On the non-classical reasoning of autistic patients
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Resent psychological studies have revealed that autistic children can neither reason properly about mental states of themselves and others nor understand emotions. Autism is a multifactor disorder that is characterized by impaired social interaction and communication, combined with repetitive and stereotyped patterns of behavior, and affects up to 0.1% of school-aged children.

     In our previous studies (Galitsky 2000, 2001) the systematic approach to exploration of the reasoning about mental states by individuals with mental disorders has been suggested, and the adequate formalization of mental world has been built. 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, BDI model in particular, 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 2002). We developed 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
.  Also, it has been shown that the training of reasoning about beliefs, desires and intentions assists the emotional development (Galitsky 2001). Multiagent mental simulator NL_MAMS has been built (Galitsky 2003) to assist the rehabilitation of mental reasoning (www.dcs.bbk.ac.uk/~galitsky/Nl_mams/).

    In this study, we move beyond reasoning about mental states, focusing on other reasoning peculiarities, traditionally explored in logical artificial intelligence. We discover that the patterns of autistic reasoning about action, time and space are different from the usual reasoning patterns of controls and of desired artificial reasoning machines. Certain reasoning models which seem natural to humans, cause difficulties when suggested to autistic patients, as well as to logicians, trying to provide the axiomatic representation for them.

     We found the peculiarities of autistic reasoning, following non-classical logical calculi, especially interesting.  Certain phenomenology of autistic reasoning, revealed by psychological studies, such as unwillingness to deviate from routine procedures, inability to distinguish essential facts from details, which seem insignificant for a normal individual, are correlated with the mechanism to formalize the notion of inertia and monotonicity. So-called frame axiom that is quite important for implementation of reasoning about the dynamic world, is corrupted under autism. This axiom tells that only those objects change properties (fluents), which are affected by actions. Autistic children frequently do not differentiate fluents from actions. Being incapable of applying the frame axiom properly, they need to memorize much higher volume of information than controls do.

     Nonmonotonic reasoning that allows the reduction of deduced facts under extension of input knowledge, matches the intuition of the real world. The partial case, default reasoning, is intended to handle situations where the conflicting rules are applied in different order. When default reasoning is corrupted under autism, the patients need to store the totality of details instead of keeping in memory just the set of facts, plausible under the rule-based decision-making. Nevertheless, the rule-based (deductive) reasoning is much easier for autistic patients than an inference by induction, abduction, or analogical reasoning. Frequently, advanced deductive capabilities serve as a basis of mathematical skills. The autistic reasoning patterns we obtained seem to be independent on the communication mode. Particularly, quite interesting abstract speculations were produced by a ten-year-old child who does not speak or hear but communicates with other humans via writing instead.

    The phenomenon of computational autism has been introduced to explore the theoretical and practical issues of the mental disorders, their modelling and treatment. It targets building one more link between the experimental brain research and symbolic reasoning. Current study shows that the abstract formalism of reasoning, intended to model the human behavior by a technical system, found an emergent application in the simulation of human agents 

(www.dcs.bbk.ac.uk/~galitsky/AU/Computational_autism.htm). 

The reader is suggested to consult (Graham-Rowe 2002) for a popular analysis of how studying logical constructions assists in the mental development of autistic patients:

www.dcs.bbk.ac.uk/~galitsky/AU/NewScientistPaperDuncan.htm









