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Introduction

In his prelude to the explanation of consciousness, Daniel Dennett inquires about the possibility of experiencing “strong hallucinations”:

“By a strong hallucination I mean a hallucination of an apparently concrete and persisting three-dimensional object in the real world – as contrasted to flashes, geometric distortions, auras, afterimages, fleeting phantom-limb experiences, and other anomalous sensations. A strong hallucination would be, say, a ghost that talked back, that permitted you to touch it, that resisted with a sense of solidity, that cast a shadow, that was visible from any angle so that you might walk around it and see what its backed looked like.” [Dennett, 1991, p. 7]

The problem of strong hallucinations is relied by Dennett to the skeptical mental experiment of the brain in a vat: is it possible that we are just brains in a vat, suitably stimulated by an evil scientist in order to experience the sensation of living in a world of objects? 

A third kind of experience which presents us with the possibility of experiencing the sensations of objects in absence of real objects is represented by Virtual Reality systems (VRs). 

“The state of the art is impressive: electronically rigged gloves that provide a convincing interface for ‘manipulating’ virtual objects, and head-mounted visual displays that permit you to explore virtual environments of considerable complexity. The limitations of these systems are apparent, however, and they bear out my point: it is only by various combinations of physical replicas and schematizations (a relatively coarse-grained representations) that robust illusions can be sustained. And even at their best, they are experiences of virtual surreality, not something that you might mistake for the real thing for more than a moment.”  [Dennett, 1991, p. 6-7]

As we can see from this quotation, Dennett’s answer to the three questions is a radical ‘no’: strong hallucinations cannot exist, we are not brains in a vat and VR systems will never fool us in such a way that we can take a virtual object for a real one. This is not a purely contingent impossibility, ascribed to the present limits of technology, but sounds like a permanent one, an impossibility in principle of creating believable sensations of non-real objects (objects that do not exist in the real world as material things) by means of whatever developed interfaces. Unless (since there is a clause in Dennett’s assertion) we are capable of producing “physical replicas and schematizations (a relatively coarse-grained representations)” of the real world and objects. But again, a replica of the world, even a replica of a simple coin, is far beyond human technology.

Dennett’s argument against the believability of virtual objects is grounded on a specific vision of human perception: how the world feels depends, according to Dennett, on how the subject decides to move. 

An evil scientist or a VRs designer should thus be able to provide their subject with dynamic stimuli, that is, with stimuli that represent the feedback to the actions of the brain-user. 

There’s the rub.  Since calculating the proper feedback implies the capability of taking into account all the possible actions of the brain-subject and all the possible sensations that arise in response to each action or the capability of calculating, generating and proposing the proper feedback in real time. The first operation requires the possibility of storing an enormous amount of information; the second operation is, according to Dennett, intractable on even the fastest computer.  

Only the world or a replica of the world can store such an amount of information as it is implied by the dynamic character of human perception; but creating a replica of the world out of nothing but mere stimulation is beyond human technology. 

“Throw a skeptic a dubious coin, and in a second or two of hefting, scratching, ringing, tasting and just plain looking at how the sun glints at its surface, the skeptic will consume more bits of information than a Cray supercomputer can organize in a year. Making a real but counterfeit coin is child’s play; making a simulated coin out of nothing but organized nerve stimulations is beyond human technology now and probably forever.” [Dennett, 1991, p. 6]

As a matter of fact, several technological laboratories in the world (if not evil scientists) are presently spending their efforts with the aim of providing VRs users with something like Dennett’s “strong hallucinations” (if not transforming us in brains in vats): creating ghosts that permit the user to touch them, that resist touch with a sense of solidity, cast a shadow and are even visible from any angle, so that the user can walk around them and see what their back looks like. 

Recently developed haptic systems, for instance, provide the user with sensations of hardness, texture, shape and can be coordinated with devices for providing auditory and visual sensations. All this can happen in real time, following the free actions of the user (the actions are only limited by the material implementation of the interface).

