ABSTRACT

BAE, BYUNG CHULL. A Computational Model oNarrative Generation foSurprise
Arousal (Under the direction dProfessoR. Michael Young).

This dissertationdescribes work to develop a plannibgsed computationainodel of
narrative generationlesignedto elicit surprise in the mind of a readéro this end, my
approach makes use w¥o narrative devices flashback and foreshadowing/hile surprise

plays an important role for attention focusing, learning, and creatiititg, éffort has been
made to build a compuianal framework for surprise arousal in narrative. Imy
computationalmodel, flashback provides a backstory to explain what causes a surprising
outcome, while foreshadowirgjveshints about the surprise fare it occurs. In this ark |

focus on the arousal of surprismotionas a cognitiveesponsevhich is based on a reader's
cognitive appraisal of a given situatidn this dissertationt present Prevoyant, a planning
based computational model of surprise arousal in narratimerggon, and analyze the
effectiveness of Prevoyant. To build a computational model of the unexpectedness in surprise,
| adopt a cognitive model of surprise based on expectation failure.

There are two contributions made by this dissertation. First,Septea computational
framework for narrative generatiatesignedo elicit surprise. The approach makes usa of
two-tier model of narrative andraws onStructural Affect Theorywhich claims that a
readerds emotions such ayrelated tomaratyves strusture s u s p
Second, | present a methodology to evaluate surprise in narrative generation using a
planningbased approach based on the cognitive model of surprise calsesesults of the
experiments that | conducted show strongpsut that my system effectively generates a

discourse structure for surprise arousal in narrative.
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Chapter 1

Introduction

Life is lived looking forward, but it is told looking backward.
- Marie Laure Ryan, fromhvatars of Story(2006)

Surprise is one of the fundamental emotions that we experience in everyday life. With
surprise, regardless of how big or how small it is, we &wramatic life. Sometimes it comes
in a pleasant way along with a sense of happiness. Sometimes it is accompanied by sadness
or disappointment. Surprise is also one of the important literary emotions that we frequently
encounter while reading books omtwhing movies. Like surprise in real life, surprise in
narrativef ocuses t he romethedseory,6ofermaking tleem feel sunprised the
same waythe main character feels surprised in the stétgychomedia analysts often view
surprise, along wh suspense and curiosity, as one ofdhgial emotions that contribute to
t he r eaderwhdereading(Tas, 1%&)t i on

According to thenarrative theorists focusy on the structial aspectof narrative,
narrative can be viewed as haviwgp patsi story and discourse (Chatman, 19G&nette,
1988; Abbott, 2002Prince, 2003Ryan, 2005 Herestory refers taatemporal sequence of

the events in thearrative while discourse refers togerbal or written representation of the



story in which tle story events are recounted &\storyteller or a narrator (Genette, 1988;
Prince, 2003). For dramatic effeict a narrative discoursesome story events are omitted,
shortened, lengthened, repeated, transposed, or described in detail by the stofieeller.
hearer or reader experiendls discoursepart of a narrative, whicls told by the storyteller
and reconstructa version of thestory part of the narrativén his or her mindoy building a
mental representation of the discourde this dissertatio | present a computational
frameworkdesignedo generate discourse thaffectively recounts story evenits order to
elicit a sense of surprise in the mind of a reader.

Concept1.1 (Narrative). In this work, anarrativeis viewed as consisting of
two parts: its story and its discourse. Aa r r a storyise & temporal
sequence of the eventsn/fa r r adistoursds arepresentation of the story.

1.1 Motivation
The reasoning process beyond chronological order of events is one of amazing human

capabilties to understand a sequence of story events in narrative as alwhloéereal world,
causality resides with us. The dynamics of the world around us are tightly linked to causality
and the flow of time. A fire burns, and smoke rises as a result. Wiflvey there is no
smoke.With the help ofcausality, ve oftenrecognize an effect first and théentify its
cause either by observation or by reasoning. In narrative, typical writers write their story with
variance in temporal order, maintaining colmee as a whole, toveke more interest to a
reader. some story events are told ahead of time; some story events are told a while after they
actually occurredc n particul ar, the reasoning process
owhat h a p p enrireqdedtly useal 0 Bdit eaesenseof curiosity or surprisepoth
elements of the reading experience considarggbrtant to maintainte r eader 6 s cCc 0 ¢
engagement in the story.

Three temporal narrative devicesparticularly associated witltcinematic narratives

(Chatman, 1978; Prince, 2003; Bordwell, 19862 oftenusedby storytellerso manipulae



the presentation order of story et®nflashforward foreshadowing,and flashback.
Fladhforward showso the reader ahead of tirsemestory eventsthatwill occur laterasthe
story unfolds As a resultthe viewer focuss his or her expectations onspecific story
outcomeand wondes how (or why) the outcome will happen. Flashforw@dealizedin
various waysin literature and in film mediakor instace, anarrator cardirectly tell the
reader abouan important story outcona the beginning of the storyA particular daracter
in the story (e.g., a prophet or one who has a special ability to see the futufeetzhor
show future eventsin the story?. Foreshadowings also a narrative device that makes
reference tolater events in the storyJnlike flashforward,however, foreshadowing is
implicit, so theunderlying meaning of the foreshadowing becomes clear only when the target
event occurs latr in the storyln contrastto flashforward or foreshadowing, flashback is
used for referring to past events which are related to current events in the story.

Since the 1970sa number of research efforts have addressed the computational
generation of naative, butonly a few have made an attempt to incorporate the notidimeof
temporal rearrangement of story evesth as flashback or foreshadowik@r example,
MINSTREL, a story generation program written Burner (1994) useda foreshadowing
techngue to avoid a sense of contrivanioe implausible eventsin the project named
Car menods Bright | D BEBAS Marsdlka et saale2003)a flashblack and .
flashforward were used, wheflashbackwasu s ed t o represent amd char a
flashforwardwasus ed t o represent a ¢ har aWhilethoées i mag
systems have addressed the importance of temporal aspects of storytellingavbept
provided a systematic frameworor its manipulation thatonsidesareade 6 s e mot i on &

cognitive response.

1 An example of this kind of flashforward can be found in the mévieerican Beauty1999) in which Lesdr, the narrator
and also a main character in the film, explicitly announces his death at the beginning of the film. A similar flashforward
introducing a protagonistds death at the begi nheilmg of the
Panod6s L@WG.ri nth

2St ephen Ki ngoTsh ef abneoaumsd tAeobhveedes with the same title based on this novel show an effective
use of this kind of flashforward.



1.2 Applications

Surprise plays an important role in both entertainment and educdtioterms of
entertainment, surprise has a functional role of maintaining and focusing attemfich
helps to keep the audience frafistraction Specifically, instories with surprise endings
surprise is often connected widudden reversals dbrtunes Thus intypical nontragic
narratives, an antagonisappeardo succeed in achieving his or her goals, bpt@agonist
finally suaceeds by surpris@an, 19%). For exampleat the climaxn the movie21 (2008),
Professor Micky Rosa, the antagonmppears near the end of the fitomachieve his final
goal, but thef i | mé s  cconmeswithuassurprieing reversalThese reversaland the
reader 0 surpsisethey ostewfont ri bute to maint aimtha ng t h
story.

We learn from our failure. For the same reason, surprise based on unexpectedness or
expectation failure can plag centralrole in educatiorand learning According to Schank
(1982, the events that are accompanieg unexpectednesare more readily recalled.
Specifically, empirical studies have shown thaurprisecausedby unexpected important
failures can motivate a causal seatohfind the case ofthe unexpectedness in surprise
(Gendolla and Koller, 2001The experiencef learningcan be enhanced through this causal
search procesd:lashback in films, specifically ithe detectivehysery genre, has often
provided a functional role of explan i ng @A wh at a totha adewéras atwaypobp e n e d «

resolving unexpected surprise in the story.

1.3 Problem Statement
There are twanain goals of this dissertation. The first is to develop a computational model

of surprise arousal in narrative considering r eader 6 s emoti onhatdss a co
elicited by the surprising events. The second is etealuate the computational model
empirically. In this work,l definethe concept of surprise in narrative as follows, borrowing

from the definition of srprise in narrativelefinedby Prince (2003):

31n the movie, Ben Campbell, the protagonist, also suffers renafrkatunes several times.



Concept 1.2 (Surprise in Narrative). Surprise in narrative refers to the
emotion of a reader, which is obtained when expectations about what is going
to happen are violated by what in fact does happen.

In this dissertation | focus on the structural aspect of narrative based on ttiertwo
model of narrativedescribed above. My approach sarprise arousafor generation)in
narrative is strongly motivated by Structural Affect Theory (Brewer and Lichtend@#i,
Brewer and Lichtenstein, 198Zan, 1996), which claims that different discourse structures
in narratives can elicit different emotions as cognitive responses. As for surprise, specifically,
Structural Affect Theory claims that surprise can be telicby sudden presentation of an
event that has an important story outcome without presenting cmiftiehation relatedto
the story outcome.

As an example o$urprise arousal i®tructural Affect Theoryconsider a chronological
sequence ofour story events as in Figure 1.1(from Brewer and Lichtenstein, 1981)
According to the Structural Affect Theorg, narrative to produce surprise has a discourse
organizationin whichia si gni fi cant underl ying event
from the dscourse structure without letting the reader know that something has been omitted
(Brewer and Lichtensteir,981) .Thus a discourse structure feurprisearousal is: (2) The
butler carried the wine to Lord Higginbotham. (3) Lord Higginbotham drank the. )

Lord Higginbotham fell over dead. In this discourse structure, surprise is elicited b#eause

(1) BUTLER PUTS POISON IN WINE

(2) BUTLER CARRIES WINE TO LORD HIGGINBOTHAM
(3) LORD HIGGINBOTHAM HBIN/INE

(4) LORD HIGGINBOTHAM DIES

Figure 1.1: An example of chronological sequence of story events (from Brewer and
Lichtenstein

41n their papers, Brewer and Lichtenstein (1981; 1982) use the &srems structureand discourse structureThe former
refers to a chronological sequence of story events; the latter refers to a temporally rearrangea distafrsheir
chronological order.



omission ofsignificantexpository informatior{i.e., Exent 1)wi t hout t he r.eader o
As a resulevent 4 whichis the consequence of the dtad Bvent 1, will be unexpected and
surprising.While the emotion of surprise sften not clearly distinct fronother emotions
such as suspense or curiog#yg., the discourse structure for curiosity arousal may also elicit
surprise or suspense to soméent), | distinguish them in this dissertation and focuses only
on the discourse structure for surprise arsusal

Motivated by Structural Affect Theory propose a system that can elicit surprise by
identifying surprising events, important outcomesthe story, and thenitial and crucial
informationrelated tothe surprising outcomd-or the presentation of this kind of discourse
structuremy system makes use of narrative models with flashback and foreshadéwiag.
result, mysystem will produce aarrativewith nonchronological time including surprising
event(which will result in an important story outcomédlashback as an explanation of the

surprising events, and foreshadowing to mention the flashback in advance.

