacod they muideas

| =13 [ Thie btreed Ien pevarssd 1Tt daagien
i B Big A LR A silehy o Thor ke
14 When the Coebaard of ik oxoe,

Figure 1-1: Hamelbari v awalyite of she TRY wait
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these 1en propositions a distinction can be drawn between those repre.
senting the “essential core’ of the entire TRY unit (i.e. the rescuing of the
girls by the heroes) — propositions 11, 12 and 13 — and _nnmq-:.:_nn
merely expand on or elahorate this essential core, 1. those desen Eum the
coming of the heroes Lo the dragon’s location (17, i, Fand I0and ¢ U_.E._n_
the events that follow the reseue (propositions 14, 15} This analysis 18
supporied by Rumelhart’s own findings i Rumelhiart, _E..__.”_.E SUTRryY
expeniments of this story, according 1o which the probability of ‘oeeur-
rence of propositions 11, 12 and 13 is higher than thal of the other
propositions within this unit, Clearly, this fact cannot be ﬁnﬁ.:dﬁ& for by
assuming the ‘level effect’, since the "essential core’ propositions _H.:-._H_
are dominated by a node which ts a “sister node’ of the nodes dominating
propositions i and 15 {ie., they are nodes of the same _n...n_.”_. ,_...___E._.n.n_ﬁr
proposition 14 belonging to the ‘elaborating” propositions, 15 dominated
by the same IX0 node dominating the “core’ propostions. {1 will return to
this point in discussing the third shortcoming of the 5-G model.}

Examining a large setof stories will lead us to the conclusion that the
above phenomena are not limited 1o the Czar story, but rather represent
frequent and widespread phenomena in narrative discourse that should be
accounted for in any theory of narrative struclure -

The point, of course, is that these phenomena Gannoet in principle be
ceflected in the standard $-G structural description, since all standard Story
grammars without exception (c.g. Rumelhart, 1974, 1977; Mandler and
Iohnson. 1977; Stein and Glenn, 1979; Thorndyke, 1975) lack an .,_.GEEH
notion of phrise structure. Sinoe precisely this kind of adeguacy is al the
heart of the X-Bar grammar underlying the story grammar E.cwnn...n_nﬂﬂ_
in this study, let me briefly introduce twi basic ideas underlying the X-Bar
model which are highly periinent to all three of the shoficomings o be
discussed here. (The reader who is acquainted with the basic notions of X
Bar grammar may skip over the following paragraphs.)

The X-Bar grammar developed in syntax {for example by .Fnr..ﬁ._ﬂ_ﬂm..
1977; Chomsky, 1956) is a type of phrase structure grammar, EE.:_. ILi%3
grammar consisting of two types of categories: ‘lexical categories” such as
VERE and NOUN (1o use sentence level examples), and ‘phrasal
categories” such as VERB-PHRASE and Zﬁf M-PHRASE. A central
feature of phrasal categories in this framework 15 that each such category
consists (by definition) of a lexical category of the same type and an
expansion of the lexical category Consider, for example, the following
phrase “little boys', which is anakyzed in Figure 2-1 below. o .
Thig phrase is 8 NOUN PHRASE, i.c.. a phrasal category of the ?D_Cz_.
type. which consists of two con stituents: the lexical category NOUN
{dominating the lexical item *hoys'), which is of the same category Lype as
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Figare I-1. The phraore smeciure of Uik o

the dominating NP {ie.of the "NOUN" type), and another lexical
calegery  ADMECTIVE. (dominating “little”) which expands on the
NOUN. In 1erms of the X-BAR system, a phrasal category which
dominates a corresponding category of the same tvpe is called ‘a bar
projection’ of the latter; thus in our example the NP is a bar prajection of
the dominated NOUMN. In this notation the dominating NP is called an N'
(where the """ applics 10 the number of bars) — Le; a NOLUN with one bar
expansion [similarly, N'=NOUMN with 2 bar ecxpansions ele). The
dominated category which is of the same tvpe is called the HEAD of the
phrase, while the other category dominated by N {ic. the ADTECTIVE)
is the MODIFIER of this HEAD. In this framework there are two types
of MOIDIFIERS, i.e., SPECIFIERs and COMPLEMENT: {which will be
discussed later in this paper in section 2)

For now it will be sulficient to point out that in English, and in many
other languages, SPECIFIERS precede their HEADs and COMPLE-
MENTs follow i,

In such & grammitr, then, a given phrasal category in general, X', X-
PHRASE, (for example. NOUN-PHRASE in the present example}
consisis of an obligatory category, the ‘*HEAD® category (a category of
the "X type, for example, a NOUN), and an {optional) "MODIFTER'
category. The internal structure of all phrasal categories used by such a
grammar conforms to the template presented in Figure 2-2 below.

Amnother key feature of this X-Bar svstem is that a given lexical category

A
Kl P ]
M = M{EDIFIER x wl

Figure 3-2: The “x-Har rémpite”
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may have more than ont bar projection, Thus, the préceding phrase (“little
bovs') can be extended by adding the DETERMINER “ihe’, as im: “The
little boys' which is (in Y.BAR 1erms) an N (e, a NOUN with two
hars), as presented in Figare 2-3. .

The maximal number of bars i given CAICEOrY miay FCCoEve, 1.E. the
maximal ‘projection’ of that category. i1s determined by ihe constramts
imposed by the specific (linguistic of non-linguistic) system which is being
anabvzed in tepms of the X-BAR mods] .

Thus at the sentence level the maximal projection of 2ach category (1.2
the maximal number of bars for each category type) is limited 10 three
{+/— 1}, (Jackendoff, 1977). This number may vary for other systems (as
described, Tor example, in Gil, 1983). .

The above characteristics of X-BAR grammar result in a -mﬁ:ﬂnn—
form of grammar which imposes the constraint that all generative rules
must be of the following form:

X" +(SPECIFIER)-X """ —<{(COMPLEMENT).

(**"=the number of hars.}
{*X"=¢gach category in the grammar

This basic scheme {or rule format) of the X-BAR maodel is 10 be read as
follows: The immediate constituents of X" (ie. category of the "m_un_m_.,
with N bars) are X°" !* (ie. the same category type—R- with *"
bars), which is an obligatory constituent, and a SPECIFIER and/or
COMPLEMENT, which are optional. .

Turning now to the story level, incorporating the ideas _u.1 the .H-mmq
model vields the following form for phrasal categones. Starting with the
_...ﬁEm..._H.wnm comprising such a grammar, a distinction should be .EE__,“
between ‘propositional” categories, analogous 1o _m“u_.nm_ calegorics in
sentence Jevel grammar, for example, TRY, QOUTCOME, and phrasal
categories, for example, TRY-PHRASE, OUTCOME-PHRASE, again
a5 in sernlencs Sramimans. :

Belore form wm:am the entire system of X-Bar rules {10 be developed in
section 23 let us consider how this basic distinction between HEAD and
MODIFIER can enahle us to soive the shortcoming of the standard 50
model discussed above,

Incorporating this distinction enahles the grammar 1o adequately n...ﬂnn.EE
the notion that  given category which dominates more than one propasition
5 2 complex ‘phrasal’ category consisting of a conslituent represeniing the
‘ezsential’ core, or “HEADY, and a comstituents) which optionally n“..?“:.._n_u.
that core. i the MODIFIER. Thus, in such a grammar the proposition
iT_15 above. can be assigned the structure in Figure 3 below (the precise rukes
generating this structure will be given in-section 2);
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TEYp = TRY-FHRASE TRYp

WHIGIE LR MY
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TEY  MOIFILR
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| 1 | |
Tl 1% H-12-13 b L5

Fipare 31 The X-Buar awalinis of peoperinions =15

In Figure 3, propositions 11-13 represent the "HEAD' category, since
they are of the same type (the TRY typei as the dominating category (the
TRY-PHRASE), whereas propositions 1’1", 14 and 15 represent the
"MODIFIER' category

Orbserve, Figure 3 also illustrates the idea that the maximal projection
of a_given category may exceed one bar [Le may have more than one
phrasal extension), in that the highest projection catepory of the TRY s
idenfified s a TRY".

The tree captures another feature of the entire TRY umit, namely Lhe
intuition that proposiion 14 (which describes the heroes refurning the
daughters to their palece) s "more related” 1o the attempl to rescue the
girls than i the fact that the Czar hears about it {Thes intuition 15
supparted by the fact thal proposition |4 shares its agent [i.e. the heroes]
with propositons 11-13. wherzas proposition 15 dogs noL) This is
reflected in figure 3, since proposition 15 modifies the entire TRY'
constituent {consisting of propositions [I-14) while proposition 14
modifies only the TRY node (dommating propositions 11— 13} Thas,
although both 14 and 15 are MODIFIERs of the HEAD proposilions
(11-13), only proposition 14 madifiez it “directly” while propasition 15 is
an “mndirect” MODIFIER.

2. A second related rmitanon of the standard 5-Gf maode] may by now be
formulated: its lack of ohservational adeguacy. The mamn reason for Lhis
tack {to be immediately ilfustrated) is that the 5-C3 moded s bazed on an
uncenstrained grammar which does not impose any constrainis on the
form of 115 “syntechc’ rules. Consequently this unconsinined grammrar
does not exclude the generation of unscceptable sequences.

Avcecording to the 5-0G analysis, the terminal nodes of the tree diagrem
of a given story conzist of explicil propositions (i.e, those swhich are
explicitly stated w the story) and impliau propositions (which are not
staied butl rather inferred from the story; these were marked above with
the prefix V', for example i, e1c.), Nate further that the grammar does nol
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specify which of the non-terminal nodes should be eaplicitly represented
by @ cerfain proposition in the story.

Aside From the fact that neither Rumelhart’s grammar nor other story
grummars specify explicit ‘and formal procedures for ..E?-::m such
{implicit) propositions, this analysis is flawed in 4 more serious respect: as
the grammar does not require any of the conslituents in :_w.m:un...._ o be
explicitly stated, unacceptable structures may be mn:n.qﬁn.u. Thus, given
that each ferminal node might be ‘empty’ and n_unun_n::.m the tres in
Figure | above, one of the stories that might be generated is [1)-

_. -
H __. There was once a king who had three lovely daughters.
7. One day, the daughters went walking in the woods
3, They were enjoying themselves so much that
4. they forgol the time
5. and stayed wo long.
6. A dragon kidnapped the three daughters.
7. They called for help.
£. Three heroes heard the cnes
0, and decided to rescue the daughters.
0. The heroes came. )
I1. The heroes then returned the daughters safely to their palsce.
2. and then, When the Czar heard of the rescue,

13. he rewarded the heroes handsomely.

Note thal this sequence is identical to the onginal Czar story save [or the
fact that propositions 11, 12, 13 of the original story (which were
dominated by the DO node) have been deleted from the preseni version.
Let us further assume that these missing propositions may be inferred
from [1], consequently, Rumelhart's (hypothetical) mau_ﬁ._m .,.._q __._n_x
propositions will assign them the following m..EnEE__ n_nﬂ.n_ﬁ.._:ﬁu 4% in
Figure 3-1 below, where ix, iy, 2 gstand for inferred propositions {the
figure only presents the tree diagram of the relevant TRY node).

