Ten things we know about believability.

An operational concept for virtual and fictional worlds

Abstract

Readers and audiences of works of fiction and users of VR worlds are used to find a certain virtual or fictional experience as more or less believable and to judge the fictional or virtual world with its inhabitants in terms of believability. The real world on the contrary appears to be trivially believable, at the point that one does not normally notice that it is going on in a believable fashion. However, even the experience of the real world can surprise us as un-believable, especially when expectations are unfulfilled or one goes through conflicts. The present paper aims at providing an operational, minimalistic, and ethically correct characterization of this notion. I propose to characterize believability in non-mediated conditions as the susceptibility to raise beliefs that can be taken for true, while believability in mediated conditions is characterized by the susceptibility to raise imaginings that put the user in the condition of behaving (at the emotional, perceptual, motor and cognitive level) in the way auspicated by the authors of the experience. The appropriateness of the users’ responses to the contents and to the context of the experience is then the meter for evaluating the level of believability. Cognitive sciences research on perception and cognition indicate coherence and expectations as the main factors that determine whether an experience will be believable or not. 
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1. Introduction

Believability is a declared objective for experiences with new media, such as virtual reality and mixed reality systems (Kim, 2004; Papagiannakis, et al., 2005; Nass, 2000; Mateas, 1997; Gratch, 2005; Loyall, 1997; Reilly, 1996; Bates, 1994; Bates, 1991; De Rosis, et al., 2003; Matheson, et al., 2003; Poggi, et al., in press; De Rosis & Castelfranchi, 1999; Pelachaud & Bilvi, 2003; Pelachaud & Poggi, 2001; Rizzo, et al., 1999; Rizzo, 2000; Egges, 2002; Egges, et al., 2004; Magnenat Thalmann, et al., 2005; Ortony, 2003, Thomas & Johnson, 1984). The term is habitually used as a synonym of suspension of disbelief, equated to the illusion of life, and referred to virtual or fictional characters. A great importance is hence accorded to the representation of emotions and rich personalities (Nass, et al., 2000; Mateas, 1997; Gratch, 2005; Loyall, 1997; Reilly, 1996; Bates, 1994; Poggi, et al., in press; De Rosis & Castelfranchi, 1999; Pelachaud, 2001, 2003; Ortony, 2003; Thomas & Johnson, 1984). Whenever the illusion of life is intended as the illusion that virtual agents move by their own will rather than being guided by an external will, movement is considered to be another relevant enhancing factor for believable characters (Egges, 2002; Egges, et al., 2004; Magnenat Thalmann, et al., 2005). 
Also traditional story-telling media (cinema, radio, theater, books) deal since long with the goal of proposing audiences with believable fictional worlds, characters and events, and this effort has given rise to related concerns on the side of philosophers. The debate is especially active since Radford’s initial statement of the so-called ‘paradox of fiction’ in 1975 (Radford, 1975): how can we be moved by the fate of Anna Karenina? Do we need to believe in the existence of fictional or virtual characters in order to experience emotional and related behavioral reactions? And, can we be mistaken about the nature of the mediated experience, so as that we take it for real(Carroll, 1990; Walton, 2001; Currie, 1990)?
Other considerations about believability come from non-fictional media, and mainly prevent from confusing reality with fiction, so as to create ethical side-effects related to fraud, hoax and gullibility (Thornton, 2000; Steele & Black, 1999; NASW, 2006; NPPA, 1999; Hansen, 2007; RTNDA, 2000; ASNE, 1999; EthicNet, 2002). 
However, no characterization of believability exists that takes into account these different debates and that fulfills the following requirements: 
· be ethically correct, in the sense of not violating ethical codes of media communication

· be minimalistic, in the sense of being common to different media, both new and traditional, such as virtual reality and cinema, and in the sense of showing the connections and differences between believability in mediated and believability in non-mediated conditions

· be operational, in two senses: in the sense of making reference to behaviors and experiences that can be observed and measured objectively (not only through questionnaires and first person assessments). And in the sense of directly containing indications for producing believable rather than unbelievable experiences. 
The aim of the present paper is to provide such a characterization with the help of conceptual analysis and evidence from cognitive sciences.
2. Believability and the illusion of reality

