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ABSTRACT

It has been discovered about a decade that autistic people cannot properly understand mental states.  In particular, autistic patients demonstrate the lack of perceiving the emotions of themselves and others as well as the reduced  emotional behavior. We extend the psychological observations and the “theory of mind” model by a more precise description of how the reasoning about mental states and actions are corrupted under autism. Logical artificial intelligence and, in particular, reasoning about knowledge, beliefs and action serves as a basis to construct a set of scenarios, consistently misunderstood by the autistic children in our experimental study. We build a set of exercises, teaching autistic patients to reason properly about mental states in accordance to the traditions of axiomatic method, since the natural ways of teaching (by example) usually do not help. Suggested autistic training stimulates the emotional development and helps the children to better communicate with external world.

Introduction

In this study, we continue the development of our logical model for the autistic reasoning (Galitsky 1999b) to build the training strategy of emotional rehabilitation. We are providing theoretical and experimental evidence that the skills of formal reasoning about mental states and actions, acquired after the special training, lead to the improvement of emotional and communication skills of the autistic patients. 

    Traditionally, strict (formalized, mathematical) thinking is considered as an opposite entity to the emotional (fuzzy, approximate) thinking and behavior. Since for autistic patients the strict rule-based learning is much easier than the direct introduction of the various forms of emotional behavior, the latter is achieved via the former.  Methodology of this study is based on teaching autistic kids the “mechanic” forms of emotional behavior, because the attempts to directly introduce the emotional interaction with the others in a natural manner (teaching by examples, imitating) frequently fail.

     It has been recently discovered that autistic children cannot reason properly about mental states and mental actions of themselves and others (Baron-Cohen 1988, Leslie & Thaiss 1992, Leslie 1987, Wetherby & Prutting 1984). In our previous studies (Galitsky 1999b, Galitsky 2000a), we have suggested the systematic approach to exploration of the human reasoning about mental states and built the adequate formalizations. These studies addressed the peculiarities of autistic reasoning about knowledge, beliefs, intentions and about other mental states and actions. Involving the formalisms of logical artificial intelligence (see for example Fagin et al 1995, Shanahan 1997), the system of reasoning about mental states and actions has been built, which is capable of simulating the verbal behavior of autistic as well as control patients (Galitsky 2000a).

     In accordance to our model of autism disorder, the specific reasoning patterns involving the basic mental concepts of knowing, believing and intention and their derivatives, are corrupted. Using the logical program, simulating autism, it is possible to describe these patterns with higher precision and to formulate the autistic reasoning criterion via the complexity of mental formulas (Galitsky, 2000a). 

    Further evaluation of the model and rehabilitation technology is conducted with automatic training toolkit, implemented on the Internet (www.dimacs.rutgers.edu/~galitsky/au.html). Asking questions about mental states of heroes of the scene or textual scenarios is a good assistance to parents and rehabilitation personnel in the diagnosis and training of the corrupted autistic reasoning (Galitsky 2000b).    

Autism and mental reasoning

Autistic spectrum disorder

   Autism is a relatively rare multifactorial disorder that affects 4-10 out of every 10,000 school-aged children. Autistic group is very heterogeneous (and frequently referred as autistic spectrum disorder (ASD)); it is not easy to highlight the specific symptoms. This disorder is primarily characterized by impaired social interaction and communication combined with repetitive and stereotyped patterns of behavior. It is generally accepted that autism is characterized by the following:

1. Problems with interaction with external world. Difficult social relationships, impaired capability of understanding the feelings and mental states of other people.

2. Problems with means of communication with external world, difficulties of verbal and non-verbal nature. In particular, misunderstanding the meanings of gestures, facial expressions, etc. are inherent to autistic patients.

3. Problems with imagination and playing; imagination patterns are frequently copied from the surrounding people.

4. Repetitive behavioral patterns and unwillingness to change them; limited activities and stereotyped behavior.

    Experiments show, that the deductive capabilities of autistic children concerning the other domains of reasoning either match their mental ages or demonstrate much smaller delay in comparison with the mental domains. Autistic children are capable of relatively normal reasoning about physical attributes such as time, space, physical states and sequences of actions, yet reasoning about mental states including intentions, knowledge and beliefs is reduced in various degrees.