Mole that the ‘missing” propositions (ix, iy, 12} are dominated by the
D0 node o the same way as were propositions 11, 2, .wnE. 13 of F.—_.n
original story (see Figure 1). Nothing hincks ::_.a.. structure, since ix, iy,
and iz are analogous to the inferred ix, iy and izin Rumelhart’s tree.

Figure 3-1, then, reflects the fact that unaccepiable sequences (as in [1]
above) may be generated by Rumelhart’s grammar, .“En..:... .5... Fact .Eh._“
this grammar imposes no constraint on the generation of ‘lexically empty

ine. inferred) nodes. . o .
This is a serious Raw of the -G model, since inferred proposilions

which are not explicitly represented in & given story might {and in fact do)
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oceur i almost every story, whilg every story also confains propositions
which must be exphoitly stated o the story, that iz, propositions which are
not deletable {1.c. inferable} without producing sn unacceplable se-
quence(s). A crucial requirement for any story grammar is the specifica-
tien of which {(nop-lerminal} nodes in the sirecture are required (o be
explicitly represented in the story tree,

It is my claim that such a consiraint 15 imposed by the X-Bar Story
Grammar. In the X-Bar grammar a given phrasal category (for example,
a TRY PHRASE) cbhgatonly includes a proposition(zh which repre-
sentis) s "HEAD. In less technical ferms, i@ can be argued that in
pralogy o sentence level grammars which block the generation of &
"‘WOUN PHRASE® with a lexically emply M (1.e. withoot a fexical item
which represents the WOUNY, in the story grammar there cannot be, for
crample, a TRY PHRASE which does not contain a lexically realized
proposition(si dominated by the HEAD TRY. This can be illustrated by
considering Figure 3, which represents the X-Bar analvsiz of the TRY
umt dominating propositions 1 1= 13 of the orginal version; these proposi=
tions cannot be dispensed with in the sequence representing the highest
TRY-PHRASE (dominating propositions i "-15) because that they repre-
senl the " HEATY of the entire umit, being dormindted by the loveest TRY
branching from the highest TRY PHRASE. {The exact description of the
way this anpalysis results from the X-Bar grammar will be described in
section 2, m which I will present the entire grammar.

3. The third problem with the standard 50 model 15 8 lack of *psycholog-
el reality”, ie. the inadequacy of its standard tree diagram (o account for
the cogmitive represeniation of a grven story in memory as manifested in
recall and summary expenments, More specificaliy, the issue addressed
here 1= what was previously mentioned as the ‘level effect’ (cf. Mandler,
1934}, namely the alleged correlaton (sugpeested by most Story Gram-
mars] between the height of 8 @iven proposilion inthe tree diggram and

TR
- { ———
SEL TEY [ IR
i _ [ _ i aed Fosphs dhe dvspas
SEL TRY €T | m They wilad the diagon
| _ _ ry wad recurd e naiden
! [
_ | _ | 2%
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Figuare 312 Rumfbaird 't (hppotheniogl | el of the TRY waid an [}
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its “importance’, where this ‘imporiance” is reflecied in the probability.of
that proposition appearing in the subjects’ pritoools. )

The following empincal as well as logical ohjections to this “level
gffect” can be raised.

[. An analysis of results which were obiained in experiments performed
by 5-G researchers themselves suggest that the above correlation does not
always hold. A case in point is the above Cpar story, According 1o
Rumelhart’s analysis, it is proposition 16 which 15 the most ‘important’
proposition in the story, since it is dominated by the highest node in the
tree (the "OUTCOME"), while {for example} proposition 13 {which
describes the release of the Czar's daughters by the three heroes) is located
4t a lower level However, the results of the summary experiments
conducted by Rumelhart himsell suggest the reverse arder of “import-
ance'. There is a significant difference between propositions 13 and 16
probability of occurrence: 100 percent vs, &) percent, respectively (which
reflects their relative ‘importance ).

This 12 hardly an incidental result, but rather a representative example
of 2 more basic problem with the standard Story Grammar muodel. {The
(ssue was discussed extensively in Shen, 1984 and 1985.)

11. Rather than reflecting its importance, the height of a node dominat-
ing & given proposition in the tree 15 dependent maimty {(though not solely)
on the number of the phrasal extensions of its dominating category. Thus,
given a phrasal calegory — X-PHRASE — dominating a set of proposi-
tions, if we extend it by adding anather proposition Lo it, the height of the
original proposition will be changed without any change in its relative
imporiance’.

We may conclude, then, that the height of a proposition in the tree
cannol be a successhul predictor of its ‘imporiance’. Instead, T suggest that
the basic parameter for predicting importance” is the ‘structural role’ of
the proposition, i.e. the category dominating the proposition in the tree
diagram of the story, To use, agam, Terms taken from the X-BAR model,
what is suggested here is that, given any phrasal category (for example
“TRY PHRASE') dominating a set of propositions, the Smporiant’
proposition{s) in the set is the one dominated by the HEAD category
while the less ‘important’ are those dominated by the MODIFIER, (all
other things being equal). {In the above example this would be the lowest
“TRY" dominated by the “TRY PHRASE', i 11--12-13.)

The relation between the notion of ‘importance’ and the *Bar siruciure’
of a grven category dccounts perfectly for the above countercxamples (o

Rumelhart's analysis. According o the X-Bar analysis of the story {to be
presented in detail in the next section), it is proposition 13 which
represenis the "Head' of the story's “Central Episode’ (a notion also o b
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explained in section 4), whereas propositicn 16 is dominated {together
with propositions 14-15) by a ‘MOTHFIER® of this "HEAD". (This will be
glaborated upon in section 4 together with empirical support for the
XBS(.) Thus, the X-Bar system accounts for psychological phenomena
as reflected in summary ‘and recall experiments far better than the
standard 5-Ci.

.n..._.,_.n fourth drawback of the 5-G model (and of most theories working
within the domain of Discourse Analysis) is perhaps the most crucial one:
the lack of parsing procedures: The problem may be formulated as
ﬁ_.__..ﬂ...._,m.. Given that the very idea of any Story Grammar is based on
assigning a structural description to the propositions of a given story, or
{ta put it differently) on the mapping of the propositions which constitute
the *actual story text” onto its underlying gtructure, it is evident that an
d.._._..:m_u_n:mmr_n component of such a theory must be a parser of some sort,
i.e. a set of procedures which wall assign the required structural descrip-
tion 1o the propositions of the story. Thus, for example, such a parser is
necessary in order 1o ‘determine” that proposition 2 15 to be attached to a
CAUSE' node, proposition 3 10 a "DESIRE' node, et

Crucial as it is, however, this problem is perhaps the most neglected
area among workers within the domain of Story-Grammar. The point is
mude by Garnham (1983 173}

.u._u..u first (difficulty with the story gramenars — ¥.5.) arises from the [act than the
units of story strcturs are propestbions. The progosition corresponds Lo the ward
or margheme in the analysis of seniences, bul propogitions and words differ m one
crucial respect. The lexseal category of & word s stored in the mental lexicon, so
there is oo problem in deciding under which nodes (ep. W, WV, DET} a lexical rlem
can be inseried inte'a phrase marker. The sl of propositions, wnlike the sl of
waords, 1% indefimitely barpe. There can be no list of propostions and their
categories, corresponding to Lhe lexcon, and no slory grammarian has described
how the'catepory of o proposition should be computed. A story gramemar Lree can
_.,..m forced onto a story by assuming that the proposiions of the story are members
of the requiredl categories by, if story grammars ore (o have explanatory pawer,
there must be independent evidence aboul the categories 1o which propositions
belong, {See also Garnbham 19E3)

The present X-Bar Story Grrammar ms al resolving this problem by
CONSIFLCng such 2 required “parser” {Lo-be [ully elaborated in section 3)

Having described some of the motivations for adopting the X-Bar
framework and some of its main properties, we are na pesation Lo develop
the XBSG which is based upon this framework. The XBSG, then, will be
inteoduted in the following two sections {2 and 3} Fmally, in the Conclusion
of the paper 1 will return to the above shortcomings of the standard 5-G
madel, and consider how they are accounted for by the XBSG,
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1. The X-Bar Story Grammar’s syntuctic rules

The syntactic rules are presented in Table 2. As previcusly explained the
% BSG is based upon concepts taken from twao framewarks: the first is the
Action { or Problem-solving | strscture (see also Black and Bower, 1980, or
the notion of Plan schemata used in Brewer and Lichtenstein, 1930 1981},
which provides the syntactic categories summarized in Table 3; the second
is the X-Bar svstent, which provides the compesitional framework for the
representation of those categones .

To illustrate the rules, T will re-analyze the same Crzar story which has
heen extensively studied by various story grammarians (cf. Rumelhart,
1977: Mandler ind Johnson, 1977 inter alia).

The analysis of the story into propositions is presented i Table 4,

Tahble 2 The spnfaciic raes

1. STORY < SETTING -EPISODE [OUTCOMER, {where no= =0
2. Xn — EFECIFIER - Xn-1-00OMPLEMENT)
i, SPECIFIER . Xn of 4 proposilion.

L

4 COMPLEMENT OUTCOMED of & prapasiion

Tacals
1°X ‘siapds  Tor the calegones  ozed by the XBSG, i
TRY and OLITOOME. .

T the '®m' stands Tor ke mumber il bars fie  phrasil extensions) ol &
prvon catepnTy K.

PROBLEM,

Tabled:  The Active Calegories

EPISODE: ik Hasic action wnil, sssgned 10 4N ‘Wgent who AIEmps 10 solve a
PROBLEM. This arempt reswlls i an OUTCOME, The ERISODE
thus consisis of three componenis: the PROBLEM, the TRY, ard
the DU TOOME.

PROBLEM o menls] stsie which mobvates The agent’s TRY (atlempl torsedve bl

TREY an action (s several actions] performed by the agent in order (o soive
the PROBLEM

OUTCOME i Tdke ar an event or an action cavsed or enabled by the TRY

Cause. % Causes ¥ iF X 15 1he sufficient of the necessary and sufficient
conditiin o ¥

Emable % Enzbks ¥ f X is anexicinsl 1.6 not mental) event whach s a
necessary conditlan 10 Y.

MnnivaRe; % Moivabes 1 a0 % 43 8 mental state wlhich i 8 necesary condilion

oy,
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Tahled:  The Crar tiary

There wae opce & king who had three hvely daughrers
One day, the daughiers went walking in the woods
They were enjoying themselves so much thar
they forpra the time
A sipwved poo long
A dragon kideapped the three duughicrs
As they were being dragged off they calied for help.
Thres hierces heird Lhe cries.
mnd decided to rescue the daughrers.
The beroes come
and fought ibe dragon,
* They killexd the dragon
and rescued ihe maidens,
The hegocs then relurned the danghters safely o their palace
When 1he Crar beard of 1he resces,
Be rewarded ihe heross handsomely.

