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Abstract
Free will in intentional consciousness is exposed to skeptics since it was found that sub-
conscious neural activities, what is called readiness potential, precedes the intention to an 
action. The question of whether free will is an authentic illusion has been argued not only 
in psychology but physics and philosophy. Most of scientists, however, think that the inten-
tional consciousness who believes to have his/her own free will, is determined by readiness 
potential in advance, and that free will cannot coexist with determinism. We here point out 
that knowing to be determined in advance cannot be verified till local event at a local site 
can be known from a different local site without disturbing the event. That is the assump-
tion of locality. We here show that determinism, free will and locality are three essential 
elements in consciousness, and show that they constitute trilemma. The fact that one of 
three elements must be abandoned can lead to three types of consciousness. Absence of 
free will can constitute type I consciousness which is consistent with symptoms in autism 
spectrum disorder such as weakened theory of mind. Absence of determinism can con-
stitute type II consciousness which is consistent with symptoms in schizophrenia such as 
thought insertion, self-other integration. Absence of locality can constitute type III con-
sciousness which is consistent with typical people. We can find the entanglement of inten-
tional consciousness with unconsciousness including readiness potential only in type III 
consciousness. Finally, we show that sense of agency and free will cannot be established 
until consciousness as an entanglement is implemented.
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1 Introduction

Since Libet et al. (1983) showed that readiness potential preparing motor action precedes 
the action of intentional consciousness, the phenomenon in which the future could affect 
the past has been investigated through various experiments. When multiple stimuli, for 
example, auditory and visual, are integrated in the human brain, signals transmitted quickly 
wait for those transmitted slowly. This could result in contraction and expansion of tempo-
ral duration (Eagleman and Holcombe 2002). Since different timelines in a universe (e.g., 
neural networks) cannot be compared, timelines could comprise partial order rather than 
linear order (Moore 1988; Sorkin 1991; Markopoulou 2000). Therefore, contraction and/
or expansion of some duration can bring about time reversal or create a scenario wherein 
the future may affect the past (Cunningham et  al. 2001; Tse et  al. 2004; Stetson et  al. 
2006). These phenomena are known as backward perceptional phenomena, such as appar-
ent motion (Kolers and von Grunau 1975; Kolers and von Grünau 1976), cutaneous rabbit 
(Geldard and Sherrick 1972), flash lag effect (Eagleman 2004; Eagleman et al. 2005), and 
backward filling-in (Kamitani and Shimojo 1999). Intentional consciousness is regarded as 
an a-posteriori interpretation or as postdiction (Libet 2004; Shimojo 2014).

Backward perception can give rise to serious problems regarding free will. Intention 
to move one’s finger appears in intentional consciousness approximately 0.350.5 s after 
neurons employed for readiness potential to move that finger are fired. In other words, vol-
untary action is implicitly and passively created by neurons employed by unconsciousness. 
In this sense, the significance of voluntary action and/or free will must be shaken. As bod-
ily consciousness is considered to be obtained through the sense of self-agency (Gallagher 
2007; Haggard et al. 2002a; Tsakiris et al. 2006; Paillard 1999; Botvinick and Cohen 1998; 
Farrer and Frith 2002), matching intentional plan to move and motor command plays a 
central role in generating sense of agency (SoA) and sense of ownership (SoO). The under-
lying mechanism is expressed as a comparator model in which matching among planned 
moves, motor command, and the body’s actual moves are estimated by feedback and feed-
forward information processing (Frith et al. 2000; Blakemore et al. 2000, 2002; Wolpert 
and Flanagan 2001; Gallagher 2000). Matching preceding motor command and intentional 
plan does not differ from matching following motor command and intentional plan. There-
fore, the comparator model is not influenced by postdiction so far as it remains in the con-
cept of matching.

Gallagher (2000) confessed that the comparator model assumes the immune principle 
of self, in which a self as a norm can compare, in advance, some state with another state. 
In this sense, the comparator model cannot be influenced by the concept of postdiction. 
However, we believe that self is generated through the acquisition of SoA and SoO, which 
are enhanced through self. In other words, self, who can compare some state with another 
state, could be generated, degenerated, and dynamically sustained through both the distinc-
tion and integration of intentional consciousness and unconsciousness including readiness 
potential. In this approach, bodily consciousness itself is immediately relevant for postdic-
tion. The question posed is as follows: how can one implement the relation between inten-
tional consciousness and unconsciousness featuring circular causation rather than linear 
causation? (Freeman 2000; Freeman and Vitiello 2006). The relation between intentional 
consciousness and unconsciousness is the context in which free will and/or determinism 
can be established and sustained.

One of the most hopeful ways to implement such a context starts from the trilemma 
of free will, determinism, and locality. This trilemma appears in the free will theorem 
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proposed by Conway and Kochen (2006) and Conway and Kochen (2009). In this theorem, 
locality is given up because quantum physics is accepted. The theorem claims that free 
will in particles exists if one accepts the free will of an observer who measures the state 
of particles. Both free will and determinism can hold if one gives up locality. Independent 
of quantum mechanics (Gunji et  al. 2017), analytical philosopher Dummett (1978) also 
proposed this trilemma. He considered the free will of a chief who attempts to change the 
pasta situation that can lead to the trilemma of free will, determinism, and locality. Here, 
we show that the chief’s situation can be found in the brain in a postdictive manner and that 
considering the trilemma can resolve the issue of free will and/or bodily consciousness in 
postdiction.

Recently, cognitive experiments on bodily consciousness have been conducted and 
adapted to people with autism spectrum disorder (ASD) (David et  al. 2008; Grynszpan 
et al. 2012; Gowen and Hamilton 2013; Sperduti et al. 2014) and those with schizophrenia 
(Corbera et al. 2013; Smith et al. 2014; van der Weiden et al. 2013; Renes et al. 2015). 
After the intentional binding technique was invented, explicit and objective data have been 
obtained for estimating SoA (Haggard et al. 2002a, b; Haggard and Clark 2003; Lau et al. 
2004). Under and/or overestimation of bodily consciousness in patients with ASD and 
schizophrenia are observed, and results can be immediately relevant for self-other relation-
ships (Kaiser and Shiffrar 2009; Happé and Frith 1996; Baron-Cohen 1995; Baron-Cohen 
et  al. 1985). Also reported is the antisymmetric structure of symptoms of schizophrenia 
and ASD. In an individual with schizophrenia, separation of intentional consciousness 
and other neural activities could entail finding others within the self. Fusion of the self 
and actual others outside the self could entail self-other integration (Synofzik et al. 2013; 
Abu-Akel and Shamay-Tsoory 2013). Antisymmetric structure is found as internal separa-
tion versus external fusion. In contrast, ASD can reveal antisymmetric structure as internal 
fusion versus external separation. In ASD, internal fusion can bring about a self separated 
from actual others (i.e., external separation). Synthesizing consciousness in people with 
ASD, those with schizophrenia, and those with the typical would diversify the relation 
between intentional consciousness and unconsciousness.

Here, we show that the trilemma of free will, determinism, and locality can help us 
understand the relation among intentional consciousness, unconsciousness, and actual oth-
ers. Depending on the loss of one element in the trilemma, three possible types of con-
sciousness can be obtained. One of the three types can reveal both distinction and inte-
gration of intentional consciousness and unconsciousness, which we call entanglement. 
Consciousness as an entanglement can bring about transformation and integration of pas-
sive action with active intention, and this can then achieve SoA and/or free will with deter-
minism. As well as the statement, it was not possible to formulate the laws of quantum 
mechanics in a fully consistent way without reference to consciousness (Wigner 1967), 
consciousness is not possible to describe in a fully consistent way without reference to 
entanglement.

This paper is organized as follows. First, we explain the trilemma in Dummet’s argument 
and show that it can be found in the brain. Second, we define the structure of consciousness 
through a combination of the presence or absence of the three elements in trilemma (free 
will, determinism, and locality). This results in three possible combinations: loss of free 
will (Type I consciousness corresponding to people with ASD), loss of determinism (Type 
II consciousness corresponding to people with schizophrenia), and loss of locality (Type 
III consciousness corresponding to typical people). In type I and type II consciousness, 
intentional consciousness and unconsciousness including readiness potential are either 
fused or separated. Intentional consciousness is entangled with unconsciousness only in 
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type III consciousness. Third, we show that type I consciousness is consistent with vari-
ous symptoms in ASD, for instance, weakened theory of mind and weakened embodiment. 
Type II consciousness is consistent with symptoms in schizophrenia, for instance, audi-
tory hallucination, alien hand, self-other integration, and overestimation of SoA. Through 
investigation of fusion and separation, we clarify the significance of entanglement. Finally, 
we show that self-consciousness in the form of entanglement can implement SoA equipped 
with free will.