   Experimental data for autistic children, supporting the focus on their corrupted deductive capabilities concerning mental states, was obtained quite recently (Leslie & Thaiss 1992, Mawhood, Howlin & Rutter 2000, Prior et al 1998). Displaying peculiarities of thinking about mental states is inherent to the very beginning of verbal mental age: the older the autistic child, the more mixed is the corruption of various aspects of reasoning. In other words, when a child grows, the specific speculation patterns become more and more distorted. At the same time, it is very hard to set up experiment environment with 3-4 year old autistic kids, usually trying to avoid any conversation. 

   The simplest illustration of the autistic reasoning is as follows. An experimenter, sitting next to an autistic child, takes two pieces of paper and puts the token underneath one of them such that the child sees that. Then the experimenter asks the child, where would his friend, who is currently outside the room, look for the token: under the left piece, under the right piece, or under both of them.

  The control child answers: ”under the both” or “she would not know”. The autistic child usually answers “under the left one, because you (experimenter) just have put it there”. The autistic child does not understand, that since the friend was out of the room, he/she did not see where experimenter has put the token. In accordance to our model, the following axiom is missing:

  not see(Agent, Something) ( not know(Agent, Something)

This is the simplest mental state axiom, which is frequently corrupted in the autistic brain (Baron-Cohen 1998).

On the rehabilitation strategies

Interaction with a computer system seems to be a relatively easy approach to introduce a specific training technique, novel for the patients. The autistic children rather accept and start interact with computer agents than with the human ones, because a technical system usually requires neither imaginative thinking nor understanding of mental world of the others, in contrast to a live agent. At the same time, the computer system to be designed teaches the autistic patient nothing else but the laws of mental world, operating with the objects, which are not live from the trainee’s viewpoint. Therefore, we use the non-mental resources, readily acceptable by the autistic children, to introduce them to the mental world via formalized reasoning (Galitsky, 1999a). The trick of this methodology is that the reasoning in mental world, usually supposed to be irrational and displayed as an emotion, can nevertheless be considered from the abstract perspective, formalized and used as a training means. We take advantage of this fact and form the skeleton of our rehabilitation strategy of the emotional behavior in a real mental world.

    Interaction of autistic children with animals was found to be an important alternative to conventional therapy to improve the interpersonal and task-oriented behaviors. Animal assisted therapy (Sams 1999) employs the care, feeding and training of animals as a means of facilitating communication and engagement in activity with non-communicative individuals.

   There is a series of studies, which have introduced the interactive environment for rehabilitation of children with autism. These studies are intended to support the children attempt to explore the environment, learning social-emotional cues. A remote control device (Resnick 1987), video-clips together with a set of dolls (Blocher 1999), autonomous mobile robot (Dautenhahn & Werry 2000) was used to stimulate the emotional activity of children with autism. Interaction with both animals and robots, multi-modal by nature, helps to rehabilitate the ability to behave in a real world. Our approach is more focused on the specific reasoning model and is intended to teach the proper analysis and decision-making on the way towards emotional development. In accordance to our model of autism, the higher and more diverse emotional activity will follow the development of proper analytical thinking about the mental world.

From mental axioms to emotions

We base our model of the human agent on the hypothesis that there is a number of standard axioms for mental attributes; these axioms are genetically set for normal children and are corrupted in the autistic brain. The patterns of corruption vary from patient to patient and are correlated with the specifically outlined groups of autistic children. So autistic children have to acquire these axioms explicitly, by means of direct training, using the specific scenarios. Frequently autism is not accompanied by learning disabilities, so the patents willingly participate in training programs.

    Note that deviation of reasoning patterns is inherent not only to autistic patients; some patients with other mental disorders display the similar patterns. For simplification, we introduced the metaphoric concept of computational autism to focus on the corruption of reasoning about other persons and himself/herself. We keep in mind that reasoning about other modalities can deviate as well, but in a lesser degree. Therefore, our diagnosis and training is oriented for the patients with computational autism, which does not fully match the generally accepted classification of autism syndromes.