Concept 1.3 (Narrative with Non-chronological Time). A narrative with
non-chronologicaltimein this workrefers to a narative in which story events
are presented out of chronological order on purpose. In this dissertation, a
narrative withnon-chronologicaltimeis generated fothe purpose of surprise

arousal.

For the selection of surprising events in narrative, | also adopt a cognitive model of
surprise based on expectation failures and use a reader omotted basis o& partiatorder

pl anning al gori t hreasdningpsodessul at e a reader 6s

1.4 My Approach

To generat@arrativesvith nonrchronological timel start froman approach that tsuilt on a
narrative model with two parté story and discourse. The story part of a narrative is

generated by Longbow, a discourse planemploying a partial order causal link planning

5 Section 5.1.2 briefly discusses a possible combination of suspense and surprise.



algorithm with hierarchical action decompositi¢vioung, Pollack, and Moore, 1994)he
story plan generated by Longbowas a partiabrder plan structure, in whicbnly the
necessary chronological inforn@t between story events is specifieegure 12 illustrates a
representation of partialorder story plan thatorresponds tthe sequence of story events as
describedn Figure 1.11In the figure a square box represents a plan step that corresponds to
an event in the storgpecifically, agraded square box represents either the initial statee
goal state. A directed arc represents a causal relationship between stepsstémytiplan in
Figure 1.2, tere are three initial condition§ has(Butler Wine) has(Butler, Poison)
ofButler(Butler, Lord)i and one goal conditioh dead(Lord) The story plan is dynamically
generatedy a story planneio achieve the specified goal condition from the initial stBbe.
details of story plan structure ariscussed in Section 3.1.1.

The discoursgeneratedy my system is norchronological narrative fahe purpose of
surprise arousallThediscoursds generated by an algorithm motivated $tyuctural Affect
Theory,in which important expository informain is not presenteduntil a surprising event
occurs.For example, in Figure 1.Fall-overdead (Lord, Wineplan step is unexpected
when the reades unaware othe factthat the wine is poisoned, which is resulted from the
omission ofPut-poison (Butley Wine)plan stepWhile theStructural Affect Theorgloes not
differentiate surprise from unexpectedness, | draw a distinction betweenSketion 3.2.2
describes this difference in detail.

My approach is also based on a cognitive model of surpriserapdical studies of the
reader 6s emot i.®s a stowyhplah kas mogeapian stegps, the number of
surprising everstand ther relevant expository informatiom the story plan wouldhcrease
exponentially Thereforean effective evaluation meitologyis necessary to select the best
discourse structure to produce surpriBiee surprise evaluatigprocessn my systenmmakes
use offour factors: expectation failurbased on a cognitive model of surprisauses

importance of eventsn the basis ofausal relations between story eveetsotional valence

61n this dissertation, | do not use the hierarchical decomposition capability of Longbow.



considering a ,andesblatiod smicopgruides i sugpnsdl@s evaluation
processs described in Section 3.2i12 detalil.

Initial State
has (Butler, Wine) has (Butler, Poison) ofButler(Butler, Lord)

has (Butler, Wing has (Butler, Poisgn -drinkready (Wine)
Put-poison (Butler, Wine, Poison)
poisoned (Wine)

—drinkready (Wine), ofButler(Butler Lord)

Carrywine (Butler, Lord, Wine)
drink-ready(Wine), ready-to-drink(Wine, Lord)
ready-to-drink(Wine, Lord)
Drinkwine (Lord, Wine)
drinkingwine(Lord, Wine)

e

poisoned (Wine)  drinkingwine(Lord, Wine)
Fallover-dead (Lord, Wine)
dead(Lorg

\

dead(Lord
Goal State

Figure 1.2: A story plan representation that corresponds to the sequence of story events
shown in Figure 1.1

1.5 Contributions
There are two contributions made byisthdissertation.First, | present a computational

frameworkfor narrative generatiodesignedo elicit surprise The approach makes useaof
two-tier model of narrative andraws onStructural Affect Theory. While empirical studies
have demonstratedhe \alidity of this theory,few attempts have been made dpecify a
computational framework usings The presented computational framework will generate a
narrativewith nonchronological discourse structuusing two narrative devicesflashback

and foreshdowing. Second, | present methodologyto evaluatesurprise in narrative



generation using planningbased approach based on the cognitive model of surprise causes
put forwardby Ortony and Partridge (1987Y.he results of thexperiments that | condted
show strong support thaty system effectively generates a discourse structure for surprise

arousal in narrative.

1.6 ThesisOrganization
This dissertationis organized as followsChapter 2 reviews related work in the area of

narrative theorycognitive nodels of surprise, and story generation systéesgt, Chapter 3
presentsPrevoyant a planningbased computational model of surprise arousal in narrative
generation Then, Chapter 4 preserdn evaluation of Prevoyarand discusses thresults of

two expeiments that | conducted. Lastighapter5 concludes with discussion of future work

with consideratiorof limitations of my approach.



Chapter 2

Related Work

In 1976, James Meehan developed a storytelling system dedledSpin, one of the first

attempts at @tomatic story generation. Since T&pin, a number oftory generat@ have

introduced various ways to build (or to present) a better story in terms of creativeness, story
comprehension, interest, etc. This chapter outlines major previous efforts cllagdy to

my research. Section 2.1 draws on ideas of narrative structure associated with temporality
and cognitive emotions of the reader, highlighting two narrative devidésshback and
foreshadowing. Section 2.2 discusdbe use ofsituation modelsin narrative, i.e., the
reader 6s ment al mod el while reading a story

are reviewed in Section 2.3.

21Narrative Structure, Temporalit?
Story and discourse, according to narrative theoriséstvem main elements that comprise a

narrative (Chatman 1978; Prince 2003ptory includes characters, setting, and events,
consisting ofthe content plane (i.ewhat is told) of a narrative discourserepresentghe
expression, opresentationplane (i.e howit is told) of a narrative (Chatman 197&)igure

2.1 depicts the story and discourse distinction motlalnarrativetext (Chatman 1978: 19).

10



Actions
Events

Happenings
Story
: Characters
Narrative Text Existents { .
Setting
Discourse

Figure 2.1: Story and Discourse as Essential Elements Narrative Text [from Chatman 1978]

2.1.1Time in Narrative
In the storydiscourse model of a narrative, there exist two different levels of time. One is

story time experienced by the characters in the story world. The other is discourse time
experienced by ealers. The events in the story level are related temporally and causally
based on their natural order of occurrence, but they are often rearranged in the discourse level
intentionally.In other words, authors can let the readers know about some factancawr

hide some information until a certain point for a dramatic effect. The narrative theorist
Genette (1980) explains this temporal disparity between story time and discourse time with
respect to three major components of temporality: duration, freguand order.

First, duration of narrative refers to temporal features such as pace (or speed), summary,
and pause in a narrative. As a rule of thumb, a span of trivial actions or events in the story
time is shortened or skipped in the discourse timilarly, a spanof important actions or
events can be lengthenadthe discourse timeBy omitting detailsa single story everdan
bedescribedn a few sentences or in a few pages. While story time is unstoppable, discourse
time can be frozen by desgation.

Second, narrative frequen@xplains that single story event can be repeated in the
discourse time (or vice versdh the German filmRun Lola Run(1998), for example, the
same story event, which has occurred only once in a story time, is clexpelgted in the
discourse time with different viewpoints (awith slight variations).

Third, Genette explainsiarrative order using the termanalepsisand prolepsis
Analepsis tells (or shows) what has happened in the past with respect to the present.

S milarly, prolepsis presents what wil/ happ

11



(Bridgeman, 2005) The former is like rewinding the story, and the latter is like
fastforwarding the story. In this dissertation, | use the tdtashbackas aninstance of
analepsis antbreshadowindor flashforwarg as that of prolepsis, following the conventions
in cinematic media (Bordwell 1985; Chatman 1978; Sijll 2008)e following section

delineateglashback and foreshadowing (or flashforward).

2.1.2Narrati ve Devices Relevant to Narrative Time
As explained in Chapter 1,0th flashback and foreshadowing are narrative devices that

present story events out of temporal order. Flashback describes some past events related to
the present; foreshadowing gives altus{possibly implicit) to some future events. Typically
in film media, flashback often functions as a backstory to support a main(8igh2005),
being presented either as a continuous sequence or as a series of cut scenes showing only the
crux of thebackstory.
By contrast, foreshadowi ng, as fAhints of v
implicit or partial information. If foreshadowing is completely implicit, the reader would
realize its meaning later only in retrospect. If it is explicitwpartial information, the reader
is forced to fill in the information gap in her mental representation of the story. This kind of
foreshadowing plays a role of focusing the r
While foreshadowing implicitly alludes tthe future event so that the reader usually
cannot recognize its meaning until the event actually happens, flashforward explicitly
presents the future event so that the readers can be aware of it immediaelgistinction
between foreshadowing and dlforward, however, may not be clear in film narratives in
which flashforward can be partially explicit with help of the camera (e.g., a shot in which a
characterodés face is hidden by manipul ation o
Narrative devices such as flashbacld dareshadowing manipulate temporal order of

story events at discourse | evel , haefaldwingienci n ¢

" Flashback can also be used to refer to aireemain story. For example, a narrator can tell a main story as a form of
flashback in retrospect, often with the first person prospective. In this dissertation, | focus only on flashback s functi
as a backstory.

8Based on Genet preshaslowihgeis aniexampleadvgnce nfentiomnd flashforward is an example of
advance noticeThe former is implicit; the latter is explicit.

12



section describes the relationships betweentéemporal discourseharacteristicsand the

reader 6 s e mdwith thendsscoarse stucurea t e

213Reader 6s Emoti onrgcturend Narrati ve S
Emotions based on t he r esaspensedcsriositypand suftpjfisey e r e

provide the readers with attention, otyontrib
(Alwitt 2001; Tan 1996). These emotions, according toStractural Affect TheoryBrewer
and Lichtenstein 1981; 1982), can be aroused by manipulation of temporal characteristics in
narrative structure. Empirical studies have shown that this tempoaaipulation of
discourse structure can produce different cognitive and emotional responses by influencing
the readerds inferences and anticipation ( Hc
2005). My study combines this empirical result of 8teudural Affect Theorywith the two
narrative devicesi flashback and foreshadowing for surprise arousal in narrative
generation.