=4 Th LA fa o e ==

— - s
thiwn de Wl b= B OO

while Figure 4 presents the treg digram of Lthe strociure of this seory as
generated by the XB3G syntactic rules.

In what follows | will discuss the syntactic rules as illustrated by the
Czar slory.

Rule | expands the highest Category inthe grammar, i.e. the STORY . Tt
consists of the SETTING (the description of the spatial and (emporal
background of the events to follow and, usually, the introduction of the
protagonist of the story) and an OF {L.e. an EP= EPISODE). Note that the
Episode, which was traditionally used as the basic unit of analyzing stories,
ig being represented within the XBSG as 8 projection category of the
‘OUTCOME" (1.e. & category of the same type as the OUTCOME),
consisting of at least one bar expansion (this peint will be discussed below).

The highest level of the tree diagram of the Czar story illustrates Rule |;
thus, the highest node (The STORY) is broken down to the SETTING
irepresented by proposition 1 which introduces the main characters of the
story and the spatio-temporal background for the following events) and
an OUTCOME™ which is a (complex) Episode dominating the remainder
of the STORY (Le. propositions 2-16).

It 15 crucial o understand clearly how the Epsode is conceived of
within the XBSG. As has already been said, the EPISODE category is
taken as a bar projection of the OUTCOME category; this implies that
the HEAD of each EPISODE i also its OUTCOME, while the EPI-
SODE’s other constitieenis (the TRY and the PROBLEM) are concsived
of as MODIFIERs of the HEAD. Since the *Story” in its narrow sense (ie.
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exciuding the SETTING) consists of a (usually complex) EPISODE, the
above implies that the HEAD proposition(s) of the entire ‘story’ (the
SETTING excluded) i the proposition dominated by the OUTCOME
node whose highest projection category 18 the Highest G_n..._..uﬁ.?___.m.
The Czar story, lor example, consists of a complex episode dominating
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i series of four linearly ordered ‘simple™ Episodes, Proposilions 2-6
consiitute the first Episode, which describes the dragon's kidndpping the
girls who were enjoving themselves m the woaods; in the second epasads,
consisting of propositions T—§, the three heroes hear the giris call for help;
the third Episode describes the actions leading up to the rescueof the girls
{propasitions 9-[4); and the fourth Episode (propositons 15-16) de-
scribes the heroes being rewarded by the Czar. Nole thal the boundary of
4 piven Episode is marked by the imtroduction of & new [exphicitly stated
or inferred } Problem {which can be described also as a goal). Thus the first
Episode bepins with the girls” {inferred) goal o emoy thetr walking tn 1he
wood and ends with the drugon kidnapping them;* the second Episode
heging with the girls’ Problem of how 1o be refeased from the dragon, and
ends with the herogs bearing the girls call for help; the thind one also starts
with & Problém, i.e., theé heroes” Problem of how to release the girls, and
ends with the rescue; whike the fourth starts with the Czar's hearing about
the rescue and his intending 1o reward the heroes {an inferred Problem),
and ends with the actual reward,

Each of these Episcdes is viewed here a5 & projection category of its
Critcome. Thus, for example, the entire fitst Episode (propositions 2—6}) is
represented 48 a projection calegory of proposition 6, which represents
the Outcome. Mote [urther that these four ‘simple’ Episodes together
comprise & complex Episode — the "Central Episode’ (to be discussed in
section 3.2.2.). whose Head 15 proposition 13

Rile 2 is the central rule of the XBSG model, since il presenits the basic
sheme of the X-bar model. As this rule haz already been discussed, the
following two briel illustrations may suffice. Consider first the highest
EPISODE, ie. .the O dominating propositions 2-16. that is;, the
propositions which describe the events beginning with the girds walking n
the woods and ending with the heroes being rewarded by the Crar for
rescuing his daughters. The intzraal structure of this O, as generated by
rule 2, consists of an O° (e, an O with" ' extensions} compnsing of
propositions 2-14 and describing the rescue of the daughters by the
heroes and all the events leading up to it. and a COMPLEMENT
consisting of propositions 15-16. which describe the reward given to the
heroes by the Czar.

Maoving down two levels in the tree. we may now consider the internal
struciure of the 0¥ which dominates propositions 2-13. According to rule
3, thiz node dominates a SPECTFIER {props, 2-12) which describes the
evenls keading up 1o and including the attempt of the beroes 1o fight the
dragon and rescue the girlz, and an O (dominating propesition 13} which
describes the achievement of the heroes” goal in rescuing the gicls. Mote
that this later O functions as HEAD of the entire O dominatiog it {and
in fact of the highest EPISODE [the O dominating proposition 2--16])
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Consider the highest EPISODE, ie. the O dominating propositions
216, that is the propositions which describe the events beginning with -._._n
girls walking in the woods and ending with the heroes being .nim.&.nm by
the Czar for rescuing his daughters. The internal siructure of this O™ is
generated by rule 2, in thal it consists of an O {i.e. an O with n-|
eniensions) composed of propesitions 214 describing the rescuing of the
daughters by the heroes and all the events thal have lead up 1o .:” and a
COMPLEMENT consisting of propositions 15-16 which describe the
reward given 1o the heroes by the Crar.

Rules 3 and 4 gencrate the internal steucture of the MODIFIERs — the
SPECIFIER and the COMPLEMENT.

Eule 3 states simply that the SPECIFIER of a given phrasal calegory
can dominate either another phrasal category or a proposition(s) (e a
terminal node), .

The T* which dominates propositions 2-12 clearly illustrates this rulbe,
‘o that it is dominated by a SPECIFIER node; that is, the sequence of
evenis described by propositions 2-12 is conceived of as the mm.mm_._u_m-ﬁ.
of the O dominating propodition 13 (which, as was explained, is the
HEAD of the O dominating both).

Rule 4 stutes that the COMPLEMENT of a given phrasal calegory can
dominate either an OUTCOME PHRASE, or & propositionds) ._..h. a
terminal node). The reason that the COMPLEMENT cannot dominate
categories other than the OUTCOME, has to do with the nature of na:.mw_
chain of events, Thus, a COMPLEMENT represents a praposition i:i._
is & ‘Dead End’, that is, @ proposition which is caused (or enabled) by il3
antecedents but does not cause {or enable or mouvale) the subseguent
propositions (this notion will be developed later on). Since the PROB-
LEM and the TRY PHRASEs are, by definition. causes of m..,_.._.___wEnnE
events (The PROBLEM motivales the TEY which in itsclf couses ot
enables the OUTCOME) it directly follows ithat the _“....__u?._m.___n_m?ﬂ.u.znh
{which represents only Dead End'’s propositions, cannot dominate either
the PROBLEM or the TRY calegories. ;

A case in pont 15 the COMPLEMENT dominating props. | 516 in
the tree. As can clearly be seen, the node dominated by this
COMPLEMENT node is an OF which describes the reward given o the
h :

nmﬁﬁ four rules comstitute the syntactic component of the XB50

model.

The analysis of another extensively used story, the Farmer story (taken
from Rumelhart, 1977) will serve a3 a forther illastration-of the XBSC
(Due 1o space limitation | will not discuss this analysis; the reader is

referred to appendix 1.)
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3. The X-Bar Story Grammar: The parser

3. An introduciion

The preceding description of the syntactic companent of the XBSG sull
leaves a basic question unanswered. How, socording to this grammar, arc
the propositions of a given story to be mapped onto its underlying
structure? In other words, how does a reader of a given story assign o
siructural description 1o (e identifies the category siruciure of) the
propositions of that story? As hasalready been pointed out {in describing
the shortcomings of the standard 5-G madel), this is a crucial problem for
any attempt 1o construct a theory of discourse processing.

According to the view common 10 many structural theories of discourse
processing, processing a discourse involves the consiruction of structural
catzgories out of the textusl units (the latter representing propositions
which in torn ane nepresented in the discourse clauses and seniences). In
spite of the centrality of this problem, however, neither theories working
within the Story Grammar paradigm nor related theones of narrative
provessing have suggested a ‘parser’ or procedures for it

There are, however, a few exceplions, such as the proposals made by
for example Omanson, 1979, van Dk, 1975, whech 1 consider o be
deficient in various respects. Due to space limitations 1 will not elaborate
on these proposals or their drawbacks. The main difficulty in formulabing
such a parser can be elucidated by comparing story level (1Le. discourse) to
sentence level grammars,

Within the generative [ramework. senlence grammars contain as part
of their syntactc component the lexicon, which defines for cach lexical
item (e each terminal node in the tree diagram) its syntactic category,
On the other hand, the story grammar cannot in principle contain a
similar predetermined and fixed lexicon of terminal nodes, The counter-
parts of the lexical items within sentence grammars are here propositions
which can neither be listed in such a lexicon nor be determined by any
straightforward and automatic procedure. Furthermore, the process of
identifying the category of a given proposition is' context dependent: the
same proposition can be identified as part of a “TRY PHRASE' in one
context and as part of “an OUTCOME PHRASE' in another. (This was
claborated clsewhere, see Shen, 1985)

A second refated problem is that of the construction of the tree. The
problem is how, according o this parsing model, the parser is supposed o
attach the propositions and categones lo the nodes in the tree, g, in
terms of the X-Bar model, how the “Bar struclors” 15 1o be assigned to the
propositions and categories at all levels of the tree.
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The proposed parsing procedurés aim 21 solving both of the above
problems. Corresponding to these two problems two types of procedures
are distimguished:

I Caregory ideniification procedures; these are responsible for the
identification of the narrative categories which the propositions
constitute.

2 Noele eonstruction procedures; these are responsible for the construc-
tion of the treg

Before formulating these procedures, a key feature of the present model
should be emphasized, concerning the processing assumptions which the
procedures must meet Processing a (parrative) discourse is & linear
process in which adjacent uwnits (m our case the proposilions) e
comprehended step by siep, on the basis of their local relations, ie. the
causul relations,

Thus i1 is assumed that processing astory 1akes the following form; The
parser conceives of proposition &', and then proposition b, He then
examines which causal relation halds between these propositions, if any
Only at this siage is he able to identily a's category {on the basis of the
Category identification procedures), and to ‘insert” it under its node in the
tree {on the basis of the Node Construction procedures). The importance
of this characterizalion is thai it enables the parser to meet a fundamental
requirement of any theory which aims at psychological reality, i, the
requirement that only a limited number of information units be held
Short Term Memory (=STM) at any stage of the parsing of & given unit.

