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The role of expectations in the construction of believable experiences in VR

ABSTRACT
The paper analyses the notion of believability and describes the role played by expectations in the judgment that a certain experience in VR is believable or not. 
General Terms
Human Factors
Keywords
VR, Believability, Expectations, Knowledge
1. INTRODUCTION

When we consider a certain experience as believable we do not necessarily consider the experience as being true, in the sense of being an experience with real, existing objects. Neither we consider that experience as being susceptible of becoming true, for instance in the future. .In relationship with this negative consideration, two reflections can be put forward. 
The first reflection concerns the character of objectivity of experiences in VR and the existence of different possible scenarios in the relationship between objectivity and existence [14] [15]. In spite of the fact that virtual objects and environments do not exist, experiences with virtual entities have an intersubjective character. It is possible, in fact, for multiple users, to make the same experience with a virtual scenario. If we take the notion of objectivity as coincident with intersubjectivity, as it is affirmed by Carnap [2] (according to Carnap, the notion of objectivity can be reduced to the notion of intersubjectivity, of intersubjectively valid) and Davidson [4] (Davidson explains the notion of objectivity in terms of triangulation: the interaction of two individuals with each other sharing a common experience of the world), then experiences in VR are objective even if they do not include any real, existing entity. 

The problem of existence is at stake in the characterization of objectivity put forward by [17] for objectivity. Strawson in fact identifies objectivity with existence without experience and indicates in the possibility of re-identifying an entity as the same entity after a period of non-perception the criterion for establishing the objectivity of the experience. But in a sense, the virtual object ceases to exist when it is not perceived. Haptic devices that allow touching virtual objects are based on force-feedback systems: the user perceives the characteristics of the object only in response to his explorative actions over the object. Nevertheless, even in VR it is possible for the user to re-identify a virtual object as the same object he has perceived before the interruption of the experience. The virtual object, hence, might be considered to have a form of existence which is independent from the user: it is not the same as a hallucination, which is produced by the mind of the subject only. Even if it requires the actions of the user in order to display its properties, the virtual object also depends on the existence of suitable software and hardware conditions, which are external and independent from the subject. If these software and hardware conditions can produce the same experience in different subjects (intersubjectivity) and for the same subject after an interval (re-identification) the related mediated experience can be considered as objective in the sense of being intersubjectively valid and the related virtual object can be considered as objective in the sense of having at least a partial independence from the user. 
The second reflection concerns the characterization of the notion of believability. Since no problem of existence is at stake, when we consider a certain experience as believable we just accept it as plausible under certain conditions. If the notion of reality has no role to play in the judgment that a certain experience is believable, then the adherence of the experience with the experienced reality cannot be a criterion for believability. 

Since the subject cannot compare his experience with reality, then he might compare his experience with his expectations. Expectations are in fact always present when we have an experience at the cognitive, perceptual or motor level. The fact that we normally hold a certain number of expectations is testified by the fact that we react with surprise when faced with certain, unexpected events. Surprise is in fact an effect of unfulfilled expectations [3] [5] [6].
2. The role of expectations in perception

An experiment performed by [1] provides an example of the role and of the importance of expectations in perception. The subjects are rapidly exposed to normal playing cards (five of hearts, ace of hearts) and trick playing cards which are incongruous with ordinary cards (i.e. black three of hearts or red two of spades), and are asked to name them. The results indicate that the recognition threshold for the incongruous playing cards is significantly higher than the one for normal cards; four reactions to incongruity are described. 


Dominance and compromise reactions are characterized by a perceptual denial of the incongruous elements in the stimulus pattern; in the first case either form or colour dominates and the subject reports perceiving a normal card, i.e. a normal, red three of hearts instead of a black one, or a black three of spades. The perceptual result then meets the expectations about normal playing cards. In the second case a compromise object is perceived which constitutes the conflict XE "conflict" , i.e., a greyish three of hearts. The perception of incongruity can also produce disruption, in that the subject cannot solve the recognition task. This failure in perceptual recognition provokes an inhibition of action XE "action" , since it diminishes the efficiency of the organism. It seems to be infrequent. Finally the incongruity can be recognized. In this case, the recognition of the incongruity is accompanied by a sense of wrongness: the subject suddenly or gradually begins to feel that there is something wrong with the stimulus; this sensation can turn to disruption or give rise to recognition of the incongruity. 

