


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                            
                            
                        

                    

                

                
                    
                                                    Log in
                            Upload File
                                            

                

            


            	Most Popular
	Study
	Business
	Design
	Technology
	Travel
	Explore all categories


        

    





    
        
            
                
                    
                

                

                    
                        interactive narrative: an intelligent systems approachriedl/pubs/aimag.pdfinteractive narrative: an...

                    


                    
                        
                            	Home
	Documents
	Interactive Narrative: An Intelligent Systems Approachriedl/pubs/aimag.pdfInteractive Narrative: An Intelligent Systems Approach Mark O. Riedl1 and Vadim Bulitko2 1School of Interactive


                        

                    


                    




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

13
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            


            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
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Interactive Narrative:
 An Intelligent Systems Approach
 Mark O. Riedl1 and Vadim Bulitko2
 1School of Interactive Computing, Georgia Institute of Technology2Department of Computing Science, University of Alberta
 Abstract
 Interactive narrative is a form of digital interactive experience in which users create or influence adramatic storyline through their actions. The goal of an interactive narrative system is to immerse theuser in a virtual world such that he or she believes that they are an integral part of an unfolding storyand that their actions can significantly alter the direction and/or outcome of the story. In this articlewe review the ways in which artificial intelligence can be brought to bear on the creation of interactivenarrative systems. We lay out the landscape of about 20 years of interactive narrative research andexplore the successes as well as open research questions pertaining to the novel use of computationalnarrative intelligence in the pursuit of entertainment, education, and training.
 1 Introduction
 Storytelling, in oral, visual, or written forms, plays a central role in various types of media, includingnovels, movies, television, and theatre. The prevalence of storytelling in human culture may be explainedby the use of narrative as a cognitive tool for situated understanding [3]. This narrative intelligence—ability to organize experience into narrative form—is central to the cognitive processes employed acrossa range of experiences, from entertainment to active learning. It follows that computational systemspossessing narrative intelligence may be able to interact with human users naturally because they under-stand collaborative contexts as emerging narrative and are able to express themselves by telling stories.A number of narrative intelligence tasks have been studied from a computational perspective includingstory understanding, story generation, and commonsense reasoning.
 One of the most compelling applications of narrative intelligence is the prospect of interactive narrative.Interactive narrative is a form of digital interactive experience in which users create or influence a dramaticstoryline through actions, either by assuming the role of a character in a fictional virtual world, issuingcommands to computer-controlled characters, or directly manipulating the fictional world state. It ismost often considered as a form of interactive entertainment, but can also be used for serious applicationssuch as education and training. The most common form of interactive narrative involves the user takingon the role of the protagonist in an unfolding storyline. The user can also be a disembodied observer—asif watching a movie—but capable of making changes to the world or talking to the characters. The goalof interactive narrative is thus to immerse the user in a virtual world such that he or she believes thatthey are an integral part of an unfolding story and that their actions have meaningful consequences. Thatis, the user’s actions can be observed to have a direct impact on the direction or outcome of the storyline.There are many digital entertainment applications, such as computer games, that use stories to structureusers’ activities. The distinction between interactive narrative and other forms of digital entertainment isthat interactive narrative systems afford the player to act in ways that fundamentally alter the directionand/or outcome of the unfolding storyline.
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Figure 1: The Holodeck from an episode of Star Trek: The Next Generation.
 To illustrate the significance of a user able to act to change the direction and/or outcome of a narrativeas it is unfolding, consider the Holodeck from the popular television series, Star Trek: The Next Generation(see Figure 1). The Holodeck is a fictitious technology that uses holography to immerse humans ina photorealistic virtual reality, often populated by virtual, intelligent, computer-controlled characters.While the Holodeck is portrayed as having many serious uses, one of its primary uses is entertainmentvia the immersion of its users in fictional worlds. Examples from the TV series range from Wild Westto Film-Noir to Victorian dramas. Suppose one were to enter the Holodeck to step into the shoes ofShakespeare’s Hamlet.1 Further suppose that the user chooses not to reenact the actions and dialogueof the Hamlet character, who remains locked in indecision throughout a majority of the story. Instead,suppose the user strikes out in a new direction, perhaps confronting and slaying the antagonist, Claudius,in the first act instead of the third. What should the other characters do in response? What shouldhappen next? Can the story even continue? Shakespeare has nothing to tell us about how to proceed.
