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Abstract The last few decades has seen the emergence of a number of interactive virtual environments attempting to combine stories and interactivity. The aim of the research has been to find a suitable middle ground between interactive freedom and a dramatic and coherent story structure. One of the major shortcomings of past approaches has been the lack of focus placed on the human user, making the user in the environment an observer rather than an interactive participant with control over the direction of the story. We show that this can be addressed by populating the environment with believable agents that have personality and emotions targeted towards the user. The agents have a range of emotions and an attitude towards the participant based on their interaction with, and the actions of, the participant. In the paper, we demonstrate how this user-modelling approach, inspired by a range of different disciplines, addresses some of the issues of past approaches. Using a character-driven story structure based on traditional storytelling techniques, we allow the relationships between the agents and the user to determine the direction of the story, giving the user a sense of interactive freedom while maintaining a dramatic narrative.



Introduction “Each of us has been designed for one of two immortal functions, as either a storyteller or as a cross-legged listener to tales of wonder, love and daring. When we cease to tell or listen, then we no longer exist as a people. Dead men tell no tales.” Bryce Courtenay, 1998 Storytelling: an ancient art that has been an integral part of our existence since the beginning of time. The act of telling stories, or narration, is a faithful companion in all of our core activities; from education to entertainment, through music to theatre, all the way to the daily communication with our friends, family and even strangers. As an audience, the most memorable experiences take place when we are absorbed by the story; when the world around us morphs into the universe described by the storyteller. This immersion brings the desire of agency; to be able to interact with the characters and be a participant in the story being told. Although classic stories are linear, throughout history we have been trying to break away from the covers of a book. Oral storytellers often adjusted their stories to fit the reactions of the audience (Murray, 1990), participatory theatre and improvisation acting has actively involved the audience in the unfolding events in the story (Boal, 1979) and hugely popular interactive books have been written where the audience has a wide range of



choices in the progression of the story (Gamebooks, 2004). Similarly, interactive media, such as games, which by definition are based on the participation of a player, are placing an increasing amount of focus on the story to engage the audience. There is a basic tension between the concept of interactivity and the structure of a coherent story. A classic story has a linear narrative that must be maintained for the purpose of the story to be fulfilled. On the other hand, interactivity is based on giving the participant control over the direction of the story, and hence there cannot be a structure to uphold. The challenge lies in finding the balance between the control given to the participant to alter the direction of the story, and the control assigned to the system to maintain the structure that makes the story coherent. In other words, the goal has been to find the suitable middle ground between interactive freedom and a dramatic story structure. One of the main problems of past approaches has been the degree of involvement assigned to the human participant of the system (the player). The player should be given the sense of being the protagonist of the story, and not just another element in the environment. It is easy to neglect the player in an attempt to uphold the fine structure. However, this reduces agency significantly; another casualty caused by the aforementioned tension. In this paper, we shall see how cross-disciplinary user-modelling methods, combined with classic storytelling techniques, address these issues.



Related Work The Oz project (1989-2002) was one of the first attempts to create interactive drama by employing and focusing on the behaviour and interaction of characters. The Oz architecture takes the approach of populating the environment with independent and autonomous beings called believable agents (Mateas, 1997). For an agent to be believable, it should give the illusion of life i.e. perform actions on its own initiative justified by its personality, emotions, self-motivation and social relationships. The overall aim is to produce an emergent narrative based on the interactions in the environment. In other words; very little is planned and it is hoped that the unfolding events will provide a dramatic experience, much like theatre improvisation. This differs from most other approaches because it is a simulation environment (the predecessor to titles such as The Sims) rather than a planning architecture. The general limitation of the latter is that they quickly become unscalable, as every action and consequence has to be accounted for. Assigning such responsibility to the author will inevitably remove some of the freedom the user is granted and thus reduce the level of interactivity. This limitation is present in several planning architectures, such as Lang (1999), Charles, et al. (2002), Gordon and Iuppa (2003) and to some extent the Liquid Narrative approach (Riedl et al., 2003, Riedl and Young, 2004 and Liquid Narrative, 2004), although their focus is not primarily on interactivity, but telling a story and providing a cinematic experience complete with dynamic control of camera. In planning architectures, the stories are carefully scripted, and although the player has some part in the unfolding events, care is taken to restrict the chances of interrupting the plans.