2  Free Will, Determinism, and Locality in Dummet’s Trilemma

Dummett (1978) argued regarding trilemma comprising determinism, free will, and local-
ity in the chief’s dance for lion hunting success. The situation is explained as follows. In 
a village, to become social adults, boys must hunt a lion to show their courage. For two 
days, the boys travel to the hunting area. Then, they hunt lions for two days. Thereafter, 
they travel for two days to return to the village. Thus, it takes six days from their departure 
to arrival. Soon after the boys leave the village, the chief begins to dance for hunting suc-
cess for six days. Dummett posed the following question: “Is it possible to argue for the 
chief because his last two days of dancing is done after the lion hunting and is nonsense?” 
According to Dummett, after four days, the lion hunt either succeeded or failed. If it failed, 
then the chief’s dance was considered to be nonsensical. If it succeeded, then the chief’s 
dance was considered to be redundant. Therefore, in any case, the chief’s dance was con-
sidered to be irrational.

Some readers might now experience an incongruent feeling because they find no con-
tradiction in the chief’s dance, and they might behave like the chief. Indeed, imagine that 
dice is covered by an upside-down cup, and you have bet on an even number. Before the 
cup is turned upward, you pray for the even number, notwithstanding that the number is 
already determined underneath the cup. Since this attitude is the same as the chief’s, you 
cannot comprehend Dummett’s point. However, Dummett attempted to verify what makes 
the chief pray for a past event. Even if we frequently do the same thing, we do not know 
why we pray for what is already determined. Therefore, Dummet’s question makes sense.

First, Dummett argued regarding fatalism, stating that a person’s death is already deter-
mined. If your death is already determined, protecting yourself against death makes no 
sense. If it is determined that you will live, then protecting yourself against death is redun-
dant. Therefore, protecting yourself against death is irrational. In fact, Dummett criticized 
fatalism with the following argument. A fatalist shifts from the statement “You will not 
die” to the statement “If you do not protect yourself against death, you will not die.” How-
ever, these statements are not mutually relevant. Thus, the statement “If you do not protect 
yourself against your death, you will die” coexists with the previous statements. Thus, not 
protecting yourself against your death proves that you will both die and not die. That is 
inconsistent.

Dummett’s argument seems difficult to comprehend. We attempt an explanation. 
Although a fatalist assumes that “You will not die,” why you will not die remains unde-
termined, and multiple reasons can exist. In other words, although the goal is determined, 
paths toward the goal are not. If you do not take precautions against your death, you will 
not die. That is one possible path. The reason why you will not die could be your specific 
method of protecting yourself against death. That is another possible path. Thus, the sec-
ond possible path implies that if you do not protect yourself against death, then you will 
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die. Not taking precautions against your death proves both that you will die and that you 
will not die. As Dummett argued, fatalism can be denied.

Now, we return to the chief’s dance. Note that we believe that we can change a future 
event, and we deny a fatalist who believes that a future event cannot be changed. In the 
chief’s dance, however, our stance is reversed. The chief believes that he can change a past 
event, and he would criticize us for believing that a past event cannot be changed. The dif-
ference is only past and future. Dummett argued regarding the existence of determinism in 
which the cause determines the effect and then one can change the event. The difference 
between past and future is negligible.

The chief, as well as a fatalist, can actually say, “You shift from the statement The hunt-
ing is a success’ to the statement If you do not dance, the hunting is a success.’ ” However, 
they are not mutually relevant. Thus, the statement “If you do not dance, the hunting is not 
successful” also coexists. Thus, no dance proves both the hunting’s success and failure. 
That is inconsistent. Thus, “Dancing for the hunting’s success is rational.” Dummett stated 
that the chief’s argument is the same as our argument against a fatalist.

In this argument, the logic is the same as ours. Even if hunting is successful, the reason 
for its success is not. Therefore, there can be multiple paths. If the chief does not dance, 
then the hunting is successful. That is one path. The reason for success could be only the 
chief’s dance. That is another path, and it could imply that if the chief does not dance, then 
the hunting fails. Finally, no dance can prove both the hunting’s success and failure. Note 
that here the hunting’s result is identified by its report. Thus, one can argue multiple paths 
to the goal of reporting the hunt a success.

In this situation are three essential itemsfree will, determinism, and locality. Free will 
implies that the chief can start and stop dancing as he likes. Determinism implies the 
empirical law or the belief that the chief’s dance can determine the hunt’s result. Locality 
implies that the chief can know the hunt’s result without affecting it before the boys return. 
In other words, locality implies that measuring objects (e.g., result of hunting) can be sepa-
rated from an observer (e.g., the chief).

In this situation, Dummett argued that free will, determinism, and locality constitute a 
trilemma. Figure 1 shows a comparison between the chief’s stance and Dummet’s stance. 
Free will, determinism, and locality are indicated by thick arrows, where each stance’s 
chosen items are indicated by yellow arrows and items not chosen are indicated by blank 
arrows. The chief has free will to dance, and he believes that his dance can determine the 
hunt’s result. Thus, the arrows representing free will and determinism are indicated in yel-
low. Imagine that locality also holds in the chief’s stance. Locality implies that the chief 
must dance where he knows the hunt’s result. Assume that determinism holds. If the hunt 
succeeded, then the chief must dance even if he does not want to do so. Similarly, if the 
hunt failed, then the chief must not dance even if he wants to do so. There is no free will in 
this situation. Inversely, assume that free will holds. Whether the chief decides to dance or 
not, independent of the hunt’s result, determinism does not hold. Thus, free will, determin-
ism, and locality can constitute a trilemma. Finally, Dummett argued that the difference 
between Dummett (or modern people) and the chief is just a difference of culture. Both 
Dummett and the chief accept the trilemma; the chief relinquishes locality, and Dummett 
relinquishes determinism, as shown in Fig. 1. These two are possible parallel stances. No 
one can determine which is better, and thus, we cannot argue against the chief.

We previously showed that the free will theorem proposed in quantum physics (Con-
way and Kochen 2006, 2009) can contain three essential items: free will, determinism, and 
locality that constitute a trilemma. Such a trilemma can be found in the relation between 
intentional consciousness and readiness potential (Gunji et  al. 2017). The next section 
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extends this idea using Dummet’s argument to explain the mode of consciousness that 
includes typical symptoms of schizophrenia and ASD. Because three elements locality, 
determinism and free will constitutes tri-lemma (all three elements cannot co-exist due to 
the logical sense), one of three elements should be abandoned, as far as three elements can 
be found in real phenomena. Thus, the reason why one of three elements should be aban-
doned is not because of real properties but because of logical issue.

3  Chief in the Brain

Dummet’s argument regarding the chief’s dance can also be found in the brain. Libet et al. 
(1983) showed that the action of readiness potential precedes the action of intentional 
consciousness by 0.350.5 s. I intentionally think that “I will move my index finger” after 
readiness potential and/or subconsciousness is activated to move my index finger. In other 
words, intentional consciousness is passively forced to consider that “I will move my index 
finger” after my index finger’s movement is determined. First, Libet claimed that there is 
no free will. Thereafter, he argued that there is free will if the intention to move the index 
finger suddenly changes to not move it. Libet argued that we can reject readiness potential 
through our free will (Libet 2004). However, free will in intentional consciousness never 
implies free will in “self” because self comprises intentional consciousness, readiness 
potential, and any other subconsciousness and unconsciousness (Dennett 2017). The next 
question that arises is how intentional consciousness, readiness potential, and any other 
subconsciousness could be integrated and/or entangled into a united consciousness. Here, 
we call such a united, integrated, or entangled consciousness self. First, we show that the 
structure of such self can be compared with that in Dummet’s argument (Fig. 2). Recall 
the chief dancing for lion hunting’s success as shown in Fig. 2’s left diagram. The inner 
loop, self, represented by a broken line, implies bodily consciousness of the chief; the outer 
loop, society, implies the society to which the chief belongs. Since locality is lost, different 

Fig. 1  Schematic diagram of the chief’s dance for lion hunting success. One of the three trilemma ele-
mentsfree will, determinism, and localityis lost in each of the two stances. Absent elements are shown in 
red, and present elements are in blue. (Color figure online)
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actions such as lion hunting and the chief’s dance cannot be separated. Thus, the connec-
tion embedded in the chief’s society is much stronger than those in the modern society. The 
chief who has free will and believes that he can determine hunting’s result cannot measure 
that result (i.e., presence of determinism). This implies that the lion hunting’s time devel-
opment and that of the chief could be entangled.

The chief, lion hunting, and dancing can be replaced with intentional consciousness, 
readiness potential, and motor command in the brain, respectively. Similarly, the inner 
loop, self, in the left diagram is replaced by the inner loop, “myself,” in the right diagram 
of Fig. 2. The outer loop of society in the left diagram is replaced by the outer loop of self 
in the right diagram. Intentional consciousness is believed to determine motor action and 
to have free will. However, true motor command driven by readiness potential precedes 
motor command driven by intentional consciousness. Clearly, intentional consciousness in 
the brain can be compared to the chief in Dummet’s argument.