Noie that the two procedure-types parse 4 given story by operaling
tandem on cach successive proposition. That is. it is not the case that the
category identification procedures first assign all category nodes in the
entire story, then the node construction procedures build the ree; rather,
both procedures operate together to parse first ong proposition, then the
next, etc. Thus the tres is built up stage-wise, node by node. However, it is
not clear at this point whether the procedures are being applied simultane-
ously or In sequence,

3.2, The parser

Lot us introduce, thén, the procedures for parsing a given story. As
previously explained, o distinction is made between two types of pro-
cedures, 1.e. the calegory identification and the node construction pro-
cedures (which are presented in Tables 5-1 and 5-2, and discussed in the
sections 3.2.1 and 3.2.2, respectively). In order to illustrate how this parser
analyzes @ given story, | will ‘again use the Caar story. The story is
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Table 5-1:  The Carepory Tdensifaripn Proceaurey

&

Procadure | Caven propasiion i eneausss propasaien b
Rale 1;
1§ a" is am inpennional mestal state, identify a° 28 1he PREOBLEM (i wrile all progeclions
ol a” as PROBLEM )
Rule 2:
B the TRY &l a”ig an imlerional action 2nd-
. & is performed mntentionally in order to accomplish boar
1l a"is intended fooerssie the pevessary. procarditions for solving a PROBLEM thai
wad denitfivd m an garbier propasition (%1 in the tex: [where « con he inferred ar sxphicitly
sluted].
Ruile 3;
I b neliber a PROBLEM nor a TRY, sdeniily it as the DUTCOME.

Prosedure 1L IF 2’ dees nol encousse &', mave 1o ¢ and

Hule 4:
I boak ' and b encanse £ then a” and b’ foem 2 conjoined proposifion, analyzed by rules
I-3

Ruhe 5
If paly b' epcauses o, then b7 staris a new Category (o ibe diagram, 10 whach Rules 1-3
above apply (and &' is conjoired 19 the preceding calegory)

P-held Rule
hold P until T {TRY ) is compésted

Tuble 5-2!  The Nodr Convlrucrian preceduridy

WICl!
If o grven nodde X cncouses Y and Y is not a Depd Fod, atiash Xoand Y o (a progction

cabegaryl ¥ + L {or: insert X to the tree 55 3 SPECIFIER ol a projection of ¥,
MWL

19 X eocauses ¥ and Y s o Dead End, attach X and ¥ 1o < a projeclion caiegery > X+ 1,
NCE

1 neither (1} ror (2} holds, siart 8 pew ani

7 & prven OUTCOOME node mests ibe conditions of the ‘CENTRAL EPISODE'. attach the
following modes to (& projeciion cadegary of) thar OUTCOME

presented again in Table 4; its tree diagram according o the X-Bar Story
Cirammar is presented in Figure 4; while Table 5-3 presents the various
stages of parsing of the entire story, according to the XBSG's parser.
As can be seen, Table 5-3 consists of two main parts, namely, the
‘Category Identification’ process, represented on the left hall of the Tahle,
and the "Construsciion of the Tree' process on the right.
A note on lerminology: When two propositions are caosally related
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Tuhle 5-3  feoniineed}

Table 5-3  The processieg af ihe Coar sfary
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Takle 5-3  jeominmued)

el 9 14,13 pr.dl moke to Bh
fa mewd 15l RAKS =0 by L H_.__ - |
P and.
i o -— COM
|
SPE [ |
N2 13
B3 15=10 _”_.u_
(15 qLares
a new umit) 15
ek P B3 1&=0CF _|.__
{16 15 1ne |
last prog.) L
15—+04 | o -
SPE h
| |
1% [k
M4 0% —
(Since the O OF COM
dominating |
-4 meels the i .._U. =
criteria of 1be SPE _”_.“_
‘Centrml EpTh | ]
-4 15 Ifi

gither by “cause’ or by ‘enable’ relations (previously defined, see Ta bie 3).
1 will use the cover term ‘encause” to apply to both these types of causal
relations, (The ‘motivation’ relation is included in “enablement’, as E_.m.in_
in Shen, 1985, where the causal relations are Eﬂ.:ﬁ.ﬂ ina ...,:E.ﬂ_mnﬁmaﬂ_j
manner.) Thus a given propesition a’ entauses proposition b*ill &' ‘canses
or ‘enables’ b ;

Let us consider first the Category Identithcation component.

1.2.1.  Category identification procedures

As was said, these proced ures comprise the four left columns of Table 5.

1 The first column represents the proposition _.,Eﬂ._qwﬁ:ﬁ_ as pr } held in
STM (Short Term Memory) at cach stage. This column Is necessary
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because of the 'PROBLEM-held” rule. according 1o which, at each siage,
the parser is required o hold the PROBLEM which motivates the TRY
of the given stage, All the propositions under this column have already
been ientified (a1 a previous of 4 given stage) as the (explicit or inferred)
PROBLEM,

The procedures for category identification are presented in Table 5-1
helow:,

These procedures are divided into two types:

[. Procedures which apply lo propositions: a’, b af a'—+b'( -+ =gn-
causes); see parsing rulbes 1-3 below.
[L. * Procedures which apply toa’. b if a' does nol encause b'; see pursing
" rules 4-5 below.

Let us briefly discuss sach rule separately. Hlostrations for the rules will be
taken from the parsing analysis of the Cear story as presented in Table 5-
L}

Rule |15 used in order to identify the PROBLEM. The rule imposcs
two conditions” that a piven proposition{s} must mest in order 1o be
wentified as a PROBLEM:

The first condition might be called the ‘contextual condition’, that is,
ihe reguirement (shared by all three parsing rules 1-3 comprsing
Procedure 1) that the propositton which 15 identified as a PROBLEM
should encause the following proposibions. Thes condition: reflects the
assumption, previously explained, that the identification of the category
af a given proposgition is.context dependent. Thus the context here 1s the
(immediate) suhsequent proposifiomns).

The second condition imposes a constramt on the semantic content of
the proposition in question, namely thatit represent an intentional mental
state, (Tor example ‘want’, ‘decide’ e1¢.), This semantic constraint distin-
puishes the PROBLEM wepory from the TRY and OUTCOME.

Consider, For example, propesiuon 2, which illustrates the above Rule.

9. and decded to rescue the daughters.
10, The heroes came

Proposttion % meets the above two conditions and therefore 15 identihed
as a PROBLEM: [} It encauses proposition 10 {the heroes™ coming is
motivated by their decision to rescue the girls); 21 It represents @ mental
state. According to rule |, then, proposttion 9 i idemified as a PROB-
LEM.

The second rule, 1.8 the TRY identsfication rule, also imposes hoth
‘coniextual’ and ‘semaniic’ constraints on the propositon o be identihed
asa TRy

Twao poants are worth emphasizmg wilth respect 1o thes rule



440 Yeshavahu Shen

1. The ‘constant’ contextual condition ishared by all the rules in
procedure 1), requires that the proposition to be identified as belonging to
the TRY category should encause the following proposition{s), Over and
abave this condition, Rule 2.11 requires that the preceding proposition{s}
musl also be taken into account provided that Rule 2.1 does not hold);
that is, the parser is assumed 1o identify an earlier (explicitly stated ar
inferred) PROBLEM. :

3 As for the ‘semantic’ constraint, note that what n;::m:;rﬁ
propositions 1o be identified as a TRY from those to be identified as a
PROBLEM s that the former represcnt an intenlional action whereas the
latter represent an Intentional state. . .

In order to illustrate this rule, let us consider the parsing of proposiuan
11: the rebevant tow of Table 33 15, presented below in Table 6-1.
represents the parsing of proposition 11 {which is also presented below in
additicn to proposition 12).

11. and fought the dragen.
12 They killed the dragon.

According 1o the above fragment af Table 5-3, we nnu:::m. ?.nﬁcmm:.a.q__. 11
1o determine whether il encauses the nexl proposition _“_._..“._ proposition
17}, and find that it does; this is represenied by an arrow 1in H:n.nﬁ.a:n
column connecting propositions 11 and 12. The next step 15 10 __m_......E."....__
which rule {from among rules 1-3) is to be applied to this proposition.

Rule 1 is rejected as it requires the proposition (o be i E....u_.m_ state.
Rule 2.1 is then selected, as this proposition 15 indeed an intenticnal action
performed in order to accomplish proposition 12. Since Rule 2 __m__u.:_mnm a
given proposition as a TRY, we accordingly conclude by assigming the
label TRY 1o proposition 11. These parsing steps are presented in the
third and fourth columns of Table 5-3.

Tabie 610 The cairgory identifcalion of proposirion I

Categary Idenhiboiison

Pr_ held Iy prooessed Fules Fesuli

in STM & relanions used

rel. = — = ERCANSE H=

releaseyd J=des ol ruke

iml.= eraiise pr.=

imferred procedurs

pr. 9 N B2 =T b
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" Rutbe 3 is straightforward and needs no further comment. An illustra-
tion of this rule is to be lound in the parsing of proposition f

fi. A dragon kidnapped the three daughters.
7. As they were being dragged off they called for help.

This proposition encauses the next proposition (proposition 7) and thus
falls within the domain of rules |-3. After checking. whether the first two
rules can be applied to this proposition, the parser repects both. Proposi-
tion 6 does 1ot represent a mental state (and therefore rule 1 is rejected)
nor does 11 meet the conditions of either Rute 2.7 or 211 it is not
performed in order 1o accomplish the following proposition which
describes the girls calling for help, and it is not intended to create e
necessary conditions for solving the current PROBLEM, since, in fact, it
solves this very PROBLEM (that is, it obtains this very goal). Hence,
neither rule | mor rule 2 applies; resulting in the application of Rule 3,
according to which proposition 6 i3 identified as an OUTCOME

Related to the above, we must lake special note of the procedure lor
identifying the lzst proposition of a given story, Clearly, neither rubes 1-3
nor rules 4--5 can be applied 10 the last proposition of the story singe, by
definition, this proposition is not (ollowed by any other proposiiion,
which 15 a prerequisite of applying any one of rules 1-5. Since the last
proposttion of the story must nevertheiess be assigned soms siruwctural
category, the Outcome calegory has beeén chosen as the most natural
candidate — for, unlike the Problem and Try categories; the notion of
Outcome emphasizes the fact that some final state has been reached. To
put it differently, unlike the Problem and Try categorics; which indicate
than an achionis)is {10 be) taking place that will lead 1o 2ome Anal state,
the Olutcome category represents this final state.

Rules 4 and 5 are used throughout for parsing propositions which are
nol causally related. Rule 4 will not be discussed here, since it is not
applied 1o any of the parsing stages of the Czar story. (It is. however,
refevant for other stories which are discussed elsewhere; cf. Shen, 1983),

Rule 5 applies to those cases where there is a *gap’ in the continuity of
the causal chain of events. As the rule states, given that (wo propositions
2" and b are not cansally related. where only b’ encauses the following
proposition{s), then a new unit started by b is constructed, while a’ 15
conjoinéd 1o the preceding category. A case in point is propositions 4

and 15 to which rule 5 applies. The reader is referred (o the relevant row
in Table 5-3.

13, and rescusd the maidens
4. The heroes then returned the daughters to their palace.
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15 When the Crar heard of the rescue,
16, ‘he rewarded the heroes handsomely.

