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Expectations
The most advanced model of believability currently available links believability to the fulfillment of expectations; however the model in its generality needs testing on specific types of expectations.
Evidence in cognitive sciences and VR studies testifies the role of expectations in believability (Geers, 2002; Garau, 2003; Castelfranchi, 2003).
Models of expectations
Expectations Resources
Models of expectations 

Castelfranchi, 2003 considers a class of mental states that consist in more or less certain anticipatory representations (representations about the future); this class includes expectations, hypotheses and forecasts or predictions. 
Hypotheses consist in the belief that the future state p is possible; forecasts or predictions in the belief that the future state p is probable (that is, in the belief that the chance threshold for p has been exceeded); expectations are predictions or forecasts associated to a motivational component (a goal, drive, motive, concern).
Some precisions are drawn for what concerns both the notion of “anticipatory representation” and the notion of “goal”.

a) Expectations can be composed of two types of representations: sensorimotor (also defined as mental model or imagery, in any case: implicit) and symbolic (explicit). Castelfranchi distinguishes three conditions: high level predictions or expectations, low level predictions and proto-expectations (see goals). 
a. High level predictions are based on beliefs and reason, that is, on the use of inference and reasoning upon explicit, symbolic representations of natural laws, other minds, etc. When high level predictions (symbolic representations of future events) are associated with a goal in a purposive behavior one has an expectation. 
b. Low level predictions are based on some form of statistical learning, frequencies and regular sequences, judgment of normality in perceptual experience, associative links, probability of activation. Low level predictions have a sensory rather than a symbolic format and can be considered as sensorimotor anticipations. 
i. Anticipations are representations of which is made an anticipatory use. 
1. Representations are mental states that can be false and that can be independently generated from reality (they are for consequence distinguished from automatic pre-determined reactions to perceptual stimuli and indexes of reality). Representations can be build-up upon memory (retrieval of experiences) or can be constructed by the combination and modification of experiences retrieved from memory (new, never perceived representations). Representational activity is a form of simulation of perception not as the output of current perceptual stimuli and this activity constitutes the specificity of an intelligent mind or of real mind in general.  Representations can serve different uses: epistemic, deontic, motivational, axiological, anticipatory.
2. The anticipatory use of representations consists in different specific uses: matching the internal representation against perceptual stimuli, predict the stimuli that will arrive, evaluate possible actions and results, etc. 
a. Any kind of matching is a form of anticipation. 
b. The matching test can be implicit (not intentional but automatic, sensorimotor representations are matched against incoming stimuli) or explicit (intentional, symbolic representations are matched against incoming stimuli)

c. Matching tests are executed in correspondence to the preparation for action in the case of goal-directed motor behavior.
d. Any form of matching allows to detect unusual events. Unusual events could require additional epistemic processing or fast reactions
.

e. The result of a mismatch is surprise
i.  “‘Surprise’ is the automatic reaction to a mismatch. It is:
- a (felt) reaction/response

- of alert and arousal

- due to an inconsistency (mismatch, non-assimilation, lack of integration) between incoming information and our previous knowledge, in particular an actual prediction or a potential prediction;

- invoking and mobilizing resources at disposal of an activity for a better epistemic processing of this 'strange' information (attention, search, belief revision, etc.),

- aimed at solving the inconsistency,

- and at preventing possible dangers (the reason for the alarm) due to a lack of predictability and to a wrong anticipation.”  [Castelfranchi, p. 4]
In correspondence with the dichotomy between sensorimotor and symbolic representations or low and high predictions two types of surprise can be distinguished: peripheral and deep surprise; deep surprise is associated to a judgment of non-plausibility, un-believability

.  

b) Goals. Goals are representations of states of the world. They are motivational explicit representations. Goal-directed systems are different from reactive systems because the formers present purposive behaviors activated by a mismatch between the current state of the world (perception) and the state of the world represented as a goal (explicit representation). 
a. To have goals means in general to be concerned; epistemic goal: X wants to know if p will happen; goal as motive, desire, drive, intention: goal that p or goal that not p
;  

b. Negative expectation: have goal opposite to the prediction; positive expectation:  have the conformable goal of the expectation. A positive expectation is always present in order to satisfy a need to confirm one’s own capacity of prediction. There are four possible scenarios: negative expectations (prediction that p, goal that not-p), positive expectations (prediction that p, goal that p), ambivalent expectations (belief that p, goal that not-p and goal that p), neutral expectations (belief that p, goal that p and not goal that not-p).
c. Expectations are associated to cognitive evaluations, when the belief that p is associated to the goal that p, p is good; when the belief that p is associated with the goal that not-p p is bad.
d. Since goals are not necessarily related to actions, expectations are broader than goal-directed actions. 