In Fig. 2’s right diagram, intentional consciousness and motor command, which never 
influences motor action, could constitute myself. Any other information processing out-
side myself is represented here by “others in the brain” comprising readiness potential, 
subconsciousness, and any other unconsciousness. Like entanglement of the chief and lion 
hunting, myself and others in the brain could be entangled. In typical people, this entangle-
ment can constitute self or consciousness. Since intentional consciousness follows readi-
ness potential, any voluntary intention is passively forced by others in the brain. Despite 
such passivity, intentional consciousness can declare activity. Due to entanglement, passiv-
ity is assimilated with activity, and typical people have the sense of voluntary action and/
or sense of agency. Finally, we can conclude that loss of locality from the trilemma com-
prising locality, free will, and determinism can constitute typical people’s consciousness. 
Either of readiness potential (RP) or intentional consciousness (IC) could not lead to free 

Fig. 2  Comparison of schematic diagram for the chief with one for consciousness
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will and/or choice of action. The dynamic interaction between RP and IC can lead to the 
awareness of free will. It will be argued later.

With regard to the trilemma, there are three possible cases in which one item is aban-
doned. The first case (i.e., the chief or typical people) loses locality. The second case loses 
free will. The third case loses determinism. As mentioned previously, we assign the com-
bination of either presence or absence of three items for the type of consciousness, which 
is inside the body. How can the combination of three items create the structure of con-
sciousness or self? We propose a specific rule in which the three items’ (myself, others in 
the brain, and self) roles are defined. In our model, self can comprise myself and others 
in the brain and can be surrounded by its own environment. The three items’ roles are 
defined according to the function in the boundary among self, myself, and others in the 
brain. There are just two rules:

1 If locality is present, the boundary is either explicit or implicit. If locality is absent, the 
boundary is intermediate.

2 In our model of self, there are two boundaries, the inner boundary that is a margin of 
myself and the outer boundary that is a margin of self. Free will contributes only to the 
inner boundary, and determinism contributes only to the outer boundary.

These two rules are illustrated in Fig. 3a, in which the upper diagram shows rule (1). If 
locality is present, the boundary is explicit (solid thick line) or implicit (broken thin line) 
dependent on the boundary condition determined by the state (present or absent) of free 
will and determinism. The diagrams on the middle and bottom rows in Fig. 3a show rule 
(2), the function of free will and determinism. By combining rules (1) and (2), one can 
determine whether boundaries are explicit or implicit. If locality is present and free will 
is present, then the inner boundary is explicit. If locality is present and free will is absent, 
then the inner boundary is implicit. Because free will contributes to the inner boundary, it 
can result from rules (1) and (2). Similarly, if locality is present and determinism is pre-
sent, then the outer boundary is explicit. If locality is present and determinism is absent, 
then the outer boundary is implicit. In contrast, if locality is absent, then the boundary is 
intermediate. Since the trilemma allows just three cases, the loss of locality implies the 
presence of both determinism and free will. Thus, both inner and outer boundaries must be 
intermediate; this can play an ambiguous role both inside and outside.

From rules (1) and (2), one can classify three kinds of consciousness, as shown in 
Fig.  3b. As mentioned before, one of the three items is absent, and this determines the 
combination of three items. In the first one, free will is lost, as shown in Fig. 3b’s upper 
diagram. In this case, since locality is present, one of the two boundaries is explicit, and the 
other is implicit because of rule (1). Since free will is lost and determinism is present, the 
inner boundary is implicit (broken thin line) and the outer boundary is explicit (solid thick 
line) due to rule (2). In the second case, determinism is lost, as shown in Fig. 3b’s middle 
diagram. This case also allows the presence of locality. Since free will is present and deter-
minism is lost, the inner boundary is explicit (solid thick line) and the outer boundary is 
implicit (broken thin line) due to rule (2). In the third case, locality is lost. Due to rule (1), 
any boundary is intermediate. Since both free will and determinism are present, both inner 
and outer boundaries are intermediate, as shown in Fig. 3b’s lower diagram.

In our model, except for diagrams shown in Fig. 3b, there is no other structure of con-
sciousness. Clearly, asymmetric structure can be seen in terms of boundaries. The first bound-
ary is a pair of implicit inner and explicit outer boundaries. The second is a pair of explicit 
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inner and implicit outer boundaries. The first boundary implies fusion between intentional 
consciousness (myself) and others in the brain on the one hand and separation between self 
and actual others outside the body on the other hand. It implies no explicit other in the brain 
and that self is isolated from actual others. We believe that this kind of consciousness could be 
implemented in people with ASD. The second boundary implies separation between myself 
and others in the brain and fusion between self and actual others outside the body. This bound-
ary implies explicit others in the brain and that there is self-other integration for actual others 
outside the body. This kind of consciousness could be implemented in people with schizo-
phrenia. Shown in Fig. 3b’s lower diagram, the third case shows both intermediate inner and 
outer boundaries, implying that intentional consciousness can balance with others in the brain 
and that self can balance with actual others. We believe that inner balance can constitute the 
embodiment of consciousness and that outer balance can constitute sociality. In the next sec-
tion, we discuss this in greater detail.

Fig. 3  a (1) Rules of locality. If locality is present (blue), the presence of other elements (blue; free will or 
determinism) generates an explicit boundary (thick solid line) and their absence (red) generates an implicit 
boundary (thin broken lines). If locality is absent (red), boundaries are intermediate (thick broken lines). (2) 
Free will is adapted to the inner boundary, and determinism is adapted to the outer boundary. b Combina-
tions of the presence or absence of three elements leads to three possible types of consciousness if rules of 
a(1) and (2)are applied. (Color figure online)
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4  Three Kinds of Consciousness

Free will, determinism, and locality can play a role in appearing (i.e., explicit) or disap-
pearing (i.e., implicit) boundaries between inside (e.g., intentional consciousness; myself) 
and outside (e.g., others in the brain). Free will cannot appear in enacting voluntary action 
if the agent that can take voluntary action never exists. Thus, free will in intentional con-
sciousness can strengthen the inner boundary. Inversely, if free will is lost, the boundary 
between inside and outside is lost and inside (myself) and outside (others in the brain) 
are integrated and fused. Locality could strengthen separation from inside and outside so 
far as free will is present. Thus, the combination of locality and free will can explicitly 
separate inside (myself) from outside (others in the brain). Since intentional consciousness 
and others in the brain are integrated as unity because of loss of free will, locality cannot 
contribute to separate intentional consciousness from others in the brain. Instead, the com-
bination of locality and determinism can contribute to separate self, comprising intentional 
consciousness and others in the brain, from outside because determinism can contribute to 
the outer boundary.

If locality is lost, intentional consciousness and others in the brain are entangled. Such 
an entanglement can entail the self, which can also be entangled with actual others out-
side the body. If locality exists in a trilemma, the combination of locality and free will 
enforce separation of intentional consciousness from others in the brain. The combina-
tion of locality and determinism enforces separation of self from actual others outside the 
body. Because trilemma holds that if one of three items is lost, there are three possible 
cases: the loss of free will, determinism, or locality. In our consciousness model, we distin-
guish entanglement from fusion. In entanglement of the inside and outside, the outside is 
accompanied with the inside but is hidden. By contrast, the fusion of the inside and outside 
could imply assimilation the inside with the outside. That can explain some misleading 
others in ASD and schizophrenic people. Here, we show that these three cases correspond 
to the consciousness of typical people, that of people with ASD, and that of people with 
schizophrenia.

First, we show that the combination in which free will and determinism remain and 
locality is lost (the left diagram of Fig. 4 could entail typical people’s consciousness. In 
this case, free will contained in intentional consciousness can act on others in the brain, 
and intentional consciousness itself believes that it can determine other processes in the 
brain. Clearly, readiness potential contained in others in the brain precede voluntary inten-
tion appearing in intentional consciousness. In this sense, intentional consciousness is pas-
sively forced to consider voluntary intention, while intentional consciousness can believe 
that it actively determines her/his own decision making. Due to the entanglement of inten-
tional consciousness with others in the brain, intentional consciousness can assimilate the 
active mode with the passive mode of actions

The right diagram of Fig.  4 shows that the entanglement of myself and others in 
the brain could also entangle actual others outside the body. Entanglement is nothing 
but loss of locality. While different information processing in the brain, such as myself 
(intentional consciousness) and others in the brain can be independently distinguished, 
different information processing can be assimilated and mutually identified. This is 
called entanglement. The inner solid loop (i.e., inner boundary) represents myself com-
prising intentional consciousness and motor command triggered by intentional con-
sciousness, in which motor command is abbreviated. Note that true motor command 
is triggered by readiness potential contained in others in the brain, as shown in Fig. 2. 



161Dancing Chief in the Brain or Consciousness as an Entanglement  

1 3

Entanglement is the only way by which intentional consciousness can claim free will 
and determinism. In other words, intentional consciousness in typical people can bal-
ance the relation between inside (myself; intentional consciousness) and outside (others 
in the brain). On the one hand, the inside and outside can be distinguished; on the other 
hand, the inside can communicate and assimilate with the outside. Due to loss of local-
ity and rule (1), explained above, both inner and outer boundaries must be intermediate. 
This implies that self also balances with actual others outside the body and results in 
adequate communication between self and actual others. There is no self-other integra-
tion in people with schizophrenia and no excess isolation from others in people with 
ASD. Such an intermediate and adequate balancing between self and actual others could 
be achieved only by the entanglement of intentional consciousness and others in the 
brain. This can be immediately related to sociality. Second, we show that the combina-
tion in which locality and determinism remain and free will is abandoned (Fig. 5, left 
diagram) could entail consciousness of the people with ASD. As mentioned previously, 
since free will that can contribute to the inner boundary is lost, the boundary between 
intentional consciousness and others in the brain is weakened or disappears in the pres-
ence of locality. This could result in strong fusion of myself and others in the brain 
as unity, as shown in Fig. 5’s right diagram. The presence of determinism, which can 
contribute to the outer boundary, can strengthen the boundary between self and actual 
others outside the body in the presence of locality. In other words, self could be isolated 
from actual others, and people with ASD find it difficult to communicate with actual 
others outside the body.

