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            A Comparison of Interactive Narrative System Approaches Using Human Improvisational Actors Mark O. Riedl School of Interactive Computing, College of Computing Georgia Institute of Technology Atlanta, Georgia, USA [email protected] ABSTRACT Interactive narrative is an approach to interactive entertain- ment or learning in which a system attempts to tell a story to an interactive participant. In this paper we report on a study to compare the theoretical strengths and weaknesses of two approaches to developing computational interactive narra- tive systems. We compare two approaches to interactive nar- rative: emergent approaches utilizing autonomous virtual character agents, and drama management approaches uti- lizing semi-autonomous virtual character agents. Our study uses improvisational theatre as an idealized, human ana- logue to computational interactive narrative. Results sug- gest that, regardless of approach, idealized interactive nar- rative systems should be nearly indistinguishable in terms of character believability and narrative coherence. Results suggest that drama management systems may have an ad- vantage when particular features are required to emerge in players’ interactive experiences. 1. INTRODUCTION Interactive narrative is an approach to interactive entertain- ment or learning in which a system attempts to tell a story to an interactive participant. In order to distinguish interac- tive narrative systems from other types of interactive enter- tainment, an interactive narrative allows the user to make decisions that directly aﬀect the direction and/or outcome of the story being told by the system. Interactive narrative systems typically conform to the following features: • The user is an active participant. Most commonly, the user plays the role of a character in the story-world, entering an immersive virtual world and controlling a virtual avatar. However it is possible for the user to be an observer of the story world who is capable of making changes to the world and giving suggestions to the characters. • The user is told a story. This is interpreted as meaning (a) there is a story artifact that pre-exists that will be Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for proﬁt or commercial advantage and that copies bear this notice and the full citation on the ﬁrst page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior speciﬁc permission and/or a fee. INT3 2010, June 18, Monterey, CA, USA Copyright 2010 ACM 978-1- 4503-0022-3/10/06... $10.00 conveyed through the medium to the user, or (b) the user comes away from the experience feeling that he or she has been told a story. • The actions and/or decisions of the user have an eﬀect on the story that is told. That is, the story may change when the user takes action or makes a decision. There are numerous computational techniques for achieving the goals of interactive narrative. Mateas and Stern [18] propose that interactive narrative techniques can be plot- ted along a spectrum running from “strong autonomy” to “strong story.” The strong autonomy approach implies that one can create computational interactive narrative experi- ences by implementing autonomous virtual characters in a virtual world without any pre-existing notion of storyline. The strong story approach implies that computational in- teractive narrative experiences require pre-existing branch- ing or non-branching storylines that determine exclusively what can and cannot occur in the virtual world. Most ac- tual implementations of interactive narrative systems fall somewhere in between. Two common technological solutions to interactive narra- tive are: emergent narrative and drama management. The emergent narrative technique is to simulate a virtual world, including behaviors of virtual characters that inhabit the world, and that the storyline emerges from the interactions between agents and the interactive player [1, 2]. The sim- ulation may be conﬁgured to maximize the likelihood that narratives emerge with particular features [3]. The Drama management technique is to develop an intelligent agent, called a Drama Manager to observe the virtual world and to make changes to the virtual world or virtual characters in order to coerce the interactive player’s experience to have certain features. Both emergent narrative and drama management have their theoretical pros and cons. In theory, emergent narrative should produce the most believable experiences because vir- tual characters are acting solely in response to the virtual world, each other, and the human player. However, detrac- tors of emergent narrative note that what storyline actu- ally emerges may or may not have the desired features, de- pending on the initial conditions of the simulation, what the player does, or the stochastic nature of the way virtual characters choose their behaviors. In theory, drama man- agement ensures a well-formed storyline occurs each time. 
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A Comparison of Interactive Narrative System ApproachesUsing Human Improvisational Actors
 Mark O. RiedlSchool of Interactive Computing, College of Computing
 Georgia Institute of TechnologyAtlanta, Georgia, USA
 [email protected]
 ABSTRACTInteractive narrative is an approach to interactive entertain-ment or learning in which a system attempts to tell a story toan interactive participant. In this paper we report on a studyto compare the theoretical strengths and weaknesses of twoapproaches to developing computational interactive narra-tive systems. We compare two approaches to interactive nar-rative: emergent approaches utilizing autonomous virtualcharacter agents, and drama management approaches uti-lizing semi-autonomous virtual character agents. Our studyuses improvisational theatre as an idealized, human ana-logue to computational interactive narrative. Results sug-gest that, regardless of approach, idealized interactive nar-rative systems should be nearly indistinguishable in termsof character believability and narrative coherence. Resultssuggest that drama management systems may have an ad-vantage when particular features are required to emerge inplayers’ interactive experiences.