Still, Dennett is right in asserting that users are not really mistaken, not for long time. Creating an entire environment which can be actively explored and perceived by multiple senses (with real time feedback responses) as we normally do with real objects of the real world is beyond human technology, at least at the present state of the art. Dennett is probably also right in denying the possibility, for the presently developed human technology, to produce replicas of the objects of the real world that would resist a hefting, scratching, ringing, tasting, plain looking test. If replicas or simulations are intended to be point to point replicas of real objects. 

Nevertheless, in the VR domain the objects of the real world are not the only ones that alert the interest of VRs designers. The objectives of VRs designers are not necessarily realistic in this sense; in fact, they might intend to produce stimuli that provide the user with the sensation of objects that do not exist in our real world. The term “replicas” is thus misleading because it induces to imagine point to point simulations of real objects that exist in our world. But we might have the will to produce believable experiences about objects of possible worlds and possible objects. These worlds and objects are possible not in the sense that they could actually exist, but just as the objectual pole that corresponds to a believable experience.  

How far from our real world (object) a possible world (object) can be? 

Which are the minimal conditions for a simulated object to be believable in the course of a perceptual experience of mediated interaction?

Thank to the technological development of VRs, these questions can be the source of something different from a mental experiment: they can be materially tested. 

Testing the conditions for believability requires nevertheless a preliminary conceptual work: the possible relevant conditions must be individuated before engineers can implement them into computer interfaces and material devices. 

This preliminary work consists in the analysis of the characteristics of believable experiences.

I hence take inspiration from the suggestions made by Dennett in the frame of the refusal of the skeptic argument represented by the brain in a vat, the possibility of strong illusions and the VRs simulations. My objective is different from Dennett’s: I do not mean to discuss the reasons of the skeptic, so that I am not interested in giving a definitive answer to the problems of VRs designers about the future possibility of producing point to point replicas or simulations of the world. 

But VRs designers face, presently, the problem of providing the user with stimuli that produce believable experiences. Is that possible without producing point to point replicas of the real objects of the real world? If yes, which parameters should guide the design of believable mediated experiences? 

The answers to these questions present a clear pragmatic interest for VRs designers. I think that they also present a scientific interest for the research in human cognition and human perception, because they are related to the way human beings perceive and form beliefs and expectations about the objects of the real world. Finally, I think that the inquiry about the believability of experiences is related to some more conceptual questions about the nature of perception, beliefs and expectations. 

1 A believable experience with virtual objects needs not to be as complex as the experience with real objects

We can start the analysis of the characteristics of believable experiences in VR by advancing a negative consideration: believable experiences with virtual environments and objects do not require the virtual objects and environments to be point to point replicas of the real world objects and environments. 

I have given a first justification for this assertion in the Introduction: not only the task of reproducing point to point replicas of the real world seems to be far from actual technological possibilities, but it is not necessarily an objective for any VR context to replicate the stimuli one can obtain from the real world rather than brand new experiences.  Other reasons can be added to this assertion.

When Dennett describes the difficulty of producing a simulated coin out of nothing but stimulations the main obstacle is represented by the difficulty of reproducing the multiple possibilities of exploration and the multiple perceptual responses that exploration arises. In a sense Dennett’s world is a system for causing perception and for responding to actions, movement and exploration with feedback sensations. The simulation of such a system is not necessarily the same thing than the point to point replica of an existing object. Only a pattern of actions and perceptual feedback corresponding to the actions is requested. In the case of the simulated coin, the pattern of possible explorations a human being can perform upon a coin and the real time responses the coin would provide to the subject. In the case of a new object, the pattern of possible explorations a human being could perform on it and the responses he would obtain. 


In virtue of these considerations it seems better to address the question of believability in regard to experiences rather than in regard to objects of environments. Experiences in VR include cognitive (symbolic) aspects that concern the narrative contents of the experience, perceptual aspects that concern the perceptual component of the experience and finally, possibly, motor-perceptual aspect, consisting in the fact that the user can actively explore the virtual environments and objects and also modify the perceptual outcome by its actions and possibly perceive this modifications in real time. 

