
 

ABSTRACT 

BAE, BYUNG CHULL. A Computational Model of Narrative Generation for Surprise 

Arousal. (Under the direction of Professor R. Michael Young). 

 

This dissertation describes work to develop a planning-based computational model of 

narrative generation designed to elicit surprise in the mind of a reader. To this end, my 

approach makes use of two narrative devices ï flashback and foreshadowing. While surprise 

plays an important role for attention focusing, learning, and creativity, little effort has been 

made to build a computational framework for surprise arousal in narrative. In my 

computational model, flashback provides a backstory to explain what causes a surprising 

outcome, while foreshadowing gives hints about the surprise before it occurs.  In this work I 

focus on the arousal of surprise emotion as a cognitive response which is based on a reader's 

cognitive appraisal of a given situation. In this dissertation I present Prevoyant, a planning-

based computational model of surprise arousal in narrative generation, and analyze the 

effectiveness of Prevoyant. To build a computational model of the unexpectedness in surprise, 

I adopt a cognitive model of surprise based on expectation failure.  

There are two contributions made by this dissertation. First, I present a computational 

framework for narrative generation designed to elicit surprise. The approach makes use of a 

two-tier model of narrative and draws on Structural Affect Theory, which claims that a 

readerôs emotions such as surprise or suspense are closely related to narrative structure. 

Second, I present a methodology to evaluate surprise in narrative generation using a 

planning-based approach based on the cognitive model of surprise causes.  The results of the 

experiments that I conducted show strong support 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, from Avatars 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 live a dramatic 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 or watching movies. Like surprise in real life, surprise in 

narrative focuses the readerôs attention on the story, often making them feel surprised the 

same way the main character feels surprised in the story. Psychomedia analysts often view 

surprise, along with suspense and curiosity, as one of the crucial emotions that contribute to 

the readerôs satisfaction while reading (Tan, 1996). 

 According to the narrative theorists focusing on the structural aspect of narrative, 

narrative can be viewed as having two parts ï story and discourse (Chatman, 1978; Genette, 

1988; Abbott, 2002; Prince, 2003; Ryan, 2006). Here story refers to a temporal sequence of 

the events in the narrative, while discourse refers to a verbal or written representation of the 
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story in which the story events are recounted by a storyteller or a narrator (Genette, 1988; 

Prince, 2003). For dramatic effect in a narrative discourse, some story events are omitted, 

shortened, lengthened, repeated, transposed, or described in detail by the storyteller. The 

hearer or reader experiences the discourse part of a narrative, which is told by the storyteller, 

and reconstructs a version of the story part of the narrative in his or her mind by building a 

mental representation of the discourse. In this dissertation I present a computational 

framework designed to generate discourse that effectively recounts story events in order to 

elicit a sense of surprise in the mind of a reader.  

 

Concept 1.1 (Narrative). In this work, a narrative is viewed as consisting of 

two parts: its story and its discourse. A narrativeôs story is a temporal 

sequence of the events. A narrativeôs discourse is a representation of the story.  

 

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

capabilities to understand a sequence of story events in narrative as a whole. In the real 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. Without fire, there is no 

smoke. With the help of causality, we often recognize an effect first and then identify its 

cause either by observation or by reasoning. In narrative, typical writers write their story with 

variance in temporal order, maintaining coherence as a whole, to evoke more interest to a 

reader: some story events are told ahead of time; some story events are told a while after they 

actually occurred. In particular, the reasoning process of óhow and why it happensô based on 

ówhat happenedô has been frequently used to elicit a sense of curiosity or surprise, both 

elements of the reading experience considered important to maintain the readerôs cognitive 

engagement in the story. 

 Three temporal narrative devices particularly associated with cinematic narratives 

(Chatman, 1978; Prince, 2003; Bordwell, 1986) are often used by storytellers to manipulate 
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the presentation order of story events: flashforward, foreshadowing, and flashback. 

Flashforward shows to the reader ahead of time some story events that will occur later as the 

story unfolds. As a result, the viewer focuses his or her expectations on a specific story 

outcome and wonders how (or why) the outcome will happen. Flashforward is realized in 

various ways in literature and in film media. For instance, a narrator can directly tell the 

reader about an important story outcome at the beginning of the story1. A particular character 

in the story (e.g., a prophet or one who has a special ability to see the future) can foretell or 

show future events in the story2. Foreshadowing is also a narrative device that makes 

reference to later events in the story. Unlike flashforward, however, foreshadowing is 

implicit, so the underlying meaning of the foreshadowing becomes clear only when the target 

event occurs later in the story. In contrast to flashforward or foreshadowing, flashback is 

used for referring to past events which are related to current events in the story.  

Since the 1970s, a number of research efforts have addressed the computational 

generation of narrative, but only a few have made an attempt to incorporate the notion of the 

temporal rearrangement of story events such as flashback or foreshadowing. For example, 

MINSTREL, a story generation program written by Turner (1994), used a foreshadowing 

technique to avoid a sense of contrivance for implausible events. In the project named 

Carmenôs Bright IDEAS (Marsella et al., 2000; Marsella et al., 2003), flashback and 

flashforward were used, where flashback was used to represent a characterôs past events and 

flashforward was used to represent a characterôs imagination of future events. While those 

systems have addressed the importance of temporal aspects of storytelling, they have not 

provided a systematic framework for its manipulation that considers a readerôs emotion as a 

cognitive response.  

                                                 

 
1 An example of this kind of flashforward can be found in the movie American Beauty (1999) in which Lester, 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 protagonistôs death at the beginning of the film, without the help of a narrator, is cleverly used in the film 

Panôs Labyrinth (2006). 
2 Stephen Kingôs famous novel óThe Dead Zoneô and the TV series with the same title based on this novel show an effective 

use of this kind of flashforward. 
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1.2 Applications 
Surprise plays an important role in both entertainment and education. In terms of 

entertainment, surprise has a functional role of maintaining and focusing attention, which 

helps to keep the audience from distraction. Specifically, in stories with surprise endings, 

surprise is often connected with sudden reversals of fortunes. Thus in typical non-tragic 

narratives, an antagonist appears to succeed in achieving his or her goals, but a protagonist 

finally succeeds by surprise (Tan, 1996). For example, at the climax in the movie 21 (2008), 

Professor Micky Rosa, the antagonist, appears near the end of the film to achieve his final 

goal, but the filmôs conclusion comes with a surprising reversal3. These reversals and the 

readerôs sense of surprise they foster contribute to maintaining the viewerôs attention in the 

story.  

We learn from our failure. For the same reason, surprise based on unexpectedness or 

expectation failure can play a central role in education and learning. According to Schank 

(1982), the events that are accompanied by unexpectedness are more readily recalled. 

Specifically, empirical studies have shown that surprise caused by unexpected important 

failures can motivate a causal search to find the cause of the unexpectedness in surprise 

(Gendolla and Koller, 2001). The experience of learning can be enhanced through this causal 

search process. Flashback in films, specifically in the detective/mystery genre, has often 

provided a functional role of explaining ñwhat actually happenedò to the viewer as a way of 

resolving unexpected surprise in the story. 

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

of surprise arousal in narrative considering a readerôs emotion as a cognitive response that is 

elicited by the surprising events. The second is to evaluate the computational model 

empirically. In this work, I define the concept of surprise in narrative as follows, borrowing 

from the definition of surprise in narrative defined by Prince (2003): 

 

                                                 

 
3 In the movie, Ben Campbell, the protagonist, also suffers reversal of fortunes several times. 
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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 I focus on the structural aspect of narrative based on the two-tier 

model of narrative described above. My approach to surprise arousal (or generation) in 

narrative is strongly motivated by Structural Affect Theory (Brewer and Lichtenstein, 1981; 

Brewer and Lichtenstein, 1982; Tan, 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 elicited by sudden presentation of an 

event that has an important story outcome without presenting crucial information related to 

the story outcome.  

As an example of surprise arousal in Structural Affect Theory, consider a chronological 

sequence of four story events4 as in Figure 1.1 (from Brewer and Lichtenstein, 1981). 

According to the Structural Affect Theory, a narrative to produce surprise has a discourse 

organization in which ña significant underlying event or expository information is omitted 

from the discourse structure without letting the reader know that something has been omitted 

(Brewer and Lichtenstein, 1981).ò Thus a discourse structure for surprise arousal is: (2) The 

butler carried the wine to Lord Higginbotham. (3) Lord Higginbotham drank the wine. (4) 

Lord Higginbotham fell over dead. In this discourse structure, surprise is elicited because the 

                                                 

 
4 In their papers, Brewer and Lichtenstein (1981; 1982) use the terms event structure and discourse structure. The former 

refers to a chronological sequence of story events; the latter refers to a temporally rearranged discourse out of their 

chronological order. 

(1) BUTLER PUTS POISON IN WINE  

(2) BUTLER CARRIES WINE TO LORD HIGGINBOTHAM  

(3) LORD HIGGINBOTHAM DIRINKS WINE  

(4) LORD HIGGINBOTHAM DIES 

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

Lichtenstein 
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omission of significant expository information (i.e., Event 1) without the readerôs awareness. 