The subjects of the experiment hence manifest a resistance to incongruity between the actual stimulus and their own expectations XE "expectations" . When the incongruity is not suitably modified the subject has the sensation that something is wrong. On these bases [1] describe coherence XE "coherence"  between past and present experiences XE "present experiences"  as a value that the perceptual system attempts to maintain: when the actual information is in disaccord with the expectations based on past experience XE "past experience" , the incoming information may incur in alterations. In Bruner and Postman’s view in fact the organism can perceive the incongruity (be aware of the contradiction), but, as long as possible, “the organism will ward off the perception of the unexpected” [1, p. 208].

This does not mean that perception is ‘wishful’ or subjective, only that the perceptual outcome is a construct which is determined by factors additional to the stimulus situation:
“given a stimulus input of certain characteristics, directive processes in the organism operate to organize the perceptual field in such a way as to maximize percepts relevant to current needs and expectations XE "expectations"  and to minimize percepts inimical to such needs and expectations”. [1, p. 207]


The violations of perceptual expectations pose a problem to the organism since when well-established expectations fail being confirmed the organism may envision perceptual reorganization. The authors seem also to suggest that incongruous perceptions are discarded because of their disruptive power over the (motor or cognitive) performances of the organism. 

.

3. THE ROLE OF EXPECTATIONS IN BELIEVABILITY
A recently appeared discussion about the believability of the planets and worlds depicted by the Star Wars saga, conducted by two scientists specialized in astrophysics and extraterrestrial life [12], suggests the specific role that expectations might play in the characterization of the notion of believability. The interviewed scientists, B. Betts (a planetary scientist at the Planetary Society in Pasadena, California) and S. Shostak (a senior astronomer at the SETI - Search for Extraterrestrial Intelligence Institute in Mountain View, California), affirm having trouble buying some planets of the “galaxy far, far away” because they are “beyond our current expectations or measurements”. Following their discussion we evince that their judgment on the believability of the planets and worlds depicted in Star Wars depends on the expectations based on what scientific knowledge tells about planets and worlds: a credible world is a world that could exist without violating the expectations that scientists have. It is a possible world relatively to scientific knowledge, even if it is not necessarily an existing world, or a world that will ever exist. Science fiction is not scientific discovery, it can just be scientifically plausible. Hence:
the experience is judged as believable not in relationship to its reality but in relationship with expectations issued from some form of knowledge. An experience is judged as believable when it respects or is coherent with the expectations that are hold by the subject; when expectations are violated the experience is judged as unbelievable.

In virtue of the role played by expectations in believability, it seems to be important for VR designers to identify the expectations held by the users a certain VR application is directed to and to be acquainted with the types of expectations VR users can hold. . 

3.1 Different types of expectations
The knowledge of the two scientists that judge of the believability of the Star War’s worlds is specialized and scientific (astrophysics, astrobiology). So are the expectations they hold and against which they judge the believability of their experience.

Nevertheless, other spectators of Star Wars saga or of other Science Fiction movies do not necessarily hold scientific knowledge about the contents of the fiction with relative expectations. In considering the conditions that are relevant for the judgment of believability, we must then take into account different kinds of knowledge ad relative expectations. One type of knowledge which certainly seems to be involved is the so-called commonsense knowledge. 
3.1.1 Expectations and commonsense knowledge

Commonsense knowledge, naïve, qualitative or folk physics make reference to the aspect of the world as most of the people think about it, rather than to the world as physicists think about it [8] [9] [10] [16]. Two types of commonsense knowledge can be described. 

The first one is exemplified by two widely hold naïve physics theories: the “force” of sucking and the “impetus” of motion; both theories adequately describe everyday phenomena, even if they are considered as inappropriate by physicists [13]. Commonsense knowledge of this first type is constituted of beliefs that can be false in respect to reality as it is described by science. Nevertheless, as scientific knowledge, this type of commonsense knowledge is expressed by beliefs (eventually by theories) and generates explicit expectations. 

Other domains could be added to physics, concerning to which common people hold commonsense beliefs, theories and explicit expectations: geography [7] but also biology, ecology, zoology, etc. In fact, we can suppose that beliefs such as the followings are shared by most of common people: “lions exist”, “gremlins do not exist”, “animals need to feed for living”. For instance, most of common people would be surprised of seeing, in normal conditions, a gremlin appearing out of the blue. The reaction of surprise reveals the presence of unfulfilled expectations, such as the expectation that gremlins do not exist and the expectation that in our world objects do not appear out of the blue. The first expectation concerns the entities which populate our world, in specific the biological entities of the biological world; the second expectation concerns the physical laws of our world.
The second type of commonsense knowledge is a very general form of knowledge generating a wide set of expectations. This form of knowledge is exemplified by the laws of perception as they are described for instance by Gestalt psychologists, such as Kölher. [11] describes people naïve experience as consisting first of all of objects, 

“their properties and changes, which appear to exist and to happen quite independently of us” [11, p. 1, 2]

This type of knowledge makes reference to the way people parse the world in first instance. 
Expectations derived from commonsense knowledge can hence be as general as the expectation that the world is constituted of objects or they can make reference to the specific properties of specific objects in specific conditions, depending on the level of ontological specification they are connected to and depending on the activating context. 