Computational autism 

An important conjecture of our study is that it advises us how do decrease the degree of reasoning corruption.  Let us consider the following analogy, which illustrates the hypothetical mechanism of training for computational autism. Imagine that the normal humans find themselves on a planet, where the motion control requires knowledge of axioms other than ones for Euclidean space. A normal human does not need the axioms for Euclidean space to conduct the motion control because the required basic knowledge is genetically set. However, the new planet does require learning of new axioms (imagine for example, 4-dimentional or projective space) to conduct the motion control, because these axioms were not set genetically for normal humans. The similar situation, in accordance with our model, occurs for the autistic patients: some mental axioms are missing, but can be acquired. The same way the normal brain can learn the new geometric axioms to behave properly in the new conditions, the autistic brain can accept corrupted knowledge and skills by means of training the missing axioms. It is well known that the brain can adapt to a variety of environments of different modalities, sometimes acquiring the experience via verbalized rules. This is the case for our approach to rehabilitation of reasoning for autistic patients.

Reasoning about intention, knowledge and belief

   The basic mental states are intention (subsumes goals and desires), knowledge and belief. The difference between belief and knowledge is that an agent is capable of changing and revising beliefs, but knowledge is only subject to acquisition. Almost any mental state or action concept can be defined within these basic mental states after adding an arbitrary predicate for a physical state or action (Galitsky 1999a).  Some mental concepts cannot be formally derived using the basis above; however, this basis introduces the classes of equivalence with respect to the decision concerning the fixed set of actions (physical and mental). In other words, basic and derived mental states are the factorization of cognitive and emotional states relatively to the resultant physical or mental action. 

    For example, the concepts inform, deceive, explain, forgive, etc. (see Section 3 for details) can be expressed via want-know-believe basis. Conversely, the concept fear is neither basic nor derivable concept; however, it is equivalent to not want relatively to the potentially implied physical action (e.g. to run away). The difference between fear, not want and prefer to avoid is in the “degree of influence” of the mental concept; therefore, we can ignore this difference having the explicit degree for each concept within an equivalence class. As an example of the derived mental predicates, let us consider the pair of concepts “pretend for a person-be kidding with a person”. The former concept is expressible in our basis, and the latter one requires inclusion of the concept joking in the definition in addition to its part, similar to that of pretending. The resultant action depends on the class of equivalence, containing both these predicates, and can be determined by the former one. Our speculations may seem too informal, but the statement can be posed as a theorem in the environment of the fixed set of concepts. Furthermore, introduced basis gives a solid background for the design of training scenarios.

    Autistic reasoning is corrupted in respect to the mental states and actions of him/herself as well as of the others. The phenomenon of computational autism is strongly correlated with the syntax of mental formulas: frequently autistic children do mistakes with the similar scenarios involving themselves and the others. Syntactically, the difference is just the substitution of atom either for itself or other agent in a predicate for mental state or action.

     In the psychological literature about autism (see the discussion section), beliefs and intentions are divided into first-order and second-order ones. For example, the mental states “he wants”, “I know” are of the first order, “he believes that I want”, “she wants me to know” are of the second order. Syntactically, the order of a formula is the maximum number of embeddings of the mental predicates in a conjunctive member of this formula. Our approach provides the strict background for the real-world reasoning complexity, based on the complexity of mental formulas. In real life, humans need to reason with mental states, described by formulas of the order up to four. Therefore, we conducted the experiments, involving mental states described by phrases with up to four mental predicates. 

Rehabilitation strategy

Our intent is to teach autistic children a specific mental state or action, using the formal background for the expression of the corresponding mental predicate. The following criterion is suggested to evaluate the learning results: how natural is this mental action performed or a mental state achieved while interacting with the control subjects.

  In accordance to our model, the teaching methodology of autistic patients is similar to that of teaching the axiomatic method in a high school’s geometry. The basic concepts such as line or point are not defined, but the derived concepts are expressed using the axioms. Though the children know from their life experience what the points and lines are, the abstraction mechanism force to “forget” that these entities can have definitions and use them as the basic.

   Autistic children indeed do not know what the basic mental concepts are, so when they learn the derived mental concepts, they naturally follow the style of speculations, inherent to axiomatic method. When they learn what it means when one person informs another person, they remember the sequence of mental actions “He wants to know”, “he believes that I know”, “I know that she wants to know”. As we verified in our studies, the ability to operate with mental concepts in accordance to the style of axiomatic method is sufficient to produce the natural mental interaction with external world.