 1. INTRODUCTIONInteractive narrative is an approach to interactive entertain-ment or learning in which a system attempts to tell a storyto an interactive participant. In order to distinguish interac-tive narrative systems from other types of interactive enter-tainment, an interactive narrative allows the user to makedecisions that directly affect the direction and/or outcomeof the story being told by the system. Interactive narrativesystems typically conform to the following features:
 • The user is an active participant. Most commonly, theuser plays the role of a character in the story-world,entering an immersive virtual world and controlling avirtual avatar. However it is possible for the user tobe an observer of the story world who is capable ofmaking changes to the world and giving suggestions tothe characters.
 • The user is told a story. This is interpreted as meaning(a) there is a story artifact that pre-exists that will be
 Permission to make digital or hard copies of all or part of this work forpersonal or classroom use is granted without fee provided that copies arenot made or distributed for profit or commercial advantage and that copiesbear this notice and the full citation on the first page. To copy otherwise, torepublish, to post on servers or to redistribute to lists, requires prior specificpermission and/or a fee.INT3 2010, June 18, Monterey, CA, USA Copyright 2010 ACM 978-1-4503-0022-3/10/06... $10.00
 conveyed through the medium to the user, or (b) theuser comes away from the experience feeling that heor she has been told a story.
 • The actions and/or decisions of the user have an effecton the story that is told. That is, the story may changewhen the user takes action or makes a decision.
 There are numerous computational techniques for achievingthe goals of interactive narrative. Mateas and Stern [18]propose that interactive narrative techniques can be plot-ted along a spectrum running from “strong autonomy” to“strong story.” The strong autonomy approach implies thatone can create computational interactive narrative experi-ences by implementing autonomous virtual characters in avirtual world without any pre-existing notion of storyline.The strong story approach implies that computational in-teractive narrative experiences require pre-existing branch-ing or non-branching storylines that determine exclusivelywhat can and cannot occur in the virtual world. Most ac-tual implementations of interactive narrative systems fallsomewhere in between.
 Two common technological solutions to interactive narra-tive are: emergent narrative and drama management. Theemergent narrative technique is to simulate a virtual world,including behaviors of virtual characters that inhabit theworld, and that the storyline emerges from the interactionsbetween agents and the interactive player [1, 2]. The sim-ulation may be configured to maximize the likelihood thatnarratives emerge with particular features [3]. The Dramamanagement technique is to develop an intelligent agent,called a Drama Manager to observe the virtual world andto make changes to the virtual world or virtual charactersin order to coerce the interactive player’s experience to havecertain features.
 Both emergent narrative and drama management have theirtheoretical pros and cons. In theory, emergent narrativeshould produce the most believable experiences because vir-tual characters are acting solely in response to the virtualworld, each other, and the human player. However, detrac-tors of emergent narrative note that what storyline actu-ally emerges may or may not have the desired features, de-pending on the initial conditions of the simulation, whatthe player does, or the stochastic nature of the way virtualcharacters choose their behaviors. In theory, drama man-agement ensures a well-formed storyline occurs each time.
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Detractors of the drama management approach note that incertain situations, decisions can become forced and appearunbelievable.
 In this paper, we report on an experiment designed to deter-mine whether the theoretical limitations of emergent narra-tive or drama management will significantly manifest them-selves in an idealized, “perfect” interactive narrative system.Since such a system has never been built, we turned to thebest human analogue we knew: improvisation with profes-sional improv actors. Professional improv actors were in-structed to improvise a scene for a murder mystery undertwo different conditions. In the first condition, replicatingan idealized emergent narrative system, the scene was purelyimprovised. In the second condition, replicating an idealizeddrama management system, the human director was allowedto halt the scene and provide directions to the actors.
 2. HYBRID INTERACTIVE NARRATIVESYSTEMS
 Any interactive narrative system must address two funda-mental problems:
 • Character believability – The behaviors of a char-acter must support, and not violate, the suspensionof disbelief that the character could be real. Loyall[11] enumerates many of the attributes that go intocharacter believability, including personality, emotion,intentionality, and physical appearance. Character be-lievability is a local feature of an interactive narrativeexperience, meaning that it is evaluated relative to re-cent events that manifest in the virtual world.