As a result Event 4, which is the consequence of the omitted Event 1, will be unexpected and 

surprising. While the emotion of surprise is often not clearly distinct from other emotions 

such as suspense or curiosity (e.g., the discourse structure for curiosity arousal may also elicit 

surprise or suspense to some extent), I distinguish them in this dissertation and focuses only 

on the discourse structure for surprise arousal5.  

Motivated by Structural Affect Theory, I propose a system that can elicit surprise by 

identifying surprising events, important outcomes in the story, and the initial and crucial 

information related to the surprising outcome. For the presentation of this kind of discourse 

structure, my system makes use of narrative models with flashback and foreshadowing. As a 

result, my system will produce a narrative with non-chronological time including a surprising 

event (which will result in an important story outcome), flashback 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-chronological time in this work refers to a narrative in which story events 

are presented out of chronological order on purpose. In this dissertation, a 

narrative with non-chronological time is generated for the purpose of surprise 

arousal. 

 

For the selection of surprising events in narrative, I also adopt a cognitive model of 

surprise based on expectation failures and use a reader model on the basis of a partial-order 

planning algorithm to simulate a readerôs reasoning process.  

1.4 My Approach 
To generate narratives with non-chronological time, I start from an approach that is built on a 

narrative model with two parts ï story and discourse. The story part of a narrative is 

generated by Longbow, a discourse planner employing a partial order causal link planning 

                                                 

 
5 Section 5.1.2 briefly discusses a possible combination of suspense and surprise. 
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algorithm with hierarchical action decomposition6 (Young, Pollack, and Moore, 1994). The 

story plan generated by Longbow has a partial-order plan structure, in which only the 

necessary chronological information between story events is specified. Figure 1.2 illustrates a 

representation of a partial-order story plan that corresponds to the sequence of story events as 

described in Figure 1.1. In the figure, a square box represents a plan step that corresponds to 

an event in the story. Specifically, a graded square box represents either the initial state or the 

goal state. A directed arc represents a causal relationship between steps. In the story plan in 

Figure 1.2, there are three initial conditions ï has(Butler, Wine), has(Butler, Poison), 

ofButler(Butler, Lord) ï and one goal condition ï dead(Lord). The story plan is dynamically 

generated by a story planner to achieve the specified goal condition from the initial state. The 

details of story plan structure are discussed in Section 3.1.1. 

 The discourse generated by my system is a non-chronological narrative for the purpose of 

surprise arousal. The discourse is generated by an algorithm motivated by Structural Affect 

Theory, in which important expository information is not presented until a surprising event 

occurs. For example, in Figure 1.2, Fall-over-dead (Lord, Wine) plan step is unexpected 

when the reader is unaware of the fact that the wine is poisoned, which is resulted from the 

omission of Put-poison (Butler, Wine) plan step. While the Structural Affect Theory does not 

differentiate surprise from unexpectedness, I draw a distinction between them. Section 3.2.2 

describes this difference in detail. 

 My approach is also based on a cognitive model of surprise and empirical studies of the 

readerôs emotions while reading. As a story plan has more plan steps, the number of 

surprising events and their relevant expository information in the story plan would increase 

exponentially. Therefore an effective evaluation methodology is necessary to select the best 

discourse structure to produce surprise. The surprise evaluation process in my system makes 

use of four factors: expectation failure based on a cognitive model of surprise causes, 

importance of events on the basis of causal relations between story events, emotional valence 

                                                 

 
6 In this dissertation, I do not use the hierarchical decomposition capability of Longbow. 
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considering a readerôs preference, and resolution of incongruities in surprise. This evaluation 

process is described in Section 3.2.2 in detail. 

1.5 Contributions 
There are two contributions made by this dissertation. First, I present a computational 

framework for narrative generation designed to elicit surprise. The approach makes use of a 

two-tier model of narrative and draws on Structural Affect Theory. While empirical studies 

have demonstrated the validity of this theory, few attempts have been made to specify a 

computational framework using it. The presented computational framework will generate a 

narrative with non-chronological discourse structure using two narrative devices - flashback 

and foreshadowing.  Second, I present a methodology to evaluate surprise in narrative 

 

Initial State

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

Put-poison (Butler, Wine, Poison)

Carry-wine (Butler, Lord, Wine)

has (Butler, Wine), has (Butler, Poison),

poisoned (Wine)

ofButler(Butler, Lord)

Drink-wine (Lord, Wine)

ready-to-drink(Wine, Lord)

ready-to-drink(Wine, Lord)

Fall-over-dead (Lord, Wine)

poisoned (Wine) drinking-wine(Lord, Wine)

drinking-wine(Lord, Wine)

Goal State

dead(Lord)

dead(Lord)

¬drink-ready (Wine)

¬drink-ready (Wine),

drink-ready(Wine),

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

shown in Figure 1.1 
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generation using a planning-based approach based on the cognitive model of surprise causes 

put forward by Ortony and Partridge (1987).  The results of the experiments that I conducted 

show strong support that my system effectively generates a discourse structure for surprise 

arousal in narrative. 

1.6 Thesis Organization 
This dissertation is organized as follows. Chapter 2 reviews related work in the area of 

narrative theory, cognitive models of surprise, and story generation systems. Next, Chapter 3 

presents Prevoyant, a planning-based computational model of surprise arousal in narrative 

generation. Then, Chapter 4 presents an evaluation of Prevoyant and discusses the results of 

two experiments that I conducted. Lastly, Chapter 5 concludes with discussion of future work 

with consideration of limitations of my approach. 
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Chapter 2 

 

Related Work 

In 1976, James Meehan developed a storytelling system called Tale-Spin, one of the first 

attempts at automatic story generation. Since Tale-Spin, a number of story generators 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 closely related to 

my research. Section 2.1 draws on ideas of narrative structure associated with temporality 

and cognitive emotions of the reader, highlighting two narrative devices ï flashback and 

foreshadowing. Section 2.2 discusses the use of situation models in narrative, i.e., the 

readerôs mental model while reading a story. Various computer models of story generation 

are reviewed in Section 2.3. 

2.1 Narrative Structure, Temporality, and Readerôs Emotions 
Story and discourse, according to narrative theorists, are two main elements that comprise a 

narrative (Chatman 1978; Prince 2003). Story includes characters, setting, and events, 

consisting of the content plane (i.e., what is told) of a narrative; discourse represents the 

expression, or presentation, plane (i.e. how it is told) of a narrative (Chatman 1978). Figure 

2.1 depicts the story and discourse distinction model of a narrative text (Chatman 1978: 19). 
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Figure 2.1: Story and Discourse as Essential Elements in Narrative Text [from Chatman 1978] 

 

2.1.1 Time in Narrative 

In the story-discourse 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 readers. 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 facts in advance or 

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, frequency, and 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 time. Similarly, a span of important actions or 

events can be lengthened in the discourse time. By omitting details, a single story event can 

be described in a few sentences or in a few pages. While story time is unstoppable, discourse 

time can be frozen by description. 

Second, narrative frequency explains that single story event can be repeated in the 

discourse time (or vice versa). In the German film Run Lola Run (1998), for example, the 

same story event, which has occurred only once in a story time, is cleverly repeated in the 

discourse time with different viewpoints (and with slight variations). 

Third, Genette explains narrative order using the terms analepsis and prolepsis. 

Analepsis tells (or shows) what has happened in the past with respect to the present. 

Similarly, prolepsis presents what will happen in the future with respect to ñnowò in the story 
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(Bridgeman, 2005). The former is like rewinding the story, and the latter is like 

fastforwarding the story. In this dissertation, I use the terms flashback as an instance of 

analepsis and foreshadowing (or flashforward) as that of prolepsis, following the conventions 

in cinematic media (Bordwell 1985; Chatman 1978; Sijll 2005). The following section 

delineates flashback and foreshadowing (or flashforward). 

2.1.2 Narrati ve Devices Relevant to Narrative Time 

As explained in Chapter 1, both 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 allusion (possibly implicit) to some future events. Typically 

in film media, flashback often functions as a backstory to support a main story7 (Sijll 2005), 

being presented either as a continuous sequence or as a series of cut scenes showing only the 

crux of the backstory.  

By contrast, foreshadowing, as ñhints of what is to comeò (Chatman 1978), gives only 

implicit or partial information. If foreshadowing is completely implicit, the reader would 

realize its meaning later only in retrospect. If it is explicit with partial 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 readerôs attention on a specific event.  

While foreshadowing implicitly alludes to the 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 immediately8. The distinction 

between foreshadowing and flashforward, 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 

characterôs face is hidden by manipulation of the camera angle). 

Narrative devices such as flashback and foreshadowing manipulate temporal order of 

story events at discourse level, influencing the readerôs story comprehension. The following 

                                                 

 
7 Flashback can also be used to refer to an entire main 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, I focus only on flashback that functions 

as a backstory. 
8 Based on Genetteôs terminology, foreshadowing is an example of advance mention and flashforward is an example of 

advance notice. The former is implicit; the latter is explicit. 
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section describes the relationships between the temporal discourse characteristics and the 

readerôs emotions associated with the discourse structure. 