This situation seems consistent with the typical behavior of people with ASD. While 
ASD patients seem closed against other people outside the self, voices of other peo-
ple could just sound like undifferentiated noise. The patient cannot recognize the exter-
nal world and/or others until what others call “voice” can be recognized not as noise but 
as voice. In most cases, such voice could arise from the mother. Thus, if a 9 months old 
infant  loses the chance to recognize the first voice from the mother, the infant  could 
become a person with severe ASD (Utsumi 2015). If a mother’s voice reaches an infant’s 

Fig. 4  Structure of consciousness corresponding to typical people. It results from trilemma with loss of 
locality. Intentional consciousness or myself is entangled with others in the brain
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mind, it leaves its trace there. In typical people, self grows from the core of that trace. 
Thus, if a mother’s voice never reaches an infant’s mind, then self may not develop.

Our model is consistent with Utsumi’s explanation. Self cannot be divided into myself 
and others in the brain until the infant recognizes the mother’s voice. In other words, the 
mother’s voice can trigger the brain to split the self into myself and others, with an inter-
mediate boundary. Her voice can bring about the entanglement of myself and others in the 
brain, not a fusion of them. In our model, determinism exists and strengthens the outer 
boundary, which can separate self from others outside the body. As a result, asymmetry 
between inner and outer boundaries can occur. How does the fusion of myself and others 
in the brain look? Is it a collection of isolated elements? In the self of people with ASD, 
components of self, such as myself and others in the brain, are tightly connected to each 
other. This implies the presence of determinism and results in excess fusion of parts and 
whole or in the impossibility of distinguishing parts. This could be impaired agency and/or 
ownership of bodily image.

Third, we show the combination in which locality and free will remain and determin-
ism is abandoned (Fig.  6, left diagram). In the presence of locality, the presence of fee 
will strengthens the inner boundary (i.e., explicit) and absence of determinism weakens 
the outer boundary (i.e., implicit). Self can be divided into some compartments that can be 
separated because determinism is lost and components in the self cannot be controlled and/
or cannot be determined by other components. People with schizophrenia feel as if there 
were others in the brain whom he/she cannot control alone. Thus, people with schizophre-
nia can feel as if others’ thoughts were inserted (thought insertion) and others’ voices were 
heard in her/his brain (auditory hallucination). Here, such a situation is called self-other 
separation. Asymmetry between inner explicit and outer implicit boundaries can explain 
self-other integration, an attribute of schizophrenia. Since the outer boundary between self 
and actual others outside the body could be implicit or weakened, people with schizophre-
nia can assimilate themselves with others. People with schizophrenia who are in front of 
emotional others can be emotional. Self-other integration and self-other separation are both 
sides of the same coin in our model’s context.

Fig. 5  Structure of consciousness corresponding to ASD. It results from trilemma with loss of free will. 
Intentional consciousness or myself is fused with others in the brain and that generates self-separated from 
actual others
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5  Entanglement Versus ASD and Schizophrenia

5.1  General Classification of Consciousness

In the previous section, we described how three kinds of consciousness can be explained 
through the trilemma paradigm. We also sketched how three kinds of consciousness can be 
related to typical people, people with ASD, and people with schizophrenia. In this section, 
we discuss in detail how characteristic symptoms of people with ASD and schizophrenia 
are related to the symptoms discussed in our model. Recently, several experiments on SoA 
and SoO of body were conducted with people with ASD and those with schizophrenia. 
Self-concept and/or bodily consciousness in people with ASD and with schizophrenia were 
reported to be impaired. Here, we show how impaired function of SoA and SoO in people 
with ASD differs from that in people with schizophrenia. From these considerations, the 
significance of entanglement in typical people can be explained.

Figure 7 shows the comparison of three types of consciousness that arise from the tri-
lemma. We refer to consciousness resulting from the combination without free will as 
type I consciousness, that without determinism as type II consciousness, and that without 
locality as type III consciousness. The boundary’s property is classified into fusion, separa-
tion, and entanglement with respect to functions operating inside and outside. Seeing the 
asymmetric structure of fusion and separation is easy in type I and type II consciousness. 
By focusing on asymmetric structure within a boundary term, one can explain impaired 
self-consciousness and bodily consciousness in ASD and auditory hallucination, thought 
insertion, and self-other integration in schizophrenia. Intermediate boundary which is nei-
ther fusion nor separation can reveal entanglement of the self and others. There are some 
attempts to implement the others in a brain in logical fashion (Lefebvre 1987).

Three cases of refusal for the trilemma (i.e., loss of free will, determinism, or local-
ity) can reveal three types of bodily consciousness corresponding to three kinds of con-
sciousness (Fig. 8. Properties of boundary, fusion, separation, and entanglement can entail 

Fig. 6  Structure of consciousness corresponding to schizophrenia. It results from trilemma with loss of 
determinism. Intentional consciousness or myself is completely separated from others in the brain and that 
generates self-fused with actual others
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function or dysfunction of acquisition of the SoA and SoO of one’s body. SoA is defined 
as the sense in which one causes the motion of one’s body, and SoO is defined as the sense 
of one’s body belonging to oneself (Gallagher 2000, 2007; Haggard et al. 2002a, b; Tsa-
kiris et al. 2006; Paillard 1999; Kammers et al. 2009; Cunningham et al. 2008). Classically, 
SoO is studied using the rubber hand illusion (Botvinick and Cohen 1998; Botvinick 2004; 
Costantini and Haggard 2007; Ehrsson et al. 2004; Farne et al. 2000; Longo et al. 2008; 
Tsakiris and Haggard 2005), and SoA is studied using a robot or virtual reality that can be 
moved synchronously with the participant’s own body (Farrer and Frith 2002; Frith 2005; 
Ismail and Shimada 2016). Implicitly, the latent intensity of SoA and SoO is estimated in 
questionnaire results. Explicitly, the intensity of SoO is measured by proprioceptive drift 
and that of SoA is measured by intentional binding (Haggard and Clark 2003; Haggard 
et al. 2002a, b; Haggard and Cole 2007; Moore and Haggard 2008). Intentional binding can 
reveal that the time interval between the participant’s voluntary action and the following 
event could be perceived as shorter than the actual time interval (Moore and Obhi 2012; 
Moore et al. 2013). Although SoA and SoO behave interdependently, they might actually 
be independent, as shown through the experiment with the moving rubber hand (Kalckert 
and Ehrsson 2014; Louzolo et al. 2015). Whether they are interrelated remains unclear.

In our model, both SoA and SoO can hold only if entanglement between inside and 
outside can be achieved. In typical people, although voluntary intention to move a finger 

Fig. 7  Classification of type I, II, and III consciousness with respect to boundary properties. A present ele-
ment is represented by a circle and by a cross otherwise. The combination of elements and rules (1) and (2) 
produces three types of consciousness
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appears in myself (intentional consciousness) as passively enforced by others in the brain 
(readiness potential), myself claims that such action appears actively. Such replacement of 
the passive with the active aspect can lead to SoA. There is ambiguity between distinction 
and synthesis of information processing in myself and that in others in the brain. Because 
readiness potential precedes the firing of intentional consciousness by approximately 
350 ms, SoA cannot be achieved until the passive aspect is replaced with the preceding 
active aspect. This is nothing but the entanglement of two kinds of information processing 
(Fig. 8), bottom diagram).

Type I consciousness has no entanglement in the inner boundary. Others in the brain is 
fused with myself. Thus, before assimilating myself with others in the brain, myself cannot 
be distinguished from others in the brain. This suggests that people with ASD cannot feel 
the same SoA as typical people. In type II consciousness, others in the brain is separated 
from myself. There is no entanglement. Thus, no identifying preceding readiness potential 
(in others in the brain) with intentional consciousness (myself) can weaken or lose SoA.