Teaching a mental entity

The simplest exercise is to talk about the link between seeing and knowing, focusing on the situations with the negation and conversing the implications (“if not see then not know”; “if know, then not necessarily have seen”). Increasing the complexity, we approach the exercise on how to handle a derived mental entity. Below is the introduction of the entity inform, coming from basic concepts want, know and believe:

inform(Who, Whom, What ) :-

want(Who, know(Whom, What)),

believe(Who, not know( Whom, What)),

believe(Who, want(Whom, know( Whom, What))).

  The following verbal explanation is used for this entity: “When a person Who informs a person Whom about What?”:

· When Who wants Whom to  know What;

· When Who believes that Whom does not know What;

· When Who believes that Whom want to  know What.
  We base our next example on such mental concept as pretending, which is usually misunderstood by the autistic children. The following exercise is used to teach how to pretend for others that some object is indeed something else. We schematize the exercise, presenting the dialog between an experimenter (teacher) E and the autistic patient A. Initially, the teacher answers for her/himself and for the trainee; as a result, a trainee is expected to answer the questions below independently for a new object and to initiate the similar conversation.

There is a table, and a book on it. The experimenter teaches the child A to pretend that it is soap.

1) E: As you see, there is a book on the table. Do both of us believe that it is a book?

A: Yes, both of us believe that it is the book.

2) E: Now let us start pretending that it is the soap. Both of us will still believe that it is the book. However, if I ask you, what that is, what would you respond?

A: I would respond that it is soup.

3) E: If you ask me, what is on the table, what would I respond?

A: You would respond that there is the soap on the table.

4) E: When one asks you if you know what is on the table, what will you respond?

A: I do know what is on the table.

5) E: Now let us stop pretending. We did not change our beliefs, but as only we stop pretending, our beliefs will agree with what we say. If one asks me now what is on the table, what will I respond?

A: You will respond that it is the book.

6) E: Imagine that we were pretending for someone else besides us. There is more complex question for you: If you point to a book and say that this is a soup to this person, would he agree or not?

A: If he understands that we are pretending, and if he wants to support our pretending, then he would agree that this is a book. If he either does not understand or does not want to support our pretending, then he would insist that this is a soup.
To encourage the development of emotional skills, the following rule of “smiling” helps to produce the adequate mimics. If a person pretends to another person and is saying something actually false, believing that the hearer knows the truth, then it is the time to smile:

smile(A,B):- pretend(A, B, Fact), know(A, not Fact), know(A, not believe(B, Fact)),  say(A, B, Fact).

Revealing existing mental states

As we would naturally expect, autistic children experience significant difficulties recognizing existing and non-existing mental states from their textual descriptions. Conversely, controls easy distinguish the possible mental states (“She wants to know if he is lying”) from the impossible ones (“He believes that he does not know”). Indeed, the latter ones are rear, and their recognition serves as a useful exercise on the way to learning the complex mental states.

   We briefly present the implementation of this exercise, where the system generates all well-written (syntactically correct) formulas from the atoms want, know, believe, their negations and the atoms for derived mental entities. Besides, atoms for the agents (here, Mike and Peter) are used to present an interaction between two human agents. The system suggests a sentence, derived from the mental formula, randomly chosen from the exhaustive set of well-written formulas.

   For example, an autistic child is suggested the following question to determine if the mentioned mental state is possible: 

“Is it possible that Mike believes that Peter does not want to tell Mike about his wish?”

This question is derived from the mental formula 

believe(mike, not want(peter, tell(peter, mike, want(peter, smth)))).

Some of the formulas are the axioms for knowledge, used in axiomatic representation of reasoning about knowledge (Fagin et al 1995). Therefore, these formulas exist in real world.

know(mike, know(mike, smth))

Also, a person is always aware of his own mental actions

know(mike, inform(mike, peter, smth))

The predicate pretend can occur in most mental formulas:

know(mike, pretend(peter,mike,not know(peter,smth)))

However, a person cannot pretend about a mental state of another person

pretend(peter,mike,not know(mike,smth))).