e. Since goals can be realized or discarded, not any goal implies expectations, but only active non-realized goals do. 

f. Expectations can be active or passive: active if the goal implies action on the side of the subject, passive if the realization of the goal does not depend on him, but he just executes matching procedures for controlling if the goal has been realized (by others, by nature).

g. The connection of beliefs and goals in expectations makes expectations to be crucial for intentions (remember the BDI framework according to which the basic mental states are beliefs, desires, intentions).

h. Agents that have no (symbolic) representational capacity and hence cannot have goals or anticipatory representations present proto-expectations based on anticipatory behaviors because in certain occasions they behave as if they had expectations and anticipatory representations. An example: an animal jumps when it hears a noise, even if it does not represent the noise as produced by a predator or the goal of escaping from a predator. This is a reactive behavior with an anticipatory effect (in the case in which the noise is really produced by a predator

). 
c) The characterization of expectations requires a third element in association with anticipatory representations and goals: quantitative parameters. Both beliefs (predictions, forecasts, anticipatory representations) and goals have quantitative dimensions, independently one from the other: beliefs have strength, in the sense of more or less subjective certainty; goals have value, in the sense of more or less subjective importance for the subject. We have hence four conditions: high certainty, high value; high certainty, low value; low certainty, high value; low certainty, low value. The transition between them is continuous.   
a. The combination of these four groups with positive and negative expectations gives rise to the definition of the cognitive structure of hopes and fears (with no reference to the affective components), where hopes are: positive expectations with high value and low certainty; fears are: negative expectations with any degree of certainty and value. 
b. According to their positive or negative value and to the strength of their components, the effects of the validation or invalidation of expectations are different. 
i. Invalidated expectation: an expectation that reveals wrong (belief that not-p) is a frustration or goal failure for the goal that p and an invalidation, falsification, prediction-failure for the belief that p 
ii. Surprise: surprise will be more intense for certain predictions. In relationship to the positive or negative expectation and the nature of the frustrating or gratifying event (and consequent belief), there will be the following forms of surprise: Positive expectation and concordant event: no surprise, achievement; Positive expectation, and non-concordant event: surprise, frustration, that is, disappointment; Negative expectation and non-concordant event: surprise, no frustration, that is, relief; Negative expectation and concordant event: no surprise but frustration.
iii. The degree of disappointment and relief are in relation with both the strength of the belief and the value of the goal.
d) Implicit expectations. For each explicit belief and expectation (a belief or an expectation stored in one data-base, memory) there are a number of implicit beliefs and expectations that are not contained in memory, that hence cannot be simply retrieved, but can be derived from explicit beliefs and expectations at any moment. Until they remain implicit, beliefs and expectations have no effect on mind. 
a. Any Positive expectation has a Negative expectation, any hope a fear, and so on. 
i. Controllability: epistemic agents are in any case frustrated and disoriented by surprise, by non-concordant events because they represent failures of their capacity to predict, hence to control.
Castelfranchi, Lorini, 2003 provides the following scheme of expectations:
Fears (worries), hopes, surprises, disappointments, relieves and frustrations are macro-states composed of micro-components; their intensity depends on the strength of the micro-components; the two basic components are beliefs and goals.

Anticipatory belief that p (prediction, forecast) + goal = expectation 

P is a future state

Belief ( strength: degree of subjective certainty

Goal ( value: degree of subjective importance for the agent

Positive goal ( positive expectation

Negative goal ( negative expectation

Active goal (non-realized) activates expectation

Active expectation = Expectation with Active achievement goals = require S’ actions to b realized

Passive expectation = Self-realizing achievement goals = do not need S’ actions; S just waits the fulfillment of the expectation
Belief that p is possible = hypothesis

Belief that p is probable = chance threshold has been exceeded = forecast

Belief that p is quite certain = probability esteemed next to 100% = prediction 

Hope = hypothesis + positive goal (S wants p to be true) 

Hope-cast = forecast + positive goal
Fear = hypothesis + negative goal (S wants p to be false)