Entanglement in the outer boundary can play an essential role in SoO in type III con-
sciousness. Actual others can generate and enhance bodily consciousness accompanied 
with SoO. Psychotherapist Sakaki (2001) clearly illustrated bodily consciousness with 
SoO. When others scratch typical people on the back and ask, “Right here?” the typical 
person can reply “That’s where it itches.” The typical person can indicate the itchy point 
with her/his own finger and say, “here.” The identical itchy point on the back is called both 

Fig. 8  Schematic diagram of bodily consciousness (embodiment) obtained from type I (top), type II (mid-
dle), and type III (bottom). Type I embodiment reveals that rejection of actual others cannot generate 
embodiment featuring others. Type II reveals excess of embodiment because of fusion of self and actual 
others. Type III reveals adequate embodiment due to entanglement
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“that point” and “this point.” “This” is used in the egocentric perspective and “that” is used 
in the allocentric perspective via others. That is embodied flesh body with SoO character-
istic to the ambiguity of egocentric and allocentric perspectives. In type III consciousness, 
clearly, the ambiguity of egocentric and allocentric perspectives can be implemented by 
the entanglement of the outer boundary. Sakaki (2001) argued that children with ASD can-
not use both this and that for the same itchy point. They use only the egocentric view and 
this. According to Sakaki (2001), the flesh bodies of children with ASD are not embodied.

In contrast, type I consciousness generates a separate outer boundary between self and 
actual others. It explains that children with ASD cannot apply the ambiguity of egocentric 
and allocentric perspectives to their own bodies. Type II consciousness integrates self with 
actual others outside the self. While these considerations suggest that dysfunctions of SoA 
and SoO in people with ASD superficially resemble those in people with schizophrenia, 
the essential cause of the dysfunctions differs.

5.2  Comparison of the Consciousness of ASD with Type I Consciousness

5.2.1  Self‑Reference

Since ASD is defined by impairments in communication and iterative behavior, many 
researchers have investigated how people with ASD generate social and behavioral defi-
cits and impairments in perception and cognition (Kaiser and Shiffrar 2009). Children with 
ASD are reported to show weak central coherence, characterized by the loss of specific 
context as a whole (Happé and Frith 1996). Theory of mind can be diminished in children 
with ASD (Baron-Cohen 1995; Baron-Cohen et al. 1985). Classically, malfunction of com-
munication in people with ASD has been explained by an extreme form of egocentrism 
(Bleuler and Bleuler 1986) and, recently, by a complete absence of sense of self (Frith 
2003).

Autobiographical memory can emerge and be maintained by a self-referential process, 
and memory can make the sense of self dynamic and robust (Conway and Pleydell-Pearce 
2000; Wang 2001). This sense of self can bring about an essential distinction between self 
and others and reveal the distinction of sense referring to the self and that referring to oth-
ers. Memorization and recollection can be achieved more accurately related to self rather 
than to others based on the distinction of self and others (Rogers et al. 1977; Cunningham 
et al. 2008). This tendency is achieved even for 4-year-old to 6-year-old children (Cunning-
ham et al. 2013).

Williams (2010) distinguished psychological self from physical self to explain the con-
cept of the self and to argue that the psychological aspect might be impaired in children 
with ASD (Williams and Happé 2010; Uddin 2011). Evidence showing intact physical self 
in ASD has accumulated. Children with ASD can display mirror-self recognition (Ferrari 
and Matthews 1983), can recognize delayed video images of themselves (Lind and Bowler 
2009), and can discriminate other and self-caused changes (Grainger et al. 2014b). In con-
trast, much evidence shows that psychological self is diminished, such as alexithymia (Hill 
et  al. 2004) confusing the first and the second person (Lee et  al. 1994); failure of vari-
ous cognitive tasks (Grainger et al. 2014a). Williams and Happé (2009) and Williams and 
Happé (2010) show that children with ASD are not confused to find a concealed picture.

In spite of accumulation of evidence, impaired psychological self could result from the 
failure of distinction between self and others, and/or the dysfunction of self-reference is 
not clear. Such difficulty can be explained by our model, which is type I consciousness. 
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Physical self and psychological self can be compared to self and the complex compris-
ing self and actual others in our model. In our model, type III consciousness corresponds 
to typical people with the intermediate boundary. Thus, while self and actual others can 
be discriminated, self and actual others can also constitute the complex comprising self 
and actual others. Only in this situation can people have psychological self. People can 
have both egocentric and allocentric views via the psychological self (Riva and Gaudio 
2012; Riva 2012). In contrast, type I consciousness that could underlie the consciousness 
of people with ASD is characteristic of implicit inner boundary and explicit outer bound-
ary. Especially, the explicit outer boundary can separate self from actual others and also 
refuse actual others, while people with ASD have strong curiosity for others because the 
self is fused with others in a brain. Thus, type I consciousness cannot constitute the com-
plex corresponding to the psychological self. Although type I consciousness can discrimi-
nate self from actual others, that is an excess form of discrimination. Thus, in comparing 
people with ASD to the type I consciousness, people with ASD can explicitly discriminate 
physical self from others but cannot distinguish psychological self from others. Because 
the psychological self can contain some kinds of others, the aspect of others is implicitly 
contained and is explicitly separated from self. In considering type I consciousness, one 
can expect that such ambiguity of others cannot be grasped by people with ASD.

Ambiguity of others’ aspect plays an essential role in self-reference. While self is dis-
criminated from others regarded as “objects” outside the self, self must also be regarded as 
object since it is referred to by the self itself. In this sense, self and others are both sides 
of the same coin. However, it is very hard for people with ASD suggested by type I con-
sciousness to perceive such ambiguity. Thus, genuine sense of self-reference cannot func-
tion in people with ASD in the sense of type I consciousness.

5.2.2  Theory of Mind

The complex of self and others is immediately related to perception and comprehension of 
others. Understanding others is regarded as understanding others’ intention independent of 
the real world (Dennett 1989), and understanding others’ intention could result from hav-
ing a theory of mind (Premack and Woodruff 1978). False-belief tasks such as the Sally-
Anne test are proposed to discriminate whether patients have theory of mind (Baron-Cohen 
et al. 1985) because understanding another’s intention is to solve the false-belief task. The 
underlying mechanism of understanding others’ mental states is proposed in two ways: the-
ory-theory and simulation theory (Carruthers 1996). Theory-theory claims that the intrin-
sic knowledge for understanding others is automatically acquired during development in a 
society, including social norm and/or social beliefs (Gopnik and Wellman 1992; Perner and 
Howes 1992). In this sense, understanding others is discriminated from understanding self. 
Simulation theory claims that understanding others is just mimicking others’ behaviors 
and/or states (Gallese and Goldman 1998; Goldman 2009), and thus, understanding others 
is considered to be the same as understanding self. Although long debates have occurred 
between theory-theory and simulation theory, simulation theory recently predominates 
because it is thought to be supported by mirror neurons (Gallese et  al. 1996; Rizzolatti 
et al. 1996; Gallese 2003).

Children with ASD do not employ theory of mind and that suggests their difficulty 
in understanding others’ intentions. Although various explanations for this are proposed 
(Baron-Cohen 1991; Leslie 1991; Hobson 1995; Dapretto et al. 2006), they are based on 
the assumption of a strict distinction between self and others and between a certain level 
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of information processing and a higher level of information processing. As for mirror neu-
rons, such a strict distinction was originally observed; however, recently, mirror neurons 
are reported to be fired not only when subjects are grasping for an object themselves but 
also when they observe others grasping for an object (Gallese et al. 1996; Rizzolatti et al. 
1996). Recent research suggests that although mirror neurons are not fired when an identi-
cal motor representation occurs, they are fired when the identical goal of different motor 
representation occurs (Bonini et  al. 2013; Ocampo and Kritikos 2011). Also reported is 
that mirror neurons are immediately relevant for understanding emotion and anticipation 
(Carr et al. 2003; Iacoboni 2009). This implies that a lower level of information processing, 
such as motor representation, can be adequately discriminated and accompanied (partly 
identified) with a higher level of information processing, such as evaluation of representa-
tion and emotion influenced by the evaluation. Ambiguity of discrimination and identifica-
tion is hidden in the function of mirror neurons.

Adequate discrimination and identification of different level information is the key 
notion in the intermediate boundary or entanglement in type III consciousness. Entan-
glement of myself and others in the brain can constitute the complex comprising self and 
actual others. Myself implies the focal level of information processing, and others in the 
brain implies information processing surrounding the focal and influenced by the focal 
level. If myself is compared to the motor representation, others in the brain are compared 
to various informational processes, including estimation of representation and emotion. 
Therefore, entanglement of myself and others in the brain can be consistent with recent 
evidence of mirror neurons.

In type I consciousness, fusion of myself and others in the brain can entail separation 
of self and actual others. This results in dysfunction of the complex corresponding to psy-
chological self. In this sense, simple conflict between theory-theory and simulation theory 
on mirror neurons is to be abandoned because simulation theory focuses on only tempo-
ral immediate information processing (i.e., discrimination of the information processing 
level), and theory-theory focuses on only synthesized wholeness of information processing 
(i.e., identification of various levels of information processing). Recent studies regarding 
mirror neurons support both theories and suggest the entanglement of self and actual oth-
ers and of myself and others in the brain.

Type I consciousness implies not impaired comprehension of others but impaired gen-
eration of the complex of self and actual others. In other words, self fails to be accom-
panied by others and/or the external world. Such openness implies intentionality to the 
external world or others, and the function of the subject’s own perspective (i.e., context). 
This suggests that no employment of theory of mind in people with ASD can result from 
the impossibility of taking any perspective, not from the impossibility of taking another’s 
perspective. Type I consciousness suggests that people with ASD cannot take their own 
perspective but just a representation of the objective external world. Thus, unlike typical 
people, it is very hard for those with ASD to have their own intentionality.