Methodology In the following section, we shall describe how our method differs from past research such as the Oz Project, using an approach inspired by oral storytelling techniques and cognitive emotion models. The most significant issues, and the approaches applied to address these, will be presented in three parts: player agency, drama management and agent authoring.



Player Agency For true interactive experiences, the human player within the environment should feel a sense of agency. As defined by Murray (1997:126); “Agency



is the satisfying power to take meaningful actions and see the results of our decisions and choices.” Interactivity and agency are related terms; for a story to be interactive, the player should feel that his or her actions have some effect on the outcome, i.e. be given a feeling of agency. Therein lies one of the problems of the Oz architecture; it is a system created to populate believable agents that display interesting behaviour, but not necessarily based on the actions and decisions of the human player. In other words, player interaction with the agents is not prioritised when determining the agent behaviour. The main focus of the agents is solving their own personal goals, a fact that often reduces the player to either an obstacle or an observer. The lack of focus on the actions of the human player reduces the player from protagonist to interactive observer; the same problem faced by Façade (Mateas and Stern, 2003). We address this by concentrating the generated emotions on the actions of the human player. In other words, we are increasing user modelling and hope to achieve more agency by monitoring the player and adjusting the behaviour of the agents accordingly. The model chosen for our emotion synthesis is that of Ortony, Clore, & Collins (Ortony et. al, 1988). Their computational model has established itself as a standard for emotion synthesis and is applied to a broad range of different fields. The model specifies 22 emotions in different categories, based on reactions to certain goal-related events, acts of other agents or likeability of objects. This feature makes OCC suitable to employ in an interactive story environment, because stories are mainly focused around characters and objects. The OCC model was used in a similar environment by Elliott (1992), who successfully used an expanded version to generate emotions in a simulation called TaxiWorld. Bartneck (2002) describes a guide for emotion processing, i.e. how one can use the OCC model for character development. It discusses the terms that characters should follow from the initial categorisation of an event to the resulting behaviour of the character. The process is divided into five phases; classification, quantification, interaction, mapping and expression.



Drama Management Much like live role-play dungeon masters progressively construct a story based around events that occur in a game of e.g. Dungeons & Dungeons, we need a way of ensuring that the unfolding events adhere to a coherent storyline and build up toward a climax. This is where the aforementioned narrative dilemma is introduced. We do not want to pose a



great number of restrictions on what could unfold in the environment, because this removes the user agency. However, restrictions are essential if we wish the actions of the human player and the agents to be meaningful with regard to the story. What we need, then, is to remove some of the burden of understanding the inner workings of the well-written stories and evaluation functions, and not least hardcoding story content, from the authors and place it in some of the mechanics of the system. Traditional storytelling techniques can provide some clues on how this can be achieved. In Propp’s analysis of a corpus of 100 Russian fairytales it was found that in each of the fairytales a series of story points based around the protagonist were performed by the other characters (Propp, 1958). These story points, or functions, were recurring, and Propp narrowed the list down to 31 plot elements that consistently occurred in a uniform sequence. No story contained all functions, but he proposed that these functions encompassed all of the plot components from which fairy tales were constructed. These include absence of family member, interdiction to hero, violation of interdiction, attempted reconnaissance by villain and so on. This suggests that characters in stories are defined from a dramatic point of view. In other words, they are there to fulfil a purpose and to perform a function that is necessary for the plot. This reminds us that some characters are simply there to progress the narrative. Most importantly, these functions give us some indication on how a story should be structured, and removes the need of manually creating an evaluation function. From Propp’s functions, 8 different narrative roles that are needed to act out the story points or functions have been identified: hero, villain, helper, princess (sought-for-person), father of the princess (task assigner), mission dispatcher, donor and the false hero. These are for a particular example story, however, similar types were found in most of the stories analysed by Propp. In our architecture, as the simulation environment runs, events will occur that change the inner emotions of the agents. These events are mainly based on the actions of the human player. In other words, these emotions can be used as a way of describing the relationship between the player and the individual agents. For instance, if on several occasions the player has found an item that one agent wants, the agent will become increasingly jealous. The relationship between them can then be described as negative. We can use these emotions to determine which agent is suitable for what role. This decision is influenced by the choices of the player so agency is maintained.