2.1.3 Readerôs Emotions and Narrative Structure  

Emotions based on the readerôs cognitive responses (e.g., suspense, curiosity, and surprise) 

provide the readers with attention, contributing to the readersô satisfaction with the story 

(Alwitt 2001; Tan 1996). These emotions, according to the Structural Affect Theory (Brewer 

and Lichtenstein 1981; 1982), can be aroused by manipulation of temporal characteristics in 

narrative structure. Empirical studies have shown that this temporal manipulation of 

discourse structure can produce different cognitive and emotional responses by influencing 

the readerôs inferences and anticipation (Hoeken and van Vliet 2000; Levorato and Nemesio 

2005). My study combines this empirical result of the Structural Affect Theory with the two 

narrative devices ï flashback and foreshadowing ï 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 reading (Kintsch 1980; Sijll 2005). According to Oatley (1994), 

a readerôs emotions as literary response can be classified into two types ï external and 

internal: external emotions are evoked as the reader confronts the pattern (i.e., schema or 

structure) of the narrative; 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 story is an 

example of internal emotions. This classification is in accord with Kintschôs distinction 

between cognitive interest and emotional interest (Kintsch 1980). The former is given from a 

well-organized discourse structure; the latter from emotional context in the story. In this 

dissertation I focus only on surprise as cognitive interest, separating from emotional interest 

or internal emotions. 

Excluding emotional interest, Kintsch introduces the notion of postdictability that can 

contribute to the value of cognitive interest regardless of story types (Kintsch 1980). 

Postdictability characterizes a story structure in which every part makes sense for the reader 
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as a whole so that she can construct ña coherent macrostructureò with no conflict in 

retrospect. Without 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 section reviews the research on text comprehension and inferences of readers from the 

viewpoint of cognitive psychology. Section 2.2.1 outlines situation models in narrative 

comprehension to explain how the readers understand the narrative in text. Section 2.2.2 

describes the three-pronged approach as an integrated effort to combine a discourse model, 

methodologies, and online measures for identifying readersô inferences in text 

comprehension. 

2.2.1 Situation Models 

When reading a text, readers bring up a mental representation, 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 

readerôs mind, capturing what the author wants to tell in the text (Graesser and Wiemer-

Hastings, 1999). Readers continuously update their mental representations of the story 

through interpretation and logical inferences based on incoming information. Situation 

models refer to these mental representations of situations which are constructed in the readersô 

mind. Zwaan (1999a) explains situation models as ñmental representations of the state of 

affairs described in a text rather than the text itself.ò   

As for detailed processes of how the situation models work, there have been several 

distinct claims such as the constructionist theory (Graesser and Wiemer-Hastings, 1999) and 

the event-indexing model (Zwaan, Langston, and Graesser, 1995; Zwaan, 1999b). While both 

theories illustrate the readersô mental model while reading a story, they have different views. 

The constructionist theory puts more concentration on causation and motivation than the 

other factors. 
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2.2.1.1 The Constructionist Theory 

The constructionist theory is a situation model that explains a readerôs mental representation 

for the comprehension of a narrative text, taking two distinguished assumptions: coherence 

and explanation (Graesser, Singer, and Trabasso 1994; Graesser and Wiemer-Hastings 1999). 

In the coherence assumption, coherence among the actions, events, and states described in 

the text plays an important role to build a situation model. This coherence is built by 

establishing both local and global coherence. While the local coherence is established by 

linking incoming explicit statement to recent propositions in the readerôs working memory, 

the global coherence is established when chunks of local information are grouped into a 

higher-level information. For example, the coherence for a high-level theme of a text can be 

established by linking several chunks of low-level episodes. The explanation assumption, on 

the other hand, posits that causal explanations for ówhyô questions are essential to construct a 

situation model.  

As an illustration of the inference process in the constructionist theory, consider a sample 

scenario in Figure 2.2 provided by Graesser and Wiemer-Hastings (1999). 

 

 

Figure 2.2: A sample scenario [from Graesser and Wiemer-Hastings, 1999] 

 

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

are superodinate goal, causal antecedent, and causal explanation, in the process of 

constructing a situation model by answering the question ówhy did George kiss Billôs wife?ô. 

However, the reader fails to make another set of inferences, such as elaboration of subplans, 

causal consequence or expectation, and spatial setting, because these could not be the 

answers for ówhyô questions. The constructionist theory models a readerôs comprehension 

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 Yearôs Eve 

party that ended up being quite a festive occasion. But everyone sobered up very quickly 

when George was caught kissing Billôs wife. 
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and inferences by means of causal and motivational relations, which is independent of 

narrative genres or reading situation.    

2.2.1.2 The Event-Indexing Model 

The event-indexing model (Zwaan, et al. 1995) uses five types of event indices, which are 

temporality, spatiality, protagonist, causality, and intentionality, to explain a readerôs 

continuous updating of her mental representation for text information while reading a story. 

Zwaan and Radvansky (1998) claim that a break of logical inference on any of these five 

dimensions can make a substantial influence on the readerôs reading time.   

The event-indexing model places equivalent emphasis on those five dimensions. 

Therefore, in addition to the inference based on ówhyô-questions, other inferences associated 

with ówhenô (time), ówhereô (place), and ówhoô (character) could be evaluated in the process 

of construction of a situation model. Regarding the time index, specifically, Zwaan et al. 

(2001) claim that story plots are often conveyed more effectively by shuffling the order of 

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

2.2.2 Effort of Convergence: Three-Pronged Approach 

Situation models characterize a readerôs mental representation of narrative comprehension, 

apart from discourse models or methodologies. The three-pronged approach (Suh and 

Trabasso 1993; Magliano 1999) presents a systematic approach to the analysis of the readerôs 

narrative comprehension by integrating three procedures: theory, methodologies, and 

measures.  

First, as a theory, the causal network model (Trabasso and Sperry 1985) is proposed as a 

narrative analysis model where a story is represented by a causal network comprising events 

and causal relations. Based on Warren et al. (1979)ôs taxonomy of causalities (see Trabasso 

and Sperry 1985), six types of causal relations are analyzed: motivation, psychological 

causation, physical causation, enablement, temporal succession, and temporal coexistence, 

where óenablementô indicates that some actions, or states, are necessary to cause other 

actions, or states, but are not sufficient; for example, a state of óDonkey being at Bridgeô is a 

necessary condition of a state of óDonkey falling off Bridgeô but not a sufficient condition.    
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Next, as methodologies to elicit verbal inferences, two protocols are suggested: think-

aloud protocol and question-answering protocol. The think-aloud protocol allows 

respondents to speak any inferences occurred to them during the process of discourse 

comprehension, which is suitable for identifying the frequency of various types of inferences. 

On the other hand, the question-answering protocol encourages respondents to answer a 

specific kind of inference. In general, based on world knowledge, prior text, and inferences, 

three kinds of questions are evaluated: ówhyô-questions for explanations, óhowô-questions for 

associations, and ówhat-happens-nextô-questions for predictions.   

Last, as simple online response measures, sentence reading times and priming latencies 

are recommended to evaluate, where Priming denotes ña change in the response to a stimulus 

(i.e., the target) due to a recent exposure to it or a similar stimulus (i.e., the prime) (Neely 

2003).ò  

2.3 The Emotion of Surprise 
To a large extent, surprise is connected to different emotions 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 surprise can be elicited when a desirable event disconfirms 

unexpectedly, or when an undesirable event confirms unexpectedly (cf. prospect-based 

emotions: Ortony, Clore, and Collins, 1987: p.110). The former experience can give rise to 

happiness and relief. Sadness (or disappointment) and shock can arise from the latter. 

Therefore, surprising events ï strictly speaking, the unexpectedness in the surprising events ï 

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. 

In narratives, surprise plays two important roles. One is to focus a readerôs attention by 

the sudden presentation of an important event (Brewer and Lichtenstein, 1982), creating an 

inference gap that makes a reader pause at the moment. The other is to stimulate a readerôs 

cognitive and emotional processes, which are prompted as an effort to resolve readerôs 
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understanding 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. 

2.3.1 Cognitive 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, and Schützwohl, 1997; Ortony and Partridge, 1987; 

Stiensmeier-Pelster, Martini, and Reisenzein, 1995). In particular, Ortony and Partridge 

(1987), describe three causes for surprise: active expectation (or prediction) failure, passive 

expectation (or assumption) failure, 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 oneôs favorite TV show, but then finds out that the show is 

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

input, which is not actively entertained by an agent at the time, is in conflict with an agentôs 

knowledge structure or belief (e.g., one finds out oneôs neighbor is on TV while watching 

oneôs favorite TV show). Unanticipated incongruity includes ñdeviation from normalcyò (e.g., 

one watches oneôs favorite TV show in which oneôs favorite character suddenly talks to the 

camera, addressing the audience directly). Although these distinctions are often blurred in 

both real life and in narratives, their analysis sheds some light on the cognitive models of 

surprise. More details about how my model adopts the expectation failure are explored in 

Section 3.2.2.1.1. 

Like the Ortony and Partridgeôs threefold model of surprise causes, the expectancy-

disconfirmation model of surprise (Meyer, Reisenzein, and Schützwohl, 1997; Stiensmeier-

Pelster, Martini, and Reisenzein, 1995) is based on unexpectedness. According to the 

expectancy-disconfirmation model, surprise is elicited when the disconfirmation of 

expectancy is detected. This detection evokes an attributional search ï a spontaneous and 

active causal search to resolve the discrepancy between expectancy and what actually 

happened. Factors such as valence and importance of events influence this causal search 
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(Gendolla and Koller, 2001). This expectancy-disconfirmation model is compatible with the 

computational model suggested by this dissertation, where the readerôs effort to understand 

flashback corresponds to the causal search process.  