We read books not just to acquire information but also to receive some kind of reward or
to stimulate interest through readifigntsch 1980; Sijll 2005). According to Oatley (1994),
a readerd6s emotions as | iteraryi exteenalpnoinse c:
internal: external emotionsare evoked as the reader confronts the pattern (i.e., schema or
structure) of thenarrative;internal emotions are aroused as the reader enters the story world
described in the text. Cognitive responses such as curiosity or surprise epitomize external
emotions that occur from narrative structure. Empathy with characters in the samy is
example of internal emotions. This c¢classifi
betweencognitive interesandemotional interesfKintsch 1980). The former is given from a
well-organized discourse structure; the latter from emotional comettte story. Inthis
dissertation Focus only on surprise as cognitive interest, separating from emotional interest
or internal emotions.

Excluding emotional interest, Kintsch introduces the notiompaxdtdictability that can
contribute to the value ofognitive interest regardless of story types (Kintsch 1980).

Postdictability characterizes a story structure in which every part makes sense for the reader

13



as a whole so that she can construct na ¢
retrospect. Withut postdictability, unexpected events will produce no interest to the reader.

For this reason, surprise associated with unexpected important story outcome should be
postdictable ((Kintsch 1980; Tan 1996).

2.2 Reader Models for Narrative Comprehension
This setion reviews the research on text comprehension and inferences of readers from the

viewpoint of cognitive psychology. Section 2.2o0ltlines situation modelsin narrative
comprehension to explain how the readers understand the narrative iSdetxon 22.2

describes the thrgeronged approach as an integrated effort to combine a discourse model,
met hodol ogi es, and online measures for i

comprehension.

2.2.1Situation Models
When reading a text, readers bring up a mentalesgmtation, either obvious or blurred,

based on several factors such as general world knowledge or contexts from the text.
Discourse psychologists claim that a cluster of information is conveyed from the text to the
r ead e r, ocapturmgwhad the authowants to tell in the text (Graesser and Wiemer
Hastings, 1999)Readers continuously update ithenental representationsf the story

through interpretation and logical inferences based on incoming informagitunation

models refer to these mental regentations of situations whichae nst ruct ed i n ¢t
mind. Zwaan (1999agxplainssituation modelasfi me nt a l representation
affairs described in a text rather than the

As for detailed processes of how the sitoatmodels work, there have been several
distinct claims such as the constructionist theory (Graesser and \Alastngs, 1999) and
the evenindexing model (Zwaan, Langston, and Graesser, 1995; Zwaan, 1999b). While both
theories i | | unentarnmodeewhile hreading sestoithey havédifferent viesy
The onstructionist theoryputs more concentration arausation and motivation than the

other factors.

14



2.2.1.1The Constructionist Theory
The constructionist theory & situation modethatexplaisar eader 6 s ment al re|

for the comprehensiomf a narrative texttakng two distinguished assumptions: coherence
and explanation (Graesser, Singer, and Trabasso 1994; Graesser andMéstings 1999).
In the coherence assumption, coherence antibagctions, events, and states described in
the text plays an important role to build a situation model. This coherence is built by
establising both local and global coherence. While the local coherence is established by
linking incoming explicit stateemnt t o recent propositions in
the global coherence is established when chunks of local information are grouped into a
higherlevel information. For example, the coherence for ategkl theme of a text can be
established byithking several chunks of lodevel episodes. The explanation assumption, on
the other hand, posi ts dquestohs ae assentallto censtiudta n at i
situation model.

As an illustration of the inference process in the constructitm®ry, consider a sample
scenario in Figure 2. provided by Graesser and Wientdastings (1999).

Two brothers were always in competition over money and success. George unfortunately
went bankrupt the same year that Bill made his first million. Bill threw a New Yeard s H
party that ended up being quite a festive occasion. But everyone sobered up very quickly

when George was caught kissing Billds wif

Figure 2.2: A sample scenario [from Graesser and WiemeHastings, 1999]

According to the constructionist theopne reader makes specific set of inferences, which

are superodinate goal, causal antecedent, and causal explamatittme process of
constructinga situation moddbya nswer i ng the questi esn wiwhey o6di
However,the reader fails to makanother set of inferences, such as elaboration of subplans,
causal consequence or expectation, and spatial sefteagguse these could not Hee

answers for dhelonstructpnist theory onadelsrae ader 6 s compr eh

15



and inferences by means of causal and motivational relatwmsh is independent of

narrative genres or reading situation.

2.2.1.2The Eventindexing Model
The evenindexing model (Zwaargt al. 1995) uses five types of event indiceshich are

temporality, spatiality, protagonist, causality, and intentionality t o explain a
continuous updating of her mental representation for text information while reading a story.
Zwaan and Radvansky (1998) claim that a break of logicalenéer on any of these five
dimensions can makesaibstantial nf |l uence on the reader6s reac
The evenindexing model places equivalent emphasis on those five dimensions.
Therefore, i n addi ti on-questions, btieer infendegassciate@ b a s ¢
with édwhend (ti me), owheredé (pl ace), and oOowl
of construction of a situation model. Regarding the tindex specifically, Zwaan et al.
(2001)claim that story plots are often conveyed meféectively by shuffling the order of

story events, stressing the importance of temporal reordering in narrative.

2.2.2Effort of Convergence: ThreePronged Approach

Situation models characterize a reader s me
apat from discourse models or methodologies. The tpreeged approach (Suh and
Trabasso 1993; Magliano 199®esents systematic approat¢b the analysisaf he r eader 06
narrative comprehensiomy integrating three procedures: theory, methodologies, and
measures.

First, as a theory, the causal network model (Trabasso and Sperry 1985) is proposed as a
narrativeanalysis model where a story is represented by a causal network comprising events
and causal relations. Based on Wareeral.( 1 97 9) 6 s taasalbies ¢seeyTralmasso
and Sperry 1985), six types of causal relations are analyzed: motivation, psychological

causation, physical causation, enablement, temporal succession, and temporal caexistence

whereb6enabl ement 6 i ndi ¢aertstates are¢ meeessarysto taese atleet i on s
actions or statesbut are not sufficienfor ex ampl e, a statgeodofi §Dan
necessary conditonaf st at e of O6Donkey falling off Bric

16



Next, as methodologie® telicit verbal inferences, two protocols are suggested: think
aloud protocol and questianswering protocol. The thirkioud protocol allows
responderst to spe& any inferences occurred to theduring the process of discourse
comprehensiorwhichis suieble for identifying the frequency of various types of inferences.

On the other hand, the questianswering protocol encourages responslémtanswer a

specific kind of inferencen general, Bsed on world knowledge, prior text, and inferences,
threekils of Qquestionsgquaeetievms ufao e douesiphsdiay &t i on
associ at i ochamens & nqliedtionsioapredictions.

Last, as simple online response measures, sentence reading times and priming latencies
are recommended evaluatewherePrimingdenotesia change i n the respo
(i.e., thetarge) due to a recent exposure to it or a similar stimulus (i.e.ptinee) (Neely
2003) .0

2.3 The Emotion of Surprise

To a large extent, surprise is connected to diffeeemtions with two opposite hedonic tones:
surprise with pleasantness and surprise with unpleasantness. Pleasant surprise can be elicited
when a desirable event confirms unexpectedly, or when an undesirable event disconfirms
unexpectedly. Unpleasant sugar can be elicited when a desirable event disconfirms
unexpectedly, or when an undesirable event confirms unexpedtefd prospectased
emotions: Ortony, Clore, and Collins, 1987110). The former experience can give rise to
happiness and relief. Saeks (or disappointment) and shock can arise from the latter.
Therefore, surprising everitsstrictly speaking, thenexpectedness the surprising events
elicit surprise which is then followed by other emotions with differing valence, depending on
the appraisal of the surprising events. Thus the more surprising events we have in our daily
life, the more emotionally dramatic life we experience.

Il n narratives, surprise plays two i mportan
the sudden presenia of an important ever(Brewer and Lichtenstein, 1982)reating an
inference gap that makes a reader pause at

cognitive and emoti onal processes, whi ch ar
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undersanding of the unexpected situation. A proper resolution will satisfy the reader both
intellectually and emotionally, which is of major importance for storytelling. In contrast, an

improper or failed resolution will make a reader frustrated or disappointed

2.3.1Cognitive Models of Surprise

Many of the previous efforts to study surprise differ in their details, but are in agreement
when considering the notion that expectation failure or expectancy disconfirmation elicits
surprise (Meyer, Reisenzein, andSchiutzwdl, 1997; Ortony and Partridge, 1987;
StiensmeiePelster, Martini, and Reisenzein, 199%) particular, Ortony and Partridge
(1987),describe three causes for surprise: active expectation (or prediction) failure, passive
expectation (or assumption) fai@y and unanticipated incongruities. Active expectation

failure occurs when input is in conflict with a situation that is actively inferred by an agent

(e. g., one sits down to watch oneds favorit

canceled andreother show is running in its place). Passive assumption failure occurs when

input, which is not actively entertained by an agent atthetime, i n confl i ct wi't
knowledgestructure or belief e . g . , one finds out oatckitys nei ¢
oneds favorite TV show). Unanticipated i ncon
one watches oneds favorite TV show in which

camera, addressing the audience directly). Although thesectisti® are often blurred in
both real life and in narratives, their analysis sheds some light on the cognitive models of
surprise.More detailsabout how my model adopts the expectation failne explored in
Section 3.2.2.1.1.

Like the Ortony and Partide 6 s t hreef ol d model of - surpr |
disconfirmation model of surprigdeyer, Reisenzein, and Schitzwohl, 1997; Stiensmeier
Pelster, Martini, and Reisenzein, 1995) based on unexpectedness. According to the
expectancydisconfirmation model, surprise is elicited when the disconfirmation of
expectancy is detected. This detection evokeataibutional searchi a spontaneous and
active causal search to resolve the discrepancy between expectancy and what actually

happened. Factors such waence and importance of events influence tassal search
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(Gendolla and Kaoller, 2001)his expectancgisconfirmation model is compatible with the
computational modesuggested byhis dissertationwherether e ader 6 s ef fort tc

flashback orresponds to the causal segocbcess.

2.3.2Models of Surprise in Narrative
I n narratives, one of t he mai n functi onal

cognitive interest, which can be drawn out from the narrative structure rather than the
emotioral impact of the storgKintsch, 1980. The experience of surprise then contributes to
t he r eader 6(Brewertandr Lichtenteirt, E9828edifically, the evoked surprise
should be resolved without any conflicts against other narrative elemethts story, that is,
surprise should bpostdictable(Kintsch, 198(. The notion of postdictability is compatible
with the concept that achieving story coherence is essentiflei assessment of surprise
(GrimesMaguire and Keane, 2005)

With regard to lhe generation of surprise in narrati&tructural Affect TheoryBrewer
and Lichtenstein, 19823 uggest s t hat surprise can be ev
sudden presentation of a significant story
omissionof its initiating events(that is, the critical information related to the significant
event). Adopting thisStructural Affect Theorymy systenselects theSignificant Evenand
its Initiating Events and then generates a narrative structure that cam sliprise by
presenting thdnitiating Eventsafter the presentation of th®ignificant Eventusing a
planningbased approach. It also suggests the use of foreshadowing to enforce postdictability.

