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It has been discovered about a decade ago that autistic 
children cannot reason properly about mental states and 
mental actions of themselves and others (Baron-Cohen 
1988, Leslie 1987).  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 (AI) 
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 usually do not help.  
Suggested autistic training is intended to stimulate the 
emotional development and to help the children to better 
communicate with external world. 
   In this study, we continue the development of our 
logical model for the autistic reasoning (Galitsky 2000a) 
to build the training strategy of emotional rehabilitation. 
We provide 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 communicational skills of 
the autistic patients. From the prospective of logical 
artificial intelligence, it is quite natural to approximate the 
emotional activity by reasoning about mental states and 
actions. 
    In our previous studies (Galitsky 2000a, Galitsky 
2000b), 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 these formalisms, 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. Since for the autistic 
patients the strict rule-based learning is much easier than 
the direct introduction of the various forms of emotional 
behavior, the latter is supposed to be achieved via the 
former.  Methodology of this study is based on teaching 
the autistic children 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. 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 2000b).  
    We use the non-mental resources, readily acceptable by 
the autistic children, to introduce them to the mental world 
via formalized reasoning. 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 use this hypothesis to 
form the skeleton of our rehabilitation strategy to develop 
the  emotional behavior in a real mental world. Our model 
of the human agent is based on the supposition 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; reasoning about 
other modalities can deviate as well, but in a lesser 
degree. Therefore, our diagnosis and training is oriented 
for the patients with what we call the computational 
autism that does not fully match the generally accepted 
classification of autism syndromes. 
   We present the example of the exercise scenario for 
such mental concept as pretending, which is usually 
misunderstood by the autistic children. The exercise is 
formed as a 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 of this exercise, 
a trainee is expected to answer the questions below 
independently for a new object and to initiate a similar 
conversation. 
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There is a table, and a book on it. The experimenter E 
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 a book. 
2) E: Now let us start pretending that it is a soap. Both of 
us will still believe that it is a book. However, if I ask you 
what that is, what would you respond? 
A: I would respond that it is a 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. 
  To encourage the development of emotional skills, the 
following rule of smiling helps to produce the adequate 
mimics. If a person (A) is pretending to another person 
(B) 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). 
  10 autistic children of the age 4-18 participated in the 
testing of emotional development exercises together with 
10 control children.  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%). 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.  
   Before the learning, autistic children could properly use 
neither basic nor derived mental entities. Most autistic 
children (80%) did not know how to pretend, to lie, to talk 
about other’s intention, knowledge and beliefs. These 
children were unable to 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 chosen autistic 
patients are able to successfully complete the exercises. 

Autistic children could 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 
were 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 exercise 
above. 
  Interacting with other children after the learning, 70% 
of autistic children could express their mental states such 
as pretending, lying, concealing explicit for others. 60% 
of the children could recognize such mental states of the 
others as knowing / not knowing, wanting / not wanting, 
lying, pretending, reconciling, etc. while interacting with 
others. Being in a particular mental state, 80% of the 
children produced certain emotional patterns. 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. 
  This study showed that the training of mental reasoning 
indeed affects the development of emotional behavior of 
autistic patients. However, the higher-accuracy evaluation 
of the training results and building the practical 
rehabilitation strategy is the subject of further 
investigations, involving more patients and their 
observation for about a decade. Also, autism phenomena 
allows to perform the experimental verification of the link 
between formal axiomatic reasoning, associated with 
emotional behavior, and brain functioning, which is 
valuable for both logical AI and brain research.  
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