What remains is the actual construction of the agents, which brings us to the next part of the methodology: defining personalities.



Defining Agents The bulk of the work in creating agents lies in the defining of personalities. Ideally, this task should not be overly difficult for the author. For an interactive environment to be fully immersive, it needs to be inhabited by a number of agents with different and distinct personalities, much like real life. This poses two requirements: firstly, the architecture should be scalable, meaning that the construction of the story should not be strongly affected by the number of agents present in the environment. Secondly, the agents themselves should be easy to create and their representation should be powerful enough to allow for the creation of a vast number of distinct personalities. In other words, for the architecture to be accessible for noncomputer experts, the creation of a simple, but powerful, user interface is required. This applies to both the construction of the agent and the authoring of the story. Addressing these requirements, the problem with the Oz architecture lies mostly in the latter. The personalities of the agents are defined in terms of the sub-functions, or methods, they have available to solve goals. Since the agent do not use any domain knowledge, all these functions must be constructed from scratch, which is a time-consuming task even for authors that are familiar with the programming language. One simple cat agent, Lyotard, consisted of 2,000 lines of declarative code, indicating the amount of work it would require to complete a fully immersive environment. In previous work, we implemented a simple variant of the Oz architecture in Java, and found that creating even a simple character could take two weeks of work. This suggests that a simplification of the Oz approach of defining personalities might be needed. To make our agents easier to create, we suggest shifting the focus to the emotional model when defining the personalities. Hopefully, by making the personality directly related to the emotions, we will make the characters more intuitive for the human player to relate to without having to observe their actions (Oz sub-routines) over a longer period of time. We do this simply by assigning what we call “emotion weights” to each individual agent. These weights determine what emotions are focused on when determining the dominant emotion of the agent. For instance, consider this example. The agent had experienced 6 events that have generated “joy” and 5 that had generated “distress”, making the overall percentage of each emotion 54% and



46% respectively. Now, assuming we are defining this agent to not have a sunny disposition, we would place larger focus on the emotion “joy”. Let us say the weights are distributed towards the negative emotion, i.e. 0.25 to “joy” and 0.75 to “distress” (adding up to 1). After the personality has been applied to the emotions, the distribution would now be adjusted to 28% for “joy” and 72% for “distress”1. These two measures work together in describing the emotions and events that the agent is receptive to. Although the emotions clearly state that the agent should be joyful, the personality steers it in the direction of distressful, which becomes its dominant emotion. The personality weights simply place more the emotions that are considered more important in the personality of the agent and less on the ones that are not. The dominant emotions determine the agent’s relationship to the player, and decide which set of dialogue the agent chooses to express this emotion. For a non-computer expert, it is easier to write dialogue to reflect emotion rather than programming behaviour. More importantly, the dominant emotions are the features that decide which of Propp’s character this agent will play in the story as story points change and new functions are introduced to the player. The auditioning of characters is a direct result of the actions of the player, hence playing her in the focus of the system. The complete internal process can be described by Figure 1.



Figure 1 Essentially, the authoring tool (fully written in Java) provides a way of specifying the variables and properties of the elements described previously. It allows the user to define the agents and provide the narrative circumstances around, and the ordering of, Propp’s functions (referred to as story points in the software). As one of the goals of this research is to provide a platform for non-programmers to design interactive stories, this section will focus on how the tool works and how software can be used to implement the ideas outlined in the previous sections.



Creating and Playing Stories



Story Editor



In this section, we shall bring the architecture to life by implementing a complete virtual environment. Our graphic environment of choice is Epic’s Unreal Tournament (UT). A decision was made to perform most of the implementation externally to UT and communicate with the game engine using message passing. From here on, we will call the external program which handles the behaviour, the client, and the virtual environment the server. The foundation for the server part of the implementation is the Gamebots tool developed by the Information Sciences Institute at the University of Southern California2.