Character Gollum in “The Lord of the Rings: The two towers” is considered one of the most convincing achievements of animation technique. It looks like a real creature but not a creature we have seen before (Ebert, 2004), and is thus believable as a living creature. But do spectators believe that Gollum is there were they are, that Gollum is a real creature that has been filmed for a documentary, or that Gollum exists independently of the medium and representation? These questions can be referred to three notions : 
a. illusion of transportation, 
b. illusion of non-mediation and 
c. illusion that fiction is real, 
as three different aspects of the general notion of illusion of reality or illusion of presence (International Society of Presence Research, 2000). None of the three is satisfying for providing a characterization of believability that fulfills the requirements listed above:
a.  The perceptual illusion of transportation can be factored into different proprioceptive illusions that occur in multimodal conditions, such as the illusory identification of one’s own hand with a fake hand or with someone else’s hand (Botvinik & Cohen, 1998; Pavani, et al., 2000), proprioceptive illusions induced by prisms (Hay, et al, 1963), and mirrors (Holmes, 2004; Ramachandran & Rogers-Ramachandran, 1996). Investigations are being done in virtual and mixed reality contexts in order to ascertain whether the sam phenomena hold in mediated conditions (Ijsselsteijn, 2006). It seems however that these illusions could be counterproductive for certain tasks and virtual reality applications. (Holmes, 2004), for instance, presents evidence that proprioceptive illusions induced by mirrors have a negative effect on reaching performances. Additionally, these phenomena cannot concern any kind of media.

b. Hoax is severely prevented by different communication media codes of ethics, in analogy with fraud (Steele & Blacks, 1999). The awareness of the fictional and mediated character of the interaction is particularly important when dealing with sensible classes of users in order to avoid any type of abuse of trust or of confusion between what is possible and allowed in the real world and what is possible and allowed in virtual worlds. An ethical approach to believability cannot then consider the fact of taking fictional worlds for real ones as an objective. 
c. Ethical objections can be raised also against the notion of illusion of non-mediation. Insisting on the possibility of forgetting the mediated character of experiences with virtual reality systems in fact could facilitate the obliteration of the difference between representation and reality, fiction and real world, thus favoring gullibility and cases of hoax. The notion of illusion of reality as illusion of non-mediation raises additional objections, at the level of the perceptual and of the cognitive functioning. Firstly, even if its is true that fictional worlds raise emotions and that virtual worlds can activate perceptual experiences and facilitate motor behaviors, these responses are not exactly the same ones that spectators and users would express in presence of real events with the same content. This fact is largely documented in the case of traditional media such as cinema but also of simulators (Stoffregen, 1997; Stoffregen, et al., 2003; Carroll, 1990; Walton, 2001; Currie, 1990). This difference suggests that spectators and users are aware (conscious at the cognitive level) or at least informed (they pick up the difference at the perceptual level) of the difference between mediated and non-mediated conditions. Secondly, the fact of taking the experience with the fictional or virtual world as real might be counterproductive. Evidence in cognitive sciences and virtual reality studies testifies in fact that when expectations are frustrated believability falls (Geers, 2002; Garau, 2003; Castelfranchi, 2003). The cognitive assumption that the experience is real, or can be taken for real, could then raise ‘expensive’ expectations that are satisfied with difficulty. On the contrary, insisting on the fact that the experienced world is just fictional or virtual could facilitate the activation of less ‘expensive’ expectations and make it easier to produce a believable experience. 
As a result, believability cannot be characterized as a form of illusion of reality.
3. Believability and realism
The considerations about the risk of raising expensive expectations can be extended to the problem of stimulus realism, or of the resemblance between the appearance of the real world and the appearance of representations. This notion is then narrower than the notion of illusion of reality because it  is at stake when virtual agents are not only intended to produce an illusion of life or to be generally human-like, but they are also designed for resembling real human beings or other existing entities of the real world. As the notion of illusion of reality, realism is not a good candidate for the characterization of believability.
It is in fact shared opinion in the domain of the design of humanoid robots, virtual agents and computer animated characters that when these artefacts become too realistic (human-like or very sophisticated), the audience presents a negative reaction, inclusive of fall of believability and sense of uncanny, or the fall into the Uncanny Valley (Mori, 1970, Garau, 2003; Goetz, 2003; MacDorman, 2005; Vynayagamoorty, et al., 2005; Pasquinelli, 2006). Film critic Ebert, for instance, describes the effect of realism (physical aspect and lip-synching) in the animation film “The wild” in terms of a creepy feeling and the feeling that something is wrong (Ebert, 2006). The model of the Uncanny Valley is still under discussion and lacks sound evidence based on behavioural or psychophysical tests. However, the violation of coherence and of expectations related to multimodal perception could justify the reaction. It seems in fact that the Uncanny Valley effect is triggered by the presence of discrepancies in the level of realism achieved, for instance, for the physical aspect of the human-like robot and its behaviour, or between the level of realism of the cues for the different sensory modalities (Mori, 1970).
An additional problem with realism is represented by the difficulty of identifying the relevant features of realistic representations. Classical animation, comics, computer animation and virtual drama authors undermine realism and invoke exaggeration and simplification as ingredients for producing perceptual believability, because caricature makes the characters’ emotions, personality, and also actions more perspicuous and more easily understood (Thomas & Johnson, 1984; McCloud, 1993; Bates, 1994; Jones, 1989). Sound designers know by experience that reproducing all the sounds of a real environment for the sonorization of a film or virtual environment has the effect of creating a messy world that the perceiver cannot disambiguate (Murch, 2000). Simplification and exaggeration could then simplify the perceiver’s cognitive tasks of  individuating the relevant features of the represented character or agent, and of recognizing it. In the case of visual recognition, certain components of the stimulus that are especially addressed by caricature, such as contour, causality, cohesion of parts in dynamic conditions, seem in fact to be especially relevant for the individuation of an object, knowledge being required for the access to recognition (Spelke, 1990). In the case of sounds identification, attentional and selection capacities are required. Whenever they cannot be correctly displayed by the perceiver (as it seems to be the case for artificial sound conditions, such as cinema and virtual reality), it is up to the designer of the experience to operate a selection of relevant sounds and to focus the attention of the perceiver through the suitable display of volumes, pitches, timbres. 
These considerations suggest that realism is a potentially risky condition for believability and for perceptual performances, and that virtual and fictional worlds designers cannot bound themselves to the imitation of the real world.
4. Believability and minimalism