Nevertheless, another limitation should be posed to experiences too. Human beings are open to a multiplicity of forms of actions and perceptual explorations.  They can touch, and heft, scratch, look, taste, ring, etc. Perception is normally multisensory, as exploratory actions are normally directed to multiple dimensions in order to extract as much information as possible. In the example of the coin, the subject has the possibility of evaluating his object with multiple senses: touch, vision, taste, audition. Multisensory perception might have a role in enhancing the believability of a perceptual experience; nevertheless, we can also consider believability within a single sensory modality, especially if the sensory and exploratory limitation is justified. We do normally conduct multisensory explorations, but this is not always the case. We do not expect to be able to touch a distant object, and we seldom taste objects that are not edible.  

[Dennett, 1991] also cites another reason for the possibility of considering the believability of unisensory experiences: the ability of the illusionist who exerts a particular psychological forcing on his victim: the victim is directed to accomplish a particular line of inquiry, but he as the illusion of exerting his free will. In the same way, the user of VRs can be directed to have only a set of exploratory intentions, that are suitable to the characteristics of the interface, but convinced of his free exploratory will. In other words, the illusionist part of the task consists in convincing the user to attribute the limitations in the exploration not to the limitations of the device, but to a choice of his own.

Finally, it seems possible to address the question of believability to very simple experiences that have very few elements and are hence very far from point to point replicas of the objects of the real world. When I first tried a Phantom device I began to play with a ball bouncing on my finger. The experience felt believable to me. This aspect suggests me that an experience which is judged as believable is not necessarily as complex as the experiences with real objects. In specific conditions, the perceiver can accept a simple stimulus situation and take it as believable. Which are these conditions?

2. The role of expectations in believable experiences

Another negative consideration can be advanced that indicates a direction for the characterization of believable experiences: 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. 

2.1 Experiences with VR are objective

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
. 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, 1928] (according to Carnap, the notion of objectivity can be reduced to the notion of intersubjectivity, of intersubjectively valid) and [Davidson, 1984] (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 [Strawson, 1959] 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. 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, has 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. 

2.2 The role of expectations in cognition, perception and action

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
. 


An experiment performed by [Bruner & Postman, 1949] 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, five of spades, seven of spades) and trick playing cards (i.e. black three of hearts or red two of spades, which are incongruous with ordinary cards), 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 then 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 since he is faced with an ambiguity that he can accept (recognition) or not accept (disruption). In the case of disruption the violation of the coherence XE "violation of the coherence"  turns out to be paralyzing: ambiguity is a hard condition to be managed by action XE "action"  and perception.


[Bruner & Postman, 1949] 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. 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. In fact, the authors defend the hypothesis that 

“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”. [Bruner & Postman, 1949, p. 207]

Confirmation of expectations XE "expectations"  has a central role in this view, since when well-established expectations fail being confirmed the organism may envision perceptual reorganization. The violations of perceptual expectations consist in 

“an unexpected concatenation of events, a conspicuous mismatching, an unlikely pairing of cause and effect” [Bruner & Postman, 1949, p. 208] 

They pose a problem to the organism. 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” [Bruner & Postman, 1949, p. 208].


This hypothesis is directed to explain why, in the experiment performed with trick playing cards, the presentation of stimuli that are incongruous with past experience XE "past experience"  mainly results in the perceptual denial of the incongruous elements in the stimulus pattern, so that the perceptual result conforms to the expectations XE "expectations"  about normal playing cards  (27 of the 28 subjects of the experiment showed dominance responses).


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. 

2.3 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
, suggests the specific role that expectations might play in the characterization of he 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.

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. 

3. 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 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
. 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
. Commonsense knowledge of this first type is hence more a form of doxa than of knowledge, since it 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
 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.