1



Applying the weights: “Joy” = 54% * 0.25 = 13.5%. “Distress” = 46% * 0.75 = 34.5%. Normalisation factor then becomes 13.5 + 34.5 = 48. Applying normalisation: “Joy” = 100 * 13.5% / 48 = 28.125% and “Distress” = 100 * 34.5% / 48 = 72.875%. 2 http://www.planetunreal.com/gamebots/



Figure 2. Initially, the user is given access to an interface only containing the form marked “1”. Here the author can add agents (left box) and story items (such as keys, candles, helper’s items etc in the right box). Each agent has numerous properties (not shown on the illustration), including name, gender, friends (to create a social network of other agents to



communicate with), inventory, wish list (of items to sought for, making them happy if one is found and jealous if they are obtained by the player) and not least: a starting role. The starting role is the Propp role that the author wishes the agent to play at starting time (for instance a family member). For the development of the story, the friend list is perhaps the most interesting feature. In our implementation, the agent will stop and gossip with the other agents in its friend list. It will pass down events that it has seen, events that have triggered emotions, which will in turn trigger events in the agent being told the events. These will trigger other emotions, for instance if a “sad”-gossip/emotion is being conveyed to the receiving agent, it will generate a “sorry-for”-emotion. This way, the actions of the player indirectly influences the way agents she may not yet have communicated with perceive her. The social network is used fully to generate emotions used to audition for roles. The weights that each agent focuses on when stating their dominant emotions can also be specified through the interface, as partly seen in “3”. Here the weights add up to 100% and the authoring tool normalises the weights automatically. As another way of defining a personality, there is an option that allows the author to specify how strongly each agent should react to events that occur in the story environment. This dialogue is similar to “3” but is not shown. However, the main source of emotion creation comes from the agent’s direct interaction with the agents through dialogue. Not only is this how most emotions are generated, but also how most of the emotions are displayed. The dialogue editor can be seen in “4”. It is built in a branching tree manner, with the player given a choice of ways in which to respond to each agent dialogue line. The agent line may consist of static text or numerous variables such as the name of agents cast for a particular role, the name of a person in possession of a particular item and a number of other domain knowledge that makes the player perceive the agent as informed and dynamic. Each agent dialogue choice may either trigger an emotion, an event (such as “give key to player”) or start the processing of an internal agent goal (for instance, if the player tells the agent to go look for a lamp, the dialogue line may actually create this goal within the agent and start acting upon it). Most importantly, dialogue choices may also change story points, and thus the story can be moved along through dialogue (as well as other ways, as we shall see). Each agent dialogue branch can also trigger an event, but additionally, they can be given a pre-



condition. This way, the agent can choose to speak in a completely differ manner if it is, for instance, sad. Thus, it can display its internal state in a convincing manner. There are numerous preconditions that may be assigned, and if several hold true, one is selected by random statistically (meaning there is a smaller chance that particular branch will be chosen next time). In the current implementation, the preconditions include “X has dominant emotion Y“, “X wants item Y “, “X has friend Y”, “X has item Y” and “story is in story point Y”. The X can either be agent itself or any other agent or role. The conditions can be negated and any number can be applied to a certain branch of the story. The final condition makes sure that the agents give the player information that is related to the current state of the story. This will enable the author to write dialogue that reveals the right information at the right time.



Authoring Roles Once all the agents and items have been created, the author can move on to designing the story in which these agents will act (although one could have started by creating the story structure, the order is arbitrary). Following Propp, there are two elements that define a story: Story Roles and Story Points (functions). “Roles” are created in a similar fashion as the agents, with their own unique dialogue, friends (consisting of agents or other roles), emotion weights (a villain, for instance, might have a strong weight towards jealousy) and most importantly – goals. These all ensure that whichever agent is cast for that role steps “into character” and goals in particular move the story along by allowing the agent to complete tasks and act out their internal motivation. At run-time, tasks are split into domainunderstandable subtasks that are solved chronologically by a task-solving component. Once all the roles have been defined, the author can assign them to story points.