Fear-cast = forecast + negative goal
Expectations activate Epistemic Control (a sub-category of epistemic actions = actions directed to gain knowledge about the world) = active perception, monitoring, testing, matching activities. Epistemic control includes goal-directed, rule-based actions (proto-intentions, anticipatory classifiers) ad intentional actions with explicit representations of the expected state. 
Invalidated expectation = expectation that reveals to be wrong

Invalidating belief = belief acquired after not-p has been realized when p was expected

Frustration, goal-failure = the invalidating belief is inconsistent with the goal

Falsification, belief-failure = the invalidating belief is inconsistent with the anticipatory belief; provokes surprise: the degree of surprise is directly connected to the strength of the anticipatory belief

Disappointment = invalidating belief is inconsistent with the goal and the anticipatory belief of a positive expectation (hope-hope-cast); contains goal-frustration and belief falsification; it also frustrates self-efficacy in predictions and hence control. 
Relief = invalidating belief is consistent with the goal and inconsistent with the anticipatory belief of a negative expectation (fear, fear-cast); it is always associated with a form of disappointment for the frustration of the capacity of prediction.
Castelfranchi, Giardini, Lorini, Tummolini, 2003 assert that simple beliefs about future actions and events tend to become full expectations (with goals) in reason of the component of prediction and self-efficacy which is implicated in anticipatory states: cognitive agents make predictions in order to avoid anxiety and stress, act in order to find their predictions validated by facts  and feel distress in case of invalidation. Hence, when a cognitive agent predicts a certain event, he has a tendency to act as if he wanted the prediction to be confirmed, even if it is a negative prediction. 
An invalidated hope-cast is felt not as a simple distress but as an ill-treatment. People have a tendency to add a normative component to their strong predictions. Since the belief that p is well grounded and the agents wants it to happen, p turns to be something that is bound to happen. 
Lorini, 2005 discusses surprise. 
Surprise is generated by expectations failure, but three types of surprise can be distinguished on the basis of 

· Mismatch-based Surprise: generated by the mismatch between active predictions and the explained raw sensor data (function of Unexpectedness). The mismatch is based on the existence of three conditions: sensory data which must be interpreted, a theory based on general conceptual knowledge or general knowledge concerning a certain domain (in any case, general knowledge), a set of active expectations composed of beliefs and expectations of different degrees of certainty (expectations are active in the sense that they are under the focus of attention of the subject, in contrast with potentially derivable beliefs that are not actually under the focus of attention).  The set of expectations and the theory are consistent. On the basis of the theory, the raw data are interpreted (inferential approach to perception) and compared with the set of expectations; a certain mismatch and relative surprise can arise. The degree of the mismatch is calculated by taking into account the degree of certainty of the set of expectations that are referred to the explanation provided for the raw data and also the degree of certainty of expectations concerning the correlation of couples of elements of the theory (degree of dependence between the perceived features, after interpretation). This second quantity is not considered into other theories for calculating surprise, in which surprise is function of the unexpectedness of perceived single features only (see Macedo & Cardoso, 2001). The degree of the mismatch has also an effect on the explanatory value of the hypothesis or explanation of the raw data, when the mismatch is great, the explanation is revised for a better one
.   
· Passive Prediction-based Surprise: generated by a later mismatch between the explained raw sensor data and a set of expectations that is derived from the set of active expectations and the theory. It can give rise to a further mismatch
.
· Implausibility-based Surprise: generated by a test about the plausibility of the explained raw sensor data in relation with my active belief system (function of Incredulity). Implausibility or incredulity is not generated from a mismatch, but is generated by some form of simulation: the agent assumes a certain explanation of the raw data to be a possible explanation and before assuming it the distance between the explanation and the expectations and knowledge is measured
.
The distinction is in accord with the distinction proposed by Ortony & Partridge, 1987 between 
· surprise which results from the input proposition conflicting with an active expectation (already derived)

· surprise which results from the input proposition conflicting with a passive and practically deducible expectation

Miceli, 2002 discusses the different forms of anticipatory states. 