A third possible approach to believability consists in the massive imitation of relevant features of the real world. It seems intuitive that the best way for obtaining believable virtual or fictional worlds consists in reproducing their external appearance with as much fidelity as possible, as it is trivial that the real world and entities are believable. This maximalist attitude conflicts with evidence from the functioning of perception in non-mediated conditions, where the completeness of the stimulus condition reveals to be a not-necessary-not-sufficient condition in order to perceive objects. As a matter of fact, we normally perceive objects in presence of impaired sensory stimulations, for instance when occlusions (a cat behind a fence) and discontinuities (a ball thrown in the air) occur (O’Regan & Noe, 2001). Identification (of the presence of some object) and recognition (of a cat, of a ball) are not impaired by that. In a dynamic view of human perception, the connections between the way we move and the perceptual response that movement provokes become a crucial part of the process of perceiving objects, and simple perceptual stimuli are no more sufficient in order to produce believable experience of objects. But to reproduce in real time all the possible perceptual responses to all the possible user’s movements is far beyond the achievements of technology. Only the world or a replica of the world can store such an amount of information according to (Dennett, 1991).

At the opposite of the maximalist view, a minimalist way for producing believable virtual worlds consists in the abstraction of few meaningful elements of the interaction. The Tamagotchi, a simple interface with few pixels and limited social interactions, shows that a virtual pet can be convincing and attracting even it does not replicate the aspect and complex behaviors of a real dog (in spite of the fact that realistic virtual pets multiply on the net). Pacman or Tetris, basic video games with 2D simplified environments, are still appreciated by gamers. Representations for atlases of anatomy reduce the complexity of the represented model by the use of well identifiable contours, limited and suitably selected palette of colors and removal of non-relevant anatomic parts. These examples can be useful for identifying the necessary features that make any virtual or fictional entity or world believable, independently of its realism, sophistication and resemblance with the real world, but also independently of the specific medium that vehicles the representation. 