A person cannot inform another person about an action ( particularly, pretendin:g) that other person committed:

inform(peter,mike,pretend(mike,peter, something)).

Note that a significant portion of the expressions are the trivial facts, not containing information that can be used for deduction. 

Understanding the mental states of the scene characters

Understanding the mental states of the surrounding people based on the visual analysis is the important component of the emotional activity. In our previous study, we used the natural language technology to answer the questions about mental states (Galitsky 2000a). Autistic children were encouraged to ask questions about the mental states of the scene characters and to analyze the system’s answers. 

   In this study, a teacher is suggesting an exercise of analyzing the mental states of the scene characters. Autistic patients are expected to recognize the interaction between them and to answer questions about their mental states (see Fig.1 and Fig. 2 for the sample questions).

[image: image1.jpg]



Fig.1: A 8-year old girl is analyzing the interaction between the scene characters. After successful completion of the exercise, she will be able to apply the acquired reasoning patterns to real-world persons.
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Fig.2: Recognizing the interactions between the characters of a scene. The following questions are asked by the teacher to initiate the autistic patients to speak about the scene:

What is Mike doing? Is he pretending to look for Mary?

Why is Mike keeping his hands on his eyes?

Does Mike see Mary or Peter?

Is Mike pretending that he does not see Mary?

Why is Mary behind the chair? Why is Peter behind the overcoat?

Does Peter want that Mike finds him? What about Mary?

The results of training

10 autistic children of the age 4-18 participated in the testing of emotional development exercises together with 10 control children.  Note that the testing covers the majority of mental formulas of the order 1-4, involving want and know (believe is identified with know for simplicity). The manifold of tested mental state achieves the real world complexity. Therefore, the trained children are expected to behave properly in the real conditions, if they are able to transfer artificial mental states to the real ones.

    All the percentages for the control children in the statements below are 100. Note that our estimates are rather approximate (( 20%). Better estimates are the subject of the further study, which would take much longer observation time (additional 2-3 years). Evaluation of the interaction between the autistic and control children is conducted in the environment where the controls are encouraged to behave naturally as if nobody was observing them. 

   We present the data before and after completion of the exercises, as well as their resultant behavior in a “real” environment (with the controls). Note that the number of times the exercise was performed and general training efforts significantly vary from patient to patient.

Before the learning:

· Autistic children can properly use neither basic nor derived mental entities;

· Most autistic children (80%) do not know what it means to pretend, to lie, to talk about other’s intention, knowledge and beliefs.

· The children cannot display the appropriate emotions while transitioning through mental states (70% of the children, interacting with the teacher, 80% of the children, interacting with an unknown person).

· It is very rare when autistic children recognize lying (<10% of the cases) and pretending (<20% of the cases). 

After the learning

· More than 80% of autistic patients are able to successfully complete the exercises.

· Autistic children can better (80% of the children) operate with the derived mental entities, using the basic ones, than before training. However, they still do not exactly understand the basic mental entities.

· The patients are mostly able to demonstrate their interest to recognize the others’ mental states

· Usually, the children were able to recognize lying (>80% of the cases) and pretending (>90% of the cases), interacting with the teacher in accordance to the set of scenarios, similar to the exercises.

Interacting with other children after the learning

· 70% of autistic children can make the expression of their mental states such as pretending, lying, concealing explicit for others;

· 60% of the children can recognize such mental states of the others as knowing / not knowing, wanting / not wanting, lying, pretending, reconciling, etc. while interacting with the others. 

· Conducting a particular mental state, the children produced certain emotional patterns (80% of the children).

· More than a half of the children started to recognize lying (20% of the cases) and pretending (30% of the cases) of the controls talking to them about the various topics, irrelevant to their exercises.

Discussion

Involving multiple scientific knowledge: psychology, neurobiology, mathematical logic and artificial intelligence helps to build the systematic approach to the analysis of peculiarities of autistic reasoning. To link the hypothesis, formulated in the sciences with high level of strictness and formality, with experimental data, traditionally formulated on the intuitive basis, the letter should be better represented to match the standards of the former. 