Anticipatory states are not generically addressed to as ‘expectancies’ (Olson, et al., 1996) but are classified on the basis of the presence or not of goals and of the degree of certainty as: hypothesis (possible), forecasts (probable: over 50%) and predictions (next to 100%), hopes and fears (goal with no forecast but only hypothesis), hopecasts and forecasts (hopes and fears with forecasts). Hopecasts and forecasts have a normative component (p ought to occur). For this reason the violation of hope-casts implies a sense of injustice, unfairiness, loss with consequent anger.
Some determinants of the level of certainty of p are indicated, such as previous experience with p likelihood, attribution of p occurrence to stable causes, etc.

Miceli, 2002 considers the need for predictability and also the need for coherence as  meta-goals: they do not need to be represented at the conscious or unconscious level, to be representations on the basis of which the mind reasons and plans (for instance when calculating costs and benefits),  but they are functions or procedures that are implemented and play a function on the regulation of mind processes, for instance when a contradiction is detected.  
It is important to maintain the functional meta-goal level distinct from the goal-level: even if meta-goals can become goals when assumed as representations they do not need to be represented.

The need for coherence is testified by the existence of procedures for eliminating contradiction when it is detected, because contradiction produces unpleasant cognitive states (Festinger, 1957; Carlsmith & Aronson, 1963; Cooper & Fazio, 1984; Fazio & Cooper, 1983) and by manifestations of the principle of minimal change in belief revision ( Gardenfors, 1992; Harman, 1986). 

Expectations Resources
A proposal for a theory of expectations:

· In the cognitivist approach, expectations play their role only in the disambiguation of the stimulus. 

· It could be objected that expectations shape or are compared with non-ambiguous stimuli that are directly picked up not in order to interpret bare cues but in order to perform a continuous control upon coherence, novelty, discrepancy. 

· In this way epistemic organisms are always ready to learn the existence of a novel object or to revise their beliefs. 

· When, for some reason, these possibilities are not at disposal, novelty (the unfulfillment of expectations) can be experienced as a violation of coherence.  

· It is somehow the idea of Berthoz that perception is amways associated with anticipation and comparison. But asserting the anticipatory nature of perception, the existence of expectations is not the same as asserting that expectations are used in the course of inferences for the interpretation of bare, ambiguous information. Information can be well specified and directly picked up. For the perceptual system and for reactive organisms this can be enough. Epistemic, non simply-reactive organisms that construct beliefs from perception, might necessitate other mechanism than the direct picking up of information for dealing with new information and activating the construction of new beliefs or the revision of past beliefs. Even reactive organisms need coherence for properly acting, and in fact they possess low level mechanisms for gathering coherent stimuli between different sensory modalities (as described by Stein & Meredith, 1993); as a matter of fact, the direct picking up of information depends on the structure of the senses that pick up the information. Higher organisms, epistemic organisms, possess epistemic mechanisms that alert to the presence of violations of coherence, such as surprise. Surprise indicates that something new has been perceived, but it is not immediately possible to form a new belief or to revise past beliefs.  In order to explain surprise the mind of the surprised organism must be furnished with beliefs and expectations and that say that the content of perception is new or is not new. Nevertheless, surprise is experienced even in situations in which the surprised organism is not aware of possessing a certain belief (maybe he possesses general beliefs that generate specific expectations in specific contexts) and even in case of expectations that are not based upon symbolic knowledge, but upon laws of perception and enactive knowledge. It is possible that non-symbolic expectations exist in non-epistemic, reactive organisms. Nevertheless these organisms do not experience surprise because they cannot identify a violation of coherence between actual perception and expectations as a signal of error. In the case of non-symbolic expectations surprise arises because of the fact that the presence of a discrepancy becomes aware and signals the possibility of error, which cannot be the case for reactive organisms. 
�Nevertheless, in the case of low level predictions based on sensorimotor representations acquired through statistical learning, mismatches must be uncommon and due to particular conditions because no statistical learning is possible when conditions are not sufficiently stable.





�It is stated that only deep surprise and hence explicit, symbolic representations are associated with un-believability, while peripheral surprise and the mismatching of sensorimotor expectations with the incoming stimulus are not. Nevertheless, even in the case of sensorimotor mismatches, there can be a reaction of surprise: why in this case surprise would not provide a cognitive access to the mismatch? It is true that in many cases mismatch is automatically solved, but in other cases the mismatch is not solved (conflicts, ambiguities), surprise arises and also a sense of wrongness. What makes the differences between the two situations? 