For the moment efforts in this direction are mostly based on intuitions, rather than on the individuation of necessary conditions. Believability of virtual agents, for instance, would depend on the reproduction of idle motion or of rich personalities (i.e. Egges, 2002, Mateas, 2002) because the dynamic and social behavior of real human beings or objects are essential features of human beings. These statements remain at the level of intuition because they are not included into a general approach to believability, but only concern the reproduction of believable agents. They cannot hence be exported to the production of believable objects or believable places. Nor they can explain the differences and similarities between believability in the real world and believability in different media. This is because no reference is made to the user’s cognitive and perceptual activity.  
5. Believability in different media and reality
Representations mediated by virtual reality devices or other media are substantially different from real things. It is then plausible that believability will have different conditions in the case of representations and in the case of reality. 
In normal cases, for instance, one does not notice that the real world is going on in a believable fashion: the real world is trivially believable. This is not true for representations, where producing believable virtual or fictional worlds is a precise aim for designers and a desired condition for users. However, in some situations even the perceptual experience of the real world can appear bizarre to the perceiver, i.e. when a paradox is perceived, when a conflict is experienced or when experience is inconsistent with acquired knowledge. These situations are associated with a reaction of surprise, which is more or less strong depending on the contents of the experience and on the attitude of the perceiver (Castelfranchi, 2003). Surprise has an epistemic value, since it has the effect of alerting perceivers that there must be some error in the perceptual experience (that cannot be believed) or in past beliefs. Also, appropriate responses to the environment are suspended by a sort of paralysis of actions (Stein & Meredith, 1993). It is hence when expectations are unfulfilled or coherence is violated that the problem of believability arises. In these circumstances, one is not disposed to form a (true) belief and judges the experience as un-believable. Conversely, the judgment of believability, in the experience of the real world, corresponds to the condition of being disposed to hold beliefs susceptible of being true. 

Is believability in virtual and fictional contexts the same thing than believability in real ones? Important differences subsist between purely narrative media such as books and perceptual but not interactive media such as cinema (Casati & Pasquinelli, 2005). In spite of these differences, virtual reality is a form of representation as story-telling films or books (Biocca, Kim, Levy, 1995; Kim & Biocca, 1997; Lessiter, et al., 2001; Lombard & Ditton, 1997, 2000; Loomis, 1992; Riva, et al., 2003; Steuer, 1995; Vorderer, et al. 2004), because virtual worlds “extend our epistemic access to things in the worlds; if they are reliable, representations give us information about things when those things are not directly accessible to us” (Currie, 1995, p. 49). Then, virtual reality systems share more affinities with other representational media that provide information in absence of the thing, than with devices that help accessing the things themselves (such as lenses, or tele-operation that present and do not represent, Currie, 1995). 
As in the case of believable or unbelievable experiences in the real world, violations of coherence and the frustration of expectations have a dramatic effect upon believability in fictional and virtual worlds, because they make it difficult for users and spectators to interpret what is happening (Bordwell, 1985; Davidson, 1984). Nevertheless, reactions of surprise are largely exploited by filmmakers. This fact depends on the very nature of fictional and virtual experiences, and in particular on the fact that fictional and virtual worlds are not evaluated in terms of beliefs.
An influential current in philosophy states in fact that fictional and virtual worlds raise in the audiences and users an activity of imagination and that the appropriate reaction to worlds of fiction and representations is rather the production of imaginings than the production of beliefs (Walton, 2001; Currie, 1995). This activity shares a number of analogies with the activity of believing, at the point that it can be considered as a form of simulation of having beliefs: the connections within beliefs are preserved, but motor and other behavioural responses are normally inhibited by the awareness of the fictional, mediated nature of the experience (Currie, 1995). Emotional responses can be preserved (with the sole inhibition of their motor counterpart, Currie, 1995) or they can be make-believe emotions (Walton, 2001), in analogy with the make-believe character of the activity of imagination which is generated by the representation of worlds of fiction. On the basis of their common representational nature, the same considerations that are valid for cinema and other worlds of fiction biased by traditional media can be extended to virtual worlds. Yet, movies activate perceptual performances of identification and recognition, of multimodal integration between sound and image, while virtual worlds permit users to perform motor actions and interactions with virtual places, objects and agents as well. In the case of virtual reality some of the motor consequences of imagining are hence allowed. As emotional and perceptual behaviours, even motor performances are guided by specific perceptual hints and of narrative elements that authors suitably manipulate in order to prescribe users behave in certain ways rather than in others (Bordwell, 1985). Other constraints directly come from the medium and its specific characteristics: the ‘passive’ nature of cinema inhibits motor responses, while virtual reality systems permit motor responses within the limits defined by the structure of the virtual reality system itself. 
Following this approach, believability in virtual contexts is characterized as the susceptibility to raise imaginings and that put the user in the condition of behaving in ways that are prescribed by perceptual and narrative hints that correspond to the intentions of the authors of the experience, and constrained by the structure of the medium. This approach to believability is opposed to the idea that virtual reality and other media are susceptible to produce beliefs, hence to the notion of illusion of reality. The characterization is valid for different types of media and is analogous to the characterization of believability for experiences with the real world, with the difference that experiences with the real world are mainly evaluated in terms of their susceptibility to raise beliefs.
6. Believability and coherence
The proposed characterization of the notion of believability must be completed in order to become operational in the sense of giving access to guidelines for measuring and for enhancing believability. Evidence in cognitive sciences suggests that when coherence is violated - through the violation of expectations at different levels – individuals gain a special insight in their cognitive functioning (a meta-cognitive function) and are alerted to the possibility that the experience might be false. When an expectation conflicts with current experience, in fact, there are three possible consequences:

a. Belief revision: the belief based on current experience (invalidating belief) is accepted as true, and the expectation is revised (past belief becomes unbelievable). 
b. Assimilation to expectations: the invalidating belief is not accepted, and the expectation is maintained (new experience is unbelievable). The resistance of the cognitive system to violations of expectations is manifested by the principle of minimal change in belief revision (Gardenfors, 1992; Harman, 1986), the tendency to adopt thoughts or beliefs so as to minimise the amount of dissonance between cognitions (the so-called ‘theory of cognitive dissonance’, Festinger, 1957), the assimilation of current perception to previously acquired expectations in presence of conflict between the two (a phenomenon attributed to the conservative nature of the cognitive system: Bruner & Postman, 1949; Geers & Lasseter, 2005).
c. Conflict: the invalidating belief and the expectation are dissonant, and the conflict cannot be solved in favor of past beliefs or of new evidence and the whole experience is un-believable. This possibility is represented by cases of perceptual ambiguity and intersensory conflicts, and grounds the hypothesis that believability depends on the preservation of coherence. 
Violations of coherence can subsist at different levels: they can be diachronic, whether they are generated by a conflict between present experiences and past beliefs, or even synchronic, whether they are generated by a conflict between two simultaneous experiences (such as in the case of discrepancies between the activity of different perceptual modalities). A first general indication for the enhancement of believability hence consists in paying attention to coherence at these different levels: coherence between perceptual modalities and coherence between users’ expectations and perceptual or narrative contents of the experience. But this guideline encounters counterevidence, and requires further specifications. 
It is a fact, for instance, that users of virtual reality systems and cinema spectators are normally presented with discrepant stimuli (spatial co-location of visual and auditory or visual and haptic stimuli is seldom obtained in virtual reality as in cinema). This fact does not necessarily provoke falls of believability. I suggest that this kind of tolerance depends on different mechanisms. First, the capacity of the perceptual system, given certain conditions, of perceiving a coherent multimodal outcome in presence of discrepant stimuli. This capacity that can be differently explained depending on the theoretical approach to perception which is adopted but which is largely documented (Welch & Warren, 1981; Ernst & Buelthoff, 2004; Stoffregen & Bardy, 2001, O’Regan & Noe, 2001). Second, the specificity of virtual or fictional objects, that are not taken for real objects, as have repeatedly affirmed in this paper. This fact could produce a more tolerant attitude towards discrepancies because the correct perception of the real world is very important for the deployment of adaptive behaviours (behaviours that permit a satisfying adaptation to the environment). This is not the case for the perception of fictional and virtual worlds.
The enhancement of believability is thus related to the fulfillment of expectations and coherence of the experience. The different value of coherence and expectations between real and virtual experiences could then explain the presence of different reactions to the two conditions.
7. Believability and expectations
In addition to affecting tolerance to violations of coherence the special status of virtual and fictional worlds determines the type of expectations involved in the experience. Not all the expectations that are hold by subjects, in fact, matter for believability. Conversely, the expectations that are relevant in the interaction with the real world are not necessarily the same than the expectations that are relevant for a certain virtual world. The simple fact of being aware of interacting with a virtual world can make certain expectations that are hold by the subject stay silent. Sleuth committed by videogame characters is not expected to have an effect upon the player, but only upon the avatar of the player. It is thus not the player, but the avatar who takes appropriate actions. On the other side, virtual and fictional worlds create expectations that do not hold for the real world. Cartoon physics displayed by Warner cartoons, social rules displayed by Second Life or World of Warcraft, for instance, generate a number of expectations that are locally valid for these worlds. The more the fictional or virtual worlds share affinities with the real world (including in terms of the ways of interaction allowed), the more the expectations that are activated are similar to the expectations connected with beliefs about the real world.