 • Narrative coherence – All events in a narrative havesignificance and relevance to the resolution and/or out-come of the narrative as a whole [20]. Narrative coher-ence is a global feature of an interactive narrative expe-rience, meaning that it can only be evaluated by con-sidering the whole narrative structure, whether emer-gent, scripted, or otherwise.
 Strong autonomy systems – the exemplar using autonomousvirtual character agents – should excel at bringing aboutexperiences with high levels of character believability. Therationale is that an autonomous virtual character agent sim-ulates the emotive and cognitive processes employed by realpeople. An interesting question is whether an agent shouldsimulate the character as if the character really existed, orwhether an agent should simulate an actor playing the roleof a character [8]. Strong story systems – the exemplar be-ing drama management systems – should excel at bringingabout experiences with high levels of narrative coherence.The rationale is that, unlike a virtual character agent, adrama manager can monitor to overall structure of the un-folding narrative and make decisions based how it would likefuture events to unfold.
 We define a Hybrid Interactive Narrative System as an inter-active narrative system that combines drama managementand autonomous virtual character agents. Consequently,some aspects of the player’s experience is emergent, while
 others are reasoned about from the perspective of creat-ing a coherent storyline. In a hybrid system, we refer tothe virtual character agents as semi-autonomous because,at times the drama manager may take action to prescribeor proscribe behaviors [21]. Prescription entails an author-ity external to the virtual character instructing the agent to“do X,” whereas proscription entails an authority externalto the virtual character instructing the agent to“avoid doingY ” [5]. Emergent narrative systems and hybrid systems dif-fer in presence of a drama manager agent and, necessarily,the degree of autonomy the virtual character agents possess.There are numerous research questions to be addressed interms of how to build autonomous virtual character agentsand, in the case of hybrid systems, how to coordinate dramamanager and character agents.
 We ask the question: do the theoretical strengths and weak-nesses of emergent and hybrid systems manifest themselvesin a perfect interactive narrative system? Because we can-not yet build the perfect interactive narrative system, weturn to a human analogue: improvisational theatre. In im-provisational theatre, actors perform under some number ofconstraints to create a scene in real-time [13]. Through im-prov performances, we create the conditions analogous toemergent and hybrid interactive narrative systems. To em-ulate an idealized emergent narrative system, improv actorsare asked to improvise a scene without assistance or guid-ance. To emulate an idealized hybrid interactive narrativesystem, improv actors were asked to improvise a scene whilea human director periodically provided directions to the ac-tors. In all instances, one actors remained uninformed torepresent a player immersed in the virtual world.
 3. RELATED WORKMateas [16] enumerates some of the early work in the field ofinteractive narrative and Roberts and Isbell [23] overviewsmuch of the recent work on drama management systems.The original work on drama management used plot graphs,dependency graphs ordering significant events in the storyworld, and a modified adversarial planner to select dramamanager moves that caused or denied plot points, or madecertain sequences of plot points more or less likely [10, 24].
 Note that in our experiment, we assume that a drama man-ager operates in conjunction with autonomous virtual char-acters. Thus, the most relevant drama management systemsto our experiment are those that fall somewhere in the mid-dle of the spectrum from strong autonomy to strong story.The Facade interactive drama [15, 17, 18] employs a dramamanager that dynamically chooses the next best scene froma “bag of beats” from which the virtual characters receivegoals. The virtual characters can implement those goalsin the best way they see fit. The Automated Story Direc-tor [22] employs a drama manager based on partial-orderplanning and semi-autonomous character agents that im-plement directives from the drama manager. The Interac-tive Drama Architecture (IDA) [12] also uses autonomouscharacter agents, but uses predictions generated from a usermodel to guide the player along a fixed, linear storyline.
 The most prominent emergent narrative systems in recentyears have been those by Cavazza and colleagues [6, 19], andthe FearNot! system [3]. In all cases, the resultant storyline
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is highly dependent on the initial configuration of the virtualworld and the actions of the player. In the FearNot! sys-tem, a story facilitator [7] automatically sets of the initialconditions of a scene.