 Setting aside the questions of graphics rendering, holography, and virtual reality—stories are not onlytold in visual media—the example above presents some intriguing research questions:
 1. How does a computational system determine what should happen next in the narrative?
 2. What does a computational system need to know about the fictional world and the user in order toreason about the user’s narrative experience?
 3. How does a computational system intervene in the fictional world to bring about an engagingexperience?
 The first two questions pertain to the construction of computational systems that exhibit narrative in-telligence. The answers to these questions not only take us one step closer to automated creation ofengaging experiences in virtual worlds, but also addresses the fundamental quest for intelligent systemsthat exhibit human-level capabilities; the ability to create stories is an ability that is, to date, unique tohumans. The third question pertains to the construction of computational systems that can act on behalfof the user to his or her benefit, be it entertainment, education, or training.
 Interactive narrative has its roots in entertainment. However, a small but growing faction of researchersare considering the role of interactive narrative in “serious” application such as education, training,advertising, and argumentation. In science, technology, engineering and mathematics (STEM) education,interactive narrative shares many parallels with problem-based inquiry learning, which involves guiding a
 1The example of the recreation of Hamlet in a Holodeck was inspired by Murray [8]. Cavazza and colleagues [10] havedirectly experimented with an interactive version of Shakespeare’s The Merchant of Venice.
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student through a succession of problems that build off one another (cf., [13]). Procedural skill learningoften employs interactive scenarios to create realistic contexts for skill practice [11].
 2 Experience Management
 The core research challenge is how to balance the need for a coherent story progression with user agency,which are often at odds. A coherent narrative experience is one in which all events build off prior eventsuntil a conclusion is reached. The user may act in a manner he or she deems best, unintentionally intro-ducing inconsistencies—events that the system cannot build off—or making it impossible for subsequentevents to unfold as planned. Typically this occurs because the user is unaware of the ways in which thenarrative may unfold, but may also occur because the user is trying to steer the narrative in a new direc-tion or actively and mischeviously testing the bounds of the system’s responsiveness. The key challengeto interactive narrative is how to balance these competing needs to ensure the player feels he or she hasagency to affect the direction and/or outcome of his or her narrative experience while still ensuring theexperience is coherent.
 A common solution, first proposed by Bates [2] is to implement a drama manager. A drama manageris an intelligent, omniscient, and disembodied agent that monitors the virtual world and intervenes todrive the narrative forward according to some model of quality of experience. An experience manager isa generalization of this concept, recognizing the fact that not all narratives need to be dramatic, such asin the case of education or training applications. An experience manager drives the narrative forward byintervening in the fictional world, typically by directing computer-controlled characters (called non-playercharacters (NPCs)) in how to respond to the user’s actions. To that end the user should not be aware ofthe existence of the experience manager or its interventions.
 How does an experience manager know how and when to intervene in the virtual world? An experiencemanager must generally look ahead into possible futures of the user’s experience to determine the bestintervention, if any, to bring about a structurally coherent experience. Unlike activity recognition orprediction, the experience manager seeks the best narrative sequence according to the narratologicalprinciples of coherence and other criteria for experiential quality. Because of the experience managersability to intervene through NPCs, this sequence does not have to be—and often should not be—the mostlikely sequence of events. Instead, the future narrative should be the best narrative according to somecriteria that can be achieved given the agency of the user and the ability to intervene. The projectionof a narrative sequence into the future enables the experience manager to evaluate the global structureof possible player experiences in a way that cannot be achieved by looking at any single world statein isolation. Armed with this knowledge, the experience manager must reason about the effects of itsinterventions in the virtual world to bring about the desired narrative experience.
 Looking at experience management from the perspective of states and actions, there are a numberof states the fictional world can be in, and a number of actions that can be performed by the user, byNPCs, and directly by the experience manager itself. Consider the simple example illustrated in Figure 2.The large oval represents the set of all states that the virtual world can be in. Starting with an initialstate on the left, the user and NPCs can perform actions that transition the virtual world into new states.Suppose the user and computer-controlled characters were left to their own devices and the resultant statespace trajectory is shown in Figure 2(a). Further suppose that from a narratological perspective, anytrajectory that passes through a state in C will be be considered a “poor” experience by some criteria.Meanwhile, a narrative that passes through a state in A followed by a state in B will be considered a“good” experience by the same criteria. The goal of the experience manager is to intervene in such a waythat the user’s experience follows a trajectory more similar to that shown in Figure 2(b). Of course, asthe user has opportunities to act, the experience manager must continuously project and select possiblefuture narrative trajectories, as in Figure 2(c).
