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A rule is usually separated from the objects, and the rule is not changed by each object. But living things can change their
own behavioral rules, and this contributes to resolve problems and maintain them. The robustness of living things may be

caused by intrinsic discrepancies of the open-ended rule.

An animal aggregation is a system consisting of individuals that interact one another. Many models of a collective behavior
employed interaction rules that an agent determines its own movements by observing movements of the other neighboring
agents. Then an agent and its neighboring agents are discriminated, and the system does not include discrepancies. Recently,
a model based on a mutual anticipation was introduced. Each agent has multiple potential transitions except a principal
vector. An agent and its neighboring agents are connected via popular sites. Then there is indiscernibility between part and
whole. . According to this model, when cohesive and definite bounded swarms fuse together, the velocity of united swarm
is summation of the velocities of each swarm. Moreover swarms are robust because individuals generate the swarm without
discrimination of external perturbation from inherent noise, namely potential transitions. This model implemented two

interestiﬁg collective behaviors, namely hourglass and logical gate.
In Chapter 2, we implemented hourglass and logical gate by real soldier crabs.

Section 2.2. is about crabs’ hourglass. An hourglass is a closed corridor, six hundred millimeters long and 2 hundred
millimeters width, We found regular oscillation in the conditions of various numbers of crabs. When a property of animal
group differ from that of individuals, we can regard it as the emergent property that self-organization underlies. Both of a
solitary crab and swarm oscillated in our experimental arena. But the periods of oscillation of large swarm obey the law of
large number unlike those of solitary individuals or small swarm. So the oscillation of swarm would be emergent property.
Recent mc;del based on a mutual anticipation satisfied the property of oscillation. This mechanism differs from a marching
locust band based on escape-and-pursuit behavior regarding cannibalism and inherent noise of swarm contributes to
generate collective behavior. The long term staying in either end of arena implies the presence of reservoir for
concentration.

Section 2.3. is about crabs’ logical gate. Collision-based computing schemes are implemented using propagating and
inte{acting localisations. When two or more travelling localisations collide they may reflect or merge into a new
localisation. Presence/absence of a localisation in a specified site of a physical space represent True/False values of
Boolean variables. Incoming trajectories symbolise input and outgoing trajectories are outputs. Logical gates are
implemented by collisions between the localisations. We demonstrate how primitives of the collision-based computing can
be implemented using swarms of soldier crabs in laboratory experiments. Soldier crabs, Mictyris guinotae, exhibit coherent
collective behaviour on an intertidal flat at a daytime low tide period. The soldier crabs' swarm often moves with
amorphous but definite boundary in natural environments. We utilize swarms of soldier crabs to implement Boolean logic
gate. The gate has two inputs and three outputs. Values of the inputs and outputs are represented by population or
proportion of crabs in the input/output channels. We demonstrate that the gate performs logical conjunction and negatién.

For human beings, a sense that I own my body seems most fundamental. Such sense is regarded as a precondition to act
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freely. So it is considered that one never lost one’s own body, even if external object is incorporated into one’s body image.

But we are usually unaware of an ownership of our own bodies like example of above walking. Thus we demonstrate that a

~ sense of ownership about a hand can be lost. Then a sense of moving a hand is not lost. This implies that the intrinsic

discrepancy is exposed as the ambiguity, namely the hand is I but not mine.

In chapter 3, we introduce a brand new experiment regarding bodily self-consciousness, namely indefinite arm illusion

(TAI). And we discuss about discrepancy and coordination between sense of ownership and sense of agency.

Background: Although the acquisition of the sense of ownership (S0O) and/or sense of agency (SoA) for external objects
has been studied through the experiments of rubber hand illusion and/or out-of-body experience, the relationship between
So00 and SoA has not been studied especially on the loss of SoO.

Methodology!Principal Findings: In this study, a person secs real-time motion images of one side of their own upper body
through head mounted display. He sees a hand as if it came out from his own chest since he was instructed to hide the
upper arm and elbow behind his own body. Most of participants feel the loss of SoO despite keeping SoA. The result on
S00 showed significant difference compared to the control experiment (P <0.001, 1 =4.91).

Conclusion/Significance: Our findings show that SoO can be lost under a synchronous visuo-proprioceptive condition
while SoA can be maintained. It demonstrated that SoA and SoO do not coexist without precondition. They negotiate with
each other while there is a discrepancy between them. The feeling of S0O or SoA alone has been noted in deafferented

and/or-schizophrenia patients, and our findings relating to healthy persons’ self-consciousness can contribute to expanding
the knowledge about these patients.

The 1Al is fundamentally important because it provides the first experimental condition of SoA without $00. In the passive
condition, RHI and OBE reveal that multi-sensory synchronous interaction (Sense of being acted upon; So-be-A) can
produce SoQ. Conversely, it is reported that SoO can produce So-be-A . Thus, under the passive condition, SoO is
equivalent to So-be-A. Since SoO and SoA are relevant to the distinction between you and me in terms of neuroactivity,
investigation of the dynamical relation of SoO and SoA is necessary. The feeling of SoO or SoA alone has been noted in
deafferented and/or schizophrenia patients, and our findings relating to healthy persons’ self-consciousness can contribute
to expanding the knowledge about these patients.

Even if a system has intrinsic discrepancies, it can appear not to change any further due to humdrum simplicity of its global
behavior. In implementation of crab’s hourglass, the swarm revealed a simple oscillation. But a recent model demonstrated
that the swarm with inherent turbulent implemented the hourglass. The simulated swarm is robust because it does not
separate inherent noise and external one. The hourglass and logical gate implemented by real crabs might be robust. How
can a robustness of system be empirically verified? A bodily self-consciousness would provide a clue. Bestowing an
assignment of extended body on an external object results from a complementary interaction between multimodalities, and
we can find redundant body. Unlike this, depriving own body of the assignment co-occurs with consciousness acting, and
we can find ambiguous body. Former and later conditions would lead to stability and robustness respectively.
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