 The work presented in this paper was inspired in part by theCMU Oz group’s experiment to test the feasibility of dramamanagement [10]. The experimented pitted a naive partic-ipant against several confederate actors in a scene about amugging in a bus terminal. The actors wore head-sets andwere fed directions from a human playing the role of a dramamanager. The anecdotal evidence collected suggested thatthe approach was plausible, although the drama managerhad to be somewhat heavy-handed in certain situations. In-terestingly, participants reported that they did not observeany inconsistencies in the behaviors of the confederates, eventhough external observers were acutely aware of the incon-sistencies. The inspiration to use humans as analogues in ourexperiment is inspired by this earlier experiment, althoughwe strive to test two distinct approaches and to control asmany variables as possible.
 A closely related project is the Digital Improv project [14,13], which attempts to analyze human improvisation in thecontext of improv theater with the goal of building compu-tational models of human improv acting. This project mayeventually shed light on how to build computational actorsfor use in emergent or hybrid interactive narrative systems.
 4. EXPERIMENTAL METHODThe goal of our experiment was to determine if emergentnarrative or drama management would be more effective inan idealized, “perfect” interactive narrative system. Our ide-alized interactive narrative system was implemented as animprovised scene from a murder mystery, consisting entirelyof human performances. No technology was implemented,although the experimental conditions were inspired by ex-isting interactive narrative technologies.
 The first part of the experiment involved human actors im-provising a scene from a murder mystery. Scenes were im-provised under two different conditions. In one condition,the actors were told to improvise a scene without guidanceor manipulation. In the other condition, a human director –one of the researchers – periodically halted the performanceto “inject” new information into the scene as means of guid-ing the scene. The second part of the experiment involvedsubjects watching movies made by filming the scenes andanswering a questionnaire.
 We had three hypotheses:
 1. Hypothesis H1: The use of drama management willhave an effect on the ability of the actor playing therole of the detective to solve the mystery.
 2. Hypothesis H2: The use of drama management willhave an effect on naive observers perceptions of char-acter believability.
 3. Hypothesis H3: The use of drama management willhave an effect on naive observers perceptions of storycoherence.
 We chose a murder mystery for several reasons. First, mur-der mysteries in works of fiction are familiar to many people.In the case of our murder mystery, it pits an actor playingthe role of a detective against several actors playing suspects.The actors playing the roles of suspects were given specificpersonas and a history of the events that they witnessed orparticipated in during the time period the crime was com-mitted. One actor is chosen to be the actual murderer. Theactor playing the detective is also given a persona, but isotherwise unaware of the history of events that the otheractors have knowledge of. The detective, thus, is a stand-infor the player. The use of an actor in the role of detectivehelped us control for skill, as we felt that a randomly re-cruited participant would not be able to perform effectivelywhen pitted against professional actors.
 All actors were hired through a professional casting companyin the Greater Los Angeles area. All but one actor hadprevious experience performing in TV shows, movies, and/orTV commercials. The actors were grouped into “troupes” offive. In addition, we hired a movie director to coordinatethe arrangement of the stage, direct the cinematography,and liaison with the actors.
 4.1 Dramatic SettingThe basic setup for each scene is as follows. The night be-fore at the fictional Marina Del Rey University (MDRU) –a small, privately-funded University that caters to rich andinfluential people – the dead body of Pete Reilly was foundin the faculty kitchenette of the MDRU Literature Depart-ment. Pete Reilly was a graduate student in the LiteratureDepartment. Pete was found with blunt-force trauma to hishead with a corresponding bloody spot on the corner of acounter. While it is possible that he slipped and fell, theangle and severity of the impact makes it more likely thathe was pushed. The Police Crime Scene Unit found threepieces of evidence in Pete Reilly’s possession: (a) a printedmanuscript with Dr. Paul Clayton’s name on it, (b) a checkfrom Dr. Edward Schultz, made out Pete Reilly, and (c)a hand-written letter from Sandra Schultz Clayton to PeteReilly that reads “Pete you bastard, I won’t let you leave melike this! Meet me so we can settle this. Sandra.”