5.2.3  Loss of SoO

While recently some studies have investigated SoA in people with ASD, their results con-
flict. In manipulating visual feedback of a cursor in a monitor, SoA was not reduced more 
in subjects with ASD than in the control population (David et  al. 2008). However, SoA 
was reduced in people with ASD in the task with a gaze-contingent lens in a social context 
(Grynszpan et al. 2012). The conflict in terms of experimental results might result from the 
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ambiguity of the SoA concept itself since SoA contains various meanings such as judg-
ment of agency (JoA) and feeling of agency (FoA) (Synofzik et  al. 2008). Reasons for 
conflict in SoA in people with ASD remain unclear.

Motor behavior in people with ASD is commonly reported as diminished, including 
motor planning, monitoring, and prediction (Grynszpan et al. 2012; Martineau et al. 2004; 
Nazarali et al. 2009; Gowen and Hamilton 2013). In controlling a task, children with ASD 
were able to use a feedback process but not a feed-forward process (Schmitz et al. 2003). 
Estimation of EEG activity in people with ASD suggests that abnormal activity of a sup-
plementary motor area can contribute to preparation and selection of movements (Mar-
tineau et al. 2004; Enticott et al. 2009; Rinehart et al. 2006) and is immediately relevant 
for intentional binding (Moore et al. 2010; Kühn et al. 2013). Recently obtained evidence 
shows reduced intentional binding in individuals with ASD (Sperduti et al. 2014).

As for SoO, individuals with ASD show smaller proprioceptive drift in the rubber hand 
illusion (Paton et al. 2012); this suggests that individuals with ASD have little acquisition 
of SoO in the rubber hand. While ASD is known to include a disorder of cognitive empa-
thy (Rogers et al. 2007), strong empathy is correlated with strong SoO in the rubber hand 
illusion (Asai et al. 2011). Recent studies have shown that oxytocin, a hormone acting as 
a neurotransmitter, modulates social cognition and empathy (Kosfeld et al. 2005; Baribeau 
and Anagnostou 2015; Wigton et al. 2015), that several variants in oxytocin were found 
with ASD (Lopatina et al. 2013), and that oxytocin can improve social cognition (Cochran 
et al. 2013). A recent experimental study revealed that high oxytocin concentration is asso-
ciated with SoO (Ide and Wada 2017).

In our model, type I consciousness reveals the inseparability of myself and others in the 
brain. Thus, myself cannot manipulate the relation between readiness potential and inten-
tional consciousness. Before the assimilation of preceding active readiness potential with 
passive intentional consciousness, the two cannot be separated. Thus, an efferent copy of 
intention toward the motor system can be neither found nor manipulated and the feed-for-
ward process cannot be realized in self. Motor representation, its evaluation, and its affec-
tive emotion cannot be separated when fusion of myself and others in the brain is strength-
ened, and both JoA and FoA are diminished. If such fusion is weakened, to some extent, 
either JoA or FoA is diminished. Depending on fusion’s extent, impaired SoA can appear 
in several ways. This is consistent with the actual tendency in people with ASD.

Clearly, SoO can be associated with sociality or psychological self (Baribeau and Anag-
nostou 2015; Wigton et al. 2015). In our model, psychological self is implemented by the 
complex comprising self and actual others. The complex can appear only when the outer 
boundary is intermediate in type III consciousness. type I consciousness cannot generate 
intermediate outer boundary and keep actual others away. Thus, the embodiment of the 
flesh body cannot be achieved, and SoO is diminished.

5.3  Comparison of the Consciousness of Schizophrenia with Type II Consciousness

5.3.1  Integration of Others and Self

Schizophrenia is characterized by self-disturbance, that is, impaired balance between self 
and others. The individual with schizophrenia finds her/himself in others and finds others 
in her/himself (Bleuler and Bleuler 1986; Hemsley 1998; Mishara et  al. 2013; Sass and 
Parnas 2003; van der Weiden et al. 2015). Although impaired balance can reveal both find-
ing her/himself in others and finding others in her/himself, our model claims that they can 
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be discriminated and that finding her/himself in others, such as through emotional cogni-
tion, could result from the fusion of outside and inside of outer boundary. Finding others 
in her/himself, such as in thought insertion and auditory hallucination, could result from 
the separation of outside and inside of the inner boundary. Our model of consciousness is 
characteristic of type II consciousness.

While positive symptoms are characteristic of some symptoms added to typical con-
sciousness, for example, delusion of control and delusion of reference, negative symptoms 
show absence of some characteristics of typical consciousness, for example, affective flat-
tening and anhedonia (Sass and Parnas 2003; Sass 2014). Both positive and negative symp-
toms can also be explained in the context of type II consciousness. In delusion of reference, 
the individual with schizophrenia feels as if an event caused by others was caused by her/
himself (Synofzik et  al. 2013). This is typical integration of others and self and can be 
explained by the fusion of self and actual others. Affective flattening can be explained by 
the separation of myself and others in the brain. In our model of consciousness, they are 
discriminated in terms of the causal mechanism.

First, we argue regarding the symptoms that can be explained by the fusion of self and 
actual others. In the model of type II consciousness, loss of determinism entails implicit 
outer boundary between self and actual others and that brings about the fusion of self and 
actual others (Fig. 7, middle diagram). Because of this fusion, the action caused by others 
is felt as if they were caused by the individual with schizophrenia (Gould 1948; Green and 
Kinsbourne 1990; Van Der  Gaag 2006). Indeed, it entails emotional cognition (Montag 
et al. 2007).

Importantly, the establishment of separated self and others precedes fusion process. 
Thus, although people with schizophrenia can discriminate her/himself from others, 
impaired identification and/or synthesis could occur (Abu-Akel and Shamay-Tsoory 2013). 
People with schizophrenia could suffer from difficulty in constructing the relation between 
self and others (Pinkham et al. 2007). While the reason for difficulty has been explained 
by the loss of sociality (Fett et al. 2011), the difference between ADS and schizophrenia 
with respect to the reason for integration of self and others has not been clarified. As men-
tioned in the section on type I consciousness, sociality associates with mirror neurons that 
can be relevant not only for motor representation but also for its evaluation and influenced 
emotion. Firing of mirror neurons occurs less in people with schizophrenia compared 
with typical people (Mehta et al. 2014). Here, to clarify this, we introduce the distinction 
between prediction and anticipation. Prediction implies just computing motor representa-
tion in advance, and anticipation implies prediction accompanied by its context. The con-
text includes the significance and the goal of motor representation and/or emotion. In this 
sense, mirror neurons in normal condition could be employed for anticipation rather than 
for prediction (Iacoboni 2009). In contrast, impaired mirror neurons in people with schiz-
ophrenia could be employed not for anticipation but for prediction. Because of the loss 
of context, distinguishing self from others is difficult. The individual with schizophrenia, 
therefore, introduces knowledge such as social norms and beliefs in addition to prediction. 
While recruitment of a variety of social knowledge could help the individual with schizo-
phrenia to infer others, such attempts at inference are very hard, and most result in failure. 
Indeed, this entails the integration of self and others with respect to emotion (Corbera et al. 
2013; Decety and Lamm 2011; McCormick et al. 2012; Smith et al. 2014).

In our model, type II consciousness, loss of determinism, and presence of free will 
and locality can individualize myself and others in the brain. A component of self is iso-
lated from each other. This implies that the relationship and context surrounding compo-
nents cannot be manipulated although each state of the component can be computed. The 
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context, significance, and influenced emotion of the future state are lost. The situation can 
correspond to impaired mirror neurons’ activity. In other words, type II consciousness is 
employed not for anticipation but for prediction. Since loss of determinism also entails 
implicit outer boundary, self and actual others are fused into unity. This is also supported 
by self comprising isolated components because such self has no ability to discriminate 
self from actual others.

Compared to type I consciousness, the difference is clear. type I consciousness refuses 
actual others and keeps them away. It cannot identify others with intentionality. In contrast, 
type II consciousness identifies others and discriminates self from actual others, but this 
fails due to the underlying mechanism. Through correspondence between type I and ASD 
and between type II and schizophrenia, one can say that the difficulty of social communica-
tion in people with ASD differs from that in people with schizophrenia.