 How does an experience manager determine whether a given intervention will increase the qualityof the user’s experience? In theory, an experience manager is capable of reasoning about the quality of
 3
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(a) A possible narrative trajectory through state space. (b) A possible narrative trajectory that visits statesdeemed favorable and avoid states deemed unfavorable.
 (c) Accounting for player interaction.
 Figure 2: The experience management problem is to compute trajectories through state space.
 the user’s experience, including but not limited to: hard or soft constraints on narrative structure (asabove), principles of dramatic tension, pedagogical goals, or other aesthetic considerations. These criteria,principles, goals, and aesthetic considerations are provided by a human author. The human author is theperson behind the scenes that desires to tell a story in an interactive fashion but cannot be present atexecution time to shape the user’s experience his or herself.2 The relationship between the human authorand experience manager is of critical concern to interactive narrative research, as the experience managercan be considered an autonomous surrogate for the human author.
 3 A Taxonomy of Approaches to Interactive Narrative
 The history of research and development of interactive narrative systems has been rich and varied. We havemapped the relevant landscape of interactive narrative systems in Figure 3. We organize the landscapeinto three dimensions that can be used to distinguish different approaches to the problem of creatinginteractive narrative experiences:
 1. Authorial intent. To what extent is the human author’s storytelling intent constrains the inter-active narrative system? On the left are systems that are highly constrained to carrying out the
 2Tabletop Role Playing Games such as Dungeons and Dragons use a human game master or dungeon master to drive aplotline forward and to manipulate non-player characters. To that end, experience management is an attempt to automatethe role of game/dungeon master either by making decisions that shape the narrative or by carrying out a human gamemaster’s pre-determined decisions at run-time on their behalf.
 4
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Figure 3: The landscape of interactive narrative research.
 human author’s intent. On the right are systems that assume creative responsibility for the user’snarrative experience.
 2. Virtual character autonomy. The non-player characters in the virtual world can have more orless autonomy from the experience manager. Strong story systems are those in which the NPCsare completely controlled by the experience manager. Strong autonomy systems are those in whichthe NPCs are unaware of the overarching narrative needs. There is a tension between the needsfor NPCs to act consistently with the narrative and the need to act consistently with their owncharacter and settings.
 3. Player modeling. To what extent does the interactive narrative system attempt to learn aboutthe individual differences of the user? All interactive narratives adapt themselves to the user byobserving and responding to the user’s actions. Player models are abstractions over the user’spatterns of behavior in the space of narratives that capture and predict aspects of user behaviorthat can subsequently be used to manage the experience.
 There are too many systems to cite here; we discretize the space and show how a small sampling ofsystems are situated within this space. In the next sections, we discuss the different dimensions and theirimplications for the development of interactive narratives.
 5
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 Figure 4: A branching story graph from The Abominadable Snowman.
 3.1 Authorial Intent
 How an experience manager should generate and evaluate narrative trajectories is an open question. Thedimension of authorial intent concerns itself with the extent to which the human author pre-ordains thepossible narrative experiences or instills the system with the ability to creatively adapt to the user. Onthe one hand, strong authorial intent means the quality of experience can be ensured, according to thevision of the human author. On the other hand, greater creative freedom on behalf of the interactivenarrative system can yield greater user agency at the risk of straying from the human author’s vision.
 At one end of the spectrum, we find complete and immutable authorial intent. The classic examples ofa system at this end of the spectrum are the Choose-Your-Own-Adventure (CYOA) novels and equivalenthypermedia systems. These systems utilize a branching story graph in which nodes represent chunks ofauthored narrative content (e.g., pages in CYOA novels) and directed arcs represent explicit choices userscan make (see Figure 4). Every possible narrative trajectory is manually authored, which ensures theauthor’s vision is precisely preserved. However, the amount of narrative content that must be authoredcan grow exponentially with the number of choice points and the authoring of large graphs with manyopportunities for player agency quickly becomes intractable.
 As the opportunities for user interaction grow and the space of possible narrative experiences becomestoo great for a human author to reasonably enumerate them, the experience manager must assume greatercreative control—the ability to autonomously make decisions about how to manage the user’s narrativeexperience. The human author must express his or her authorial intent through means other than the
 6
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Figure 5: A portion of the plot graph for the interactive fiction, Anchorhead [9] (reproduced with permis-sion).
 literal specification of branching story graphs. A common approach is to encode this knowledge as a plotgraph in which nodes are narrative events and arcs denote precedence constraints such that no event canoccur unless all events constrained to occur prior to it have already occurred (see Figure 5). Some eventsare experience manager actions (not shown) that can be performed at any time to increase the probabilitythat certain trajectories occur. Examples of experience manager actions include hinting, causing certainplot points to occur, and temporarily denying certain plot points from occurring. A plot graph thus definesa space of possible narrative trajectories; constraints prune out sequences that do not logically make senseor should not be allowed to occur in the user’s narrative experience. A search process—adversarial search[18], reinforcement learning [12], or case-based planning [14]—generates possible trajectories, includingexperience manager actions, and evaluates the trajectories according to an author-defined heuristic.
