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The study of quantum set theory, set theory based on quantum logic, aims to
reconstruct quantum theory and to extend its probabilistic interpretation based on logical methods.
In quantum logic there is well-known arbitrariness in choosing a binary operation for conditional.
To reconcile arbitrariness, in this research, we studied the difference of quantum set theories
based on different conditionals. We proved that there are exactly 6 polynomially definable binary
operations, for which the transfer principle of quantum set theory holds. For three of them called
material conditional we clarified the difference of the probabilistic interpretations of the order
relation between quantum observables defined by quantum set theories based on those conditionals,
and gave their experimentally testable characterizations. B% this research we can expect the
emergence of a new research field between foundations of mathematics and physics and its
applications to quantum information technology.
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