2.3.2 Models of Surprise in Narrative 

In narratives, one of the main functional roles of surprise is to stimulate a readerôs 

cognitive interest, which can be drawn out from the narrative structure rather than the 

emotional impact of the story (Kintsch, 1980). The experience of surprise then contributes to 

the readerôs story interest (Brewer and Lichtentein, 1982). Specifically, the evoked surprise 

should be resolved without any conflicts against other narrative elements in the story, that is, 

surprise should be postdictable (Kintsch, 1980). The notion of postdictability is compatible 

with the concept that achieving story coherence is essential in the assessment of surprise 

(Grimes-Maguire and Keane, 2005). 

With regard to the generation of surprise in narrative, Structural Affect Theory (Brewer 

and Lichtenstein, 1982) suggests that surprise can be evoked in a readerôs mind by the 

sudden presentation of a significant story event without the readerôs awareness of the 

omission of its initiating events (that is, the critical information related to the significant 

event). Adopting this Structural Affect Theory, my system selects the Significant Event and 

its Initiating Events, and then generates a narrative structure that can elicit surprise by 

presenting the Initiating Events after the presentation of the Significant Event, using a 

planning-based 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 and our emotions, which is 

refreshing and necessary to our everyday life. For this reason, a wide variety of story 

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 of interactivity, narrative space, and narrative time.  
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2.4.1 Narrative 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 has a particular beginning and a particular ending. In the linear 

story, there is only one path from the story beginning to the story ending. The reader may 

pause in the middle of reading, but he or she will continue to read it after the break. The 

advent of digital media, such as hypertext, the World Wide Web, and virtual environments in 

the games, however, has greatly contributed to the development of interactive digital 

storytelling based on non-linearity. The interactive aspect of nonlinear narratives is closely 

associated with narrative space in which the reader (or the player) traverses a story world, 

influencing the story unfolding and the ending as well as characters and settings of the story. 

2.4.1.1 Universe 

The goal of Universe story generation system is to produce soap-opera type stories, which 

are characterized by similar plots with different character development (Lebowitz, 1984; 

Lebowitz, 1985). To generate theoretically never-ending stories, Universe extends the 

previous story plot repeatedly by interweaving various character backgrounds, such as family 

relations and interpersonal relationships, as most soap operas actually do. 

Universe generates a story using a planning algorithm, keeping consistency and 

coherence in character development. Thus the extended story events, which are performed or 

experienced by the story characters with extended backgrounds, make sense without any 

conflict with existing story events in terms of causality. These coherent story events are 

combined with the character development information, making up a plot fragment which 

includes characters, constraints, goals, and subgoals. Story plans are generated by selecting 

appropriate plot fragments to achieve various author-specific goals. 

Universe has a nonlinear narrative space structure because of its boundless extensibility 

using the concept of plot fragment and character development, which provides central ideas 

with later nonlinear interactive systems. 
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2.4.1.2 The Oz Project 

The Oz project (Kelso, Weyhrauch, and Bates 1993) is a converged effort to generate a 

successful interactive drama, focusing on three major elements: believable characters, 

presentation technique, and drama theory. In order to simulate a userôs response to an 

interactive drama in the virtual environments, they conducted ñfirst live interactive 

improvisationò experiments with human actors and a drama director. The experiment has 

revealed two results: (1) 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 participate in the interactive drama) is very different; (2) the interactors can 

immerse to the interactive drama more than the observers without disturbing the ñsuspension 

of disbeliefò in spite of some obvious inconsistent behaviors of characters. 

The interactive story model in the Oz project is represented by a simple plot graph, using 

DAG (Directed Acyclic Graph), as shown in Figure 2.3, where the nodes stand for major 

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

between nodes (i.e., scenes). A goal of the plot graph is to maintain balance between authorôs 

control and interactorôs freedom, which is essential for the successful interactive drama. 

Specifically, hints and obstacles attached to the nodes are provided through monitoring the 

interactorôs behavior, which enables to control the pace of the drama. 

 

 

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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2.4.1.3 Façade 

The experiment in the Oz project has shown a possibility of successful interactive drama 

while maintaining both characterôs free expression and authorôs coherent plot. Façade, a real-

time animated virtual interactive drama (Mateas and Stern 2003), has moved the small stage 

of Studio Theater of Carnegie Mellon at the experiment to a much smaller computer monitor 

and replaced the human actors with computer-controlled non-player characters (NPCs) such 

as Grace and Trip, the believable agents equipped with natural language understanding unit.  

In Façade, a user plays the role of a guest character visiting Grace and Trip, a couple who 

have some serious relationship problems. The player interacts with Grace and Trip, through 

typing appropriate sentences at each critical juncture, influencing on the drama unfolding and 

ending. The two believable agents, Grace and Trip, help the player explore the drama space 

without harming a coherent drama plot under the programmed guidance of a drama manager. 

For this programmed improvisation, the behaviors of Grace and Trip are determined by story 

units called ñbeatsò, a collection of behaviors for specific situation. Figure 2.4 shows an 

overall architecture of Façade.  

 

 

Figure 2.4: Façade architecture [from Mateas and Stern 2003] 
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2.4.2 Narrative Generation Using Nonlinear Narrative Time  

Chronological narratives refer to the narratives in which stories are told in chronological 

order from the storyôs beginning to the storyôs end. In other words, the ordering of story 

events at discourse level is identical to that of story events at story level. In non-

chronological narratives, by contrast, stories can be told out of chronological order, so they 

need to be reconstructed in chronological order in the readerôs mind. As a result, the reader 

needs to make more efforts to comprehend the story when presented in non-chronological 

order.  

2.4.2.1 MINSTREL  

Creative thinking is one of the highest features of humans as well as a major goal to achieve 

in education. As a rule of thumb, creativity can be categorized in two ways: creation from 

scratch and adaptation from different domain. MINSTREL (Turner 1994) uses case-based 

reasoning to adopt the latter definition as a model for creativity. Considering storytelling as a 

problem-solving process, MINSTREL finds a solution with three steps using the creativity 

model: (1) slightly modify a given problem description; (2) recall a solution to similar past 

problems in another domain; (3) adapts the solution fitting to the original problem domain.    

To solve this storytelling problem, MINSTREL looks for search space to accomplish 

three author-level goals ï theme, consistency, and drama. Thematic goals denote moral or 

message in the story. Consistency goals characterize believable characters and reasonable 

actions without inconsistencies in terms of planning and emotion. Drama goals define four 

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

where characterization is similar to 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 foreshadowing) and when to foreshadow (i.e., the location of foreshadowing), 

MINSTREL uses two domain-independent heuristics. One is a heuristic to choose 

foreshadowing content in order to avoid a sense of contrivance. To this end, MINSTREL 

searches for a combination of an action and its effect which is unique or uncommon. The 

combination of action and its effect is considered as unique if it is not found in the 
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MINSTRELôs memory. If multiple combinations are found, one combination is randomly 

chosen. In Figure 2.5, for example, the action-effect combination ñLancelotôs horse moved 

Lancelot to the woods unintentionally causing him to be near Andrea.ò in the third paragraph 

is selected as a foreshadowing because of its uniqueness.  

The other heuristic selects foreshadowing point (or location). To this end, MINSTREL 

searches through the story point that has an action or a state that is similar to that of the 

foreshadowing content. In the above example, the state ñLancelot is near Andreaò is located 

prior to the event ñLancelot loves Andreaò as a precondition. Thus the action and effect 

combination ñLancelotôs horse moved Lancelot to the woods. This unexpectedly caused him 

to be near Andreaò is copied as foreshadowing before the event ñLancelot loves Andrea.ò As 

a result of this foreshadowing scene, the story appears more natural, avoiding a feeling of 

contrivance.  

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, 

Lancelotôs horse moved Lancelot to the woods. This unexpectedly caused him to 

be near Andrea. Because Lancelot was near Andrea, Lancelot loved Andrea. 

 Some time later, Lancelotôs horse moved Lancelot to the woods unintentionally, 

again causing him to be near Andrea. Lancelot knew that Andrea kissed with a knight 

named Frederick because Lancelot saw that Andrea kissed with Frederick é 

Figure 2.5: A foreshadowing example in the story The Mistaken Knight created by MINSTREL 

[from Turner, 1994] 
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While MINSTRELôs approach for foreshadowing is admittedly weak, it introduces two 

important characteristics of computational foreshadowing ï what to foreshadow and when to 

foreshadow. Since 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 unlikely snares or red herrings mentioned in 

Chapter 1, which may undermine a readerôs focus on the story. Carefully designed snares, 

however, can enhance the story (see Barthes 1974: 32), serving as a way of delay of the truth. 

Twister (Platts, et al. 2002) in the next section addresses an interesting approach to generate 

a twisted ending for surprise. 

2.4.2.2 Twister 

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

a story with twist in its climax. As a result of the twisted story, unexpectedness and surprise 

is produced in the readerôs mind.   