�It is not clear if sensorimotor anticipations and low level predictions are representations (in this case: sensorimotor representations acquired through some form of statistic learning; hence representations would be at least of two types: symbolic and sensorimotor). If yes, it should be clarified which is the difference between symbolic and sensorimotor representation, if sensorimotor representations can serve different uses than anticipation and if sensorimotor and symbolic representations can serve all and the same types of anticipation. If not, it should be clarified what sensorimotor anticipations are.





�Goals must be explicit. The goal of action is explicit in certain cases but not in all cases; there are automatic actions or components of the main action where the goal is not necessarily explicit; matching tests are nevertheless executed; hence matching tests are always forms of prediction but not of expectation.





�Sensorimotor connections are more of the kind of sensorimotor anticipations (representations) than of the kind of anticipatory behaviors because there is no reactive behavior involved. Also, anticipatory behaviors are reactive behaviors and it is not clear why they should considered as anticipatory. They look anticipatory only when the animal reacts to a noise and the noise is produced by a predator, hence one can say that it is as if the animal had reacted to the presence of a predator; but the animal presents the same reaction when the noise is produced by a branch that falls from a tree or by a herbivore approaching. One could consider the animal’s reaction as an anticipatory behavior if one could assert that the animal reacts to the predator indicated by the noise and not to the noise in itself. This is a form of representation: if the animal reacts to the noise and there is no predator, then the animal is mistaken. It is affirmed by Dretske and others that selection has made the animal react to predators, hence that selection has provided animals with a primitive form of representation. In this case there would be anticipation, because there is representation, at least in the sense of a stable connection between the animal’s reaction and the presence of predators. But if selection has simply provided the animal with a reaction toward certain noises, the effect is the same, there is no mistake nor representation and there is no anticipation because there is no stable connection between reaction and predators but only a direct, reactive behavior toward a certain class of sounds. 





�It is not clear if animals do not have low level predictions; in other terms: animals lack expectations only because they lack goals, that is, symbolic representations, or they also lack anticipatory representations. In the second case, anticipatory representations would be different from sensorimotor anticipation or matching, and sensorimotor anticipation or matching would not be a form of representation: superior species of animals in fact execute sensorimotor matching during action.





�The distinction between active and passive expectations does not take into account the fact that there are beliefs and expectations that are direct (not derived from others) but that are not actually under the focus of attention. Expectations in fact have an effect on the organism (for instance, surprise) only when they are activated. The fact of deriving some expectation from others has for consequence of simultaneously activating the derived expectation (of making the derived expectation effective on the organism). But direct expectations too must be activated in order to be effective. Hence, activation and derivation are two processes that bring expectations to become effective or active


The assertion about the role of the degree of the mismatch upon the revision of the interpretation of the raw data could be in conflict with evidence about the conservative nature of cognition and assimilation effects. The degree of the mismatch can represent a factor for revising expectations (as it happens in certain cases of synchronic violation of coherence), but there is evidence about the fact that the incoming stimuli are assimilated to expectations and that other factors than the degree of the mismatch play a role, such as the cognitive involvement of the subject. 





�It is not explained why and in what way passive expectations –what we have called volatile expectations, derived from general or specific expectations that are directly hold by the subject.





�It should be explained when and why a simulation is activated.


It could be the case for special situations, such as experiences with representations, when the agent is somehow alerted to the possibility that what he perceives does not correspond to what he knows, or brand new experiences in general when previous knowledge does not exist or is limited.


It could explain the fact that believability is a problem in virtual and fictional experiences and not in reality. In reality one does not start with thinking let see if this is plausible or not, let us control if what I perceive is plausible, possible. But one does with representations. Or even with brand new experiences or mediated experiences. When one is not sure. Hence, the fact of being aware of the presence of a representation would activate a simulation and would explain the fact that surprise has the aspect of unbelievability rather than the aspect of relief or disappointment. Within a certain content, then, the agent can experience relief and disappointment when a mismatch really takes place, between expectations he has formed about the contents of the story. This fact would also explain why there is little assimilation: because assimilation takes place in case of mismatch, not in case of simulation, where the agent is just ready to abandon the explanation he is simulating. Nevertheless, in cases of discrepancy in the levels of realism there seem to be a mismatch. Surprise as unplausibility could hence arise from mismatch too. In which cases? In the case in which the premises consist in a doubtful situation. It would hence be the context of the experience to determine if surprise will be of the first type (with relief or disappointment) or of the second type (unplausibility): the context that alert the subject that he must be careful in considering what he perceives as true.