2.4 Computational Narratives with Nonlinearity
Storytelling is one of the finest artifacts created from humans. For entertainment and for

education, storytelling has served to stimulate our intelligence andnmtio@s which is
refreshing and necessary to oewerydaylife. For this reason, a wide variety of stor
generation systems have focused on how storytelling can reflect human intelligence and
emotions. This section reviews previous computational efforts about story generation and

storytelling in terms ointeractivity, narrative space, and narrative time.
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2.4.1Narrative Generation with Nonlinear Narrative Space
Traditionally narratives have been linear in terms of interactivity or narrative space. A linear

story refers to a story that hasparticular beginning and a particuleanding.In the linear

story, theres only one path from the story beginning to the story endihg. reader may
pause in the middle of reading, tw orshe will continue to read after the break. The
advent of digital media, such as hypertext, the World Wide Web, and virtual envirtsnime

the games, however, has greatly contributed to the development of interactive digital
storytellingbased on notinearity. Theinteractive aspect of nonlinear narratives is closely
associated with narrative space in which the reader (or the plagegyses a story world,

influencing the story unfolding and the ending as well as characters andssettihg story

2.4.1.1Universe
The goal of Universe story generation system is to producecum®p type stories, which

are characterized by similar plotdgthv different character developme(itebowitz, 1984
Lebowitz, 1985) To generate theoretically newemding stories, Universe extends the
previous story plot repeatedly by interweaving various character backgrounds, such as family
relations and interpersal relationships, as most soap opewtsiallydo.

Universe generates a story usirgplanning algorithm, keeping consistency and
coherence in character developmdiitus the extendestory events, which are performed or
experienced by the story charastevith extended backgrounds, make sewgbout any
conflict with existing story events terms of causality. These coherent story events are
combined with the character development information, making pfotafragmentwhich
includes characters, consirs, goals, and subgoals. Story plans are generated by selecting
appropriate plot fragments to achieve various auspecific goals.

Universehasa nonlineamarrative space structure because of its boundless extensibility
using the concept gilot fragment and character development, whprbvidescentralideas

with later nonlinear interactive systems.
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2.4.1.2The Oz Project
The Oz project (Kelso, Weyhrauch, and Bates 1993) is a converged effort to generate a

successfulinteractive dramajfocusing onthree majorelements: believable characters,

presentation technique, and drama theory. I

i nteractive dr ama I n t he virtual environme

i mprovisationo exper i medamadirector. {The eXperimentnhasa ct or

revealed two resulty1l) the response to the interactive drama between observers (i.e., the

audience who do not participate in the interactive drama) and the interactors (i.e., the users or

the audience who participatethe interactive drama) is very different; (2) the interactors can

i mmerse to the interactive drama more than t

of disbeliefo in spite of some obvious incon
The interactive tory model in the Oz project is represented by a simple plot graph, using

DAG (Directed Acyclic Graph), as shown in Figur8,2wvhere the nodes stand for major

scenes (i.e., events and situations); directed arc decides partidkemporal ordering

betweemodes (i.e., scenes). Agoal oftpel ot graph is to maintain |

control and interactords freedom, which is

Specifically, hints and obstacles attached to the nodes are provided tmongbring the

interactoro6és behavior, which enables to cont

T———r.( Ending

One

Figure 2.3: A simple plot graph for an interactive drama in the Oz project
[from Kelso, Weyhrauch, and Bates 1993]
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2.4.1.3Facade
The experiment irthe Oz project has shown a possibility of successful interactive drama

while maintainingp ot h character 6s fr ee tplot.fracads, atedn and
time animated virtual interactive drama (Mateas and Stern 2003)nbesd the small stage
of Studio Theater of Carneghellon at the experimerib a much smaller computer monitor
and replaced the human actors wattmputercontrolled norplayer characters (NPCs) such
as Grace and Trip, the believable agents equippednaitiral language understanding unit.

In Facade, a user plays the role of a gabsractewisiting Grace and Trip, a couple who
have some serious relationship problems. The player irgevéttt Grace and Trip, through
typing appropriate sentences atleadtical juncturejnfluencingon the drama unfolding and
ending The two believable agents, Grace and Trip, help the player explore the drama space
without harming a coherent drama ploider the programmed guidance of a drama manager
For this programmed improvisation, the behaviors of Grace and Trip are determined by story
units called Abeatso, a col |.&igurei26 shows in b e h a v
overall architecture of Fagade.

Drama Manager

(sequences beatg) Story Memory
Bag of beats Cl.%rrent Previous action
m /’_\ v ues time
— Desired walue | .
w arc(s) “ - | heat | heat l:-eat | beat |
selected
4 beat Actwity notpart of a beat

\ surface text —# discourse acts
-

discourse acts —pe reactions

Story World Natural Language
Processing

Figure 2.4: Fagade architecture [from Mateas and Stern 2003]
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2.4.2Narrative Generation Using Nonlinear Narrative Time
Chronologicalnarratives refer to the narratives in which stories are told in chronological

order from thes t o begineng to thes t o end.dlrsother words, the ordering of story
events at discourse level iglentical to that of story events at story levelh non
chronologicalnarratives, by contrast, storiean be told out of chronologicatder, so they
need tobe reconstructed in chronologid order in the readeros
needs to make more efforts comprehendhe storywhen presented in nenhronological

order.

2.4.2.1MINSTREL
Creative thinking is one of the highest features of huragnsell asa major goal to achieve

in educationAs a rule of thumpcreativity can becategorized in two waysreation from
scratch and adaptation from different domain. MINSTREL (Turner 1894¥ casbased
reasoning to adophe latter definition as a model for creativiGonsideringstaytelling as a
problemsolving process, MINSTREL finds a solution with three stegiag the creativity
model (1) slightly modify a given problem description; (2) recall a solution to similar past
problems in another domain; (3) adapts the solutionditiinthe original problem domain.

To solve this storytelling problem, MINSTREL looks for search space to accomplish
threeauthorlevel goalsi theme, consistency, and dranfdiematic goals denote moral or
message in the storgonsistency goals charadtee believable charactrand reasonable

actions withoutinconsistencies in terms of planning and emot@rama goals define four

dramatic writing techniques such as tragedy, suspense, characterization, and foreshadowing

wherecharacterization is simitdo the character development in Universe (Lebowitz, 1984)
MINSTREL is one of the first story generation systems using foreshadowing, a narrative
device for temporally nonlinear storytelling. To select what to foreshadow (i.e., the content
of foreshadowng) and when to foreshadow (i.e., the location of foreshadowing),
MINSTREL uses two domainindependent heuristicsOne is a heuristic to choo®
foreshadowing content order to avoid a sense of contrivance. To this end, MINSTREL
searclesfor a combinatia of an action and its effecivhich is unigue oruncommon.The

combination of actionand its effect is consideredas unique if it is not found in the
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The Mistaken Knight

It was the spring of 1089, and a knight named Lancelot returned to Camelot from
elsewhere. Lancelot was hot tempored. Once, Lancelot lost a joust. Because he was hot
tempered, Lancelot wanted to destroy his sword. Lancelot struck his sword. His sword
was destroyed.

One day, a lady of the court named Andrea wanted to have some berries. Andrea
wanted to be near the woods. Andrea moved to the woods. Andrea was at the woods.
Andrea had some berries because Andrea picked some berries. At the same time,
Lancel otéds horse moved [Ohiswunexpestedlytcaused him tow
be near Andrea. Because Lancelot was near Andrea, Lancelot loved Andrea.

Sometimelater,Lancel ot 6s horse moved unmtertienaltyt
again causing him to be near Andrea. Lancelot knew that Andrea kissed with a knight

named Frederick because Lancelotsawthat Andr ea ki ssed with Fr

Figure 2.5: A foreshadowing example in the storyThe Mistaken Knightcreated by MINSTREL
[from Turner, 1994]

MI NS T R Eéndos. If multiple combinations are found, one combination is randomly
chosen.ln Figure 25, for examplethe actioreffect combinatioiL ancel ot 6 s hor se
Lancelot to the woodsnintentionallycausing him to be near Andréan the third paragraph

is selected as a foreshadowing becadses uniqueness.

The otherheuristicselecs foreshadwing point (or location)To this end, MINSTREL
searcheghrough the story point that has action or a state that is similar to that of the
foreshadowing contentn the above example, tiset a tareelofislnear Andreais located
prior tothee v e na n cfied o't | oag a precdvdittnTieus the action and effect
combi nlaganoel dit 6s hor se mo viaislundxgectedlg ¢awséd himo t h e
to be near Andréas copiedas f oreshadowing before tAse even
a resultof this foreshadowing scenthe story appears more natural, avoiding a feeling of

contrivance.
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While MINSTRELG s approach

for

f or e s hiatcbdugestwog

important characteristics of computational foreshadowimdnat to foreshadowand when to

foreshadowSince MINSTREL copies the foreshadowing content from some later events in

the story, it avoids a sense of contrivance and develops a sense of unity. In addition, this kind

of foreshadowing does not mislead the reader unligefres or red herringsmentioned in

Chapter lwhichmayunder mi ne a

however,can enhance the story (see Barthes 1974:s82ying as a way of delay of the truth
Twister (Plattset al. 2002) in the nexsection addresses aterestingapproach to generate

a twisted endindor surprise.

2.4.2.2Twister

Twister (Platts, Blandford, and Huyck 2002) is a story generation program aiming at creating

r e a d e Cadefully designadssnages

a story with twist in its climaxAs a result of the twisted storynexpectedness arstirprise

isproduced n t heminkeader 6s

Twister creates a story with twist ending by

combining two parallel storesovert

story anda concealedstory. Specifically, some importaekpository information i®mitted

from the conealed storyWhenan overt story ends with its climax and another twisted story

comes after itthe reader realizes that therasshidden expository information by backward

reasoningTaking a seed story as inpulwistergeneragsa twist and gosttwist story (i.e.,

It was raining on Wednesday.
Pat walked into the bank.

Pat approached the counter.
Pat asked the teller to cash a cheque for Pat.

The teller said to Pat that Pat did not own any money.
Pat became angry. E—
Pat shouted.
Pat cried.

Climax

Overt story

Sandy left the bank.

Pat left the bank.

Pat and Sandy met at the street corner.

Pat and Sandy divided the money they had stolen.

Concealed story

Figure 2.6: A twist-centered story example by Twister (from Platts, Blanddford, and Huyck 2002)
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a covert story without some important expository informatiarthe followingthree steps.

First, Twisterbuilds an overt storpn the basis of the seed story dodates its climaxas

shown in Figure &. Next, Twisterbuilds a concealeday by slightly modifying theclimax.