Authoring Story Points The architecture allows for any number of story points to be acted out in any order. Hence, one does not necessarily need to follow Propp’s ordering. After a story point is given an ID/name (for instance “Interdiction”), the author can decide which roles need to be cast, and which agents should be considered for the audition. This gives the author the possibility of excluding certain agents from being cast for roles, which might be feasible in stories where certain agents are pre-defined to be certain



types, e.g. the best friend of the player. Each role can be given a property of either “active” or “passive”, meaning the agent will either move about or stand still. One may want agents that give the most important information to stand still, as to maximise the chance of the player finding them. The author is also given the option of spawning new items (created in the first screen, labelled “1” in the illustration) relevant only to this story point. There are two ways a new storypoint can be triggered. One is, as we have seen, through dialogue. The other is by specifying a change after a certain number of minutes, an optional property set in each storypoint. This gives the author the chance of creating a paced story, one that does not come to a halt if the player fails to find the correct line of dialogue. Each story can be given some narrative, consisting of either static text or narrative. Finally, one can set a storypoint as the “end point”, meaning it does not advance past the narrative. In the current architecture, each story point is acted out in a different part of the Unreal level, the centre of which chosen at random with a minimum distance specified in the editor. The radius in which agents belonging to a specific story point can stray can also be set in the editor. This will make sure that in a larger story/level, the player does not have to walk an unfeasible distance just to find the relevant characters for a particular part of the story. Following a change in story points, the agents cast to play will start to walk towards the centre. They will not all start walking simultaneously, as it might seem conspicuous. Having these story centres ensures that the story is dynamic and moves from location to location. In future implementations, one can allow the author to choose the location rather them being chosen at random. Once a story point is triggered, the audition process starts. Here, the architecture looks at the emotion bank of all the agents auditioning that have not yet been given a role. The emotion bank is a list of all possible emotions as well as how many times each emotion has been triggered. The number increases based on the reaction weights discussed previously. (For instance, one agent might increase the “sad” emotion by 4 is someone takes an item it wants, and by 10 if the player is cruel to it through dialogue.) The emotion weights, as seen in “3”, are then applied to this emotion bank and compared to the emotion weights of each role to find the role with the closest profile. This will be the role that the agent will be cast to, as it is the one that has an internal state/personality closest to the one defined by the role. Once all the roles are cast, the agents have moved towards the storypoint centre and the



new items have been spawned, the narrative will be presented to the player and the storypoint will be in effect. Finally, it is worth noting that the authoring tool throughout the process performs a number of consistency checks. For instance, should the author decide to delete an object; the editor will check for occurrences of this object and inform the author. The story can be saved at any point in the authoring. The file format chosen is XML (Extensible Markup Language) format, a robust and logically verifiable format based on a number of international standards.



Story Engine In essence, the story engine controls everything that occurs in the Unreal Tournament environment remotely. Its main tasks include creating agents and moving them around the environment, creating objects and monitoring their pickup, transferring events when there is gossip and eavesdropping occurring and generally all the other tasks not handled by the agents themselves. The 3D environment communicates with the story engine through message passing and allows the author to see the behind-the-scenes details of the story. This gives the author the chance of observing a story remotely (even see the lines of dialogue passed between the gossiping agents), as the story engine can connect to an Unreal Tournament client in any location using the IP address of the machine running the game. Once a game file has been loaded, each agent will be given an individual tab showing his or her position and sensory information within the environment. In these tabs, one can see and alter their internal state, as well as emotion weights and dialogue. This is particularly useful for debugging and real-time altering of the story. In other words, event intensities, the task list, the dialogue bank, and so on, can be changed and saved real-time. This allows the author to alter the settings of the agent while the simulation is running to rectify errors or make dialogue additions. Additionally, there is a GameMaster tab that gives the authoring a global overview and allows her to see where the agents are in relation to each other. In addition, one can see the sensory range of each agent. Furthermore, the author can change the settings for the story structure, just like in the Story Editor, or set story points if they wish to debug or progress the story. Most of these options, both for the GameMaster and the agent, are for debugging purposes as all the story point changes and generation of emotions are automated. There is a textbox where the messages that are passed between the server and the agent client-side



are logged. In addition, one can see the agent moving around the environment in the upper window. When a story point is set, and agents have been cast for roles, the emotions (after adjustment/weighting) are compared to the personality weights of the roles and whichever agent has the closest match gets the role. Following this, the agent tab will be changed to reflect the role currently assigned. The details of the Story Engine are not necessary for the author as long as care is taken when authoring the story and no debugging is needed. However, aside from the cryptic debug messages, its usage is straight-forward and similar to the authoring tool.