3.1.2 Expectations and implicit knowledge

The expectations based on the laws of perception can be considered of a different quality than expectations based on some form of representational or symbolic knowledge, even commonsense knowledge. These expectations, in fact, do not make reference to some form of belief or theory but are based on the existence of rules of perception, for instance on the existence of established connections between perceptual experiences or between motor actions and perceptual experiences. For example: normal experience is both multisensory and coherent. This means that in normal experience we perceive an object as being round both for the sense of vision and for the sense of touch. Seeing an object as round, approaching our hand to it, exploring it with the hand and feeling it as square would greatly surprise us, if it is even possible. The perceptual system seems to prize coherence at the point that, under certain limits, it actively modifies discrepant information from different senses in order to generate a coherent multisensory outcome [14]. The surprise caused by the perceived conflicts between sensory modalities hence testifies the existence of general expectations about the coherence of the perceptual appearance of objects and of specific expectations (activated by specific contexts) about the tactile aspect of an object which is perceived as round by the visual modality. 

Other expectations that the user holds during the interaction with the virtual world are produced by the virtual world contexts and contents themselves. These expectations are totally internal to the context of the experience. The coherence internal to the virtual world seems hence to be another important parameter for the believability of the experience.
4. BELIEVABILITY IN VR/ ACTIVATED AND DEACTIVATED EXPECTATIONS
The situation in VR is different from the situation in reality. As we have seen, the judgment of believability in VR concerns the possibility and not the existence of the experienced situations. It is maybe for this reason that when expectations are frustrated in reality a typical reaction of surprise arises (which can be accompanied by different emotional reactions such as frustration, relief, etc.). In the case of fiction and VR reactions of surprise can be observed, for instance when the subject is positively impressed by the good qualities of the mediated experience, by the performances of the medium and by the skills of the designers; that is, when expectations about the technology and its possibilities are concerned. But when the experience is judged for its contents (i.e. the behavior of the virtual objects, the way they move, the actions they perform in their narrative context) the frustration of the expectations can provoke a different reaction than surprise: the spectator or the user can no more take the experience as possible of some world. The suspension of disbelief is interrupted and the experience is judged as unbelievable within that certain context.

The case of the experience with fictional, virtual and artificial worlds is thus a special one. As a matter of fact only certain expectations are in cause in these kinds of mediated experiences. Other expectations are necessarily deactivated. For instance, when one plays a game in a VR setting including monsters or when one looks at a monsters’ movie, he has in a certain way suspended certain of his expectations in order to enjoy the game or the movie: the expectations about the creatures that populate the real world are suspended and substituted by other expectations about the creatures that populate the world he is interacting with. These new expectations might have been introduced by some narrative information at the beginning of the interaction or by some information contained into the interaction itself. In the same way, the expectations that are suspended can be deactivated by the simple fact of assuming that the experience one is going to endorse does not concern the real world but a special type of artificial world with specific characteristics, for instance a world where gremlins and other creatures can appear out of the blue. 

In the case of mediated experiences in VR, then, the judgment of believability does not depend on expectations in general but on some specific expectations that are activated by the context and the contents of the experience. 

The notion of believability in mediated conditions can now be characterized as a judgment regarding the plausibility of a certain mediated experience, the judgment being positive when the experience respects the expectations of the subject which are activated by the contents and context of the experience itself.
4.1 The suspension of disbelief

Examples of suspension of disbelief come from literature and theater. They concern the non-realistic elements that can be present in the content of the story (the narrative aspects of the mediated experience
).
But the suspension of disbelief, that is, the deactivation of certain expectations, can also concern the perceptual and motor-perceptual or interactive conditions that are associated with the narrative elements of a story. Expectations can hence be deactivated at three levels: narrative, perceptual and motor-perceptual or interactive. For example, in a science fiction movie, the spectator can be induced to suspend his disbelief about many narrative elements of the story that necessarily do not correspond to the reality he is used to experience (such as the existence of monsters); additionally, there can be holes, inconsistencies and simplifications in the plot (this can happen in all the types of fiction, not only science fiction and not only in movies, but in textual fiction too); finally, the representation of the elements that do not correspond to current reality can be very essential (such as in the case of poor or old-fashioned special effects) or even  grotesque (such as in the case of cartoons and animation). In all these cases the subject might enjoy, be interested and be engaged in the fiction. If the expectations about the realism of the experience are deactivated, the subject might also consider his experience as believable. 