Twister creates a story with twist ending by combining two parallel stories ï an overt 

story and a concealed story. Specifically, some important expository information is omitted 

from the concealed story. When an overt story ends with its climax and another twisted story 

comes after it, the reader realizes that there was hidden expository information by backward 

reasoning. Taking a seed story as input, Twister generates a twist and a post-twist 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.

Pat shouted.

Pat cried.

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.

Overt story

Concealed story

Climax

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 information) in the following three steps. 

First, Twister builds an overt story on the basis of the seed story and locates its climax, as 

shown in Figure 2.6. Next, Twister builds a concealed story by slightly modifying the climax. 

Last, both overt and concealed stories are merged into one twist-centered story by resolving 

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

plays a role of setup to mislead the readers. The concealed story provides the readers with 

unexpected twist, contributing to the readerôs surprise and interest.  

While the process for building twisted stories might be similar to that of human authors, 

the detailed process to create a concealed story was not presented in the paper. Also, as the 

paper points out, the sudden introduction of the concealed story may undermine the story 

coherence.  

2.4.2.3 Carmenôs Bright IDEAS 

Carmenôs Bright IDEAS (CBI) is a multimedia title for an interactive pedagogical drama 

where a main character, Carmen, is a mother of two children ï a nine-year old son suffering 

from pediatric leukemia and a six-year old daughter (Marsella, Johnson, and LaBore 2000; 

2003). CBI is interactive in that a participant who plays a drama character named Carmen 

can choose Carmenôs thoughts and emotions, helping her make some important choices at 

each critical juncture; pedagogical in that the participant playing Carmen can learn a problem 

solving skill with a positive (i.e., ñBrightò) viewpoint and a procedural method named 

IDEAS which stands for the five sequential procedures: ñIdentify a problemò, ñDevelop 

possible solutionsò, ñEvaluate your optionsò, ñAct on your planò, and ñSee if it workedò. 

This multimedia drama is consisted of three 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. Through interaction 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 devices ï 

flashback for representing actions related to Carmenôs recalling of the past events; 

flashforward for illustrating Carmenôs imagination about possible future outcomes.   
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The candidate participants for CBI are people who are in similar situation to Carmen. For 

this reason, it is claimed that the participants may be able to feel immersive in the drama 

because of their empathetic emotion with Carmen. This claim is in accordance with the 

explanation about the emotional interest which can come from the readerôs identification 

with story characters, as described in Section 2.1.3. 

2.4.2.4 Suspenser 

Suspenser (Cheong 2007) is a narrative generation system, focusing on the content-selection 

process from a fabula to a sjuģet. According to Russian Formalist terminology, fabula refers 

to a chronological series of story events; sjuģet represents reorganized story events in 

presentation order. The goal of Suspenser is to create a feeling of suspense, a combined 

cognitive emotion of anticipation and anxiety about an uncertain outcome of a significant 

event, in the readerôs mind by selecting appropriate contents for the sjuģet from the story 

events in the fabula. Suspenser does not consider the ordering of the story events at the 

discourse level during the sjuģet construction process. 

Suspenser selects important actions for inclusion in a story using a plan-based 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 selection process, Suspenser employs a way of 

 

Figure 2.7: A Screenshot from Carmenôs Bright IDEAS, where inner thoughts and emotions of a 
character named Carmen are represented by thought balloons.  (from Marsella, Johnson, and 

LaBore 2000) 
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limiting the number of solutions available to a protagonist in the story. The concept that the 

number of available solutions influences a readerôs suspense level has been proved by 

cognitive researchers such as Gerrig and Bernardo (Gerrig and Bernardo, 1994). While 

Suspenser concentrates on the selection of story content for suspense, my system stresses the 

presentation ordering of story content for surprise. 
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Chapter 3 

 

Prevoyant: A Model of Surprise 

Arousal Using Flashback and 

Foreshadowing in Narrative 

In this chapter I describe Prevoyant, a computational model of surprise arousal using 

flashback and foreshadowing in narrative generation. The name Prevoyant refers to the 

functionality of my system to see the whole story ahead of time and generate foreshadowing 

before some future events occur. Prevoyant produces as output a story containing structure 

intended to evoke surprise in the readerôs mind. Given a source story described using a plan 

data structure, Prevoyant determines the content and insertion point in the story for flashback 

and foreshadowing events. Prevoyant makes use of a reader model which reflects the readerôs 

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 responsible for 

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, I outline 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 Prevoyant ï the Generator, the Evaluator, and the Implementer ï are explored 

in detail in Section 3.2 and Section 3.3.  

3.1 Architecture  
A functional role of surprise in narrative is to maintain and focus a readerôs attention. 

Prevoyant aims to create surprise at an important story outcome, which can make the reader 

more engaged in the story (Alwitt, 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) anticipation (Bal, 1997); flashback explains what 

caused the surprising event (i.e., the unexpected outcome) in retrospect. To meet this end, 

Prevoyant employs a generate-and-test design incorporating three major components ï the 

Generator, the Evaluator, and the Implementer (see Figure 3.1). 

Prevoyant takes a story, which is defined by a plan data structure, as input. Given a story 

with a partial order planning structure, Prevoyant rearranges the storyôs temporal order by 

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

Story 

Planner

Initial/Goal State, 

Plan Libraries

Prevoyant

Reader 

Model

Generator

Evaluator Implementer

Reasoning bound, 

Preferences

Story plan
Temporally 

Non-linear 

Story with 

Foreshadowing 

and Flashback

Unexpectedness/ Importance/ Emotional 

Valence/ Resolution/ Postdictability

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 discourse structures that 

can elicit unexpectedness in the mind of a reader. Since unexpectedness alone is not 

sufficient to increase a readerôs surprise in narrative, the Evaluator checks each candidate 

discourse structure based on four factors related to surprise arousal in narrative: 

unexpectedness, importance of the events, a readerôs emotional valence, and resolution of the 

incongruities within the unexpectedness. After the reconstruction of story events is complete, 

the Implementer determines how to realize the story 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 reader, known as 

the implied reader (Chatman, 1978; Rimmon-Kenan, 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 complicate the readerôs comprehension process. Under a practical assumption of 

mutual ócooperationô between author and reader, Prevoyant makes use of an explicit reader 

model to reflect three characteristics of a reader: the readerôs plot-related inference process, 

the readerôs plan-based reasoning capability, and the readerôs story-related preferences 

(Young, 1999). The detailed structure and use of the reader model is described in Section 

3.1.2. 

On the whole, this generate-and-test architecture is motivated by the Cooperative Plan 

Identification (CPI) model (Young, 1999), which was originally developed as a method for 

creating an effective and concise textual description of a task plan based on notions of 

cooperative principles of communication first developed by Grice (1975). The next sections 

describe the input story plan and the reader model that is adapted from the hearer model in 

Youngôs CPI architecture. 
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3.1.1 Input: The Story Plan  

As shown in Figure 3.1, Prevoyant takes a story as input which is defined by a plan data 

structure. This source 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 decomposition9. The causal relationships indicated between steps in the plan structure 

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 story plan using the Longbow planner, a domain designer (i.e., the author) 

defines a planning problem and a plan library. A planning problem for a story plan is defined 

with a specification of the initial state and goal conditions. The initial state is a conjunction 

of the initial conditions that represent the initial story world state; goal conditions are a 

specification of the conditions required by the author to be true in the world after all story 

events have executed. I use the closed-world assumption when specifying the initial state in 

the planning system that I use. Under the closed-world assumption, any condition not 

explicitly marked as true in the initial state is considered to be false. The initial conditions 

and the goal conditions are represented using first-order terms (e.g., At (President, White 

House)).  

A plan library defined by the domain designer describes a number of different action 

operators10. An action operator describes a single action in terms of a list of parameters, 

constraints, preconditions, and effects. A parameter of an action is an unbound variable used 

within Longbowô first-order action representation. A precondition of an action specifies a 

condition that must hold for the action to be executed. A constraint of an action is a condition 

that is satisfied only in the initial state, maintaining its value through the whole story plan. 

Constraints cannot appear in the representation of preconditions or effects of any plan actions. 

Preconditions must be 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. 
10 Longbow is a hierarchical planner using two types of actions ï abstract and primitive. A primitive action is an executable 

action, and an abstract action is one that characterizes or provides an abstraction for a sequence of more-primitive actions. 

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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step or made true by some earlier step in the plan. An effect of an action describes a 

condition that will hold as a result of the execution of the action. Figure 3.2 shows a 

schematic representation of a plan operator Buy-Gun, where parameters, constraints, 

preconditions, and effects of an action are defined.  

 

A story plan is a partial-order plan that is produced by Longbow planner as a solution to a 

given planning problem. The partial-order plan structure that Prevoyant uses includes a set of 

plan steps, a set of binding constraints over variables in the planôs steps, a set of temporal 

ordering constraints over the planôs steps, and a set of causal links between the effects of the 

planôs steps and the preconditions of other steps in the plan. A plan step is instantiated from 

the plan operators in the plan library. A binding constraint denotes 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 two plan steps where an effect of the first step 

(i.e., a source step) achieves a precondition of the second step (i.e., a destination step) (for 

details of the plan structure used in Longbow, see Young, Moore, and Pollack 1994; Young 

and Moore 1994; Young, Pollack, and Moore 1994). 

 

Concept 3.1 (Story Plan). A story plan 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 steps in S, and C is a 

set of causal links between steps in S. 