5.3.2  Others in Myself

The concept of delusion of reference sounds misleading. It assumes the preexistence of 
self who can determine a reference to an indicated object. This is the immune principle of 
consciousness (Gallagher 2000). In our model, such a typical self can be established only 
when inside and outside can be entangled as in type III consciousness. Type I conscious-
ness can reveal an excess form of integration of myself and others in the brain as fusion. 
Type II consciousness cannot achieve self in which myself and others in the brain can be 
synthesized. In other words, components in self are split in type II consciousness. In this 
context, we discriminate finding others in myself from myself in others. Myself in others 
implies integration of myself and others because both myself and others are established. 
Others in myself implies that some parts of myself are isolated from the core of myself 
(e.g., intentional consciousness), and that implies an imperfect myself. In our model, others 
in myself can be expressed as “others in the brain that are isolated from myself and exist 
in self.” Others in the brain in self is a typical attribute of schizophrenia (Asai et al. 2011; 
Jardri et al. 2009, 2011). Voice shouted from her/himself can be considered as another’s 
voice (Green and Kinsbourne 1990; Van Der Gaag 2006), and hand movements caused by 
her/himself can be considered as caused by an alien (Frith 2005). In type II consciousness, 
these symptoms can be explained by explicit inner boundary and/or separation of myself 
and others in the brain. Our consciousness model’s significance is proposing asymmetric 
structure of inner and outer boundaries. In this asymmetry, others in myself (others in the 
brain in self) is discriminated from myself in others (integration of self and actual oth-
ers). Delusion of reference is replaced by the asymmetry between fusion and separation. 
Recall that this asymmetry is also found in type I consciousness, where the relation of 
fusion and separation is reversed. This implies an intrinsic difference between ASD and 
schizophrenia.

5.3.3  Over and Underestimation of SoA

Since simulation theory as the underlying mechanism of theory of mind was supported by 
mirror neurons, goal orientation and emotion accompanied prediction (here called antici-
pation) has been investigated in individuals with schizophrenia. As mentioned before, the-
ory of mind works abnormally in individuals with schizophrenia (Brüne 2005; Derntl et al. 
2009; Green et al. 2011; Varcin et al. 2010). The underlying mechanism of impaired work-
ing of theory of mind could not be dysfunction of simulation itself of motor representation 
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(McCormick et al. 2012; Thakkar et al. 2014), but erroneous decision of self and others in 
terms of prediction accompanied by its estimation and emotion (Thakkar et al. 2014). This 
entails excess assimilation of self and others because discrimination of self and others is 
attempted “logically” without emotion and fails (Corbera et al. 2013; Montag et al. 2007; 
Smith et al. 2014).

As mentioned in section 5–2 on type I consciousness, we argue that no conflict exists 
between theory-theory and simulation theory. This implies that normal mirror neurons 
can be employed for both simulation (i.e., prediction) and theory-theory (i.e., acquiring 
social context and/or social norms through inference and emotion). Although people with 
schizophrenia can predict others’ future states, they cannot accurately predict others’ men-
tal states (Green et al. 2008; Kring and Elis 2013). Since they cannot infer the atmosphere 
of communication, they either over or underestimate the other’s state in mimicry of yet 
others (Kring et al. 1999; Varcin et al. 2010). Such a symptom is consistent with our expla-
nation based on type II consciousness. Because in type II consciousness, components of 
self are isolated, one can predict the future of each component but cannot infer the relation 
between them. In other words, type II consciousness can predict or simulate the future but 
not anticipate the future. As a result, type II consciousness must compensate for lack of 
anticipation by introducing additional social knowledge, and this could entail either over or 
underestimate others’ future states.

Separation of self’s components can play an essential role in anticipation. Sensory atten-
uation might be based on predicting an unknown future accompanied by the known past. 
However, that does not mean just matching two states of the known and the unknown. On 
the one hand, the unknown state is predicted; on the other hand, the known state can add 
the sense and/or emotion to the predicted state. The ambiguity of unifying and arranging 
two states can reveal simulation of the state with estimation and emotion and lead to SoA, 
SoO, and attenuation. Although typical people cannot tickle themselves because their own 
tickle movements can be predicted, others can tickle them because their movements cannot 
be predicted. The difference in prediction can entail sensory attenuation (Blakemore et al. 
1998). Patients with schizophrenic symptoms (e.g., auditory hallucination) are reported not 
to show any difference between their own and others’ tickling ratings (Blakemore et  al. 
2000). While the prediction of people with schizophrenia could be damaged, it is important 
to understand that the ability of prediction and emotional sense such as tickles are intercon-
nected. In our model, type II consciousness also supports such an idea. Because of total 
weakening of anticipation resulting from isolation of self’s components, not only simula-
tion but also accompanied sense and/or emotion becomes dysfunctional, and that can bring 
about lack of sensory attenuation.

SoA in people with schizophrenia can give us insight into the concept of agency. If the 
chief in the brain is compared to intentional consciousness, SoA is established by both 
determinism and free will, combined with loss of locality (i.e., presence of entanglement). 
Only if preceding readiness potential is entangled with intentional consciousness, inten-
tional consciousness carrying free will claim that the person determines motor represen-
tation. While entanglement reveals distributed parallelism, it can also reveal inseparable 
connection. Therefore, entanglement is neither wholeness reduced to atomic components 
nor fusion of inseparable elements.

SoA is based on temporal binding (Colonius and Diederich 2004). If action and out-
come are coherently perceived, the brain awaits the arrival of the outcome signal to inte-
grate action with outcome. This waiting time is known as the temporal binding window 
(TBW). If the outcome is predicted and coherently perceived, together with one’s voluntary 
action, TBW becomes narrower. This can lead to discrimination between predicted and 
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unpredicted events since only predicted events can fit narrowly modified TBW. Thus, a 
predicted event is felt as if it occurs simultaneously with voluntary action (i.e., intentional 
binding) (Haggard et al. 2002a, b; Obhi and Hall 2011). Compared to typical people, TBW 
for the outcome with more likelihood is not shortened in people with schizophrenia (Voss 
et al. 2010). This implies that any events can be felt as if those events were outcomes gen-
erated by the patient’s own action. In other words, SoA is overestimated. This involves 
patients with schizophrenia having delusions such that daily noise, like a telephone call, 
could cause independent outcomes (Nathaniel-James and Frith 1996).

Recent studies on cognitive expectation discriminate explicit from implicit expectation. 
Explicit expectation is expressed as a goal-oriented task, from which the action-outcome 
can be inferred by the goal. In contrast, in implicit expectation, action-outcome can be con-
nected by prime. While typical people can feel SoA for both explicit and implicit expecta-
tion conditions, people with schizophrenia can feel SoA not for implicit but only for the 
explicit condition (van der Weiden et al. 2013; Renes et al. 2013, 2015). That the patient 
with schizophrenia feels much more SoO in contrast to control has also been reported 
(Thakkar et al. 2011).

It sounds as if these experimental results were inconsistent. With respect to TBW, 
patients with schizophrenia overestimate SoA; with respect to implicit expectation, they 
underestimate SoA. This inconsistency can be resolved by type II consciousness in our 
model. type III consciousness, corresponding to typical people’s consciousness, can entan-
gle myself with others in the brain and can entangle prediction with evaluation and emo-
tion. Thus, fitting TBW is accompanied by sense and emotion. Since fitting TBW implies 
the entanglement of preceding action and following outcome, type III consciousness can 
bring about emotional judgment to discriminate predicted (e.g., self) and unpredicted 
events (e.g., others). For predicted events, fit to TBW occurs and underlying emotions can 
appear. For unpredicted events, fit to TBW does not occur and emotion does not appear.

Compared with type III consciousness, type II consciousness cannot bring about emo-
tion because it can reveal isolation of myself and others in the brain. Fit to TBW could 
be achieved by ways other than entanglement, that is, by “logical” integration of isolated 
components in self due to additional knowledge such as social norms and/or social beliefs. 
Since logical integration can bring about specific sense and emotion, people with type II 
consciousness can discriminate familiar events (i.e., predicted; self) from unfamiliar events 
(i.e., unpredicted; others). Although people with type II consciousness never shorten TBW 
to predicted one, fit to TBW can occur. Thus, the sense or emotion accompanied by self 
can appear whenever fit to broad TBW occurs and entails overestimation of SoA. In con-
trast, implicit cognitive expectation never leads to fit to TBW in people with schizophrenia. 
When fit to TBW does not occur, recruitment of additional knowledge such as social norms 
and/or social beliefs does not occur. In this sense, any attempts to compensate for entangle-
ment do not occur. Since no emotion like self occurs, misidentification of self and others 
does not occur, and this implies underestimation of SoA. Finally, our type II conscious-
ness can explain over and underestimation of SoA in people with schizophrenia. More SoO 
in people with schizophrenia is also consistent with type II consciousness in our model 
because fusion of self and actual others can embody the persons’ own body as an extended 
body.
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5.4  Type III Consciousness Carrying Entanglement

In sections regarding types I and II consciousness, we argue what type III consciousness is 
compared with types I and II. Here, we add some important aspects of type III conscious-
ness with respect to perception and SoA. Finally, we argue the underlying mechanism sug-
gested by type III consciousness.

5.4.1  Ignoring Frame Problem

Through considering type I and type II consciousness, entanglement of type III conscious-
ness can be contrasted to the attribute of the boundary between inside and outside. In type 
I and type II consciousness, each boundary between inside and outside is either fusion or 
separation, thus implying either no distinction or explicit separation between inside and 
outside. Such a boundary cannot implement complex information processing, includ-
ing meta-processing. As for the inside, the outside cannot be explicitly recognized but 
can implicitly affect the inside. The frame problem (Dreyfus et al. 2000) and the symbol-
grounding problem (Harnad 1990) show that an explicit logical statement and/or symbol 
must be accompanied by hidden context connected to the real world. While such a context 
is ignored and hidden, once one seeks explicit meaning or significance of the statement or 
symbol, it could appear explicitly in an infinite regression manner. Even if you are initially 
recommended to drink coffee previously unknown to you, you already know that coffee is 
a beverage. In other words, beverage is a hidden frame accompanying coffee. In this sense, 
even if coffee is unknown, some aspect of coffee is already known. Specifically, if one 
never knows any aspect of coffee, then she/he cannot actually comprehend that coffee is 
unknown. The unknown cannot be perceived until some of its aspects are known.