The VR condition is complicated by the possibility for the user to actively modify the objects he perceives and to perceive, in real time, the effects of his actions; additionally his perception can involve different sensory modalities, such as vision, touch and audition (in the case of multisensory hardware devices and appropriate software). Expectations hence necessarily concern also the possibilities of action (freedom of movement, number and quality of the actions that are allowed by the interface) the relationship between action and perceptual experience (the perceptual consequences of the actions of the user on the virtual objects, the timing of the perceptual response, its appropriateness to the action) and the relationship between the sensory modalities that are stimulated (the synchronization and correspondence between different sensory stimulations). Implicit knowledge and related implicit expectations based on the possibilities of action, on the rules of perception and on motor-perceptual connections are then particularly relevant for the experience in VR. At the current state of technology it seems to be difficult to respect them all and hence to convey a believable experience. Nevertheless, some of these expectations could be suitably deactivated.

Two different questions arise that have a theoretical interest for the understanding of cognition and a pragmatic interest for VR designers: Which are the factors that influence the suspension of disbelief, that is, the deactivation of certain expectations? Which beliefs can be suspended?

4.2 The activation of expectations

The other aspect of the triggering of believability consists in the respect of the expectations that are activated. This aspect presents two conditions: the possibility of activating certain expectations and the coherence between the experience proposed and the expectations that are activated.

As for the suspension of disbelief, the first question entails the theoretical and pragmatic problem of which expectations can be activated and how.  

Depicting (through the narrative elements of the proposed experience, the perceptual aspect of the contents of the experience, such as the aspect and behavior of the creatures and objects that populate the virtual world, the possibilities of action that are allowed to the user) a certain world with certain characteristics might induce the user to form certain expectations about the future behavior of the objects and creatures of the world they interact with and about other, not yet perceived or presented, aspects of the virtual world in question. If a creature or an object of the virtual world behaves in a way that is incoherent in respect to the rules and characteristics of the virtual world, the creature or the object will be judged as unbelievable. 

The expectations induced by the new experience are at least in part independent from the expectations that the user has formed during the interaction with his natural world (they are hence accompanied by the deactivation of certain expectations normally hold by the subject) and they strongly depend on the new information gathered at different levels (at the level of the narrative contents and context, of the perceptual contents and context and of the motor-perceptual or interactive context). 

Activation and deactivation of certain expectations (both explicit and implicit) might hence depend on the context and contents of the experience (at three levels: narrative, perceptual and interactive or motor-perceptual). The suggestion can be advanced, for instance, that the manipulation of the narrative elements of the experience might play a role even in the activation and deactivation of some expectations related, for instance, to the possibilities of action, to the rules of perception, to the motor-perceptual connections and to the commonsense knowledge about the behavior of the entities that populate the virtual world.
5. CONCLUSIONS
Expectations represent a fundamental condition for the characterization of the notion of believability and for the constitution of the judgment of believability in mediated interactions. 

Expectations depend on different kinds of knowledge including scientific knowledge, commonsense knowledge, implicit knowledge as based on rules of perception or motor-perceptual connections. Hence designers of VR experiences should individuate the expectations hold by the users for which the VR is designed in order to trigger believable experiences.

All the expectations a subject can hold are not necessarily present all the time: the contexts designers create necessarily produce other expectations in the user and these produced and activated expectations should be respected by the different elements of the experience in VR. The judgment of believability is positive when the experience respects the expectations that are activated. It is possible for designers of VR to create the conditions for deactivating certain expectations (for instance expectations that they would not be able to respect).  Designers of VR should hence be provided with a good mastery of the mechanisms for activating-deactivating expectations.
In virtue of these considerations, in addition to the allowing a better understanding of human cognition, the development of the psychological research and of the philosophical analysis about expectations (which expectations can be activated and deactivated and by the mean of which conditions: simple instructions, arrangement of the contents and contexts of the experience, training) also present a pragmatic aspect in what concerns the design of VR and the indications philosophy and psychology can give to VR designers.
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� These aspects are the only ones to be present in the case of texts and other purely narrative media; they are associated with perceptual aspects in the case of perceptual media such as theater and cinema and eventually with motor-perceptual aspects in the case of VR experiences where the action of the user is strictly connected with the perceptual outcome. A perceptual experience and an interactive experience in VR could also lack of narrative elements.
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