 

Operator: Buy-Gun 

 Parameters: ?user 

 Constraints: (is-person ?user) 

 Preconditions: (has-cash ?user) 

 Effects: (has-gun ?user) 

    (not (has-cash ?user) 

Figure 3.2: Example of a schematic representation of a plan operator Buy-Gun 
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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 goal conditions, a story plan is 

dynamically built to achieve the goal conditions.  

An example story plan graph is shown in Figure 3.3. In this graph, plan steps in the story 

plan are represented by circles. The numbers inside the circles denote the plan step numbers 

that will be executed sequentially. Step 1 is the opening step, and step 20 is the closing step. 

The directed arcs between two steps denote causal links from their source step to destination 

step. Specifically, the dotted-line arcs denote the causal links starting from the initial state, 

distinguishing from the other causal links that start from the plan steps in the story plan11. The 

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

                                                 

 
11 This classification of causal links depending on their origin, either the initial conditions 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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Figure 3.3: A Representation of Causal Relationships among Plan Steps, Initial Conditions, and Goal 

Conditions in a Story Plan 
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ground literals in the initial 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 satisfies the goal literal g1). Figure 3.4 shows a text representation 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 Jackôs fortress 
i3  Erica has a boat  
i4  Smith is on the land 
i5  Smith is armed 
i6  Dr. Cohenôs lab is guarded 
i7  Smith knows where Dr. Cohenôs lab is located 
 
Plan Steps 

1 Erica installs a wiretap in Smith's home while he is away. 
2 Erica eavesdrops on the phone conversation in which Smith is given the order to rescue 

Dr. Cohen. 
3 Erica meets with Smith. 
4 Erica tells Smith that her father was kidnapped by Jack and taken to Skeleton Island, and 

she asks Smith to save her father.  
5 Erica gives Smith the blueprints of Jack's fortress, with her father's cell marked. 
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 sneaks 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 The guard 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 in the lab. 
19  Smith takes Dr. Cohen from the lab. 
20 Smith and Dr. Cohen ride the boat to shore. 
 
Goal Conditions 

g1 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 of the story plan in Figure 3.3 
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3.1.2 The Reader Model  

As briefly mentioned above, the notion of cooperative communication between author and 

reader is central to Prevoyantôs design. When constructing a story, an author needs to care 

about what her readers think as they read. From the readerôs viewpoint, reading between the 

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 superficial conveyance of information.  

Prevoyantôs reader model simulates the reasoning process of an implied reader as a 

counterpart to an implied author (Chatman, 1978; Rimmon-Kenan, 2002). Prevoyant 

employs a plan-based reader model using the Longbow planning system, motivated, in part, 

by work that has shown that human planning process can be characterized by partial-order 

planners (Ratterman, 2001). In this dissertation, I use the Longbow planning system as a 

reader model to check whether or not a story event is unexpected on the basis of the current 

story world state. This unexpectedness decision process using the Longbow planner as a 

reader model is described in detail in Section 3.2.2.1.2. 

The Longbow planning system is based on a domain-independent planning algorithm 

named DPOCL (Decompositional Partial Order Causal Link) (Young, Moore, and Pollack 

1994), which performs refinement search (Kambhampati, et al., 1995) that views a planning 

process as a search process through a space of plans. The refinement search process is 

represented using a directed arc graph, where nodes denote (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 types of flaws12: open preconditions and 

threats. An open precondition refers to a precondition that is not achieved by actions in the 

plan. A threat occurs when there is an action whose effect conflicts with established causal 

links in the plan. A story plan that is produced by Longbow planner is a complete plan, that is, 

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

                                                 

 
12 In Longbow, there are three types of flaws: open preconditions threats, and abstract steps that can be decomposed into 

more primitive steps. As explained earlier, current Prevoyant does not use Longbowôs decomposition capability, so the 

flaw of abstract steps does not considered.  
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The reader model simulates plot-related inferences performed by the reader. The 

(possibly partial) plans in the plan space represent completions of the story by the reader. The 

reasoning bound function defines the limits on the readerôs ability to infer plans. The 

heuristic function characterizes the readerôs preference for plans in the planning process such 

as the preference for content selection. The readerôs current knowledge while reading a story 

is represented by a set of plan steps, which are instantiated from a readerôs plan library. This 

readerôs plan library characterizes world knowledge and text knowledge based on what she 

has read so far.  

A partial order causal link planner has been employed as a humanôs reasoning process for 

generating a concise task-oriented text instruction (Young 1999) and creating a suspenseful 

story (Cheong 2007). In her story generation system, Cheong uses a variant of the Longbow 

planner to find the number of solutions available to a protagonist that the reader could 

construct from a given partial story.   

3.2 Prevoyant: The Generator and the Evaluator  
The Generator and the Evaluator are two main components in Prevoyant. Passed as input in 

chronological order (i.e., the order in which they occur in the story world), events in an input 

Figure 3.5: The Selection Procedure of Flashback and Foreshadowing  

Step I. The Generator: Select flashback candidates for surprise arousal 

Step II. The Evaluator: Select the best candidate among the flashback 

candidates by checking four factors of surprise in narrative 

Step III. The Generator: Select foreshadowing that can allude to the 

flashback that will be presented after the surprising event 
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story plan are temporally re-ordered by the Generator and the Evaluator. The overall 

procedure consists of three steps as illustrated in Figure 3.5. 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 arousal. Finally, after the best candidate is determined, the Generator creates 

foreshadowing that alludes to the flashback events.    

3.2.1 The Generator: Selection of Flashback Candidates 

Flashback provides the reader with information relating to a backstory occurring in the past, 

typically associated with a relevant character, object, or event (Sijil, 2005). An effective use 

of flashback, however, should be carefully designed because frequent use of flashback, 

especially to explain some insignificant elements in the main story, may harm the storyôs 

momentum.  

3.2.1.1 Modeling of Flashback for Surprise Arousal 

A narrative structure that evokes surprise is characterized by ñsudden presentation of an 

unexpected outcomeò, where expository or initiating events associated with the outcome are 

presented after the outcome or even omitted (Brewer and Lichtenstein, 1981; Tan, 1996). 

Here the outcome refers to a ramification of story events that the author wants to deliver. The 

initiating events refer to a critical cause for the outcome to occur in the story world. In this 

dissertation, specifically, a story outcome refers to one of goal conditions specified explicitly 

in the goal state, assuming that goal conditions in the story plan are important outcomes in 

the author-centric story generation system13 (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 the readerôs knowledge about the initiating events is different. If the reader 

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

                                                 

 
13 In this thesis I 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; 

Brewer and Lichtenstein, 1982; Tan, 1996).  

Based on this surprise model in the Structural Affect Theory, the Generator selects 

flashback events by identifying a Significant Event (SE) and its Initiating Events (IE) in the 

input story plan. A Significant Event is a plan step whose causal effect is a story outcome in 

the story. In other words, a Significant Event directly achieves one of the goal conditions in 

the goal state. An Initiating Events (IE) is characterized as a set of plan steps that serve as a 

causal antecedent of a relevant SE. 

The process for flashback selection is outlined by the four phases as shown in Figure 3.6. 

During Phase 1 thorough Phase 3, the Generator identifies a set of separable Causal Chains, 

which includes flashback candidates, and passes 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 phases are described in detail in the following text. 

 

Phase 1: Selecting a set of Significant Events  

Given an input plan representing a story, the Generator first identifies a set of Significant 

Events, a set of plan steps that directly connect to goal literals in the goal state. Define this set 

Figure 3.6: The Selection Procedure of Flashback in the Generator 

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

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

Phase 4. Select temporal position of flashback, given the best separable Causal Chain 

from the Evaluator  

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

The size of an SE set can be greater than one. In Figure 3.3, for instance, the SE set in the 

story plan consists of the six steps ï 4, 11, 13, 15, 19, and 20. When the size of SE set is 

larger than one, the importance of each significant event is rated in terms of causality and the 

participating characters and items in the story (Cheong, Jhala, Bae, and Young, 2008). The 

importance rating of each event is performed by the Evaluator and is described in Section 

3.2.2.2. 

 

Phase 2: Identify a set of Causal Chains 

Consider each SE (Significant Event) in the candidate SE set. Let the IE (Initiating Events) 

for this set be just a series of events which are causally linked from the initial state to the SE, 

considering the closed-world assumption in which any condition not explicitly marked as 

true in the initial state is considered to be false. An SE will have possibly more than one 

relevant IE. For each IE of the relevant SE, create a pair consisting of the SE and an IE, 

where the IE originates from the initial state. Define this pair as a Causal Chain. There will 

be possibly more than one Causal Chain in the story plan. Create a set consisting of all the 

distinct Causal Chains in the story plan and define this set as a set of Causal Chains. 

 When the Generator identifies a Causal Chain that is associated with an SE, it traces all 

the incoming causal links until reaching the initial state. For example, in the story plan in 

Figure 3.3, step 4 is an SE and there are three distinct IEs originated from the initial state and 

is relevant to step 4: the initial step; a set consisting of the initial step, step 2, and step 3; a set 

consisting of the initial step, step 1, step 2, and step 3. So, there exist three distinct Causal 

Chains relevant to a Significant Event, step 4. 