Last, both overt and concealestories are merged inanetwist-centered story by resolving

conflicts between the two stories. Overall, the overt sgeneratedrom the input seed story

plays a role of gep to misead the readerdhe concealed story providése readers with

unexpected twistcontributingtat he r eader 6s surprise and inte
While theprocesdor building twisted storiesnight be similar to that of human authors,

the detailedprocess to create concealed storyasnot presenté in the paperAlso, asthe

paper pointout, the sudden introduction of the concealed story may undermine the story

coherence.

2423Car mendés Bright | DEAS
Carmends Bright | DEAS (CBI) i sedagogicaudrama me d i a

wherea main character, Carmen, is a mother of two chiléiramineyear old son suffering
from pediatricleukemia and a styear old daughter (Marsella, Johnson, and LaBore 2000;
2003). CBI isinteractivein that a participant who plays drama character named Carmen
can choose Carmends thoughts and emotati ons,
each critical juncturgpedagogicain that the participant playing Carmen can learn a problem
solving skildl withh)a vpespbi we @inde.a, pfiBrcieg
IDEAS which stands fothe five sequential procedure®id ent i f y aDepelop bl e mo
possi bl e Bvall wtait een syoo,Acrfi ooprt i yooiwsrése pliah o ,i t a wd r R
This multimedia drama is consistedtbfee acts in which the participant playing Carmen can
learn a coping skill while discussing her problem with a virtual counselor named Gina. The
story was scripted by a professional scriptwriter.

CBI explores both spatial and temporal nonlinearity. Tiglointeraction with Carmen,
the participant can traverse the drama story space in a nonlinear manner (i.e., branching at
critical story moments). In addition, CBI suggests the use of two narrative ddvices
flashback for representing actions related tor @Gae n 6 s recalling of t
flashforward for illustrating Carmends i magi
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Doing this could
actually help me
solve my problems

I wonder if T

should talk to

her about my
family concerns?

[
e

Figure27:. A Screenshot from Carmendés Bright | DEA
character named Carmen are r@resented by thought balloons. (from Marsella, Johnson, and
LaBore 2000)

The candidateparticipantsor CBI are people who are in similar situatiimCarmen For
this reason, it is claimed that the partamps may be able to feghmersivein the drama
because of theiempathetic emotiomwith Carmen. This claim is in accordance with the
explanation about the emotional i niftcatione s t

with story characters, as desetbin Section 2.1.3.

2.4.2.4Suspenser
Suspenser (Cheong 2007) is a narrative generation syfsteusing onthe contenselection

process from dabulato as j u fceording to Russian Formalist terminolodgbularefers
to a chronological series of story et®ns | u mgmesents reorganized story events in
presentation ordefThe goal of Suspenser is to creatdeeling ofsuspensea combined
cognitive emotionof anticipation and anxiety about an uncertain outcome of a significant
event, i n t hog selecéng dppropdiae comtemisdfor the ufipm the story
events in thefabula Suspenser does not consider the ordering of the story eatettie
discourse levelluring thes j ucgnsttuction process.

Suspenser selects important actions for siolu in a story using a pldmsed reader
model that measures the suspense level of the reader at a certain point while reading a story.

To achieve high suspense during the content seleptmress Suspenser employs a way of
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limiting the number of solubins available to a protagonist in the story. The concept that the
number of available solutions influences a
cognitive researchers such as Gemaugd Bernardo (Gerrig and Bernardo, 1p9%/hile
Suspenser concentea on the selection of storyrdent for suspenseny system stresses the

presentation ordarg of story contenfor surprise.
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Chapter 3

Prevoyant: A Model of Surprise
Arousal Using Flashback and
Foreshadowing in Narrative

In this chapter | describe Prevoyant,camputational model of surprise arousal using
flashback and foreshadowing in narratigeneration The namePrevoyantrefers to the
functionality of my system to see the whole story ahead of time and generate foreshadowing
before some future events occBrevoyant produces as output a story containing structure
intended to evoke surprise in the reader o6s |
data structure, Prevoyant determines the content and insertion point in the story for flashback
and forebadowing events. Prevoyamiakes useofaeader model which ref
conception of a story world constructed during reading. The story plan requires a specific
medium to be realized. Prevoyant passes the output story plan to a module bésgonsi
realization that could then generate text or other medium specific realization of the story. The
output of Prevoyant is for telling the story events in a specific order, not for executing the
story events dynamically in real time.

In Section 3.1, loutline the overall architecture of my system, also providing a

description of the input story plan and the reader model used by Prevoyant. The three key
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components of Prevoyantthe Generator, the Evaluator, and the Impleméntae explored

in detailin Section 3.2 and Section 3.3.

3.1 Architecture

A functional role of surprise in narrative
Prevoyant aims to create surprise at an important story outcome, which can make the reader
more engaged in the story @#tt, 2002). In order to create this sense of surprise in a reader,
Prevoyant uses two narrative techniques: foreshadowing and flashback. Foreshadowing
provides the reader with (possibly implicit) anticipat{@al, 1997) flashback explains what
caused th surprising event (i.e., the unexpected outcoimegtrospect To meet this end,
Prevoyant employs a generatedtest design incorporating three major componéntise
Generator, the Evaluator, and the Implementer (see Figure 3.1).

Prevoyant takes aaty, which is defined by a plan data structure, as input. Given a story
with a partial order planning structure, Pr

selecting flashback and foreshadowing events, aiming at evoking surprise in the mind of a

Reasoning boun
Preferences

Unexpectednes$hportance/ Emotional

. Valence/Resolution/ Postdictabili
Initial/Goal State, ty

Plan Libraries ﬁ
—\
Story ) Evaluator —V Implementer Temporally
Planner ) | SOTY p|a> Generator Non-linear
L Story with
P t Foreshadowing
revoyan and Flashback

Figure 3.1: Prevoyant Architecture.
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reader. During this temporal rearrangement process, the Generator and the Evaluator work
together to reconstruct a given story based on the anticipated inferences made by the reader,
as predicted by the reader model. The Generator selects candidate distogtaees that
can elicit unexpectedness in the mind of a reader. Since unexpectedness alone is not
sufficient to increase a readerd6s surprise
discourse structure based on four factors related to surpwieasal in narrative:
unexpectedness, I mportance of the events, a
incongruities within the unexpectedness. After the reconstruction of story events is complete,
the Implementer determines how to realize $tory based on the specific medium in which
the story is being told. The general architecture is shown in Figure 3.1.

When writing a story, writers typically make use of an imaginary ideal relgenn as
the implied reader(Chatman, 1978; RimmeKenan,2002), to whom the writer tells the
story. Without reference to the notion of the implied reader, an author may provide readers

either with too much explanation or with sudden change of context (see Emmott, 1997: 7).

Both can compl i c aheasion groeesst énded & practcal assumgion of
mut ual 6cooperationb6 between author and rea
mod el to reflect three char-elatédenfeierscé pracess, of a

the readesédd mpéanoni ng capabi-lelatédypreferenced t he
(Young, 1999). The detailed structure and use of the reader model is described in Section
3.1.2.

On the whole, this generasmdtest architecture is motivated by the Cooperative Plan
Identification (CPI) mode(Young, 1999) which was originallydeveloped as a method for
creating an effective and concise textual description of a task plan based on notions of
cooperative principles of communication first developedsoige (1975. Thenex sections
describe the input story plan and the reader model that is adapted from the hearer model in

Youngbés CPIl architecture.
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3.1.1Input: The Story Plan
As shown in Figure 3.1Prevoyant takes a story as input which is defined by a plan data

structure. Thissource story plan is represented as a plan structure created by Longbow, a
discourse planner employing a partial order causal link planning algorithm with hierarchical
action decompositionThe causal relationships indicated between steps in the platusgr
correspond closely with the characteristics of the causal network contained a mental model of
a story built by readers (Trabasso and Sperry 1985).

To generate a stomglan usingthe Longbow planner, domain designer (i.e., the author)
defines a @nning problem and a plan library. A planning probfema story plaris defined
with a specification of thanitial state and goal condition3he initial state is a conjunction
of the initial conditionsthat represent the initial story world stagmal conditions area
specification of the conditions required by the author to be true in the world after all story
events have executelduse he closedvorld assumptionwhenspecifying the initial statan
the planning system that | use. Under the clesedd assumptionany condition not
explicitly marked as true in the initial state is considered to be falee.initial comitions
and the goal conditions are represented usingdndgrterms (e.g., At (President, White
Housg).

A plan library defined by the domain designer describesnumber of different action
operatos®. An action operator describes a single aciiorterms of a list of parameters,
constraints, preconditions, and effects. A paramgtan actions an unbound variable used
within Lo n g b firstrérder action representatioA. precondition of an action specifies a
condition that must hold for the action to be executedonstraintof an actions a condition
that is satisfied only in the initial state, maintaining its value throbhghathole story plan.
Constraints cannot appear in the representation of preconditions or effects of any plan actions.

Preconditions mudte either true in the initial state and maintained as true until the relevant

9 As mentioned in Chapter 1, the current Prevoyant does not make use of the decomposition capability of Longbow.

101 ongbow is a hierarchical planner using two types of actioaisstract and primitive. A primitive action is an executable
action, and an abstract action is one that characterizes or provides an abstraction for a sequenpeimitiveractions.
Since the current implementation of Prevoyant does not make use of the hierarchical functionality of Longbow, only
primitive action operators are considered in this dissertation.
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Operator: BuyGun
Parameters: ?user
Constraints: (igoerson ?user)
Preconditions: (hasas ?user)
Effects: (hagyun ?user)
(not (hascash ?user)

Figure 3.2: Example of a schematic representation of a plan operatduy-Gun

step or made true by some earlier stepghea plan.An effect of an action describes a
condition that will hold as a result of the execution of the actiigure 3.2 shows a

schematic representation of a plan operaBuy-Gun where parameters, constraints,
preconditions, and effects of an actiare defined

A story plan is a partiabrder plan that is produced by Longbow planner as a solution to a
given planning problem. The partiaider plan structure that Prevoyant uses includes a set of
plan steps, a set of binding constraiot®er varido | es i n t hasetpof tammpbral st ep
orderingconstrainto v e r t h e , antd asettkcausal lieketsveen the effects of the
pl anés steps and t heintpheplmrloptan step isnstansiated fromot h e r
the plan operators the plan library. A binding constraidenotes a variable that is bound to
a constant in a plan step. A temporal ordering constraint represents the ordering constraint
between two plan steps. A causal link connects tao gteps where an effect of st step
(i.e., a source step) achieves a preconditiothefsecondtep (i.e., a destination stefhpr
details of the plan structure used in Longbow, see Young, Moore, and Pollack 1994; Young
and Moore 1994; Young, Pollack, and Moore 1994

Concept3.1 (Story Plan). A storyplan in this work refers to a tuple <S, B, O,
C>, where S is a set of plan steps, B is a set of binding constraints over
variables in S, O is a set of ordering constraints on the stefsand C is a

set of causal links betweeteps in S.
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The story plan structure is represented as a graph in which nodes are steps and edges are
ordering links between steps. The initial world state and goal conditions are given by a
domain author. Given the initial world state and a set of goadlitons, a story plan is
dynamically built to achieve the goal conditions.