We hence have the following possible types of expectations:

a. expectations that are hold by the subject and that are effective because they are activated by the experience with a certain virtual or fictional world;

b. expectations that are hold by the subject but that are silent because they are not activated. 
This idea of a selective activation of expectations in relation to different worlds (real and fictional or virtual) is based on the assumption that users are not deluded about the nature of the mediated interaction, and that they do not make any confusion between worlds. Instructions about what users should expect are provided through the perceptual and narrative elements that constrain imaginative activity and through the constraints provided by the medium. So, the representation of a two-dimensional world of geometric figures will constrain the imagination of a reader, spectator or user towards the anticipation of a certain type of events, and will make other events less expected. And the absence of visual stimulation will not frustrate expectations raised by the experience with radio, as the absence of haptic sensations will not make films unbelievable. 
In addition to these prescriptions, another element that seems to be necessary for the activation of expectations is the presence of goals. Expectations are in fact considered to be different from other purely anticipatory states, such as hypotheses and predictions because they matter for the subject (Castelfranchi, 2003). Goals can be of different types, from motivations and desires to need for predictability and coherence. When a cognitive agent predicts a certain event, in fact, he has a tendency to act as if he wanted the prediction to be confirmed, including negative predictions (Miceli, 2002; Castelfranchi, 2003). The general concern for coherence can be considered as another meta-goal. Thus, if the content of the experience is not coherent, the subject experiences both prediction failure (invalidation of the anticipation) and frustration or disappointment in reason of the invalidation of the goal (of being a good predictor and of experiencing coherent worlds). 
Represented contents, context (mediated rather than real world, and type of medium) of the experience and goals of the users are hence the vital elements for activating or de-activating expectations, and their suitable manipulation has an effect upon believability of mediated experiences.
8. Believability and surprise

The interaction with the real world offers many occasions of revising beliefs and some occasions for experiencing conflicts. Surprise is hence a common experience. Artificial worlds allow their authors to create as many occasions of surprise as they like, and to give birth to worlds that are far less coherent than the real one. The special status of virtual and fictional worlds affects the strength of the involved expectations and the strength of surprise reactions. The strength of expectations depends in fact on two factors: the degree of certainty of the anticipation (hypothesis, prediction or forecast) and the value connected to the goal (Castelfranchi, 2003). 
It can be suggested that the experience with virtual and fictional worlds will elicit goals of predictability and coherence. As I have suggested above, the value assigned to these goals in fictional or virtual context is plausibly less important than the value assigned to goals in the real world, where the correct prediction of future events determines adaptive and social success. In the case of virtual reality however other goals can be present that are in connection with the specific actions performed by the user in the interaction with the virtual world. Users playing videogames, for instance, have the goal of being successful in specific actions and they make predictions concerning the behavior of the creatures of the virtual world. Whether these expectations are invalidated, users will resent goal failure or frustration in addition to prediction failure. It seems then that interactive media are more subject to frustration than passive media. Certainly, a certain amount of goal frustration and prediction failure can be tolerated, and can even add juice to the game. Horror and action movies’ authors intelligently raise expectations just for violating them and giving rise to surprise effects. Videogames creators suitably change the behavior of their creatures in order to avoid repetitive effects. In all these cases, users are induced by surprise effects to revise their expectations and imaginings in favor of new evidence. This revision is not necessarily harmful for believability. Problems arise especially in three occasions:

a. when audiences and users are so often surprised (and induced to revise their expectations) that they cannot make sense of what they perceive or of the narrative structure of world they interact with
b. when audiences and users remain uncertain,  without being capable of solving the conflict between expectations and new evidence
c. when events are ‘too surprising’, because of the high degree of certainty of the anticipation which is invalidated. 
Each of these situations can produce un-believability. Some cinema authors play with incoherence and un-believability and strive for voluntarily inducing these effects in order to keep spectators alert to the very nature of fiction (it is the case of art films in particular, Bordwell, 1985). This does not seem to be a suitable objective for virtual worlds with simulation tasks (such as when doing some training) because violations of coherence make it difficult for individuals to properly respond to stimuli (I have cited the negative effect of proprioceptive illusions of de-localization on reaching performances). Surprise and inconsistency could however be resourceful options for artistic applications of virtual reality systems. 
9. Believability and enactive-sensorimotor expectations
The degree of certainty of an expectation, and the relative strength of surprise when the expectation is invalidated or conflicts with experience, can be related to the type of expectations which is concerned. One will be less disposed to revise very general expectations or expectations that are at the core of his system of thought and behavior, even in presence of perceptual evidence, because this revision will put into question a large amount of his own beliefs. Invalidation or conflict with this kind of expectations will hence tend to give rise to strong surprise reactions, and will be harmful for believability. However, the awareness of the fictional or virtual nature of the experience largely changes the degree of certainty that individuals are disposed to accord to their expectations. The violation of expectations based on commonsense knowledge (such as commonsense physics) would be very surprising in the context of the interaction with the real world, but it is not harmful for believability of virtual worlds such as Second Life, where commonsense expectations are de-activated and replaced by new expectations (human-like avatars can fly). 
Expectations that are relevant for believability are however not bound to symbolic contents (scientific or commonsense knowledge). Other, non-symbolic expectations are connected with the acquisition of pragmatic mastery and with the apprenticeship of motor actions (‘enactive knowledge’ in the terminology introduced by Bruner, 1966) and with the master of the laws that connect motor actions to perceptual outcomes (‘sensorimotor knowledge’ in the terminology of O’Regan & Noe, 2001). Examples of enactive knowledge are constituted by riding a bicycle, dancing, using prostheses. The role of non-symbolic expectations is prominent in the case of perceptual and interactive interfaces that allow users to modify the perceptual outcome through motor actions and to make motor acquisitions (thus called ‘enactive interfaces’, see www.enactivenetwork.org). Sensorimotor knowledge is in cause whenever we perceive an object and we ‘know’ what it makes, for its perceptual appearance, to move around it, or to approach to it. Sensorimotor expectations do not originate from belief, inference or reasoning, but from natural selection and learning from experience (Castelfranchi, 2003; Stein & Meredith, 1993). It is then presumably more difficult for virtual and fictional worlds to generate or to de-activate expectations of this type. However, there is evidence that training in natural and in mediated conditions can modify established connections and notably produce new sensorimotor connections, thank to brain neural plasticity (Bach-y-Rita, 1982; Benedetti, 1991; Stein & Meredith, 1993). Suitable training with virtual worlds can thus be effective on the generation of different forms of expectation, as context and the choice of suitable perceptual and narrative cues can raise imaginings and symbolic expectations. 
Thanks to the reference to expectations we have hence individuated the instruments through which designers can modulate the believability of their virtual and fictional worlds, and provided general guidelines for enhancing believability. It is now necessary to individuate the instruments for evaluating the level of believability in a quantifiable and reliable way.
10. Believability and appropriate actions