 As we move farther along the spectrum, the knowledge possessed by the experience manager necessarilybecomes more general and the experience manager assumes full responsibility for constructing “good”narratives. The generative experience management approach embeds a complete story generator (see [4]for an overview of story generation systems as creative systems) within the experience manager [19, 11, 10].The knowledge provided by the human author is of much more general form, and the experience managermust generate the narrative from scratch via the embedded story generator. For example, the storygenerator employed within the experience manager may encode knowledge about the fictional world inthe form of a domain theory—a declaration of what actions are possible in the fictional world and theworld state conditions under which they can be executed without further knowledge about the order thatactions should occur.
 A generative experience manager must solve the boundary problem [6]—to recognize and respond to(intentional or unintentional) attempts by the user to perform actions that deviate from the narrative theexperience manager desires to tell. As a simple example, consider the possibility that the user decides tokill an NPC that plays a significant role later in the narrative; the narrative will not be able to continueas expected. Once a deviation is detected, the experience manager can respond in one of two ways:
 • Intervention: the experience manager can act to prevent the user from crossing the narrativeboundary either by directing NPCs to interact with the user in different ways [6] or by changingsome aspect of the fictional world (e.g., by causing the user’s gun to jam) [19].
 • Accommodation: the experience manager allows the deviation to occur and then invokes thestory generator to create a new narrative that eliminates any causal inconsistencies that arise fromthe user’s actions (e.g., by selecting a new NPC to take the role of the killed character) [19, 11].
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(a) Haunt II [6] attempts to preservea pre-authored narrative (reproducedwith permission).
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 (b) C-DRaGer [14] uses a mix of authoredknowledge and search (reproduced with per-mission).
 (c) The Automated Story Director [11] (left) and an interactive The Merchant of Venice [10] (right; reproducedwith permission) use generative experience management.
 Figure 6: Interactive narrative systems representing different degrees of authorial intent.
 Story generation is an open research question and those who pursue generative experience managementare interested in the extent to which the story generator or experience manager can assume the creativeresponsibilities of the human author.
 3.2 Virtual Character Autonomy
 The dimension of virtual character autonomy is concerned with the degree to which computer-controlledentities can act independently of the experience manager, which has implications for character believability.A believable character is a virtual agent that fosters suspension of disbelief that the user is interactingwith a personality-rich, intelligent being (a person, an anthropomorphized animal, etc.) [2]. Believablecharacters exhibit personality and emotion as they interact in real-time with the environment and the user.Stories are about characters and their interactions; character are thus an integral aspect of interactivenarrative systems. However, there can be a tension between an experience manager, which is tryingto bring about a global structure to the user’s interactive experience, and virtual characters, which areattempting to perform local actions that promote believability. There are a range of approaches tointegrating character and story [7]:
 • Strong Story: Virtual characters do not act without the guidance and permission of the experiencemanager.
 8
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Figure 7: The Facade interactive drama [7] strikes a balance between story story and strong autonomy(reproduced with permission).
 • Strong Autonomy: Each virtual character is a fully autonomous agent, unaware of the needs ofthe overarching narrative.
 Most interactive narrative systems implement an approach to NPCs somewhere between these extremes.Under the strong story perspective, the experience manager can achieve the highest degree of leverage
 over the virtual world to bring about the desired narrative experience for the user. Enabling the experiencemanager to reason about every moment of a virtual character’s interaction or dialogue with the user isgenerally intractable. Not every detail of every human-NPC interaction or dialogue act is significantto plot progression and an experience manager will reason at the level of abstract units of plot, usingprocesses to decompose plot units to actions when necessary (called realization).
 Under the strong autonomy perspective, the user’s experience is entirely driven by the uncoordinateddecisions of the NPCs and his or her own actions. When NPCs have complete autonomy, an interactivenarrative is referred to as an emergent narrative [1]. As in the case of simulation games or exploratorylearning environments, it is not always necessary to intervene to guide the user’s narrative experiencetoward a particular conclusion.
 Many interactive narrative systems attempt to strike a middle ground between strong story and strongautonomy. The Facade interactive drama [7] specifically addresses this issue by using personality-drivendecompositions from high-level plot units to executable behaviors. An experience manager providescoherence. Characters are autonomous to the extent that they can independently determine how theplot units are realized. The Automated Story Director [11] implements semi-autonomous characters thatact fully autonomously until directed by an experience manager, at which point characters must reasonhow to seamlessly transition between autonomously selected behaviors and behaviors required for plotprogression.