First the parser determines thal proposiions 14 and 15 are not causally
related. since the fact that the Crzar heard of his daughters’ rescue
(proposition 15) is not encaused by the returmning of the daughters to the
palace {proposition 14). (He might hear of it, for example, by somebody
delivering the message Lo him, or otherwise.) This is reflected in Table 5-3.
where 14 and 15 are connected by the sign ", which means that they arc
not causally related. Hence the parser must invoke Procedure 11, accord-
ing to which it moves Lo propasition 16 and tries 1o determine which of
the two rules subsumed under procedure 11, (parsing rule 4 or 5}, can be
applied. Since it is only proposition 15 (ie the fact that the Cear heard
ahout the rescue) that causes the Czar to reward the heroes (Le
proposition 16) and not the conjunction of propositions 14 and 15, rle 5
applies (see the third columi of the relevant row of Table 5-3). According
tix this rube proposition 13 starts 4 new EPISODE, whersas proposition |4
is conjoined to the preceding calegory, and iz identified according 1o rule 3
as an OUTCOME {see the fourth column).

The last rule, which applies 1o both procedures | and 11, s the
“PROBLEM-held’ rule. The use of thisTule is represented in the lefl-most
column of Table 5-3. As can be seen, cach lime a TRY is identified, the
lasi PROBLEM is released only when this TRY has been closed amd a
new unit (always an OUTCOME) begun. An example can be seen in the
parsing of propositions 1013,

10 the heroes came

11, and fought the dragon.
12. They killed the dragon
13. and rescued the maidens

Starting with proposition 10, the parser applies rule 211 since it is an
intentional action intended to create the necessary precondition for
solving the PROBLEM presented in nroposition ¥ (i.e., in order for the
heroes Lo rescue the daughters, they have to come to the place where they
are held),

Moving on to the next proposiion fi.e. proposition 11}, the parser sl
holds proposition 9 in STM (according Lo the P-held rule), and identifies
proposition 11 as the same TRY category, gince 11 s intended 1o create
another precondition for solving the (yet unsolved) PROBLEM stated in
9. This P-held rule is further applied to the parsing of proposition 11
{which is also identified as a TRY) However, when armving it proposi-
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tion 14, the TRY unit 1s completed (14 is identified as an OUTCOME]),
allowing proposition ¥ to be released, according 2o the P-held rule.

As a further illustration, the reader s referred o Appendix 2, where
the parsing procedures to be followed in analyzing the Farmer story
are presented in detzil (due to space limitation I will not discuss this
analysis).

123 Neode construction ( NC) procedires

The stage-by-stage construction of the tree is presented in the right halfof
Table 5-3,. and consists of two main parts represented in the fifth and
sixth columns respectively: the node construction ( =MNC) procedures (sce
Tahble 5-2}, which apply to each proposition at # given parsing stage, and
F._wn hd_.."..,m_:___ of applying the procedures. i.e. (sub) tree that is constructed.
NC
if a given node X encauses Y and Y is not a dead end, attach X and ¥ 1o
{a projection category) Y+ | {or: insert X in the tree as a SPECIFIER ora
projection of YL

I addition to the notion of a ‘projection category” (which has already
been explained in Section 2) the first procedure involves another import-
ant notion, namely, Dead End. This notion represents a central phenom-
enon in narrative texts. s definition is given in [2).

[2]: PEAD END:
A proposition B ina sequence a', b, ¢, is a dead-end if b is encaused by a'
and b' does nol encause ¢

This notion applics to- a case where a given proposition isencaused by the
preceding  proposition but in itsell does not encause the f{ollowing
propositions(s). The concept is similar to what rescarchers like Schank
{1975} have likewise called a “dead end’, thav is. 2 unit {in our case a
propaosition) which marks a dead-end in the narmative sequence of events
in that it does no1 encause the following events, An example cise in point
is proposition 14

1%, and rescuesd the maidens
[4. The heroes then returned the daughters safely to their palace.
I5 When the Cear heard of the rescue,

Proposition 14 is encaused by proposition 13 (the rescue of the maidens
enghles their returning safely o their home), but does nol encause
proposition 15: the daughters returnmg to the palace is neither a
necessary nor sufficient condition for the Ciar to hear of his daughters’
rescue. Proposition 14, then, counts as a dead-end.
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With the above two definitions out of the way. we may lurn 1o an
illustration of the wiy the parsing rule N1 is applied. Consader, for
example, the parsing of propositions 2-3-4 of our story, s presented in
the relevant rows of Table 5-3.

3, One day, the daughters went walking in the woods.
3,  They were enjoying themselves so much that
4. they lforgot the nme

Once proposition 2 is identified as belonging to the H,__.._mﬂn-v calegory
TRY, and proposition 3 as a ("basic') OUTCOME {by using the calegoty
identifying procedures), the next parsing stage is the construction of o
node 10 dominate both these nodes

Using NC1, the parser begins by determining that these two nodes are
indeed causally related (the daughters” walking in the woods n_._m_u_ﬁ.c_ :E_H
enjoyment), Tt then determings that the OUTCOME s_”..n_n. Eaﬂ..__n..___:m
proposition 3) is not a dead-end (since it encauscs proposition 4). Given
the above, it attaches the TRY node to a (projection category) OUTCO-
ME" that is, the node dominating T and O is O

The above illustration reéflects a major advantage of the _“_Eﬂ_ﬁ.u_.fwﬁ_
parser (previously mentioned in section 3.1). Ini E_.F%.__u parse two given
nodes % and Y the user of this parser must hold in his STM buffer only
the nodes in question and the following proposition. (The need to bl
the following proposition is implied by the [sublcondition .._n_.f_u:.__u.m Lo
which ¥ 15 not 3 dead-end, since i order to determmne whether a given
proposition 15 a dead-end the parser must check whether or not il
encauses the following proposition.) Thus, in pirsing any 1wo E:mnn_.:.
nodes, the STM only Has 1o hold on to a (relatively} small amount ol
imformation.

This feature of the parser meets & crucial requirement for any pavcho-
logically valid theory, that is; given that STM has a limited capaciy, the
parser requires the STM to hold only a Timited .=c.5rE of informabion
units at any given stage of the on-ling processmg ol ___.__m Lt

Ax was previously explaned (in section 3.0}, this nEEE req E?..:._n:_“ is
miel by both the Node construction procedures and the Category idenlifi-
cation procedures.

NC2 . .

IF X encauses Y and ¥ is @ Dead End, attach X-and Y to {a projection
ategory) X4 1.

7 ._.mﬁm.n”_hn_._a procedure applies to the case where the 1wao :.u._._nu 1 he
parsed, X and Y, are causally related bul ¥ is a dead-end, .HT_u.m is, ¥ _.._n_.m.ﬁM
not encawse the following proposition. In this case the applation cﬂ M2
results in atfaching ¥ to a projection category of X plus one bar (in the
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former case where Y was not a dead-end, it was X that was attached 1o
YEI),

An example 15 the parsing of proposition 14,

[3. and rescued the maidens

4, The heroes then returned the daughters salely (o thar palace.
15, When the Czar heard of the rescue,

Al this point the parser has already identified the unit dominating
propositions 2-13 a2 an O° {an OUTCOME") (see the relevant row in
Table 5-3). Moving towards proposition 14 (which describes the returning
of the daughters 1o their palace) 1l identifies 1445 4 dead-end, since 11 does
nol encause proposition 15 (as explained previously).

Ciiven that proposition 14 is a dead-end. the parser applies MC2, which
resuliz 0 attaching proposition 14 to a higher level node — O (&
projection category of the preceding O dominating 2-13), as its COM-
PLEMENT.

NCFwill not be addressed here, mainly because the Crar story does not
involve ils apphcation anywhere (1 have elaborated on this point in Shen,
1983).

It should be emphasized that during the node construction procedures,
the parser is assumed to hold in STM the subtrea (that is, the root node of
that subtree) which has already been processed al the preceding stage of
the tree construction. Consider, for example, the processing of proposi-
tions 3 and 4. The relevant row of Table 5-3 is presented below in Table
6-2.

2. Omne day. the danghters wentl walking in the woods,
3. They were enjoying themselves g0 much thai
4. they forgot the nime

When the parser reaches these two propositions he s assumed o be
holding in STM the {previously) inferred PROBLEM (which is: "The girls
wanfed 1o enjoy thewr walking i the wood'). He then identifies the
category, of proposition 3 on the basis of its causal relanons with
proposition 4. Al this siage, proposition (1) has been released from the
STM buffer and transferred to Long Term Memory, where it represents
the node dominating whatever portion of the story that has been
processed so far, note, however, that i1 1= only after the “construction of
the tree” stige that proposition 2 15 finally released from STM, since only
al this stage is it assipned om the hasis of its causal relations with
proposition 3 to the structural position of a SPECIFIER of the OUT-
COME dominating this latter proposition. (Note that what is actually
maintained in 5TM is not merely a proposition [in the above example,
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proposition 2} but rather the last node that has béen processed up to the
diven slage).

[ftsum, the construction of the tree always presupposes that the parser
holds in STM the previously processed node (in addition to the ProposE
tion representing the current PROBLEM).

NC4

If a given OUTCOME node meets the conditions of the “Central
EPISODE". attach the following nodes to (a projection category of) that
OUTCOME as its COMPLEMENT

The definition of the notion of ‘the CENTRAL EPISODE" is presented in

[3-1] heloe: |

fEE) ;
The CENTRAL EPISODE is the first EPISODE in the story which meels
the following three conditions:

1. Its Problem is that of the Protagonist. Note that no formal definition of
the notion of Protagonist is given here, since basically the Protagonist is
identified on the busis of prapmanc considerations; usually, however, the
protagonist is presented al the beginming of the story, typically in the
Setting. Moreowver, there can be more than one character _.=_:__._=m the roke
of protagonist, as in the Czar story, in which both the three girls and the
three heroes fulfill that role: the girls, introduced in the Setting, are such
due to the fact of their kidnapping by the dragon which initiates the senes
of events in this stery; the heroes dug to the fagt that they carry on the |
attempt to rescue the maidens.

2 The Problem of that Episcde is not a sub-Problem of & higher-lewel |
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Prablem, that is, it is not 2 Problem whose solution enables the solution of
a Problem of ancther Episode.

3. The EPISODE does not encawse any ather EPISODE which meets the
first two conditions,

The “CEMNTRAL EPISODE', then, is the last encausing EPISODE in the
story performed by the protagonist, and whose PROBLEM is not
embedded within a higher level PROBLEM. {The formulations of these
definition were discussed in a detailed manner in Shen, 1985)) Note that
this procedure can be viewed as the only excéption to the first procedure,
in thal it postulates that, given two cansally related nodes X and Y, where
Xisa CENTRAL EPISODE node, it is node Y which is to be stiached to
a projection category of the X, rather than the contrary (as procedure |
would suggest), This sole exception to procedure 4 pertains, however,
only 1o the highest level EPISODE in a given story.