 

Phase 3: Selection of a set of separable Causal Chains 

Once the set of Causal Chains in the story plan is determined, the Generator selects a set of 

separable Causal Chains among the elements in the set of Causal Chains. Here I say that a 

Causal Chain is separable just when the IE can be omitted from the story plan without 

causing any open preconditions for the steps that occur prior to the relevant SE; define this 
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Causal Chain as a separable Causal Chain. This separability of the IE ensures that the reader 

does not detect the absence of the IE from the rest of the story until the relevant SE occurs.  

The main idea of separability here lies in how the temporal position of IE (Initiating 

Events), which are causally related to one another, can be moved as a separable group ï from 

before the presentation of the relevant SE (Significant Event) to after the presentation of the 

SE ï without affecting the causal relationships of the other events in a story. As a result, 

readers would not detect the omitted IE until the presentation of its Significant Event. This 

omitted IE is presented after the Significant Event as a form of flashback, explaining how the 

relevant SE could actually happen. To this end, the Generator checks two conditions that a 

separable Causal Chain should meet, which are specified in Figure 3.7 and describe in detail 

in the following text. 

 The first condition of separability helps to ensure that the omission of the steps in the IE 

of a separable Causal Chain is not detected by the reader until the presentation of its SE 

(Significant Event). This is possible because the plan steps of the IE in the separable Causal 

Chain do not causally contribute to the other story events prior to the SE. In Case 1 in Figure 

3.8, for instance, a Causal Chain consisting of (S0, S2, S3, S4, S6), where S6 is an SE and 

(S0, S2, S3, S4) is a relevant IE to the SE, has no outgoing causal link initiating from a step 

in the IE of the Causal Chain to a step that does not belong to the IE and is temporally prior 

to the SE. As a result, the omission of the IE from the story plan would not be detected by the 

reader until the presentation of step 6, the SE. If there is an outgoing causal link initiating 

Conditions of a separable Causal Chain 

1. There is no outgoing causal links initiating from a step (except the initial step) 

in the IE of a Causal Chain prior to the SE. 

2. There is no dedicated incoming causal links to a step in the IE of a Causal 

Chain, initiating from a step that is prior to the SE and does not belong to the IE 

of the Causal Chain. 

Figure 3.7: Conditions of Separability 



42 

 

 

Initial Step
S0

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

S1 S2 S3 S4 S5 S6

S7

Goal Step

SE

IE

 

Initial Step

S0

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

S1 S2 S3 S4 S5 S6

S7

Goal Step

SE

IE

Figure 3.8: An Illustration of the first condition of separability. In the graph, nodes 

represent plan steps and edges represent causal links. 

Case 1: There is no outgoing causal link from any step but S0 in an IE (S0, S2, 

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

Case 2: There is an outgoing causal link from a step (S2) in an IE (S0, S2, S3, 

S4) to a step (S5) that is prior to the relevant SE (S6). 
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Figure 3.9: An Illustration of the second condition of separability. In the graph, nodes 

represent plan steps and edges represent causal links. 

Case 2: A casual link initiating from S1 to S2 is not a dedicated incoming causal 

link to S2 because S1 has another outgoing causal link to a step in the story plan. 

 

Initial Step
S0

A Causal Chain (S0, S2, S3, S4, S6) consisting of an IE (S0, S2, 
S3, S4) and the relevant SE (S6) satisfies the second condition 
of separability, that is, there is no dedicated incoming causal 
links to the steps in the IE of the Causal Chain.

S1 S2 S3 S4 S5 S6

S7

Goal Step

SE

IE

 

Initial Step

S0

S1 S2 S3 S4 S5 S6

S7

Goal Step

SE

IE

A Causal Chain (S0, S2, S3, S4, S6) consisting of an IE (S0, S2, S3, 
S4) and the relevant SE (S6) fails to satisfy the second condition 
of separabilitybecause of a dedicatedcausal link established 
between S1 and S2.

Case 1: A casual link initiating from S1 to S2 is a dedicated incoming causal 

link to S2 because this causal link is the only outgoing causal link of s1. 
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from a plan step of the IE in a Causal Chain to a plan step that is outside the chain and prior 

to the SE, however, the omission of the plan steps in the IE will make the plan step occur 

without its causal antecedent. As a result, the reader will detect the omission of the plan steps 

in the IE of the Causal Chain. Case 2 in Figure 3.8 illustrates this example. 

 The second condition of separability also helps to ensure that the omission of a separable 

Causal Chain does not affect the readerôs awareness of its omission. Suppose there is a causal 

link that is established between two steps: s1 (a source step) and s2 (a destination step). Here 

I say that this causal link is a dedicated incoming causal link to s2 when this causal link is the 

only outgoing causal link of s1. In other words, when a dedicated causal link is established 

between a source step and a destination step, the source step causally contributes only to the 

destination step. 

In Case 1 in Figure 3.9, for instance, a Causal Chain consisting of (S0, S2, S3, S4, S6), in 

which S6 is an SE and (S0, S2, S3, S4) is a relevant IE to the SE, has a dedicated incoming 

causal link initiating from S1 to S2, a step in the IE of the Causal Chain, Thus this Causal 

Chain fails to satisfy the second condition of separabilty. In Case 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 separabilit y. 

Once a set of separable Causal Chains is determined, it is sent to the Evaluator. The 

Evaluator evaluates each separable Causal Chain in the set in terms of four surprise factors: 

expectation failure, importance of events, emotional valence, and resolution. Then, the 

Evaluator selects the best separable Causal Chain that can contribute to the readerôs surprise. 

This decision process by the Evaluator is described in more detail in the next section.  

 

Phase 4: Selection of temporal position of flashback 

When the Generator receives the best separable Causal Chain from the Evaluator, the 

Generator defines an Outcome Event (OE) and flashback using the received Causal Chain. 

The Outcome Event is the SE in the best separable Causal Chain; flashback is the IE in the 

best separable Causal Chain. 
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 After identifying the OE and a flashback, the Generator determines the temporal position 

of the flashback. In general, flashback is associated with a character in the story, so the 

characterôs memory or inner thoughts about some important past events can be revealed to 

the reader, explaining how a current situation is connected to the past events. I employ this 

notion of flashback to explain to the reader how the unexpected OE actually could happen. 

To simplify the process of 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 the OE, as shown in Figure 3.10. 

3.2.2 The Evaluator: Checking Surprise Factors in Narrative 

Once the Generator creates a set of separable Causal Chains, the Evaluator selects the best 

separable Causal Chain from the set to elicit surprise in the mind of a reader. As criteria, the 

Evaluator checks four factors for surprise arousal: expectation failure, importance of events, 

the readerôs emotional valence, and resolution of incongruities in surprise. The Evaluator first 

filters out the separable Causal Chains that do not meet the criteria for surprise arousal using 

Figure 3.10: Selection of temporal position for flashback 
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INIT: Initial State;

GOAL: Goal State
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three factors ï expectation failure, the readerôs emotional valence, and resolution of 

incongruities in surprise. And then the Evaluator selects the best separable Causal Chain 

using the importance factor. In this section, I first describe the four factors in detail and then 

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

narrative. 

3.2.2.1 Expectation Failure 

3.2.2.1.1 Expectation Failure as Surprise Sources 

Expectation failure (or expectation violation) is central for surprise. Either in real life or in a 

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 expectation failure are not the same, 

differentiating three types of surprise sources ï active expectation failure, passive assumption 

failure, and unanticipated incongruities. Specifically, Ortony and Partridge explain these 

three surprise sources using a simple propositional logic and two factors: practical 

deducibility of a proposition; conflict between an input proposition and an agentôs 

expectation. 

Practically deducible propositions refer to those propositions that are either explicitly 

represented in the data base or implicitly inferred from the data base with help of simple 

inference rules. Ortony and Partridge did not provide any detailed information about the 

inference rules in their paper, leaving them to implementation details. Conflict refers to a 

situation in which 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 proposition14.  

There are possibly two types of conflicts based on the practical deducibility of a 

proposition. One type of conflict occurs when an agent actively predicts a proposition P 

(which is practically deducible from the agentôs data base), a proposition ×P (which is not 

                                                 

 
14 Since the notion 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 from the agentôs data base) is given as input. The other type of conflict 

occurs when an input proposition ×P (which is not practically deducible from the agentôs 

data base) is given, an agent is not consciously entertaining P (which is the negation of the 

input proposition) but the agent can practically deduce P from the data base. The former is 

referred to as active expectation (or prediction) failure, and the latter is referred to as passive 

expectation (or assumption) failure. 

The difference between active expectation failure and passive assumption failure is 

whether an agent expects actively a proposition (which is in conflict with an input 

proposition) or not. A proposition that is actively predicted by an agent is referred to as an 

activated proposition, which is ñconsciously entertainedò by an agent. Ortony and Partridge 

did not specify how a proposition can be activated. Instead, they assumed that ñAt any point 

in time, the current task results in some parts of the data base being activated.ò So, given an 

input proposition ×P, an active expectation failure occurs when P is activated; a passive 

assumption failure occurs when P is not activated. 

Examples of active expectation failure and passive expectation failure are described in 

the followings (from Ortony and Partridge, 1987), where [A] denotes active expectation 

failure and [P] denotes passive assumption failure.  