   It was discovered more than a decade ago, that autistic children have a deficit in attributing beliefs to others (in their “theory of mind” (Baron-Cohen 1989)). Autistic children fail to distinguish physical and mental entities, unaware of the mental function of the brain and cannot take into account their own mental states, in contrast to the mentally handicapped or normal children of the same mental or chronological age. Autistic subjects are impaired at providing context-appropriate mental state explanations for the story characters’ nonliteral utterances, compared to normal and mentally retarded (MR) controls. There are autistic subjects who passes theory of mind test and showed impairments on the more naturalistic story materials, in accordance to (Happe 1994). The study of representation of substantive word meanings in children with autism (Tager-Flushberg 1985) showed the equivalence of comprehension of words on basic and super-ordinate levels for both autistic children and controls. The semantic knowledge for concrete objects is represented and organized in similar ways in autistic, mentally retarded and normal children. These findings support our hypothesis that the autistic corruption occurs on the level of axioms and not on the level of symbolic denotation (of a single entity).

    There was a series of experiments of the understanding of second-order beliefs and intentions, lying and deception. It was reported (Leekam & Prior) that about 40% of autistic children who passed the first-order belief test passed the second order one as well, that satisfactorily matches our experimental data. Neither normal nor autistic children found second-order intention easier than second-order belief. At the same time, in contrast to autistic children, normal ones found the ability to estimate another person’s mental state easier than determining whether a person is lying or joking. The study by (Yirmiya et al 1996) states that for individuals with autism theory of mind abilities correlate with verbal ability; non-verbal abilities of mentally retarded individuals correlated with deception and first belief scores.

    In accordance to the relevance theory, the suffer of autistic patients from a specific and characteristic impairment in the ability to attribute mental states should cause the difficulties with the use of language for communication (Happe 1993). Relevance theory allows precise predictions about the levels of communicative competence that should be possible with either no, first-order only or second order theory of mind ability.

    Does every child can be trained any mental formula? For the given formula complexity, that is determined by the mental age of a child. Besides, the following monotonicity proposition holds: the more complex the formula, the less likelihood that it will be successfully handled or trained. This is an additional verification of the adequate choice of the logical formalism.

    It is an interesting observation that the training of computational autism occupies the intermediate position between the computer learning and normal human learning in the sense of complexity and the number of necessary details to cover (to represent strictly or formally). Teaching the mental axioms to autistic children can be considered as a specific programming technique with the certain degree of generality, abstraction, formality and flexibility under transitioning from domain to domain. The requirements to formalization is less strict than that of the computer learning, but the knowledge has to be tightly linked to the model of phenomenon. Since autistic children lack the understanding of the essential mental concepts, the way they can be trained is similar to the style of axiomatic method.

  Our study showed that the autistic children are able to learn the mental concepts in the order of complexity increase under the training in the corresponding order. Therefore, the autistic development obeys the monotonicity proposition under the specifically oriented training, but the normal human development violates it.

  There is a biological background for the division of reasoning axioms into “physical” and “mental”: there are distinguishing areas in the brain, responsible for corresponding information processing. The functional neuroimaging study (Fletcher et al 1995) with positron emission tomography investigated the brain activity in normal volunteers while they performed the story comprehension task. These stories are necessarily involved reasoning about mental states. The resultant brain activity was compared with that measured in two control tasks: “physical” stories, which does not require the mental attributions, and the sets of logically unlinked sentences. If to compare with unlinked text, the brain activity showed increase of the regional cerebral blood flow in the temporal poles and the posterior cingulated cortex. Comparison of mental and physical stories revealed a specific pattern of activation in the medial frontal; this pattern is associated only with mental state attribution. This observation supports our hypothesis, which establishes the link between the brain and axiomatic method (Galitsky 1999b). This study builds the simple analogy: if there exists a hypothetical technical system, which stores mental and physical “processing” in different components, and the former component can be damaged such that the resultant system behavior would show the corruption of specific property of reasoning. In the current study, we move one step further and hypothetically divide the brain not only into two components, but also into multiple axiom-determining ones and descent into the brain to the level of mental axioms. Since there are subjects with different patterns of impaired reasoning, we conclude that there are not just two areas in the brain such that one of them (mental) can be damaged, but that the mental area can in turn be hypothetically split into the “axiom-determining” sub-areas.