As can be seen in Teble 5-3, the O° dominating propositions 2-14
(whose HEAD iz a proposition 13 which descnibes the nescue of the
daughters from the dragon by the three heroes) is idenufied as the
'CENTRAL EPISODE'; and therefore procedure 4 is applied, which
results in-atiaching the following unit (the O dominaling propositions
15-16) to a projection category of this O as its COMPLEMENT. Lel me
briefly explain how this O meets the conditions presented.

I. The frst condition in [3-1], states that the central EPISODE's
PROBLEM will be agsigned to the protagonist. The O dominating
propositions 2-14 meets this requirement, since. as previously
explained, are identificd as protagomistis.

2. Thesecond condition s met in that the PROBLEM of the heroes is
not included in a higher-level PROBLEM (such as the attempt 1o
gain a reward from the Czar or the like)

3. The third condition is alse met by this EPISODE. Although this
EPISODE does encause the last EPISODE of the story (the O
dominating propositions 15- 16), the latter does nol meet the second
condition, since its PROBLEM is that of the Czar who is not the
protagonist of the story, Hence the O dominating propositions 2
|4 meeis the third condition of [3-1].

As no other EPISODE in the story meets these three conditions, the
above O is identified as the CENTRAL EPISODE, and the following O
[propositions 1 5-163 is atiached to its projection category as a COMPLE-
MENT

Ac g forther illusteation of the wse of these Mode: construction




448 Yeshayahu Shen

procedures (us well as the Category identification ﬂ:._unﬁn:-na__ the ._..nw_.ﬁq
is referred to Appendix 2 where the slep-by-step parsing of the (previously
analysed) Farmer story is presented.

4. Some empirical evidence for the XBSG

The preceding sections have presented the main characteristics of _sm
X BSG model as a formalism for representing the siracture of stories. As
was previously explained, the XBSG model also claims .¢.._._n an NEE_.E:..
formalism for representing {some aspects of) the processing and storage
of narralive tex. o . o
The main peint to be emphasized regarding information processing is
that progessing and storage of _i.E._._._EE.a in _.E._.m.xns_ MEMary involves
the reorganization of that information inlg a Enﬂﬁﬁ_:n.uu structure al
whose top is an ‘entry’ under which the information is E__.._._.n_._. This
nformational structure is reflected in recall and summary experiments,
which the informaiion units are not equally well remembered: some untls
ior ‘entrics’) are recalled better than others. In other E.“_aw. some
informatiof units are more ‘important’ than others. {This poinl s
ted in Shen, 1985 and Shen, 1988} . "
n_ﬁ__una”u_.mnq to provide some initial support for the XBSG E.E.,_n_ 5 amlity
1o Fformalize this central aspect of the information processimg of narra-
sives. the results of summary experiments conducied by the present
author as well as by Rumelhart {Rumelhart, 1277} were analyzed. The
marterials used in my OWn experiments were three slories (o of which
were taken from the ‘Decameron’, and the third from a n.u.:.ﬂ:n.: of mE”:..P
stories written by the Israeli author Shai Agnon), while Rumelhart’s
gxperiments used the Czar story FE_W.N.n,._ above) and .5_.. ._uw:iﬂ.uEJ“
analvzed in Appendix 1. In both experiments the subjects’ task was 1o
summarize three stones which they had read, . .
Here only the latier data {i.e. those obtained in Rumethart's experi-
ments) will be addressed, for two reasons
First, it is good methedology to show thiit
spermental findings other than my own. .
: M_Hn_:_“r the ....n_pm.” limitations imposed by a brief paper must b
taken into account. Not only are Rumelhart’s two stones .._.:H.:n.q. than
those T used, they have already been analyzed in this pa per (see Figures
4 and 5); thus. it will be convenient Lo use them apaim, .ﬁun_q HOFE
information regarding the data obtained in my OwWn experniments, sec

Shen, 1985.)° i
The general purpose of our analysis has hean o examing the conneclion

the XBSG can account for
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between the ‘Importance degree’ of a griven proposition, ws reflecied in the
subjects’ protocols, and its structural position in the lree diagram
generated by this grammar. Recall that the basic unit of the story is the
Episode. which 15 defined as OF (where " is greater than 0} a new Episode
begins whensver a new Problem is introduced. Tn the caze of the Czar
story we postulated four linearly. ordered Episodes: the first consists of
propostions -6, which describe the dragon’s kidnapping the girls who
were enmjoving themselves in the woods); the second consisis of proposi-
ttons. 7-8, describing the three herocs heanmng the gicls call for help; the
third describes the sctons leading up 1o the rescue of the girls (proposi-
tions - 9- 14); and the fourth (propositions 15-16) describes the heroes
being rewarded by the Ceir. These four “linear’ Episedes are dominated
by a complex Episode which 1z the “Central Episede’ of the. sfory
{consisting of propositions 2-16).

From this observation, together with the principle that the most
mporiant proposiBon for any given umt is 113 Head proposition one can
derive a grouping of the story propositions into Lhres levels {(or degrees) of

¢ 'Imporiance’. These levels are represented in Table 7, which specifies the
grouping of the propositions for both the Czar and the Farmer story.
According to Table 7, the story consists of the following levels of
Imporlance

I, The highest fevel of ‘Tmporiance” consists of the HEAD proposition of
the *Central Episode’ of the story. In the Czar story this is proposition 13
{which describes the rescue of the gitls by the heroes); in the Farmer story

Table o The diviribwiion of proposilionr accorading fo Jketr Tmporioece’ depree

The Czar's siory:

degmee of Leved 1 Level 2 Lewel 3

hMusnber af 13 & 0012 |k | P L

propos e IR S 11
14, L5

The Farmer sory:

depres afl Lesul | Level 2 Leved 1

Impartanos”

Sumber ol 13 13 4. 8.0, 256879,

prOpOsidion 1L 14 [
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it iz proposition 15 {which describes the failure of the farmer's attempt 1o
muake peace with the serpent).

7. The second level of ‘Importance’ consists of the Head proposiions of
the 'simple’ Episodes dominated by the complex _H:-.E._ episode; in
addition to these, this level also includes the Head proposition of the Try
unit of the Central Episode. In the Czar story this level includes props. &,
% 12 and 16: in the Farmer story it consists of props. 1,3, 4.8 10,11 and
4.

3. The lowest level of ‘Importance’ consists of the rest of the propositions,
that is. those propesitions which do not represent the Head of the Central
Epizode or any of the other Episodes E the ﬂ_”i _.E_n ol the nﬂmr“._
Episode’s "TRY" unit). The propositions included in this groupare 1.2, 3
4 5.7.9, 10, 11, 14and 15 in the Czar story, and X, 5.6, 7,9, 12and F3,1m
the Farmer $107Y.

The following hypothesis was tested. 1t was r.....—ﬁ:._n.mﬁ.n_.__ 5.._.. ﬁ.un each
subject, the probability of occurrence of a given propositsen in subpect "nﬂ.
protocols correlates with its level in the above "Importance’ scale, acros
storics and across subjects, Thus, propositions of the u.d.qﬂ degree have the
highest probability of ecourrence, Followed E. those of the second degree,
while the third group has the lowest probability. Recall that the task that
Rumelhart's subjects had to perform was a summanzatiaon E“r. In this
experiment, 10 subjects (students of psychology and ____._mEm.__._n_.u..u were
asked 1o read each story and then summargize it with no time limitafions,
& nrotocols are presented in Rumelhart, 1977.)
qﬂh:iﬂ:&. __:Mn protocols were analyred within the XBSG [rame-
work. This has been dene as follows. The sentences comprising E&._
protocol were divided mto three fevels of Imporiance. a8 E._.uﬁ_._._n_u in
Table 7. The decision as to whether a given senience iwr.._:nw i fzet ihe
corresponding propesition has been determined mn_...En_..E to the presence
ar absence of the Predicate: a sentence which gontained E_n ﬁﬁﬂ_.nuﬂ;ﬂ._.:n
predicate was considered as representing the corresponding proposition.
In order 1o check on the reliability of my judgments as to the presenie of
absence of a piven proposition from the protocols, 1 presented a sample n_q
5 protocols 1o another judge who was asked to mark the slory propost-
tions represented in cach protocel, The agrecment beiween the _..__:._ﬁ
judge’s determinations and mine wiss .E_uE._n_ 00 percent (most of the
disagrecments were resolved through discussion). ; .
The relative frequency of each set of proposiiion belonging to a given
importance level was examined, but without any varance analysis (no

The X-Bar grammar for stories 4350

Table 5:  Afean mgnare

2 Sory | Biory 2
Lewel fiEs T

§

Leve| At 53%

3

Level % 1%

such analysis had been performed in Rumelhart’s paper. either, on the
ground that ... ‘traditional modes of analysiz are difficuls to apply ...
[p.283]). The results are presented in Table 8.

Since no parametric analyses have been performed on these data, the
data presented in Table 8 represent the mean aquare (percentage) of the
three levels of imporiance in each one of the stores, As can be seen, the
main result is that the percentage increases in correspondence with the
level of importance. Thus, each one of the 20 summaries {10 summaries
for each story) revealed the pattern that was predicted by the KBS, with
no exceplion: Proposition(s) belonging to the first level would ocour more
frequently than those belonging to the second kevel which, in turn, will
oceur more frequently than those belonging to the third kevel,

These data (as well as the data abtamed in my own experiments)
provide some supporl for the hypothesis that the probahility of occur-
rence of a given group of propositions does indeed increnss asa function
of itz “Imporiance’,

Conclusion

Having described the general framework of the XBSG, we may conclude
by pointing out, briefly, the advantages of the XBSG over the Story
Grammar model, with regard (o the shortcomings of the latter model, as
described in-soction L,

Firstly, the "HEAD-MODIFIER" distinction, 2 basic feature of the
XBS0G, enables this model to mest the descoplive adequacy condition
better. The structural description 1t ass3gns to the stones it analyzes belier
reflects readers’ intuitions as to the structural roles fulhlled by the
propositions of these stories — ie. the distinction hetween propositions
which represent the “essenbal and wnreduable’ core (e the “most
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important’ information] of the entire wnit, and those which merely
‘expand on' or *claborate on’ this core.