 3.3 Player Modeling
 Up to now, we have made the assumption that the experience manager is a surrogate for the humanauthor by representing his or her authorial intentions in the face of player autonomy. However, differentusers may have different preferences over how the narrative unfolds. An experience manager may also takeuser’s preferences into account by modeling and predicting the user’s preferences for different narrativefutures while attempting to preserve the author’s intent. While all interactive narrative systems adaptthe narrative structure to respond to user actions, we use the term player modeling to refer to the processof learning a model of the user’s individual differences (e.g., preferences, play style, etc.) While player
 9
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Figure 8: The PaSSAGE system guides the user down narrative branches that match the user’s preferredstyle of play.
 modeling is becoming more common in computer games, it has only recently been explored in the contextof interactive narratives.
 One type of player modeling is done by mapping observed player behavior in the fiction world intoabstractions. Such abstractions can be later exploited by an experience manager to intervene in theworld to the benefit of the user’s perceived experience[16, 14]. Another type of player modeling lieswith eliciting structured feedback from users across many interactive narrative experiences [20]. Workon player modeling in interactive narratives is still in early stages and focuses mainly on approaches thatstrongly conform to authorial intent (see Figure 3); other player modeling techniques exist and are yetto be explored in the context of guiding interactive narrative experiences. Non-player characters canalso benefit from player modeling by adapting their behaviors or dialogue according to what they believeabout the user.
 Personalization of narrative experiences is especially relevant to serious applications of interactivenarrative to education and training. In education, an intelligent tutoring system (ITS) attempts toemulate the one-on-one interactions between a dedicated human tutor and a pupil. An ITS can becharacterized by two processes: (a) determining the best next problem for the learner to work on, and(b) scaffolding of the learner’s problem-solving [17]. ITSs utilize a learner model that captures individualskill and knowledge differences. For inquiry learning and training domains where the problem executionis embedded within a narrative or scenario, a learner-model-driven interactive narrative can scaffold thelearner’s problem-solving. If the interactive narrative system employs a generative experience manager,it can also be seen as performing problem generation.
 4 Discussion
 There are numerous approaches to interactive narrative systems, not all of which require artificial intel-ligence. The use of artificial intelligence in the implementation of interactive narrative systems increasesthe expressive power of the system by (partly) assuming creative responsibility for the user’s narrativeexperience. This in turn can yield greater responsiveness and range of narratives without diminishingplayer agency.
 Interactive narrative has been an applied area of artificial intelligence and machine learning research
 10
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for approximately 20 years. In this time there have been significant advances in the ability for intelligentsystems to deliver engaging narrative experiences for entertainment, education, and training. However,there are a number of open research questions, including but not limited to the following:
 • How and when to intervene in the virtual world on behalf of the user?
 • How to generate narrative structures?
 • How to encode human authorial intent and at what level of abstraction?
 • How to incorporate believable characters into an interactive narrative framework?
 • How to tailor narrative experiences?
 Seeking the answer to these questions involves simultaneous pursuit of fundamental questions of artificialintelligence along with the art and creativity of developing compelling, playable demonstration systems.
 The importance of the human author in the creation of interactive narratives is of critical concernto developers and researchers of interactive narrative systems; knowledge representation is not merelyan implementation detail but an important aspect of the art required to create engaging interactiveexperiences. While branching story graphs and hypermedia interactive narratives have a low barrierto entry, interactive narratives utilizing intelligent experience manager agents have required substantiveknowledge engineering expertise. To date interactive narrative systems involving intelligent systems arelargely denizens of research labs, with one notable exception being the Facade interactive drama, publiclyreleased in 2005. Can non-expert human authors create interactive narratives with intelligent experiencemanagement techniques? To shed light on this question is to determine whether the development ofinteractive narrative systems can become a mainstream form of creative expression. Promising directionstoward this end attempt to ease the encoding of authorial intent using machine learning to train experiencemanagers on narrative examples [12] or crowdsourcing narrative knowledge from the World Wide Web[15, 5].
 Storytelling is an integral part of the human experience. We communicate through stories, but alsouse stories to entertain and educate. Immersive, interactive systems that can effectively engage us withinnarrative experiences but still allow us to exhibit agency over our experiences have the potential torevolutionize the ways in which computational systems are used to entertain, educate, and train humans.Interactive narrative can be a compelling application domain through which to explore the fundamentalquestions of computational narrative intelligence.
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