 Based on the evidence, three suspects, Dr. Paul Clayton,Dr. Edward Schultz, and Sandra, were asked to meet withHomicide Detective Spader at the place of the crime. Dr.Paul Clayton is an assistant professor in the MDRU Liter-ature Department, an alcoholic, and on the brink of losinghis job. Clayton was at one time the advisor of Pete. Dr.Edward Schultz is the chair of the MDRU Literature De-partment and patriarch of the rich and prominent Schultzfamily. He is looking for any excuse to fire Clayton. Sandrais Edward’s younger sister and wife of Paul. Sandra is the“black sheep” of the Schultz clan for following her heart andmarrying Paul instead of marrying someone wealthy. How-ever, her marriage is falling apart; she had been having anaffair with Pete and had just discovered that she is pregnantwith Pete’s child. Throughout all of this, Schultz had beenpaying Pete to keep him from exposing the family scandal.The Schultz family, however, had fallen on hard financialtimes, and Edward was secretly broke. Finally, Pete hadbeen plagiarizing works of literature from Clayton.
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Figure 1: A scene being improvised. Charactersfrom left to right are: Schultz, Detective Spader,Clayton, and Sandra.
 To motivate the actor playing the detective and to preventhim or her from jumping to conclusions, he or she was givena backstory. The detective, Sam (or Samantha) Spader ison probation for charging innocent victims of crimes onetoo many times. One more mistake and he or she will befired. The Police Commissioner is a donor to MDRU andwants the case quickly cleared up. However, Spader is theonly detective available (everyone else came down with foodpoisoning at a recent police banquet).
 The scene begins with the three suspects having been gath-ered at MDRU and being confronted by the detective forthe first time. The scene ends when the detective announceswhom he or she will arrest or until the director determinedthat no farther forward progress could be made.
 4.2 Improv Study4.2.1 Improv Study Procedure
 The first experiment was designed to test hypothesis H1.Troupes were asked to improvise the murder mystery sceneunder one of two conditions:
 • Pure improv condition – Actors improvise the scenewithout any guidance. The pure improv condition at-tempted to replicate the conditions of an ideal emer-gent narrative systems.
 • Inject driven condition – Actors improvise the scene,and a human director who periodically halted the per-formance to provide new information to the actors.The inject driven condition attempted to replicate adrama management system in which autonomous agentsperiodically received instructions from a drama man-ager agent.
 Actors in each 5-person troupe are assigned to roles. Threeactors are chosen to be suspects, and two actors are chosento be detectives. One detective performs in the pure improvcondition, and one detective performs in the inject drivencondition. For each run, the non-performing detective is se-questered. Each actor playing the role of a suspect was given
 a detailed history of their character and their relationshipwith other characters in the story. The detective is provideda minimal amount of “publicly available” information abouteach of the suspects – names, jobs, marital status, etc.
 Before each performance, a suspect is randomly chosen tobe the guilty party. Based on which suspect is actually themurderer, all suspects were given additional note cards tomemorize describing exactly what they were doing duringthe crime and what they know (see Figure 1). Dependingon which of the suspects is selected to be guilty, the eventsof the night before unfolded in different ways. Each non-guilty character further has a piece of evidence that clearsthem of the crime but also implicates them in other deeds(for example, if Schultz is not guilty, he was engaged inunethical behavior at the time of the murder). The randomselection of the guilty party ensured that the actor assignedto the role of the detective could not learn the scenario ifthe troupe were to perform multiple times.
 In the pure improv condition, the performance begins withthe detective addressing the three suspects in the place of thecrime. The performance ran until the actor playing the de-tective made a declaration of guilt (could be right or wrong)or until the director deemed that forward progress in the de-tective’s task had stalled, but never before 20 minutes hadpassed.
 In the inject driven condition, the director would halt theperformance every 5 minutes by calling out “inject!” Ac-tors were instructed to freeze. The director – one of the re-searchers – would then select one of the facts necessary forthe solution to the crime and select one of the suspect char-acters to reveal the fact. The facts were arrayed in a depen-dency graph ahead of time and the director was required topick the next available fact on the chart to control for direc-torial skill. The director whispered the fact to the selectedactor. The performance would then be restarted where itleft off and the selected actor was required to work the factinto his or her performance. When one of the facts was re-vealed to the detective through natural (i.e., not throughinject) means, the 5 minute counter would be restarted.
 Each performance resulted in one of three states: (a) thedetective made the correct declaration of guilty party, (b)the detective made the incorrect declaration of guilty party,or (c) the detective made no declaration of guilty party andthe director halted the performance.