An examplestory plan graph is shown in Figure 318 this graph, plan steps in the story
plan are represented by circles. The numbers inside the circles denote the plambis nu
that will be executed sequentially. Step 1 is the opening step, and step 20 is the closing step.
The directed arcs between two steps tewausal links from their source step to destination
step. Specifically, the dottdthe arcs denote the caudadks starting from the initial state,
distinguishing from the other causal links that start from the plan steps in the storyTpian

literals in the initial/goal state are represented by rectangles. This story plan employs seven

INITIAL State

@@ ‘

GOAL State

Figure 3.3: A Representation of Causal Relationships among Plan Steps, Initial Conditions, and Go
Conditions in a Story Plan

1 This classification of causal links depending on their origin, either thialiconditions or plan steps, can be useful
because the initial conditions may not be as explicit as the other plan steps in the story plan.
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ground literals in thenitial state, and satisfies seven ground literals in the goal state. The
thick solid arrow represents that a goal literal is satisfied by an effect of a plan step (e.g., an
effect of step 4 satisfiethe goal literal g1). Figure 3.ghows a text represation of the

story plan in Figure 3.3

Initial World State

i1 Erica has given an order from Jack

i2 Erica has the blueprints of Jackods fo

i3 Erica has a boat

i4 Smith is on thdand

i5 Smith is armed

i6 Dr. Cohenbds |l ab is guarded

i7 Smith knows where Dr Cohends | ab is

Plan Steps

1 Erica installs a wiretap in Smith's home while he is away.

2 Ericg eﬁvesdrops on the phone conversation in which Smith is given thécorestue

r. Cohen.

3 Erica meets with Smith.

4 Erica tells Smith that her father was kidnapped by Jack and taken to Skeleton Islan
she asks Smith to save her father.

5 Erica gives Smith the blueprints of Jack's fortress, with her father's aédbdha

6 Erica provides Smith with a boat for transportation to Skeleton Island.

7 Before going to the island, Smith hides a diamond in his shoe.

8 Smith goes to the port containing Erica's boat.

9 Smith rides the boat to Skeleton Island.

10 Smith sneak into the cell marked on the map containing Erica's father.

11 Jack and his guard capture Smith as he enters the cell.

12 The guard disarms Smith.

13 The guard locks Smith in the cell.

14 Smith bribes the guard with the diamond in his shoe.
15 Theguard unlocks the door.

16 Smith leaves the cell.

17 Smith sneaks to the lab where Dr. Cohen is being held.
18 Smith fights the guards the lab.

19 Smith takes Dr. Cohen from the lab.

20 Smith and Dr. Cohen ride the boat to shore.

Goal Conditions

gl Erica asked Smith for help

g2 Smith got captured

g3 Smith is unlocked

g4 Smith was locked

g5 The guard helped Smith

g6 Smith accomplished his mission
g7 Smith is on the land

Figure 3.4: Text representation ofthe story plan in Figure 3.3
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3.1.2The Reader Model

As briefly mentioned above, the notion of cooperative communication between author and
reader is central to Prevoyantos deoscarggn. Wh
about what her readers think as they read. |
lines helps him or her grasp and focus on what the author wants to tell. Without his form of
cooperation, storytelling and reading would be just a superGonveyance of information.
Prevoyant s reader mod el s | mpliecareagdlesas & he r e
counterpart to anmplied author (Chatman, 1978; RimmeKenan, 2002). Prevoyant
employs a plaibased reader model using the Longbow plansiysiem, motivated, in part,
by work that has shown that human planning process can be characterized byukmtial
planners (Ratterman, 2001). In this dissertation, | use the Longbow planning system as a
reader model to check whether or ao$tory evenis unexpected on the basis of the current
story world stateThis unexpectedness decision process using the Longkower as a
reader model is described detail in Section 3.2.2.1.2.
The Longbow planning system is based on a dosimalependent planngalgorithm
named DPOCL (DecompositionBlartial der CausalLink) (Young, Moore, and Pollack
1994),which performs refinement search (Kambhampati, et al., 119@%)Views a planning
process as a search process through a space of plamsefinement sarch process is
represented using a directed arc graph, wheresbet®te(possibly partial) plans and arcs
denote refinement of plans. The plan refinement process is characterized by fixing any flaws
in a plan. The current Prevoyant considers two tydeBaws!2: open preconditions and
threats.An open precondition refers to a precondition that is not achieved by autitimes
plan. A threat occurs when there is an action whose effect conflicts with established causal
links in the plan. A story plan tha& produced by Longbow planner is a complete plan, that is,

there are neither open preconditions nor threats in the story plan.

121n Longbow, there are three types of flaws: open preconditions threats, and abstract steps that can be diéctmmpose
more primitive steps. As explained earlier, current Prevc
flaw of abstract steps does not considered.
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The reader model simulates plelated inferences performed by the reader. The
(possibly partial) plans in the plan spaceresent completions of the story by the reader. The
reasoning bound function defines the | imit:

heuristic function characterizes the reader @

as the preferencefo cont ent selection. The reader 6s cL
is represented by a set of plan steps, whicl
reader6s plan |l ibrary characterizes sher |l d Kk

has read so far.
A partial order causalling |l anner has been employed as a |
generating a concise taskiented text instructiofiYoung 1999) and creating a suspenseful
story (Cheon@007). In her story generation systedineong usea variant of the Longbow
plannerto find the number of solutions available to a protagonist that the readét

constructfrom a given partial story.

3.2 Prevoyant: The Generator and the Evaluator
The Generator and the Evaluator are two ncaimponents in PrevoyarRassed as input

chronological orde(i.e., the order in which they occur in the story warkl)ents in an input

Step |. The Generator: Select flashback candidates for surprise arousa

=

Step Il. The Evaluator: Select the lest candidate among the flashback
candidates by checking four factors of surprise in narrative

=

Step Ill. The Generator: Select foreshadowing that can allude to the
flashback that will be presented after the surprising event

Figure 3.5: The Selection Procedure of Flashback and Foreshadowing
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story plan are temporallye-orderedby the Generator and the Evaluator. The overall
procedure consistof three steps as illustrated in Figure53.First, the Generator creates
potential candidates of flashback for surprise arousal. Second, the Evaluator decides the best
candidate among the potential candidates by checking the factors that can contribute to
surprise eousal. Finally, after the best candidate is determined, the Generator creates

foreshadowing that alludé¢o the flashback events.

3.2.1The Generator: Selection of Flashback Candidates
Flashback provides the reader witifiormation relating ta backstory azurring in the past,

typically associated with eelevantcharacter, object, or event (Sijil, 2008n effectiveuse
of flashback, however, should be carefully designed because frequent use of flashback,
especially to explain some insignificant elememghe main story, may harm the storg

momentum.

3.2.1.1Modeling of Flashback for SurpriseArousal
A narrative structure that evokes surprise

unexpected outcomeodo, where exphbthedutoomgareor | ni
presented after the outcome or even omiteWer and Lichtenstein, 198Tan, 1996).
Here the outcome refers to a ramification of story events that the author wants to dkbver
initiating events refer t@a critical causdor the oucometo occur in the story worldn this
dissertation, specifically, story outcomeefers toone of goal conditions specified explicitly
in the goal state, assuming that goal conditions in the story plan are impatemies in
the authoicentric stoy generation systen(Alwitt, 2002).
The narrative structure for surprise arousal is similar to that used for curiosity arousal.
Both of these structures present unexpected outcomes without their initiating events, but in
the two cases edghabouttheaitiatingoeventk is diffetent. If the reader

knows that the initiating events are missing or only partially depicted, curiosity occurs; if the

131n this thesis | assume that all goal literals have equal importance.
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reader is not aware of the absence of the initiating events, surprise occurs (Alwitt, 2002;
Brewe and Lichtenstein, 1982; Tan, 1996).

Based on thissurprisemodel in the Structural Affect Theorythe Generator selects
flashback events by identifying@ignificant Even{SE) and itsInitiating Events(IE) in the
input story planA Significant Evenis a plan step whose causal effect is a startgome in
the story In other words, a Significant Evedirectly achieves one of the goal conditions in
the goal stateAn Initiating Events (IE) isharacterized aa set of plan steps thagrve as a
causakbntecedent of a relevant SE

Theprocesdor flashback selection is outlined by the if@inases as shown in Figur®é.3.
During Phase 1 thorough Phase 3, the Generator identifies a set of separable Causal Chains,
which includes flashback candidates, angsea it to the Evaluator. In Phase 4, after the best
candidate of flashback is determined by the Evaluator, the Generator selects the temporal

position of the flashback. These four phaseslaseribed in detail in the following text.

Phase 1:Selectinga set of Significant Evens
Given an input plan representing a story, the Generator first iderdifeed ofSgnificant

Events a set ofplan steps that directly connect to goal literals in the goal Safae this set

Phase 1. Select a set of Significant Events from the story plan

=

Phase 2. Identify a set of Causal Chains relevant to a Significant Event

m

Phase 3. Select a set of Separable Causal Chains and pass it to the Evaluator

.

Phase 4. Select taporal position of flashback, given the best separable Causal Ch{
from the Evaluator

Figure 3.6: The Selection Procedure of Flashback in the Generator

39



of distinctSignificant EventasSE set

The size ofin SE set can be greater than one. In FiguB far instance, the SE set in the
story plan onsists of the six steg 4, 11, 13, 15, 19, and 2When the size oSE set is
larger than one, the importance of each significanttageated in terms of causaligndthe
participatingcharactes and itemsn the story (Cheong, Jhala, Bae, and Young, 2008). The
importance rating of each event is performed by the Evalaaris described in Section
3.2.2.2

Phase 2: Identify a sebf Causal Chairs
Consder each SESignificant Event)n the candidate SE seteLthelE (Initiating Events)
for this set be just a series of events which are causally linkedifimitial state to the SE,
considering the closedorld assumptiorin which any condition not explicitly marked as
true in the initial state is considered to be falka SE will havepossiblymore than one
relevantlE. For each IEof the relevant SEcreate gpair consisting ofthe SE andan IE,
where the IE originates fromehnitial state Define thispair as aCausal Chain There will
be possiblymore than on€ausal Chainn the story planCreate a set consisg of all the
distinctCausal Chais in the story plan and define tlsist as aet ofCausal Chais

When the @nerator identifies a Causal Chain that is associated with an SE, it traces all
the incoming causal links until reaching the initial st&®: example in the story plan in
Figure 33, step 4 is an SE arttere are thredistinct IEs originated from thenitial state and
is relevant to step 4 the initial step a set consisting dheinitial step,step 2, and step 3; a set
consisting ofthe initial stepstep 1, step 2, and step&o, there existhree distinctCausal

Chairs relevant t@ Significant Evat, step 4

Phase 3:Selection of a set okeparableCausal Chairs

Once theset of Causal Chaigin the story plans determined, the Generator selects a set of
separableCausal Chais among the elements in teet of Causal Chais. Here Isay that a
Causl Chain is separablejust when the IE can be omittdcbom the story plarwithout

causing any open preconditiofts the steps that occur prior to the relevant SEfine this
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Causal Chaims a separablgausal ChainThis separabilityof the IE ensures #t the reader
does not detect the absence of the IE from the rest of the story unélet@ntSE occurs

The main idea okeparability here lies in how the temporal position I& (Initiating
Eventg, which are causally related one another, can baoved as a separable grdufrom
beforethe presentation of thelevantSE Significant Event to after the presentation of the
SE 1 without affecting the causal relationships of the other events in a story. As a result,
readers would nadetectthe omited [E until the presentation of its Significant Event. This
omitted E is presented after the Significant Event as a form of flashback, explainintheow
relevantSE could actually happen. To thesad, the Generator checks twonditions that a
separale Causal Chairshould meetwhich arespecified in Figure.7 and describe in detalil
in the following text.