Secondly, the XBSG is observationally more adequate than the 5-C, in
that it prevents the generation of unaceeptable structures which may be
generated by the 5-G model. As was previously arpued (see section 1), any
spory grammar must contain @ mechanism which will specity which (non.
terminal) nodes in the structure are required (o be explicitly represented in
the story. Such a mechanism is needed in order to sccount for the fact that
every story coniains both inferred propositions {which are dispensible in
the story) amd propositions which must be explicitly present if the
generation of unacceptable structures are to be avoided

Mo such mechanism appears to be pan of, or suggested by the standard
§-G model, and hence unacceptable structures may, in principle, be
gencrated by the 5-G mode. This PROBLEM, however, is solved by the
XBSG, by imposing the constraint that a given phrasal category (for
example a TRY PHRASE) consists obligatorily of a proposition{s) which
represent(s) its "HEAD' (e, a proposition which is dominated by a
category of the same typel

Thirdly, the XBSG accounts better than the 8-G model for psycholog-
cal data collected from recall and summary experiments, including thosc
collected by 5-Gi researchers, (as explained in the case of the Czar story).
This is mainly due to the fact that of the wo suggested predictors of
‘Tmportance’ — the one proposed by the XBSG (namely, the "structural
role” of a given proposition [i.e. whether it is dominated by a "HEALD ora
‘MODIFTER']) works: better than the one suggested by most story
grammarians {that is, the height of the proposition in the tree), in
explaining a propesition’s probability of being recalled in the experi-
menis,

The fourth advantage of the X-BAR model lies in its being @ more
restricted form of grammar when compared to the standard 5-G model.
As explained, this is due to the fact that the XBSG imposes the constraimt
that all structures penerated by the grammar, (except at the highest level
of the tree) must conform 1o the basic X-Bar rule
[i.e.. X"=(SPECIFIER) - X~"" 1> — (COMPLEMENT])).

The fifth advantage of the XBSG is that it suggests a formal and
explicit procedure for the crucial problem of mapping the textual units
onto the tree diagram of & given story — that 15, it incorporates & parser
Furthérmore, this parser meets the constraint regarding the limited
capacity of memory.

Finally, in addition to these basic advantages of the X-BAR model over
the 5-G's, there it an important methodological advantage. The X-BAR
system has been accepted by most syntacticians working within the

e e
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generative [ramework as part of linguistic competence. Therefore, there 15
ni theoretical price (o pay in assuming that the X-BAR compelence 15
also involved in the peneration of linguistic phenomena larger than the
sentence — the narrative discourse.

Thus, while retaining the generative framework and action calegories
of standard Story grammars, the XBSG gains imporiant advantages over
the standard 5-G model both by radically revising its representational
formalism and by proposing explicit parsing procedures.

Comparison fo other models

In addition 10 the detailed comparison of the XBSG Lo the standard story
grammar approach, it will also be instructive to consider the relationship
between the XBSG and other theories of story comprehension. Several
theories of story structure and understanding have recently been devel-
oped, (for example, Black and Bower, 1980; Brewer and Lichtenstein,
1988, 1981: van Dijk, 1977, Lehnert, P98, Omanson, 1982 Schank and
Abelson, 1977 inter alia), which represent story structure and knowledge
struciure-involved in processing stories, by other means than grammars.
Due 1o space limitation | will consider only three representative theories:
Schank and Abelson’s 1977, Black and Bower's 1980, and Trabasse and
van-den Brosk's 1985 Some of the following considerations will hold,
however, for the other above-mentioned theorics as well. (Since the
differences between the story grammar approach and other theories of
story comprehension, as well as the former’s advantages over the latter,
have already been thoroughly discussed [of. Mandler, 1980, 1982, Rumel-
hart 1975, 1977, 1980: Frisch and Peclis, 1981, inter alial, T will focus on
the specific advantages of the XBSG, j.e., those charscteristics of the
XBSG which are nol shared by the standard story grammar approach.)

Black and Bower — a problem-yolving lransitien mefwork

Black 1978 and Black and Bower 1980 proposed a theory called the
Hierarchical State Transition theory {HST). According Lo thess authors,
who work within a transition network framework (see also Brewer and
Lichtenstein 1950, 1981}, knowledpge acquired through reading is repre-
gented in terms of Problem-solving structare (for example, Black and
Bower, 1980; Brewer and Lichrenstein, 1980, 1981; sce also Rumethart,
1977}, Furthermore, this approech is based on “goal-subgoal” hierarchies
which are revealed in other domains of hehavioral action and hence are
nol unigue o slores,
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A1 the local level of immediate connechivily Between evenis :...5.._..
authors argue that many stories have an overall structure consisting of
STATE-transition-STATE sequences. For example, in one of the stories
used by Black. the character is looking in the library and bookstore fora
hook {i.e. NEED BOOK - look in library - FAILURE; STILL NEED
BROOK - look in bookstore - SUCCESS). Nested within each of these
superordinate actions is a hierarchy of subardinate actions, each ol which
also consists ‘of STATE-transition-STATE sequences that describe the
particulars of looking in the library and bookstore.

From this analysis, Black makes two hypotheses:
|. Content high in the analysis’ hierarchy s remembered betier than
content which s lower,
2 Content of the ‘critical path’ that provides the successful transition
from the initial state to the ending state of the story is remembered ,H._nm._.

Black 1978, and Black and Bower 1980, report a number of experi-

ments supporiing these hypoltheses

L]

Comparison to the present theory

Black and Bower's theory (as well as that of Brewer and Lichtenstein)
share with the present one the basic observations that stones are about
hutmian actions and that problem:salving notions are involved [n process-
ing stories. This may explain why the evidence given m Black and Bower,
1980 15 i Mull agreement with the MBSG's predictions — s i ?Euq.u_u._,._._m
af the evidence supporting Black and Bower's theory within the XB5G
framework would demonstrate. (Dug to space hmitations 1 will not
elaborate on this reanalysis.)

The theories: differ, however, in the representional system they use,
Black and Bower's approach refies on a transisition network system, ours
is hased on an X-Bar type of grammar. Black and Bower raise scveral
arguments against the use of *Grammar’ in the domain of stories. T hese
arguments have already been discussed and rejected {cf. for example,
Frisch and Perlis. 1981: Rumelhart, 1980; Mandler and Johnson; 1931,
and therefore will not be discussed here. Rather, 1 will point out threg
advantages of the XBSG as a type of story grammar vis-a-wis the HSTh

| The XBSG is a more constrained representational system, in that st
constrains the possible ‘Problem Solving’ structures which can be gener-
ated. Thus. coupling the problem solving structure with the X-Bar scherme
{or X-Bar rule format) yields a restricted form of formalism, which _.._.Er
uses the action (or problem-solvingl categories and is at the same E..:.“
capable (as argued in section 1.1) of excluding certain ‘Problem solving
protocols as ill-formed texts, i.c., as non-stofies.

Eerne w—
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2, Using the XBSG notations, furthermore, enables a more parsimoni-
ous representation of story structure:and the knowledge involved in story
understanding in companson to Black and Bower's proposal. Thus,
within this framework, the basic distnclion between an esséntial and a
non-essential proposition(s) slems from a single principle, operating on all
levels of the tres

3. The XBSG system is capable of representing more refined distingtions
ameng ‘important’ events Thus, Black and Bower's proposal offers a
distmction between certann levels in the hierarchy but only on (what story
grammarians would call) the Episode level, while differences of ‘import-
ance” among propositions belonging 1o an Episode sub-component (for
example, the proposilions which comprise the Episode’s Goal) are not
accounted for by this model. In contrast, the XBSG's distinction between
HEAD and MODIFIERs, which operates on all levels of the tree, does
provide such refined distinctions.

Az for the other dimension of “importance’ proposed by Black and
Bower's theory, namely, the inclusion (or exclusion) of a given event in
the ‘entical path’ of a given story, it should be noted, again, that not ail
events belonging to the critical path are of equal importance, a fact which
goes unexplained in this theory, but is aceounted for by the XBSG.

It'should be added that the HST s hypotheses as to the representation
of stores in memory arc generally consisient with the hypotheses of the
present gnalysis. Becall that the distinction between subordinate and
superordinate actions {a mainstay of the HST approach) is also repre-
sented within the XBSG, throush the uze of the MODIFIER and HEATD
nodes, respectively, Similarly, this principle holds for the distinction
between cvents that contribute to the transition from initial to end state
and those that do not. The latter {for example, Dead end evenig) will
usuially belong to the third level of importance; the Tormer, 10 @ither the
first or scoand levels,

Swmmary of Schank and Abelvom’s theory

Schank and Abelson's 1977 imfluential book is concerned (zmaong other
topicsh with the representation of the knowledge involved in the process-
ing of narratives. Three levels of representation are described: 1, the
Knowledge Structure level, for themes, goals, plans and scripts; 2. the
Macroscopic Conceptual level; ¥, The Microscopic Conceptual Diepen-
dency level, .

l. The first level, namely. the Knowledge Structure level is 1he most
giobal level in which global structures are represented. such as themes,
guals, plans and scripts
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2. The Macroscopsc Conceptual level is the level in which goal-oriented
globul actions that are summaries of action sequences are pepresented.
For each script there is a fixed Concepiual Dependency event that “hest
describes or summarizes the actions in the senipt’ (Schank and Abelson.
1977 161), and which is called the MATNCON (Main Conceptualiza-
tion), This MATNCON belongs to & higher level of representation, and
functions 25 a ‘pointer’ to the seript; it is ‘an abstraction thal names the
entire sequence. It allows for the hearer to concentrile on the main Row
and retrace the details later” (163). Thus, at this level a given story can be
represented by all the MATNCONS of the scripes comprising (hal stery
and connected to eich other causally. These MAINCONS provide &
summary of the goal-oriented actions in & story.

1, The most detailed level 13 the Microscopic Conceptual Un_..ﬁ:.nnnﬂ__
tevel for interconnected causal claims of physical events, It consists of
conceptually ‘primitive’ actions: and states called _.r.h_...ﬁu.n...:u..hu:_u_;
which are thought fo comprise the meaning of each sentence in 3 text.
These primitive actions and states, as identified by Conceptual Depen-
dency theory, are connected in memory by four types of causal relations
(enable, result. indtiation, reason) .

When Schank and Abelson address the question of how well specific
sctions and states are remembered, two principles are introduced, The
first is that of connection: dead end sequences, and events with ._..u..,.
connections, are hypothesized 10 be poorly recalled {Schank, 1%75h). The
second is that of the level of the action described: actions and stales in =.=..
macroscopic kevel are hypothesized to be remembered betier than those in

the microscapic level,

Comparison 1o the present theory

Both theories share the assumplion that processing is (al least E:E_.__...u_
schema driven, and that this schema is a type of problem-solving
siructure. The two theories differ, of course, with regard Lo :.._w... hasic
components of representations: whereas the NB5G uses proposilions 4s
its basic components, Schank and Abelson's theory uses concephualis -
Homs.

As to the question of how well specific actions and states are remem-
bered, the first principle proposed by Schank and .?Tn_m.,._?._._.n.an_..__._
iconnection’, is shared by the present theory as well. Thus, within the
present framework a ‘Dead end’ event is hypothesized to be ﬂ__u_.::
recalled. since it is represented under the “Complement’ node of a given
conslituent in the tree (see section 4). .
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The main difference lies in the second principle. Whereas Schank and
Abelson’s theory assumes a definite inventory of scripts, with a fixed and
predetermined semantic umit {the MAITNCON) for each script referred to
in the siory, the present theory assumes no such apriort semantic content;
rather, our use of the notion of HEAD (namely. that component which is
of the highest importance) 1= a relabional notion, in that the semantic
content represented by a given Head proposition can represent a Specifier
in another srory of at another level of the same story (see also Bhen, 1985)

The advantage of using such a relational term is twofold:

[. The clamm that a fixed and predetermired event always summarizes
the script in question fails 1o account for the fact that the imporiance of @
piven conceplualization may vary in different contexis {as discussed in
Shen 1985).