A lesson from real world perception indicates that violations of expectations and violations of coherence have a negative effect not only upon believability, but also upon behaviours. Whenever conflict is experienced, paralysis of action ensues (Stein & Meredith, 1993). For this reason many cognitive and perceptual mechanisms are put in place for avoiding conflicts (Stein & Meredith, 1993; Carlsmith & Aronson, 1963; Cooper & Fazio, 1984; Fazio & Cooper, 1983). On the other side, when expectations are fulfilled and believability ensues, the user is put into the condition of deploying appropriate actions and behaviours. Since believable worlds elicit significantly different types of actions than non believable ones, focusing on the appropriateness of the behaviours deployed by users will provide reliable measures of believability. But the notion of appropriateness must be clarified first.
Appropriateness to the contents has been described by for touch perception by Klatsky, Lederman and colleagues. These authors have evidenced the existence of specific correspondences between patterns of exploration with the hand and haptic properties that are extracted (Klatsky, Lederman & Reed, 1987). Eight exploratory procedures have been described that consist in specific exploratory movements accomplished with the hand while touching objects in search of information about their properties. Each exploratory movement corresponds to one type of information, such as texture, shape, etc. The relationship between exploratory procedure and extracted information is reciprocal, in the sense that one exploratory procedure gives better result in extracting the corresponding haptic property better that the other exploratory procedures and in the sense that when the subject has the aim of extracting one specific property he has a strong tendency to spontaneously adopt the corresponding exploratory procedure. In the domain of virtual objects and in particular of enactive interfaces that allow subject to actively explore by touch, the respect of the correspondence between exploratory procedures and haptic properties implemented in the virtual object constitutes a paradigmatic example of action which is appropriate to the object or situation: exploring a textured object by slipping movements is more adequate than encircling the object with the entire hand. More in general, the existence of special connections between the perceived characteristics of objects and the motor reactions that this perception activates have been described by the ecological approach to perception in terms of ‘affordances’ (Gibson,1979): a chair is perceived as something upon which one can sit, a stair as something on which to go up and down. A research objective for the evaluation of believability with objective measures is then constituted by the standard description of affordances and by the identification of privileged perception-action couplings. In analogy with the example of haptic exploratory procedures, privileged perception-action couplings can be defined as those motor actions that are spontaneously adopted in different perceptual situations and that give better results in terms of performance when adopted in the corresponding situations. On the basis of this evidence it will be possible to define scales for measuring appropriateness of action in response to perceptual hints. Such an objective evaluation has the advantage of being highly portable between applications and laboratory conditions, because it does not involve psychophysical measures.
Yet, the notion of appropriateness of actions cannot be limited to the represented contents, but must be extended to the representational medium. We have seen in fact that users are aware of the mediated character of their experience and that they perceive the characteristics of the physical medium together with the features of the represented objects. By this fact, responses to mediated contents are different from responses to analogous non-mediated experiences in the real world. An appropriate action is thus an action that conforms to three conditions: 
a. the represented object, 
b. the conditions of this representation (the medium), 
c. the aims or prescribed tasks of the interaction (passive perception, training, artistic experience). 
An example will clarify the issue. When presented with a pair of virtual dice, users can react in several ways; whether the experience with the dice is believable to the user, users will not limit their actions to generic explorations of the visual contour of the dice but will perform a set of specific actions that are related to the perceived shape, structure, apparent function of the object, e.g., in this case, throwing the pair of dice. Additionally, it will be possible to predict these actions on the basis of the specific characteristics of the medium: movements analogous to the ones performed in natural conditions or rather abstract movements, depending on the presence of highly sophisticated haptic devices rather than of simple keyboard keys to press. These predictions are possible thanks to research on perception-action privileged couplings and to the realization of complete description of the three conditions along which appropriateness of actions can vary. 
Conclusions 

The considerations advanced in the present text pose the problem of believability as a problem of meta-cognition, of the knowledge of one’s own cognitive states, and of the effort on the side of the subject of the experience to monitor and control his own cognitive functioning. The meta-cognitive theory of believability which is proposed by this text can be summarized in ten points: 
1. Traditional and new media require a characterization of believability that fulfils criteria of ethicality, operationality, minimalism. 

2. Believability is not equivalent to taking the virtual or fictional world for true and real. This is not a limit for virtual and fictional worlds, but rather an opportunity for enhancing believability by limiting the expectations of users and spectators. Additionally, ethical side-effects of the notion of illusion of reality are avoided by a characterization that includes the awareness of mediation. 
3. Realism is not a must-be condition for believability, but rather a risky condition because it raises ‘expensive’ expectations and makes the identification and recognition of the contents of a representation cognitively heavy. 
4. Minimalist representations have the advantage of evidencing the necessary conditions for producing believable experiences in reality, in different media, and for different contents of representation. These conditions concern the cognitive and perceptual functioning of users, rather than the features of the represented world’s objects.
5. Attention must hence be focused on the mental activities and behaviours that are  raised by believable and un-believable experiences, in real and virtual conditions. Believable real experiences are experiences that raise beliefs that can be taken for true. Mediated experiences do not raise beliefs, but rather imaginings and believability consists in the susceptibility to put the user in the condition of behaving in ways that are constrained by perceptual and narrative hints and by the structure of the medium.
6. Coherence is the main condition to be respected for warranting believability: the violation of expectations and coherence has the effect of raising epistemic alert to the possibility of error, thus making believability fall.
7. Guidelines for the enhancement of believability must take care of mapping the different types of relevant expectations: the way they are activated and de-activated

8. their strength and susceptibility to modification, with relative strength of the reaction of surprise,
9. their origin: symbolic or sensorimotor.

10. This characterization has operational consequences also upon the evaluation of believability: believable experiences are in fact characterized in terms of the actions and behaviours thy raise. At the opposite of un-believable experiences, believability raises appropriate actions and behaviours. Appropriateness makes reference to both the contents and the context of the experience. Measures of believability will hence plot users behaviours against the optimal responses to the represented contents, medium of representation and aims of the application.
These ten points are aimed at providing a map for stimulating the discussion on the characterization of believability and at raisin joint research activity in cognitive sciences, philosophy and new media technologies.
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