 4.2.2 Improv Study ResultsIn the improv study procedure, there were 6 trials in the pureimprov condition and 3 trials in the inject driven condition.Of the 6 trials in the pure improv condition, three of the tri-als ended with the detective coming to the right conclusionabout the guilty party and the remaining three ended withno conclusion or with the wrong declaration. Figure 2 showsthe trials and results. A simple mean calculation results in50% of pure improv trials resulted in successful determina-tion of the guilty character by the detective. Each troupeperformed the pure improv condition twice with the samedetective. For each troupe, the first always ended with “noconclusion” and the second was always correct despite thefact that we told the troupe that a new guilty party would

Page 5
                        
                        

Table 1: Examples of background information given to suspects randomly chosen to be guilty.Sandra Guilty Clayton Guilty Schultz GuiltySandra knew Clayton would be atthe bar. She went to MDRU to con-front Pete. Violent scuffle in kitchenresulted in Pete’s fatal fall. Dis-traught, Sandra returns to her houseand takes depressants to sleep. Shecannot specifically defend her ac-tions, though Pete may have beenaggressive towards her first.
 Clayton got drunk at the bar, thenreturned to the university. He sawPete working after hours, uploadinghis works to the web. An argumentresults in Clayton pushing Pete, whofell and fatally split his head. Clay-ton, spooked, returned to the barand drank until he passed out.
 Schultz returned to the office andran into Pete. During a heated argu-ment, Schultz revealed that he wasbroke and couldn’t pay off Pete any-more. Pete responded by saying hewas going to the press the next day.Schultz, enraged, pushed Pete, whohit his head fatally.
 Table 2: Conditions and results from the improv study.Trial Troupe # Condition Guilty Result Notes
 1 1 pure improv Sandra No conclusion2 1 pure improv Sandra Correct3 1 inject driven Clayton Correct4 2 pure improv Clayton No conclusion5 2 pure improv Clayton Correct6 2 inject driven Sandra Wrong7 3 pure improv Schultz No conclusion8 3 pure improv Schultz Correct Edited into video (32:00)9 4 inject driven Sandra Correct Edited into video (39.31)
 be randomly chosen. It is possible that the results were dueto the pure improv condition detective learning enough toovercome any difficulties.
 Of the 3 trials in the inject driven condition, two resulted inthe detective coming to the right conclusion and one resultedin the wrong declaration. A simple mean calculation resultsin 66% of inject driven trials resulted in successful determi-nation of the guilty character by the detective. While it wasinfeasible to run enough trials to generate statistical signif-icance, the result is suggestive that directorial influence inthe improv process greatly improves the probability that thedesired outcome will emerge.
 The performance of troupe 2 was anomalous with respect tothe other two troupes. Despite careful screening of actorsby a hired professional casting director, one of the actorsassigned to be a suspect in troupe 2 was not an experiencedactor. We believe that this actor’s inability to perform atthe same level as the remaining cast members threw off thedetectives. If we throw out the data from troupe 2, wefind that the mean success in the pure improv conditionremains at 50% and that the mean success in the injectdriven condition becomes 100%. We believe the results ofthis study strongly support hypothesis H1: The use of dramamanagement has an effect on the ability of actors to bringabout specific features of the performance (in this case aspecific conclusion).
 4.3 Observer Study4.3.1 Observer Study Procedure
 Subjects were recruited to participate in a follow-on study tocollect data about the believability and coherence of the im-provised scenes. All participants were employees of the Uni-versity of Southern California Institute for Creative Tech-nologies, at which the study was conducted. This studyaddressed hypotheses H2 and H3. All the performances of
 all troupes were videotaped using two cameras from differ-ing angles. Actors wore wireless microphones. One troupewas selected to be the “best” and two of its performances – apure improv performance and an inject driven performance– were edited to video. The pure improv condition videowas 32:00 minutes. The inject driven condition video was39:31 minutes.
 One of the challenges we faced is that injecting instructionsinto the performance required the performance to be mo-mentarily halted while instructions were disseminated. Byhaving two cameras filming each performance, this enabledus to do post-process editing to remove the performanceinterruptions caused by injects. Editing was kept to a mini-mum and was never used to reorder dialogue. We attemptedto ensure that editing was consistent between the two videosand that the pacing of cuts remain consistent. Note that inboth cases, when we edited the videos, we also re-shot theconclusions to make the video wrap up in a more genre-typical manner.
 Participants watched either the pure improv performance orthe inject driven performance. Before watching the video,participants were briefed with handouts that contained in-formation identical to what the detective actors received.Specifically, they received an overview sheet describing whatis known about the murder circumstances before question-ing, and bio sheets on each of the suspects and the detective.Bio sheets included pictures of the actors playing the char-acter so that the participants could readily identify the char-acters in the video. Participants were given time to studythe overview and bio sheets and then watched the video.