 

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

French food. On receiving the menu, one discovers that all the entrees are Greek. [A] 

 

¶ Example 3.2. One comes across a green dog15 on the street. [P] 

 

¶ Example 3.3. One has chosen a French restaurant because one wanted to eat frogôs 

legs, but the waiter explains that frogôs legs are not a menu item in this particular 

restaurant. [A] 

                                                 

 
15 It is assumed that the color property of DOG is specified in the initial world state, so dogs can have only colors 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 initial state is not 

practically deducible. 
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Both active expectation failure and passive assumption failure include a practically 

deducible proposition and a conflict. In the active expectation failure, an agent predicts a 

proposition that is practically deducible from the data base when 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 between an agentôs expectation (either active or passive) and an input 

proposition that violates the agentôs expectation. In active expectation failure, a proposition 

in conflict with an input proposition is activated already for some reason; in passive 

assumption failure, 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 is no conflict between an input proposition and an 

agentôs expectation. When a proposition is given as input, neither the input proposition nor 

the proposition in conflict with the input is practically deducible from the agentôs data base. 

Unanticipated incongruities 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 

proposition. Ortony and Partridge view this third category of surprise source as a violation or 

deviation from norms. Examples of unanticipated incongruities include the followings (from 

Ortony and Partridge, 1987): 

 

¶ Example 3.4. When one sits in oneôs office, a rock flies through the office window.  

 

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

mechanical aids.  

 

In Example 3.4, according to Ortony and Partridge, the proposition ñA rock does not fly 

through the office windowò is not practically deducible. Likewise, in Example 3.5, the 
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proposition ñA person does not take off and fly with no apparent mechanical aids.ò is not 

practically deducible, either. As Ortony and Partridge pointed out, these propositions are 

more related to the violation of norms rather than the violation of expectations. Figure 3.11 

illustrates the relationships of the different surprise sources based on expectation violation 

and norm violation. In Figure 3.11, symbol P represents a practically deducible proposition. 

Symbols Q and X represent practically non-deducible 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 non-deducible proposition X violates a 

norm. Neither X nor ×X is practically deducible. 

While Ortony and Partridge shed some light on the formalization of different surprise 

sources, their arguments have some limitations. For example, the definition of óconflictô 

between an input proposition and an agentôs expectation is not clearly defined. The criteria 

for differentiating passive assumption failure from unanticipated incongruities are also not 

clear, depending on the definition and range of norms. Their research on the relationships 

between unexpectedness and surprise, however, has been built upon by a number of AI 

researchers and cognitive scientists (Macedo and Cardoso, 2001; Castelfranchi, 2005). In the 

following section, I cast these notions of expectation failures in terms of a a planning-based 

Figure 3.11. Three types of surprise sources, where P is a practically deducible proposition, 

where Q and X are practically non-deducible propositions.  
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approach to surprise. 

3.2.2.1.2 Modeling of Expectation Failure Using a Planning-Based Approach 

In Prevoyant, potential candidates for surprise are evaluated by a simple unexpectedness 

check using a planning-based reader model, where an event is characterized as unexpected if 

the reader model cannot find a complete plan to achieve the preconditions of the event in the 

context of the current story and its place in it. In other words, an event in the story is 

expected if the reader model can find a complete plan to achieve all the preconditions of the 

event using its knowledge about the world and the current state of the story world. The world 

knowledge of a reader is encoded using the readerôs plan library (which defines a set of plan 

operators) and the initial world state. Figure 3.12 illustrates the reasoning process using this 

planning-based approach. 

 Expectation failure based on the concept of conflict, in the planning-based approach, 

Figure 3.12: Illustration of Expectation Failures Using a Planning-Based Approach 
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comes from the different viewpoints between the reader model and a story generator. As 

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 

proposition. From the perspective of the story generator and the reader model, this input 

proposition (i.e., a possibly unexpected or surprising event) is practically deducible from the 

story generatorôs viewpoint and is not practically deducible from the reader modelôs 

viewpoint.  

Within Prevoyant, this different viewpoints between the reader model and the story 

generator arise in a variety of ways: (1) differences in the reader modelôs and story 

generatorôs plan operator sets (resulting in the reader modelôs inability to generate a story 

plan similar to that); (2) differences in the heuristic functions (resulting in the reader model 

building a complete plan that differs significantly from the one built by the story generator); 

(3) differences in reasoning bound (resulting in the reader modelôs failing to complete the 

construction of a story plan within the computational resource limit); (4) differences in initial 

conditions (resulting in the reader model failing to construct the needed story plan due to 

inconsistencies arising from the differences in the model of the initial state); and so forth. 

The Evaluator considers these cases using the notions of practical deducibility and conflict. 

The Evaluator characterizes a target event (i.e., an input proposition) as practically 

deducible if all the preconditions of the target event are achieved practically ï 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 the rest of 

the preconditions of the target events successfully). When the reader model decides the 

practical deducibility of an input proposition, it uses a readerôs plan library to find a complete 

plan. In search of a complete plan, the Evaluator defines a new planning problem by setting 

up initial conditions and goal conditions. Here (i.e., at the t0 point in the Figure 3.13) the goal 

conditions are specified as the preconditions of the target event; the initial conditions are 

specified as the updated conditions of the initial state, reflecting changes made by the 

previous story events. Figure 3.13 illustrates an example of this unexpectedness evaluation 

process, where the preconditions of a target event (that is, ×p, q, r, and s) are set as the goal 
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conditions. In the figure, the goal conditions are achieved by a complete plan. Thus, this 

target event is practically deducible, and there is no expectation failure. 

Expectation failure occurs when the reader model fails to build a complete plan to 

achieve the preconditions of the target event. Specifically, the Evaluator views the newly 

updated story world conditions by previous events as activated conditions. Thus, when the 

reader model fails to find a complete plan, active expectation failure occurs if an activated 

condition is in conflict with a precondition of the target event (e.g., in Figure 3.14, the two 

conditions ×s and s are in conflict with each other, where ×s is activated). Likewise, passive 

assumption failure occurs, when the reader model fails to find a complete 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 3.14, the two conditions ×t and t are in conflict with each other, 

where ×t is not activated but is practically deducible). In a similar vein, given the passive 

Figure 3.13: Illustration of the notion of practical deducibility of a target event, where all the 

preconditions of the target event are achieved practically.  
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assumption failure, unanticipated incongruity occurs if the reader model even fails to find a 

complete plan to achieve a condition that is in conflict with the target condition. (e.g., in 

Figure 3.14, the reader model cannot even find a complete plan to achieve the condition ×t 

that is in conflict with a target condition and not activated at the time ï in other words, 

neither t nor ×t is practically deducible.). 

3.2.2.2 Importance of Events 

The importance of an unexpected event can influence the intensity of surprise experienced by 

a reader upon learning of the eventôs occurrence: the more important an unexpected event is, 

the more surprising it will seem (Gendolla and Koller, 2001). This is consistent with 

Structural 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 narrative. According to the Structural Affect Theory, surprise can be aroused by 

the sudden presentation of a significant story outcome (Brewer and Lichtenstein, 1982). This 

Figure 3.14: Il lustration of the conflicts, which result in unexpectedness  
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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 character importance and item importance. 

3.2.2.2.1 Story Recall, Importance of Story Events, and Causal Relatedness 

Prevoyantôs analysis of the causal relationships among story events is based on the Causal 

Chain network model of story recall, devised by Trabasso, et al. (1984; 1985). In this work, 

Trabasso and his colleagues maintain that the number of direct causal connections between 

story events is closely related to a readerôs ability to recall the events and the readerôs 

judgment of the events as significant within the story. In other words, the greater the number 

of direct causal connections a story event has, the more readily it is recalled; the more readily 

an event is recalled, the more significant it is considered. Figure 3.15 shows the causal 

network representation for The Father, His Son and Their Donkey story, one of the stories 

used by Trabasso and his collaborators. In this graph, nodes represent events in the story and 

arrowed arcs denote causal relations between the story events. The plan-based representation 

of story plans used by Prevoyant and discussed earlier in this chapter (cf. Figure 3.3) is 

motivated by and consistent with this causal network representation. Earlier work by 

Christian and Young (2004) provides strong support for the use of the plan-based model as a 

proxy for the causal network mental model of a story used by a reader. Warren et al. (1979) 

identified six kinds of causal relations based on a taxonomy of relations between statements 

in a storyôs text: motivation, psychological causation, physical causation, enablement, 

temporal succession, and temporal coexistence. 

3.2.2.2.2 Importance 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 network model. The Evaluator employs three types of 

elements that characterize the events in a story plan: the opening act, the closing act, and the 

motivating act (Trabasso and Sperry, 1985; Cheong, 2007). Opening acts are the first actions 

in the story ï those that 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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To compute the causal importance of a story event (i.e., a plan 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 number of steps 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 the number of a stepôs effects that are causally 

linked directly to story goals, the more important the step is rated. 

Determining the significance of a story event based on the eventôs causal connections is 

an efficiently computable method that is supported by existing empirical studies of narrative 

comprehension. However, this technique above is not sufficient to capture all elements 

within a story that express an authorôs weighting of significance. For instance, the author 

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

 

Figure 3.15: Causal Network Representation for a Story [from Trabasso and Sperry, 1985] 