3.2 Volatile expectations 

There is no need for individuals to hold all these expectations all the time, and in particular to hold all the beliefs that correspond to all of these expectations all the time. Common people minds would be a little bit overloaded. It is just possible that people hold some general beliefs, such as some general beliefs about the ontology of our world (the entities that furnish our world and the laws that describe their behavior), with no belief, for instance, about the entities that do not furnish our world. In special occasions expectations that are related to general beliefs are frustrated, as it happens when a gremlin appears. The expectation that gremlins do not exist is hence a volatile expectation, activated by a certain context and related to some general belief about the entities that furnish our world, with no corresponding specific belief. Only the reaction of surprise alert the individual about the fact that the sudden appearance of a gremlin is an unexpected event to him, and only at that point the individual can express the belief that gremlins do not exist, or at least that they do not appear out of the blue
.

Very general knowledge generating a wide set of expectations is exemplified by the laws of perception as they are described for instance by Gestalt psychologists, such as Kölher. [Kölher, 1947] 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” [Kölher, 1947, 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. 

3.2 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, neither, as it is the case for volatile expectations, to some belief that could be reconstructed “après coup”. More than on a form of knowledge, they are hence based on the existence of rules of perception, on the existence of established connections between perceptual experiences or between motor actions and perceptual experiences
. Normal experience is for instance 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 oucome
. 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. 


An example of expectations based on implicit (non-symbolic) laws of perception and action is represented by the tendency, on the side of human beings, of projecting implicit knowledge XE "implicit knowledge"  about biological motion in the observation (and kinesthetic perception) of dynamic events [Viviani XE "Viviani" , 1990; Viviani & Stucchi, 1989; Viviani, Baud-Bovy & Redolfi, 1997]. This is shown by some experiments on the misperception of the aspect of a trajectory. The form-velocity relation is described by an equation (known as the ‘2/3 Power Law’): instantaneous velocity and the radius of curvature of the trajectory of voluntary gestures are related by an expression where the former ranges between 0 and 0.1, depending on the average velocity and the latter has a value very close to 2/3 in adults and slightly more in young children. 


The 2/3 Power Law predicts (and experiments confirm) that circles, and only circles, are traced at constant velocity. The results of different manipulations of the trajectory and velocity relationship indicate that the perception of the aspect ratio (vertical axis/horizontal axis) is biased when the stimuli are not compatible with the biological model.


In one of the experiments described by [Viviani & Stucchi  XE "Viviani" , 1989], the subjects were shown a light point tracing elliptic trajectories of various eccentricities and are asked to indicate the orientation of the major axis of the ellipse (whether vertical or horizontal). 


The procedure was repeated under three cinematic conditions: in the first condition the velocity of the light point was constant (only circles are traced at constant velocity), in the second the velocity was made equal to that of a biological motion tracing an ellipse with a horizontal major axis and in the third the velocity was that of a biological motion tracing an ellipse with a vertical major axis. None of the trajectories corresponded to a circle, thus the first cinematic condition did present a discrepancy XE "discrepancy"  between velocity and trajectory as they are related in biological movement XE "movement" .  


In the second condition ellipses with vertical major axis and with large eccentricities were even more deviant with respect to the biological model. The situation was reversed in the third condition. The results indicate that there is no bias in the perception of the aspect ratio for the first condition. In the second one, subjects perceived as circles trajectories that were actually quite elongated in the vertical direction. No systematic XE "systematic"  bias emerged in the third condition. 


The authors summarize the results in the following way: an interaction between form and kinematics is shown in which the decisive factor is whether or not the velocity-curvature relation is similar to that found in human limb movements. In particular, the large bias in the latter indicates that subjects have a tendency to fit the stimuli within the biological model. When the fit is poor, they smooth out the discrepancy by deforming the geometry in the direction dictated by the 2/3 Power Law XE "2/3 Power Law" . Indeed, perceiving a vertical ellipse as a circle implies a compression of the vertical extent, that is, a flattening of the portions of the trajectory where velocity is higher.


Thus the observer has a tendency to project his implicit knowledge XE "knowledge"  about the motor rule expressed by the 2/3 Power Law upon movement perception.