 After watching the video, participants filled out a question-naire. The questionnaire consisted of three sections: (i) bi-ographical background questions, (ii) a modified narrativetransportation scale based on Green and Brock [9] with ad-ditional questions specific to our study. Green and Brock’s
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narrative transportation scale attempts to determine the de-gree to which people who read a narrative becomes “trans-ported” into the fictional world. Transportation is similar toimmersion in virtual worlds. The scale was modified to re-place “reading a narrative” with ”watching a movie.” Studyspecific questions include:
 • I was distracted by the cuts in the film.
 • I felt that [Clayton/Shultz/Sandra/Detective] did thingsduring the questioning that didn’t make any sense.
 • I felt satisfied by the ending of the movie.
 • I felt the movie had a lot of unnecessary dialogue andaction.
 • I felt that the movie went on too long.
 • I felt that the dialogue and events in the movie werescripted.
 All questions use a 7-point scale, scored -3 through +3 (with0 being neutral) recording how much the subject agreed withthe question statement.
 4.3.2 Observer Study ResultsTwo of the trial performances – trials 8 and 9 (see figure2) – were edited into video and watched by subjects whothen filled out questionnaires. Questions 1-14 were a mod-ified version of the Green and Brock transportation scale[9]. Modifications were made to refer to video instead ofread text. Results for the modified transportation scale areshown in Figure 2 (left). Questions 15-25 were specific to thestudy. Results for the study-specific questions are shown inFigure 2 (right). See the appendix for details on each num-bered question.
 Participants were recruited from the staff of the Institutefor Creative Technologies. There were a total of 11 par-ticipants. The mean score for all subjects for the modifiedtransportation scale was -0.70 (standard deviation of 0.70).The average score for subjects in the inject driven conditionwas -0.86 (standard deviation of 0.70). The average scorefor subjects in the pure improv condition was -0.53 (stan-dard deviation of 0.70). Questions 4 and 8 were inverted.There is no significant difference between mean score on thetransportation scale between conditions (p < 0.30). We con-clude that there was no different in level of transportationbetween people who watched the inject driven video and thepure improv video.
 There were three questions on the modified transportationscale in particular that exhibited a weak amount of signif-icance. Results of question 1 (“While I was watching themovie, I was thinking about other things”) indicate thatparticipants in the inject driven condition were less likelyto have engaged their full attention than participants in thepure improv condition (p ≤ 0.11). This is hard to explain,although the possibility exists that the performance in thevideo shown in the inject condition was not as engaging asthe video shown in the non-inject condition. Our observa-tion is that the actor that played the detective in the pure
 improv condition had a much more energetic style of ques-tioning the suspects than that of the detective in the injectdriven condition.
 The results of question 5 (“I wanted to learn how the movieended”) indicate that participants in the pure improv con-dition are more likely to express curiosity about the movieending than participants in the inject condition (p ≤ 0.16).When a single possible outlier is removed from the data set,the result becomes statistically significant (p < 0.05). Thereis an aesthetic difference between videos. The inject drivencondition wrapped with the actor playing Sandra (the guiltyparty) becoming very fatalistic and emotional. However,in the pure improv condition, Schultz (the guilty party) iscoolly and calmly taken to the police station. It is possiblethat the pure improv condition led some people to believethat more was to come.
 The results of question 7 (“I found myself thinking of waysthe movie could have turned out differently”) indicate thatparticipants in the pure improv condition are more likely tothink about alternative endings than participants in the in-ject condition (p ≤ 0.08). Prevailing theories on what causedthis are (a) details of way the video ended, (b) a preferencethat someone else be the guilty party, or (c) confusion dueto undue focus on other suspects.
 The mean responses to questions 15 – 24 showed little dis-tinction between participants in either condition. Question15 (“I was distracted by the cuts in the film”) attempted toascertain whether the video editing was perceived differentlybetween conditions. No significant differences in perceptionof the video editing were detected. Questions 16 – 19 at-tempted to ascertain whether injects had any effect on howparticipants viewed character believability. Participants inboth conditions tended to answer these questions negatively,indicating that they did not find the characters to behave ir-rationally or inconsistently. Participants in the inject condi-tion were a little bit less convinced by the characters. Therewere no significant differences between conditions, however.