   It has been recently explored that the pathways of different modalities are similar, especially in the way of their adaptation. Autism phenomena is the best way of exploring the axiomatic (logical) way of mental development that is less explicit, for example, in visual, auditory or movement control system but is expected to contribute as well.
Conclusions

We highlight the results, obtained in our investigation of autistic reasoning about mental states:

1. Adequate logical formalism of reasoning about mental attributes is found to represent the phenomenology of reasoning, inherent to autism. This formalism generalizes the reasoning peculiarities of autistic children, revealed in the psychological studies (Baron-Cohen 1988, Lesley and Thaiss 1992, Perner 1991). From the specific behavioral patterns such as pretending, deceiving, choosing of action, etc. we proceed to the general framework of mental states, corrupted as a whole.

2. The experiments, based on suggested formalism, cover the totality of all mental formulas of the complexity below four. The control group successfully fulfills all the tests, however each of the autistic kids of the physical age of 4-18 failed the majority of tests. 

3. For each mental formula, expressed via the concepts of knowledge and intention, there is a way to explain it to an autistic child such that this formula (question) is handled properly after repetitive training. Acquired skills can be transferred to a situation, represented by the same mental formula with an arbitrary physical state and action.

4. The logical formalism of reasoning about mental attributes introduces the strong background for detection and training of these intellectual capabilities of the autistic children of the verbal age.

5. Developed methodology of training is intended to cover the majority of mental formulas an autistic child needs for interaction with the others, being able to reason about the mental attributes of himself/herself and of the others.

    If to substitute the mental states by physical states, the corresponding questions will be easier answered by the autistic children. It will not make a significant difference with the control children, taking into account the average mental (not physical) age of autistic patients.

   The reduced capabilities of modeling the mental states of himself/herself and other persons do not serve as the main criterion of autism. There are other behavioral criteria, which are more explicit and can be revealed at the pre-verbal development stage. However, the reasoning about mental state is more suitable for formalization and mathematical modeling.

    Can autistic children learn something wrongly? Usually, the success of learning for autistic children means that they behave and reason “as well as controls do”. Therefore, autistic children either acquire some skills, or are unable to display then at certain time. What is usually not the case is when an autistic child acquired a wrong skill and needs to be subject to re-training to eliminate this “wrongdoing” and then try to obtain a proper set of skills.

    The phenomenon of computational autism has been introduced to explore the theoretical and practical issues of the mental disorder. The theoretical result is building one more link between the experimental brain research and symbolic reasoning. The study showed that the abstract formalism of reasoning about mental states, intended to model the human behavior by a technical system, found an emergent application in the simulation of human agents.

   In contrast to the psychological approach to rehabilitation of mental reasoning, we teach the children the very essence of the mental world: the axioms for intention, knowledge and belief. One would argue that the autistic children rather need to practice of mental reasoning in a real world than to learn just one more mathematical subject (the mental axioms). Indeed, encouraging autistic patients to learn the explicit mental axiom is easier acceptable by them than the direct involvement in communication with other persons; furthermore, acquiring of “formal” skills leads to more successful capabilities of living in a mental world.  

   The practical value of this study is compositions of the set of scenarios and exercises with accents on reasoning about mental state for the rehabilitation of for autism spectrum disorders. The training methodology is intended for manual training by psychologists, as well as by computer interactive environment for proper reasoning about human agents. Our experiments demonstrate that rehabilitated deductive capabilities of autistic children contributes in the overall emotional development, usually considered as a main target of corruption under this disorder.

   There are various formal systems of reasoning about knowledge, belief and intention. Does autism modeling give the preference to a particular approach? The autism phenomenon is the strong criterion for choosing the adequate formalism to represent mental concepts and reasoning. Just a single formal system (Galitsky 1998) out of many approaches is found to provide the match of the brain functioning from the autistic prospective. Approximately, such the system derives those and only those formulas (theorems) that accompany a scenario of multiagent behavior. These formulas may be failed by autistic children, also, these children can be trained to handle them properly. Other logical formalisms of artificial intelligence, oriented to the certain problems, demonstrate more neutral features of the derived formulas with respect to autistic corruption than our specific formalism. The situation is analogous to the physical modeling where just a single formalism can be adequate and physically realizable out of the set of models, that may be internally consistent and fully formalized.
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