Other experiments confirm the same findings for the kinesthetic modality [Viviani XE "Viviani" , Baud-Bovy & Redolfi, 1997]. The fact that two sensory modalities express the same sensitivity to the relation between form and velocity as it is represented by the 2/3 Power Law is an indication that the influence of motor competence and motor expectations XE "expectations"  over perception is somehow generalized. A general competence about biological motor behavior produces general expectations for motor perception. The competence and the expectations that are expressed on its bases are implicit in that they are not mediated by internal representations XE "internal representations"  but consist in limits to the perceptual activity posed by the laws that direct self-generated motor activity XE "motor activity" . When the dynamic stimulus situation is discrepant with the laws that guide self-generated motor activity XE "motor activity"  (the laws of biological movement) the incoming information is modified correspondingly with the characteristics of self-generated motion. Biological motion is in fact adopted as a general model for the perception of dynamic events, even when it is not the most suitable. 


The example of Viviani’s illusions shows that illusions in the perception of dynamic events can be provoked by suitably manipulating a form of knowledge which biases the perception of movement for different sensory modalities. On the basis of this example we can suggest the existence of expectations regarding the content of perception which is grounded in the existence of motor competences.  

3.3 Motor-perceptual expectations

The form of motor knowledge and expectations that bias perception and are present at the origin of the occurrence of perceptual illusions is not linguistically expressed, as it is the case for Viviani’s illusion, since the perceiver has no explicit knowledge about the 2/3 Power Law. Since the 2/3 Power Law states the specific structure of biological motion, it is also possible to conceive the projection of the 2/3 Power Law on the perceptual content (for any kind of dynamic object, biological or not) as a direct influence of the motor properties of the subject (a biological entity) over the perception of dynamic events. In this way, no internal representation about biological motion would be necessary in order to explain the bias exerted by motor competence over perception (asserting that internal representations are not necessary is not the same thing as asserting that they do not exist). Simply, the things the subject can or is able to do and the way the subject does these things would contribute to the shaping of the perceptual content. In other terms: the existence of certain motor competences would dispose the subject to (perceptually) react in a certain way. A similar reaction does not need intermediaries; in fact, we can imagine a reaction of this kind in terms of a sort of ‘perceptual reflex’: in virtue of the existence of certain competences, automatic perceptual responses are stimulated (motor reflexes are motor, automatic responses to certain perceptual stimuli; the comparison with motor reflexes cannot however suggest a real analogy between the case of perception and the case of automatic motor responses, because the latter are normally based on peripheral loops with no major role played by the central nervous system). 

4. Believability: activated and deactivated expectations

The indicated different types of expectations, both symbolic and sensorimotor, could play a role in triggering the believability in VR because they bias our normal perception of the world which is trivially believable, hence they bias also our perception in VR. 

Nevertheless, 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 surprised 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 we are 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.

The idea of expectations activated and deactivated by certain contents and contexts will be further developed in the following paragraphs. We can suggest by now an analogy with volatile expectations in general as expectations that are activated by a certain context.
4.1 The suspension of disbelief

The concept of suspension of disbelief thus seems to be important for the understanding of the concept of believability. 

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
). For instance:
"(...) it was agreed, that my endeavours should be directed to persons and characters supernatural or at least romantic, yet so as to transfer from our inward nature a human interest and a semblance of truth sufficient to procure for these shadows of imagination that willing suspension of disbelief for the moment, which constitutes poetic faith." Coleridge, Biographia Literaria (1817)

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 

· 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 the three cited 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.

4.3 Activation and deactivation of expectations: the role of context and of training

The activation and deactivation of certain expectations would hence depend on different forms of context
. 

The relevant contexts include the contents of the experience at different levels (narrative, perceptual, interactive) but also the type of medium which allows the experience. For instance, a certain image can be judged as believable within the context of a certain medium, such as a picture, because no expectation is activated about the possibility of the image of moving around; the same is not true if the context of the medium changes: in a movie a still image can hardly be considered as believable. Hence the medium constitutes a relevant context which influences the expectations that are activated and not activated and the consequent judgment of believability. Nevertheless, the presence of a still and bidimensional figure in a movie can be justified by the narrative context: someone in the movie explains that a certain object has been transformed by a spell in a bidimensional, still figure. The presence of the still image hence becomes plausible within this narrative context, since the expectations about the moving possibilities of filmic objects are influenced by the context. 