 Question 20 (“I felt satisfied by the ending of the movie”)showed that viewers of the pure improv video were moresatisfied by the ending of their video than those in the injectdriven condition (p ≤ 0.16). However, a later question, “Iwas not satisfied by the ending of the movie” showed nosignificance (p ≤ 0.74).
 Based on the results, we conclude that there is no evidenceto support hypotheses H2 or H3. That is, expert improvactors can bring about character believability and narrativecoherence with or without drama management.
 5. DISCUSSIONThe improv study suggests that “injects” had an impacton bringing about successful conclusions to the scenes. Togeneralize, we posit that this provides evidence that dramamanagement is beneficial when one desires certain proper-ties or features of narrative experience to emerge. Note thatthis does not mean that these properties or features cannotemerge when there is no drama manager, only that they aremore likely when a drama manager is present. We believethat purely emergent narrative may require several tries to
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Figure 2: Results of the observer study by question. Questions 1 – 14 are from a modified transportationscale (left). Questions 15 – 25 are study-specific (right). Lighter bars on the left are results from the injectdriven condition. Darker bars on the right are from the pure improv condition. See appendix for questions.
 achieve desired results with the results of one run informingthe results of another run.
 We were not able to detect any differences in narrative coher-ence or character believability between conditions, althoughthere did seem to be some inconsistencies in the observerstudy results that we were unable to fully explain withoutfurther experimentation. We extrapolate from this that inperfect emergent and hybrid interactive narrative systems,the virtual characters are essential to the quality of the expe-rience. Indeed, we believe that an expert improviser is capa-ble of seamlessly merging injects into a scene without observ-able loss of character believability or narrative coherence.Of course, the injects in the study were not non-sensical; wemake no claim about completely arbitrary drama manage-ment. One thing we do not know is to what extent humanimprov actors assume responsibility for driving the storyforward. While we tried to establish a backstory and mo-tivations that would lead to actors acting in the interestsof their characters, there is always the possibility that theactors choose actions based on narrative interestingness in-stead of character goals. As noted below, this may actuallybe advantageous. However, hypothesis H1 suggests that ifactors are assuming directorial responsibility, the distributednature indicates that this is not as effective as central direc-tion.
 We suggest that the lack of consistent support for hypothesesH2 and H3 provide justification for the technological devel-opment of agents as actors instead of agents as participants.As pointed bout by Gordon and van Lent [8], agents-as-actors reason about character behaviors from the context ofhow those behaviors achieve believability but also drive ascene forward, whereas agents-as-participants reason aboutcharacter behaviors from the local perspective of the char-acters themselves. It should be noted that, while there isabundant work on simulating realistic human behaviors andemotions, there is relatively fewer attempts to model the-atrical actors, especially those that improvise scenes. Em-pirical studies reveal rich but computationally representable
 processes in improv actors [14, 13], especially related to nar-rative reasoning [4].
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 8. APPENDIXThe following are questions from the questionnaire used inthe observer study.
 1. While I was watching the movie, I was thinking aboutother things.
 2. I could picture myself in the scene.
 3. I was mentally involved in the movie while watching it.
 4. After the movie ended, I found it easy to put it out ofmy mind.
 5. I wanted to learn how the movie ended.
 6. The movie affected me emotionally.
 7. I found myself thinking of ways the movie could haveturned out differently.
 8. I found my mind wandering while watching the movie.
 9. The events in the movie are relevant to my everydaylife.
 10. The events in the movie have changed my life.
 11. I had a clear understanding of why Paul Clayton didthe things he did.
 12. I had a clear understanding of why Sandra did thethings she did.
 13. I had a clear understanding of why Edward Schultz didthe things he did.
 14. I had a clear understanding of why the Detective didthe things he or she did.
 15. I was distracted by the cuts in the film.
 16. I felt that Paul Clayton did things during the question-ing that didn’t make any sense.
 17. I felt that Sandra did things during the questioning thatdidn’t make any sense.
 18. I felt that Edward Schultz did things during the ques-tioning that didn’t make any sense.
 19. I felt that the Detective did things during the question-ing that didn’t make any sense.
 20. I felt satisfied by the ending of the movie.
 21. I was not satisfied by the ending of the movie
 22. The resolution of the movie made sense to me
 23. I felt the movie had a lot of unnecessary dialogue andaction.
 24. I felt that the movie went on too long.
 25. I felt that the dialogue and events in the movie werescripted.
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