2, Instead of specilving the MAINCON for cach script (or even for sets
of scripts), w gencral principle, apphicable (o a wide vanety of narratives
regardless of the scripts that they represent. is obviously preferable for
regsons of parsimony. On these grounds, too, the XBSG outperforms
Schank uand Abelson's theory, in that it proposes 3 single principle of
‘importance”. while the latter appeals 1o two unrelated prnciples, cach
belonging to a different level of representation.

Summary of Trabasio's proposal

Recently, Trabasso and his colleagues have been developing a new model
of story structure and comprehension, the Causal Metwork  model.
According o this model comprehension is based on a problem-solving
process (see Black and Bower 19800 in which the reader’s goal is to
discover & sequence of causal inks that connect the story's opening Lo 15
final outcome. The story is reprosented g5 a causal network whose nodes
represent story statements; the arrows between the nodes in the network
indicate the causal {or lemporal) relations between the nodes in gquestion.

The main thrust of this model 15 the idea thal causal relations play a
central role in the comprehension of stonies. In particular, two properiizs
of,. the ciausai network were found to predict judgments of importiance
tef. for example. Trabasso and Sperry, 9857

I, The number of direct causal connections; thus, 11 was argeed that the
higher the number of causal conneclions leading from @ given stalement
1o other story statements. the higher ats probakbility. of being recalled,
retained in memory, and/or being assigned 8 high rate of importance.

L Whether or not an event was in a causal chain from the opening (o
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the closing of the story. Thus, it was found that "events that were in causal
chains were recalled and retained over one week better than events that
lacked causes or consequences’. Furthermore, the authors found that ...
the coherence of a story and its memorability were related directly even
when we defined eoherence in terms of the percentage of events on the
causal chain® (108)

Among those twa factors, however, occurrence on the causal chain was
found to be of higher value in determining recall than the number of
causal connections. Trabasso et sl continue; When we examined condi-
tional recall, the results showed that being on the causal chain overrode
any single causal-link effects. ... We noted, however, that those events that
define the causal chain, open the ficld (i.c., the causal field — Trabasso gt
al. are referring to the Setting), and end the chain are best recalled. Goals,
which have the most causal chain consequencss, however, were . mos]
important in judgments” (ibid ).
Two peints should be emphasized with respect 1o this model.

|. In order 1o tdentify the causal chain of a given story, & morne mr.“&:_
analysis must be conducted 1o identily the opening and closing of the
story; once the opening and closing statemenis are ilentified, the compre-
hender traces the slory events via causal conneections from the opening 1o
the closing evenis. Those events having causes and conseguences _....n___..r.am
from the opening 1o the closing are in the causal chain, while those which
lack causes or which do not eventually lead to the closing events are
‘dead-ends’ events. Thus, the “Tocal’ analysis in terms of causal relations
hetween pairs of statemenis is supplemented with a “global’ analysis in
terms of opening and closing a certain causal chain. This “global’ analys:s
represents the main “story grammar’ calegaries, such as selling, initizting
event, goal, outcome c1C

2. A main advantage of representing $lories in a causal network (rather
than, for example, a tree diagram) is that a network allows for represent-
ing ‘non-linear” cansal relations. Thus, Trabasso et al. assume ;E._. direct
causal relasions between pairs of statemenls may ORECATS OVEr i distance
in the text. This important observation which can be represented by
networks but not by trees, allows for a gmiven statement (o have miore than
two causal connections (namely, to its antecedent and to lollowing

siatcments).

Carriparisen 1o the present theory

Both theories share the gssumption that processing a nurmalive _... #mmmn o
identifying both the global organization of the siery — which 15 basically
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2 “problem solving” struciure — and the “local’ causal refations between
propasitions in (he siory

Moreover, on the issue of imporiance, both models share the view that
the evenis compnsing the caosal chain are more important than ‘dead-
ends”. Becall that within the XBSG framwork ‘dead-ends® are represented
on the ‘importance scale’ as "Complements” and these are of the lowest
degree of importance. As for the other importance determinant, namely,
the number of connections, the apparent difference between the models
can be reduced iooa minor one on the basis of the following two
considerations,

Lo Ag mentioned above, this factor is the less effective of the two

2. Mote that the main evidence for the role played by this factor relates
to: A) The Tact that recall for dead-ends 15 poorer than for causal chain
gvents, which can be explained by the fact that the dead-ends have fewer
causal connections than do causal chain events. As alrgady argued, this
finding i in ful] accordance with the XB5G which assigns the lowest
degres of importance 1o dead-ends. B) The second consideration relales 1o
the high probabality of recall of the Setting of a given siory, which can be
accounted for by the high connectivity af this category. Since the XBSG
has nothing 1o say regarding the memorabibity (und hence 1he import-
ance} of the Setting category, there 1s at present no contradiction between
the two models on this issue. Further developrment of XBS0, however,
should take inte consideration this findmg. C) The third point 15 that the
importance of goals depends not on their position in the hierarchy, but
rather on their degree of connectivity. The XBESG madel, 1oo, shares with
Trabasso et al.'s model the claim that the hierarchical position of a given
goal proposition 15 not the sole, or even the main determinant of its
importance. An analysis of the degree of importance of goals within the
XBSG, does imdeed sugpest a correspondencs. between imporiance and
conmectivily,

ARl these constderations argue that Trabasse's contribulion regarding
connectivity can be viewed as & way of supplementing the XB53 {or, for
that malter. similar representational sysiems) with a procedure for
identifying the imponance of the story calegpones (such as Setung and
goals) rather than an alternative way of representing story siructure,
Trabasso’s proposal has several other major contributions 1o make as
regards the various proposals that have been discussed so far, as well as
with respect to the XBSG. In particular, 1115 worth mentioning in passing
that the definition of cavsal relatons, by appealing to the logicil criteria
of “necessity in the circumstances’ and counterfactual reasoning provides,
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no doubt, the most fully developed framework ever proposed in the field
of story comprehension.

However, in addition to the aforementioned advantages of Trabasso et
al.'s proposal, there are several major shorlcomings in companison 10 the
X B5G model, T will mention three

|, Perhaps the major shoricoming of Trabasso et al.’s proposal is the
lack of parsing procedures, such as those proposed by the XHESG. As
already noted, Trabasso et ul.'s analysis relies heavily on both "local’ and
“global’ organization of stories. Thus, in erder 1o identify whether oF ot
the event depicted by & statement is in the cause chain, “one needs Murther

criteria for opening, continuing and closing the chain of events” (Trabasso.

and Sperry, 1985 605), The problem is that, as in the case of the 5-G

stundard modél, no procedures are specified which map the local units,

{¢ausally related statements) onto the global ones.

2. Another probiem has to do with the limited capacity of STM {Short
Term Memory). The idea of conncctivity imples that cvery statemenl i
the story has to be held in Short Term Memory before its importance
degree can be assessed. This follows directly from both the assumption
that the causal relafions are not necessarily linear, and that one factor,
delermining the imporiance of a given statement i the number
conneclions it has. Such a view implies that the comprehender of a story
must hold a story statement in his STM all the way to the end of the sEory
{unlike the XBSG, which requires the comprehender to hold it only until
ihe next causal siatement). Such a mode]l 5 ohviously H.nnpﬂh..w__m afl
meeting the constraint imposed on any theory of text comprehension by
the limited capacity of 5TM {ct. Fletcher and Bloom, 1988, who address
the issue, although without a complete solution as regards the factor of
connectiviky ]

3. Compared to the XBSG, Trabasso et al’s causal network is a less
constrained representational system, in that it does not constrain the
possible *Problem Solving” structures which can be generated. Recall that
the XBSG model yields a restricted form of formalism, which both uses
the action {or problem solving) categories and is a1 the same time capabic
of excluding certain ‘Problem solving’ protocols as non- {or ill-Formad})
stories (a5 argoed in section 1.1)

In sum, then, despile the substantial contributions of Trabassoetal. asa
theory of story comprehension, in particular with regard 1o the use of
logical criteria of ‘necessity in the wircumstances’ aml n.:;:ﬁlunE.n_
reasoning in defining the causal relations in stories, their model still
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suffers from zome of the mam shortcomings of more traditional ap-
proaches io story comprehension.

Motes

Thas paper e 6 revised versson of o chapeer of a FhiD thesis wonten a1 Tel Aviv University
wunder i superwsion of Prol. Tacvs Reinhar. [ amindebied 10 Tanva Reinhan for bey
{raitful suggestians and help during the writing of thas paper. as weli as loe the nme she
devoded to discussions of the variows issies presented in tbe paper. Thanks are also due
o Bucly Berman, David Gil, Benny Shamon, ¥osel Grodeinsky, Rackel Grora and Ruib
Ronen [or their helpfel commenls or an earlier draft of the paper.

1. In Rumeihart's anaiysis ihese proapositions ocgur only in the ree duggram in which ihey
ane reprosenled by ther predhicare and argumenigsh This shght modifcation & neseasarny
for case of presentation and has no mfwence on (ke original analyss
An alternative 1o this analysis would suggest that propositions 2-5 constitwte the Setbing
category and that 1he acrual chabn of evenis begns with the gols being kidnapped by the
dragon. The reasen lor analvemg propositions 7- 5 34 events is that the informanion (Bey
convey imvihves a change'in the state of the {lichonall world descrbed. Hewewner, even il
the aliernative analysis wouli hove been accepied, it does not affsct the basic onaly=s we
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Table ¥R Beenlts afver iramsformaarion
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(IR Ly = 5579 p< 0.001)), and those which belong 10 1he spoardl level pecurred Mo
times than hose helonging to the thind Tevel (T(4,014)= 1483 p= (.0} Thess datn
were interpreted as strongly supporiing the aboye analysis. (For a more detatled anaiysis
und discossion of these daia the reader is refermed 10 Shen, 1985,

Appendix 1

1. A countryman'sson, by accident, trod upon a serpent’s tail,
2. The serpent turned

3, ‘and bit him,

4 s that he died

5. The Tather, in revenge.

6, pot hisaxe,

7. pursucd the serpent.

2, and cut off part of his tail,

9. o the serpent, mn revenge,

0. began stinging several of the farmer’s cattle.

1. This caused the farmer severe 1oss

12, Well, the farmer thought it best to make it up with the serpent.
13. S0 he brought food and honey 1o the mouth of 113 lair

14. and asked for reconcilialion

|5 But the serpent refuged.
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Appendin 2 (covitinped)

Calegory ldensficanion

Appendix 2: The Processing of the Farmer story
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Appendix 2 (coniimued)

The Construction of Lhe T

Carepory ldentification
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