An additional problem related to the possibility and way of activating-deactivating expectations hence concerns the sensitivity of different kinds of expectations to context: 

· Are all kinds of expectations susceptible of being activated or deactivated in response to the context? Are there expectations that are more robust (less susceptible to the context) and expectations that are lighter (more susceptible to the context) than others?

· Even in the case of light expectations, are they susceptible to all contexts or only to certain specific context (only narrative, only perceptual, only interactive)? 

For instance, some more robust expectations might request something more than changes in context in order to be activated or deactivated: they might need a long training; other expectations might be totally resilient to the influence of the context and even of training. 

An example of acquisition of motor-perceptual connections and relative expectations which requires a long training is represented by the so-called Aristotle’s illusion and its disappearance. The phenomenon described as Aristotle’s illusion XE "Aristotle’s illusion" 
 presents the following characteristics: if one crosses two adjacent fingers one over the other and then touches with the two crossed fingertips a small ball, one will have the feeling of touching two balls. A number of experiments conducted by Benedetti
 XE "Benedetti"  show that the perception of tactile stimuli with crossed fingers is referred to the perception of tactile stimuli with uncrossed fingers, that is, to the normal situation and the normal position of the fingers. A given pair of fingers has a functional range of action XE "action"  within which spatial perception is correct and beyond which the location of tactile stimuli is perceived incorrectly. The objects touched with crossed fingers are perceived as having the spatial properties of the extreme limits of the range of action of the fingers. What mediates the perception of the object with crossed fingers is thus something related to the range of action of the fingers, but not the representation of the position of the fingers, which is not altered by the fact of crossing (the subject of the illusion describes his fingers as crossed). Aristotle’s illusion XE "Aristotle’s illusion"  is thus related to a form of knowledge XE "knowledge"  which is based on the acquisition of skills and not on the existence of explicit representations of the position of the body parts (fingers). In one of his experiments, Benedetti [Benedetti XE "Benedetti" , 1991] investigates the effects of training on the disappearance of Aristotle’s illusion XE "Aristotle’s illusion" , and in particular whether or not the individuated range of action of the fingers can be modified by a long-lasting crossing. The subjects crossed the third finger over the second and were asked to go back to their daily lives with crossed fingers for variable periods, from 60 to 183 days (with short periods of rest with uncrossed fingers); some of the subjects also underwent special training. Spatial perception with crossed and uncrossed fingers and the perception of the position of the fingers were tested at intervals. All the subjects learned to perceive the ball on the correct side with the second and third finger. A test performed over the non-trained third and fourth finger always elicited perception as if the fingers were uncrossed. The results indicate that Aristotle’s illusion XE "Aristotle’s illusion"  disappears after a period of training with crossed fingers. 

Even when perception with crossed fingers became correct, perception with uncrossed fingers still remained correct too. The last observations indicate that no adaptation has occurred, but there has been an extension of the range of action of the fingers, which now includes the crossed position. The observed perceptual modifications (extension of the range within which perception varies following the variations of the stimuli) are accompanied by corresponding motor modifications. The percentage of correct movements XE "movements"  (the number of times a stimulus is rejoined correctly) greatly improves in correspondence with the dropping of perceptual errors XE "errors" . The extension of the range of action suggests the possibility of plastic changes: if the fingers are located in new and unusual positions for a long period, the touch system develops in a new and unusual way and has the possibility of experiencing new perceptions and performing new actions. 


This consideration has a pragmatic interest for VR designers, for instance in the frame-work of haptic devices. In cases in which the limitations of the technology do not allow for believable haptic sensations, the acquisition of new perceptual and motor skills could be induced by training in the user so as to make possible and believable perceptions that are judged as illusory or unbelievable before training.

4.4 Diachronic and synchronic coherence
The coherence internal to the virtual world seems to be an important parameter for the believability of the experience. Coherence relevant for the believability of mediated experiences is both diachronic and synchronic. 