Thefirst condition of separabilithelps toensure that the omission thie steps in the IE
of a separableCausal Chairis not detectedby the reder until the presentation of its€ES
(Significant Even}. This is possible because the plan steps of thenlthe separabl€ausal
Chain do not causally contribute to the other story events prior to thia 8&se 1 irFigure
3.8, for instance, a Caus@hain consishg of (S0, S2, S3, S4, S6), wheg$ is an SE and
(S0, S2, S3, S4) is a relevant IE to the B& no outgoing causal linkitiating from a step
in thelE of theCausal Chairio a step that does not belong to the IE and is temporally prior
to the SEAs a resultthe omission of the IE from the story plan would not be detegteleb
reader until the presentation of step 6, the I8fhere is an outgoingausallink initiating

Conditions of a separable Causal Chain

1. There is no outgoing causal linkstiating from a step (excdpthe initial step)
in the IE of a Causal Chaprior to the SE

2. There is nodedicatedincoming causal links to a step in the IE of a Cal
Chain, initiating from a step that is prior to the SE and does not belong to 1

of the Causal Chain.

Figure 3.7: Conditions of Separability

41



Case 1: There is no outgoing causal link from any step but SO in an IE (SO,

S3, S4) to a step prior to the relevant SE (S6).

A Causal Chain (S0, S2, S3, S4, S6) consisting of an IE (SO, S2,
S3, S4) and the relevant SE (S6) satisfies the first condition of

separability Goal Step

Case 2: There is an outgoing causal link from a step (S2) in an IE (SO, S2,
S4) to a step (S5) that prior to the relevant SE (S6).

Initial Step

IE .
@ G—6| H—6

A Causal Chain (S0, S2, S3, S4, S6) consisting of an IE (S0, S2,&gal Step
S4) and the relevant SE (S6) fails to satisfy the first condition of
separability

Figure 3.8: An lllustration of the first condition of separability. In the graph, nodes
represent plan steps and edges repsent causal links.
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Case 1: A casual link initiating from S1 to S2 ideglicatedncoming causal
link to S2 because this causaldiis the only outgoing causal link of s1.

Initial Step

I

A Causal Chain (S0, S2, S3, S4, S6) consisting of an IE (SO, S2, S3; i
S4) and the relevant SE (S6) fails to satisfy the second condition Goal Step

of separabilitypbecause of @edicatedcausal link established
between S1 and S2.

Case 2: A casual link initistg from S1 to S2 is not a dedicated incoming cau
link to S2 because S1 has another outgoing causal link to a step in the stor

A Causal Chain (S0, S2, S3, S4, S6) consisting of an IE (SO, S2,

S3, S4) and the relevant SE (S6) satisfies the second condition

of separability that is, there is no dedicated incoming causal Goal Step
links to the steps in the IE of the Causal Chain.

Figure 3.9: An lllustration of the second condition of separability. In the graph, nodes
represent plan steps and edges represent causal links.
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from a plan step of the IE in a Causal Chairatplan steghat is outside the chain and prior
to the &, however, the omissiorf the plan steps in the IE will make the plan step occur
without its causal antecedent. As a result, the reader will detect the onuossin@ plan steps
in the IE of the Causal Chain. Case 2 in FiguBalRistrates this example.

The secondcondition of separability alslelps toensure that the omission of a separable
CausalChaill oes not affect t he r m®e3upgmsecthereisausal enes s
link thatis established between two steps:@ sourcestep ands2 @ destination stgpHere
| say thatthis causal link is dedicatedncoming causal link to s2 whehis causal link is the
only outgoing causal link of s1n other words, when a dedicated causal i;kstablished
between a source step and a destination step, the sourcawssafiycontributes only to the
destnation step.

In Case 1 irFigure 39, for indance, a Causal Chain consigtof (S0, S2, S354, S6), in
which S6 is an SE and (S0, S2, S3, S4) is a relevant IE to theaS& dedicated incoming
causal link inititing from S1 to S2, a step in the IE of the Causal Chainys this Causal
Chain fails to satisfy the second condition of separalittyCase 2 in Figure 3.9, however,
the causal link established between s1 and s2 is not a dedicated causal link. Since there is no
dedicated incoming causal link to the IE of the Causal Chain, this Causal Chain satisfies the
second condition of seility.

Once a set of separabgausal Chais is determined, it is sent to the Evaluafbne
Evaluatorevaluateseach separable Causal Chain in the ségrims offour surprise factors
expectation failure importance of events, ational valence, and resoiom. Then, the
Evaluator selectthe best separable Causahaint hat can contri bute to

This decision procedsy the Evaluatois described in more detail in the next section.

Phase 4:Selection of temporal position of flashback

When the Generator receivébe best separable Causal Chéiom the Evaluatorthe
Generator definesnaOutcome EvenfOE) and flashbackusing the received Causal Chain
The OutcomeEvent is the SE in theest separabl€ausal Chainflashback is the IE ithe

best separabléausal Chain.
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After identifying the OE and a flashback, the Generd&iermineghetemporal position
of the flashback. In generallaghback is associated with a character in the story, so the
character 6s me mor wytsanme impantanepast dvdnis tag bet revealedto
the reader, explaining how a current situation is connected to the past events. | employ this
notion of flashbacko explainto the reader how the unexpect®#& actually could happen.
To simplify the processf determining where in the plan a flashback is placed and to make
the relationship between the OE and flashback clear, the Generator always places the

flashback immediately after theEQas shown in Figure BO.

Flashback is inserted
betweenE andE

I

N E E o0 o0 E | | E|ooo
I H H

T

Outcome Event (OE Narrative, which was
Y bl NNI (A @ Sintériuged iy flashback,
stops here resumes

r>00®

INIT: Initial State;
GOAL: Goal State
E,BX K E XChronologically ordered events in a story

Figure 3.10: Selection of temporal position for flashback

3.2.2The Evaluator: Checking Surprise Factors n Narrative
Once the Generator createset of separable Causal Chaitne Evaluator selects the best

separable Causal Chdimm the seto elicit surprise in the mind of a reader. As critetlze
Evaluator checks four factofer surprise arousakxpectation failure, importance of events,
ther eader 6s emot i on a lofincomdruitiesenesyrprisenTe Evatuatar firsi t i o n

filters out the separable Causal Chains that do not meet the criteria for surprise arousal using
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three factorsi expecat i on failure, t he reader 06s emot i
incongruities in surprise. And then the Evaluator selects the best separable Causal Chain
using the importance factor. In this section, | fadescribe the four factors in detail and then

explain how these four factors are combined to serve as criteria for surprise arousal in

narrative.

3.2.2.1Expectation Failure

3.2.2.1.1Expectation Failure as Surprise Sources
Expectation failure (or expectation violation)centralfor surprise. Either in real life or ia

fictional story world, the emotion of surprise comes from a situation that we are not aware of

until it occurs. As an effort to clarify the relations between unexpectedness and surprise,
Ortony and Partridge (1987) claim that surprise and expectatibmefaire not the same,
differentiating three types of surprise sourtestive expectation failure, passive assumption

failure, and unanticipated incongruitieSpecifically, Ortony and Partridge explairhdse

three surprise sourcesusing a simple proposional logic and two factors: practical
deducibility of a proposition; conflict between an input propdast i o n and an a
expectation.

Practically deduciblepropositions refer to those propositions that either explicitly
represented in the data baseimplicitly inferred from the data base with help simple
inference rulesOrtony and Partridge did not provide any detailed information about the
inference rules in their paper, leaving them to implementation deGaiidlict refers to a
situation inwhich an agent either actively predicts or passively assumes a practically
deducible proposition P when the negation of the proposition (i.e., =P, which is not
practically deducible) is given as an input proposition

There are possibly two types of chets based on the practical deducibility of a
proposition. Onaype of conflictoccurs whenan agent actively predicts a propositiBn

which is practically ded,apropbsitiamxPf(whxhms nothe age

14 Since the ntion of conflict was not clearly defined in Ortony and Partridge (1987), Prevoyant views the negation of a
proposition as a simple instance of conflicts.
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practically deducible fromhte a g e nt 0is givdnaas iaputbha sttee) type of conflict
occurs when & input propositiorxP ( whi ch i s not practically d
data base) is given, an agent is not consciously entertdnfndpich isthe neation of the
input proposition)but the agent can practically deduedérom the data base. The former
referredto asactive expectation (or prediction) failurand the latteis referredto aspassive
expectation (or assumption) failure

The difference between active pectation failure and passive assumption failure is
whether an agent expects actively a propositfaich is in conflict with an input
proposition) or not. A proposition that is actively predicted by an agent is referred to as an
activatedproposition, wich isfi ¢ o n slyceinotuesr t a i n e dQrtonp and Rartridgeg e n t .
did not specify how a proposition can be activated. Instead, they assumgdithat any poi n
intme,t he current task results in s$®ongvenmarts o
input propositionx P, an active expectation failure occurs whHens activated; a passive
assumption failure occurs whérs not activated.

Examples ofactive expectation failure and passive expectation failure are described in
the followings (from Ortonyand Partridge, 1987), where [A] denotes active expectation

failure and [P] denotes passive assumption failure.

1 Example 3.1 One chooses to go to a French restaurant because one feels like eating

French food. On receiving the menu, one discovers thtitea#intrees are Greek. [A]

1 Example 3.2 One comes across a green‘dog the street. [P]

f Example3.3 One has chosen a French restaurant
| egs, but the waiter explains thatr frogé

restaurant. [A]

151t is assumed that the color property of DOG is specified in the initial world state, so dogveamlyacolors that are
classified as the colors of a dog. Then, a dog that has any color that is not classified as a dog color in the isitialt state
practically deducible.
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Both active expectation failure and passassumptionfailure include a practically
deducible proposition and a conflict. In the active expectation failure, an agent predicts a
proposition that is practically deducible from the datsebahen a proposition in conflict is
given as input. In the passive assumption failure, an agent assumes a proposition that is in
conflict and practically deducible from the data base when an input proposition is given.