Results An informal user-evaluation with five users was performed, in which several quotes suggested this could be a successful system. Regarding agency; “[The actions] affected everything. After being in the game for 2 minutes everyone was gossiping about me, and the things I have done. People were rude just because I talked angrily to someone else. The ‘try funny dialogue choices first’ approach is not getting you anywhere.” “The most enjoyable part of the experience was seeing my actions and attitude towards players contribute to the story, which became apparent by the way they interacted with me and each other” “I felt that the decisions I made and actions I took contributed to the direction of the story. I realised I was taking part in a story with direction rather than just running around a world” Due to the limited number of participants, the results are not conclusive and would have to be confirmed with further user evaluation. However, the feedback seems to suggest that local agency has been achieved and that the participants did feel their actions were reflected in the behaviour of agents. They also stated that they could see the consequences of their actions being manifested in the gossiping of agents. The players expressed a sense of global agency; feeling that they had some control over the direction of the story. This is an improvement with to the Oz project and Façade where the player is given the status as interactive observer rather than protagonist. In our approach, none of the players felt that they were simply observers and stated that their actions were sufficiently expressed in the emerging narrative. The player agency was reduced only in cases where Propp’s function required a specific action from the participant for the story to progress. However, the authoring tool allows the writer to give the player a choice even in these situations.



Judging by the user evaluation, the overall moral and narrative of the story was sufficiently communicated to the player and dramatic story structure was maintained. In their retelling of the story, Freytag’s Triangle was followed; i.e. the story had a beginning, a middle where some conflict was introduced and a climax was reached and an end where the conflict was resolved. The users stated that they felt the majority of the agents were not only in the environment to gossip and eavesdrop, but also took part in the story, were aware of the events that were occurring and in some cases communicated the narrative. Most expressed that the reasons for events occurring (such as someone become a villain) were logical based on past events. This kind of comprehension is important, because if the users do not understand the premise, the drama and is lost and it becomes difficult to prevent the story from becoming confusing. The players stated that they were immersed in the environment, and became connected with the agents to the extent of being able to describe their personalities. This not only shows that that the structure of the story maintained a sense of drama, but also that the authoring tool written for the architecture was flexible enough to create a number of personalityrich agents. Agents add to the immersive quality of the story, and thus it is important to have created an environment which is scalable and where agents can be written using a simple interface. The agent personalities and emotion were reflected to some degree, but mostly through dialogue and less through action. With respect to previous work, we have managed to maintain a story structure with less work from the author. In other words, since we are using an established storytelling technique, no evaluation function is needed to assess what constitutes a coherent narrative structure, as in the Façade drama manager. Furthermore, compared to Façade, the need for content creation has been reduced, and only the most important plot themes (i.e. Propp’s functions) need to be specified by the author.



Contributions of Research With respect to our original goals, we have managed to develop an architecture that allows for the creation of flexible stories in an environment inhabited by believable and autonomous agents. The architecture is scalable and allows for a large number of agents to coexist and form social relationships; exhibited by their interaction, gossiping and eavesdropping. The use of such agents has proved to be successful as the participants were immersed in the story and felt a connection with the characters involved. By



focusing the attention of the agents to the human player, we have managed to increase the feeling of agency and user freedom compared to previous research. The stories can be designed using a tool that allows authors, unfamiliar with programming, to create interactive narratives and personality-rich agents. We have simplified the process of authoring stories, while still maintaining story structure, by drawing inspiration from traditional storytelling techniques. By justifying the motivation behind the behaviour of the characters, we hope to have presented the participant a story where her actions have a consequence on the narrative developed, and seem logical with respect to the premise. We believe we are one step closer to finding the suitable middle way between narrative structure and interactive freedom, and hope to have created a platform upon which future work can be built.



Liquid Narrative Group. Computer Science Department, North Carolina State University, www.liquidnarrative.csc.ncsu.edu, 2004.
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