As we have seen, the reaction of disbelief depends in fact on the violation of the expectations that are activated. Some of these expectations are produced by virtual world contexts and contents or by the acquisition of new knowledge by the mean of specific training. A part of the expectations activated is hence totally internal to the context of the experience. The respect of the expectations that are produced by the experience itself can be considered a synchronic form of coherence, the coherence between the experiences produced by the different elements (contents at different levels) of the virtual world. The respect of the expectations issued from past experience or knowledge hold even previously to the experience with the virtual world can be considered as a diachronic form of coherence. 

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 mediated experiences such as designers of VR 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: they can be generated by the conditions of the context. This is especially true in mediated interactions where the contexts and contents of the experience itself deactivate certain expectations hence producing a suspension of disbelief and activate other expectations against which the believability of the experience is judged. 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); the context and the context designers create necessarily produces other expectations in the user and these produced and activated expectations should be respected by the different elements of the experience in VR. Designers of VR should 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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� [Pasquinelli, 2005], [Pasquinelli, 2003]


� Some reference about expectations and about surprise can be found in:


[Casati & Pasquinelli, Submitted], [Davidson, 2004], [Dennett, 2001]





� [Lovgren, 2005]





� [Hayes, 1978, 1983], [Forbus, 1981], [Smith & Casati, 1994]


� [McCloskey, 1983]


� [Egenhofer & Mark, 1995]


� [Casati & Pasquinelli, Submitted]


� [Merleau-Ponty� XE "Merleau-Ponty" �, 1945] introduces the term “praktognosie” in order to characterize a form of implicit knowledge� XE "knowledge" � which is not grounded on explicit, symbolic representations, but precedes thought and abstract knowledge and is based on the practical mastery of some classes of movements� XE "movements" �. This practical form of knowledge is instantiated by the mastery exerted in the performance of habitual concrete movements, such as tailoring a dress, driving a car, typing a letter. The acquisition of new motor skills is considered by the author as equivalent to the acquisition of new knowledge about the bodily movements and about the parts of the world that are involved in the body actions. 


This acquisition is not an intellectual or symbolic function, even if it represents the acquisition of new knowledge� XE "knowledge" � about the body and its possibilities.


“The acquisition of a habit corresponds to the acquisition of a new meaning, a motor habit and a motor meaning […].  If I have the habit of driving a car, I enter into a passage and I see that I am able to « drive through it » without comparing the dimension of the passage with those of my car, as I pass through a door without comparing the dimension of the door with that of my shoulders.” [Merleau-Ponty� XE "Merleau-Ponty" �, 1945, p. 167. My translation]  


The kind of knowledge� XE "knowledge" � which is necessary in order to avoid familiar obstacles and perform habitual movements� XE "habitual movements" � with or without the help of familiar objects as the car is an immediate knowledge that the body deploys without the intervention of the intellect, that is, of central cognitive processes. This knowledge is both motor and perceptual since the body has acquired both motor and perceptual skills or habits.





� [Pasquinelli, 2003]


� [Davidson, 2004]


� [Castelfranchi & Lorini, 2003]


� These aspects are the only ones to be present in the case of texts and other purely narrative medias; 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.


� Contextualism is a concept recently introduced in epistemology and is applied both in theories of knowledge and in theories of justification. Contextualism affirms the role played by different contexts in the truth of the attribution of knowledge or in the acceptability of different justifications for knowledge: when knowledge is attributed to someone, this attribution depends on the context of the attribution: tasks, intentions, presuppositions of the subject who makes the attribution of knowledge or of the subject to whom knowledge is attributed; in the same way, the justifications that are accepted for knowledge vary with the context, such as the discipline to which the justification is applied. 


See: [Annis, 1978], Cohen, 1999], [DeRose, 1999].





� Aristotle’s illusion� XE "Aristotle’s illusion" � is one of the oldest observations about perception; in fact, the phenomenon was first described in Aristotle’s Metaphysics and On Dreaming. 


� [Benedetti, 1985a, 1985b, 1988a, 1988b, 1990, 1991]
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