Thus there is a conflict betweenamgy ent 6 s expectation (either a
proposition that violates the agentodos expec
in conflict with an input proposition is activated already for some reason; in passive
assumption fidure, the proposition in conflict with an input proposition is not activated until

an input proposition is given.

The third case of surprise sources, unanticipated incongruities, is different from active or
passive expectation failure in that there iscooflict between an input proposition and an
agent 6s expectation. When a proposition 1is
the proposition in conflict with the input
Unanticipated incongities are passive cognitive activity in that the agent does not actively
expect any propositions in conflict with an input proposition. Unlike passive expectation
failure, however, the agent cannot assume the propositions in conflict with the input
propostion. Ortony and Partridge view this third category of surprise souragiakation or
deviation from norms. Examples of unanticipated incongruities include the followings (from
Ortony and Partridge, 1987):

1 Example3.4When one si t srodkfliesthroegb the offidefvindowe., a

1 Example 3.5 One suddenly sees a person take off and fly with no apparent

mechanical aids

In Example3.4, according to Ortony and Partridge,
t hrough the of f iracteallywedoadble.w dkewises in Bxarhple 5 the
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proposition AA person does not take off and
practically deducible, either. As Ortony and Partridge pointed out, these propositions are
more related to the Miation of norms rather than the violation of expectations. Figuré 3.
illustrates the relationships of the different surprise sources based on expectation violation
and norm violationIn Figure 311, symbol P represents a practically deducible propositio
Symbols Q and X represent practically ragducible propositions. If P is activated for some
reason when Q is given as an input proposition, active expectation failure occurs. Otherwise,
passive expectation failure occurs. The practically-eaucibleproposition X violatesa
norm. Neither X nok X is practically deducible.

While Ortony and Partridge shed some light on the formalization of differentisurpr
sources, their arguments haseo me | i mi t at i ons. For exampl e,
betwen an input proposition and an agentos exX
for differentiating passive assumption failure from unanticipated incongruities are also not
clear, depending on the definition and range of noifheir research on éhrelationships
between unexpectedness and surpris®vever,has beerbuilt upon by a number ofAl
researchers and cognitive scientists (Macedo and Cardoso, 2001; Castelg@dghin the

following section, Icastthesenotions ofexpectation failureg terms of aa planningbased

Predictable World States of the world consists df Non-Predictable World States of the world
practically deducible propositions consists of practically nededucible propositions
'ASy i Qa
Belief or Easily inferred o
Knowledge \ Violation of Norm
4
Data wATY - xP X
P <E* Confljct!
N
Active expectation failureccurs ifP Unanticipatecjncongruities
is activated at the time. Otherwise, occur whe_rNelther X now X
passive assumptiofailure occurs. is practically deducible.

Figure 3.11. Threetypes of surprise sources, where Bia practically deducible proposition,
where Q and X are practically nordeducible propositions.
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approacho surprise

3.2.2.1.2Modeling of Expectation Failure Using a PlanningBased Approach
In Prevoyant, potential candidates for surprise are evaluated by a simple unexpectedness

check using a planninigased reader model, wheae event ischaracterizeésunexpectedf

the reader model cannot find a complete plan to achieve the preconditions of the event in the
context of the current storgnd its place in itin other words, an event in the story is
expectedf the reader modatan find a complete plan to achieve all the preconditions of the
eventusing its knowledge about the world and tiierent state of the story world@he world
knowl edge of a reader i s encoded using the
operators)and the initial world statérigure 312 illustrates the reasoning process using this
planningbased approach.

Expectation failure based on the concept of confiictthe planningpased approach,

World Knowledge
6055Sa0ONRGSR A
library + Initial World Statg

Current
State of the
Story World

Tries to fill in the gap or
missing link to connect
input to the previous
events so far

/ coherently

If there is no complete plan to achieve the preconditions
of P,input proposition isot practically deducibland
characterizechsexpectation failure

v
Preconditions oP
P(An Instantiated Plan Step) Pr;;g:ittion

Effects ofP

Figure 3.12: lllustration of Expectation Failures Using a PlanningBased Approach
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comes from the different viewpoints between thader model and story generatorAs
mentioned in the previous section, both active expectation failure and passive assumption
failure are based on the conflict between practically deducible propositions and an input
propogstion. From the perspective dhe story generatoand the reader model, this input
proposition (i.e., a possibly unexpectadsurprisingevent) is practically deducible from the

story generat@rs Vi ewpoi nt and i s not practically
viewpoint.

Within Prevoyant, ths different viewpoints between the reader model and the story
generatorarise in a variety of ways: (1) differences in thee ader model 6s al
gener panope@tsr setr esul ting in the reader model 6.
plan similar to that (2) differences in the heuristic functio®sulting in the reader model
building a complete plan that differs significantly from the one built by the story generator
(3) differences in reasoning boudr e s ul t i ng | ns fdlitmgeo congletd e mo d e
construction of a story plan within the computational resource li(dit)lifferences in initial
conditions (esulting in the reader model failing to construct the needed story plan due to
inconsistencies arising from the diffaces in the model of the initial state); and so forth.

The Evaluator considers these cases using the notigmaatical deducibilityandconflict

The Evaluatorcharacterizesa target event (i.e., an input proposition) @sctically
deducibleif al the preconditions of the target event are achiepeakctically i that is,
achieved by the initial state conditions, by newly updated conditions made by the previous
events, or by filling in the missing gap (i.e., building a complete plan to achieve thé rest o
the preconditions of the target events successfullihen the reader model deciddwe
practical deducibility of amput proposition, it uses a readeplan library to find a complete
plan.In search of a complete plan, the Evaluator defines a newipta problem by setting
up initial conditions and goal conditions. Here (i.e., at glpoint in the Figure 33) the goal
conditions are specified as the preconditions of the target event; the initial conditions are
specified as the updated conditions tbe initial state, reflecting changes made by the
previous story events. Figure 3.llustrates an example of this unexpectedness evaluation

process, where the preconditions of a target event (thapjg, r, and s) are set as the goal
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Figure 3.13: lllustration of the notion of practical deducibilityof a target event, where all the
preconditions of the target event are achievegractically.
conditions.In the figure, the goal conditions are achieved by a complete plan. fHsis,
target event is practically deducibéd theres no expectation failure.

Expectation failureoccurs when the reader model fails to builccamplete plan to
achieve the precoittbns of the target event. Specifically, the Evaluator views the newly
updated story world conditions by previous eventa@s/atedconditions. Thus, wen the
reader model fails to find a complete plactive expectation failureccurs if an activated
condition is in conflict with a precondition of the target event (e.g., in Figure thé two
conditionsx s ands are in conflict with each other, whekes is activated). Likewisepassive
assumption failureccurs when the reader model fails to finccamplete plan, if the reader
model can find a complete plan to achieve a condition that is in conflict with the target
condition (e.g., in Figure 341 the two conditions<t andt are in conflict with each other,

where xt is not activated but is practicaldeducible). In a similar vein, given the passive
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Figure 3.14: Il lustration of the conflicts, which result in unexpectedness

assumption failureynanticipated incongrutoccurs if the reader model/enfails to find a
complete plan to achieve a condititmat is in conflict with the target condition. (e.g., in
Figure 3.4, thereader model cann@venfind a complete plan to achieve the conditioin
that is in conflict with a target conddn and not activated at the tiniein other words,

neithert nor xt is practically deduciblé.

3.2.2.2Importance of Events
The importance of an expected event can influence the intensity of surgngerienced by

areadeupon | earning of the eventds occurrence:
the more surprising it will seem (Gendolla and Koller, 2001). This is consistent with
Structual Affect Theory. As explained earlier, the Structural Affect Theory claims that the
emotions such as surprise and suspense can be achieved by manipulation of the temporal
structure of narrativeAccording to the Structural Affect Theorsurprise can baroused by

the sudden presentation oignificantstory outcoméBrewer and Lichtenstein, 1982))his
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section describes how the Evaluator determines importance of story events in terms of causal

relatedness, story goals, and other factors such as @rampbrtance and item importance.

3.2.2.2.1Story Recall, Importance of Story Events, and Causal Relatedness
Prevoyant 6s anal ysi samong staryhegents ia lbased bn @reuedl at i o n

Chainnetwork modebf story recall, devised by Trabasso, et(4884; 1985)In this work,
Trabasso and his collgues maintain that the number of direct causal connechietvgeen

story events is closely related &0 r eader 6 s abi | i angt hteo rreeacdael rl 6
judgment of the events as significant withire tstory In other words, thgreater theaumber

of direct causal connections a story event hasmibre readilyit is recalled; thenore readily

an event is recalled, the more significant it is sdared. Figure 35 shows thecausal
network representiain for The Father, His Son and Their Donk&tpry, one of the stories

used by Trabasso and his collaborators. In this gragies represent events in the story and
arrowed ars denote causal relations betwdlea story eventslhe planbased representati

of story plans used by Prevoyant and discussed earlier in this chapter (cf. Fuie
motivated by and consistent with this causal network representation. Earlier work by
Christian and Young (2004rovides strong support for the use of the filased model as a
proxy for the causal network mental model of a story used by a reader. Warren et al. (1979)
identified six kinds ofcausal relations based ontaxonomy of relations between statements

i n a s t:omotydtien, psyehological causatiophysical causation, enablement,

temporal succession, and temporal coexcsten

3.2.2.2.2mportance Rating of Events in a Story Plan
The Evaluator rates the importance of story events on the basis of the causal relations in the

story plan, adopting the causal netlwvanodel. The Evaluator employs three types of
elements that characterize the events in a story fhlaepening actthe closing act, andhe
motivating act Trabassa@and Sperry, 1985; Cheong, 2000pening acts are the first actions

in the storyi thosethat connect propositions from the initial state to later events; closing acts
are the last actions that occur in the story; motivated acts are plan steps that directly connect

to the goal state.
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Figure 3.15: Causal Network Representation for a Story [from Trabasso and Sperry, 198t

To compute the causal importance of a story event (i.plama step), two factors are
considered. One is the number of incoming and outgoing causal links of the step. This
number reflects both the number of steps added to the story that establish conditions needed
for this step to execute correctly and the numidesteps in the story dependent upon this
step for their successful execution. The other factor is the number of goal conditions that are
directly achieved by the step. The greater
linked directly to storygoals, the more important the step is rated.

Determining the significance of a story ev
an efficiently computable method that is supported by existing empirical studies of narrative
comprehensionHowever, this technique above is not sufficient to capture all elements
within a story that express an auhelaahods wei

may want to put more importance on specific characters or items irrespective of their causal
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