Such a “frame-problem property” shows us the outside’s significance. One can imagine 
that the outside is logically defined by the negation of the inside. In the sense of cognitive 
psychology (Lakoff 2008) and the frame problem, the outside implies the context and/or 
the evaluation at a higher level of the inside. In the sense of frames, “the outside of the out-
side of ” implies the evaluation of states at a lower level. Such consideration entails that the 
co-existence of the inside and outside implies co-existence of a specific state (the inside) 
and its evaluation, including emotion (the outside).

The frame-problem property can be extended to general cognition and/or perception. 
In everyday life, you can see something new that is unknown to you although you already 
know some of its aspects. If something cannot be recognized at all, you can see neither the 
unknown nor the known. That is nothing. Ambiguity of known and unknown is a necessary 
condition for perceiving or recognizing the unknown. In typical people’s normal condition, 
the state of the unknown is implemented by some feeling, sense, and/or emotion of famili-
arity. In this sense, perceiving the unknown is always accompanied by the known. While 
the unknown is far from familiar logically, it is accompanied by some familiarity.

Type III consciousness contains the entanglement boundary, which implements an 
abnormal relation between inside and outside. Entanglement can reveal both parallelism 
of inside and outside (i.e., separation of inside and outside) and inseparable relation of 
inside and outside (i.e., fusion). Only type III consciousness can ignore the frame problem. 
In type I consciousness, inside and outside come together to establish specific states that 
cannot be specific subjective feeling and/or emotion. Since determinism holds in type I 
consciousness, the relation among various states can be determined and described. The 
objective-descriptive world is established from type I consciousness, consistent with the 
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consciousness of people with ASD. In type II consciousness, outside is separated from 
inside. The “unknown” outside of the “known” cannot accompany one another. Thus, type 
II consciousness cannot allow co-existence of the known and the unknown or the known 
and the feeling of familiarity. Notwithstanding the separation of inside and outside in type 
II consciousness, people with schizophrenia communicate with actual others not by feeling 
and/or emotion but by introducing additional knowledge. Thus, the patient with schizo-
phrenia cannot discriminate himself/herself from others.

5.4.2  My Agency as Agency of Nobody

SoA has been considered to be the sense related to prediction ability. The comparator 
model was originally proposed to discriminate the system’s own motion from the motion of 
the environment surrounding the system (Frith 1992; Blakemore et al. 2000). When match-
ing between the intentional plan to move and motor command is estimated, the extent of 
matching can reflect the extent of the system’s own motion because motion caused by the 
system itself can be predicted. This idea can be analogous to SoA. As Gallagher (2000) 
claimed, the comparator model is based on the immune principle of consciousness, i.e., 
it is assumed that there exists a self that can compare an intentional plan with motor com-
mand in advance. We think that is too simple. The self or agent who can control the body 
cannot exist in advance. Soon after an infant is born, he/she naturally and passively moves 
arms and legs. An infant does not feel that he/she is the very agent controlling the body 
because self-consciousness has not yet developed, so the infant has no notion of self. Since 
an infant can feel that the body is passively moved by somebody, he/she seeks to find 
somebody in the body (or in the brain). Although somebody makes her/him move, there 
is nobody in the brain. It results in self as nobody. In other words, finding nobody making 
her/him move can result in the establishment of self. She/he can be compared to inten-
tional consciousness, and somebody making her/him move can be compared to readiness 
potential. Since readiness potential is outside intentional consciousness, existence of readi-
ness potential cannot be explicitly found but can be implicitly suggested. That is some-
body (readiness potential) making the body move; this is nothing but nobody, except for 
something equal to intentional consciousness. It is implemented by the entanglement of 
readiness potential and intentional consciousness and results in sense of self agency. type 
III consciousness implements the inner and outer boundary equipped with entanglement. It 
implies that myself (i.e., intentional consciousness), which is explicitly discriminated from 
others in the brain (i.e., unconsciousness including readiness potential), can be entangled 
with others in the brain and that self is generated as an entanglement of myself and others 
in the brain. From the viewpoint of intentional consciousness, voluntary action is already 
determined by others in the brain. Therefore, myself is passively forced to send “voluntary 
action.” Inferring readiness potential from intentional consciousness implies seeking some-
body who makes myself pretend to be active. This could result in failure to find an external 
agent outside the brain. Thus, “finding nobody” holds true. Finding nobody implies the 
establishment of self-consciousness or self. Once self is established in the form of entan-
glement, any preceding information processing is refound as part of self. That is refounda-
tion of self-agency and is SoA. The underlying neural mechanism corresponding to seek-
ing somebody could be global workspace (Dehaene et  al. 1998; Dehaene and Naccache 
2001; Dehaene and Changeux 2011). In a specific region of the brain, the largest popu-
lation of neurons is selected and synchronously fired to a given external stimulus. Such 
selection can correspond to the choice of optimal solution. Thereafter, a specific population 
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of neurons as the optimal solution is globally connected to any other neurons employed 
in various functions, and then some neurons utilize the optimal solution to reveal specific 
output (i.e., global workspace). That expands a solution with respect to various functions 
and can correspond to seeking somebody who can achieve a specific intentional move. The 
failure of seeking somebody and finding self as nobody can correspond to arbitrary usage 
of the optimal solution. Thus, a pair of choice of optimal solution and expansion to global 
workspace could imply perpetual establishment of self as nobody.

5.4.3  Free Will: The Active as the Passive

Type III consciousness could give insight into the underlying mechanism of postdiction. 
Since Libet (2004) claimed its significance, comprehending free will as postdictive attri-
bution has been discussed in various fields. Because the declaration “I have free will” is 
passively enforced by the brain’s preceding unconscious domain, free will seems to be an 
authentic illusion. If so, all researchers have to think about is constructing an authentic 
illusion for intentional consciousness. Along physical time, voluntary intention (B) fol-
lows preceding readiness potential or motor command (A), implying “A then B.” How-
ever, intentional consciousness himself/herself is confirmed when motor command follows 
her/his intention, i.e., “B then A.” Thus, how to construct an authentic illusion is nothing 
but how to replace A then B with B then A. Four underlying mechanisms can replace A 
then B with B then A: catch up, re-entry, different pathways, and memory revision (Shi-
mojo 2014). In the catch up model, information processing for signal “A” or “B” is gradu-
ally expanded, and following B catches up preceding A. Thus, the catching-up domain is 
implemented by mixture of A and B to reveal B then A. In the re-entry model, a copy 
of lower-level information processing for A and B is transmitted to the higher level; they 
are re-entered to the lower level, while lower-level information processing proceeds at that 
very level from A to B. Due to re-entry, re-entered B gets ahead of A, and B then A is 
achieved. In the different pathways model, while the A signal is transmitted along the slow 
information processing line, the B signal is transmitted along the fast information process-
ing line. Thus, A then B can be replaced by B then A at the terminal junction of lines (i.e., 
brain’s prefrontal area). In the memory revision model, tentatively established memory on 
events’ order is later revised as another form of the order. These underlying mechanisms 
show only how to replace A then B with B then A and how to construct a structure of tem-
poral illusion. In contrast, in our model, type III consciousness teaches us loss of locality 
can intrinsically modify the relationship between free will and determinism. If anything is 
determined in advance, then one might think that free will does not exist or free will is just 
an authentic illusion. However, such a thought can hold only if locality holds. If locality 
holds, multiple information processing occurs, and one information processing can meas-
ure another information processing without interference. Only under this condition, myself 
(intentional consciousness; the one information) can know the motor command that should 
result from myself was preceded at other places (i.e., there is determinism that can cor-
relate myself and others in the brain). If so, myself can know there is no free will, so that 
free will, determinism, and locality can constitute trilemma. Since type III consciousness 
gives up locality, without inference, intentional consciousness cannot know other informa-
tion processing with any other timing and at any other places. If intentional conscious-
ness accesses other information processing, information itself can be modified and revised. 
Thus, intentional consciousness or myself cannot see whether her/his own intention is 
made in advance by others in the brain. Finally, myself cannot determine whether she/he 
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has free will. Under loss of locality, intention passively made is paradoxically regarded 
as active. As mentioned above, finding that nobody controls myself is nothing but a way 
to establish active myself. That is the only way to justify SoA and/or free will. The final 
question arises as follows: is locality given up in the trilemma for typical people’s con-
sciousness? There is no foundation for loss of locality. However, we examine all possible 
consciousness options resulting from the trilemma, such as type I (loss of free will), type 
II (loss of determinism), and type III (loss of locality). Considering all three options, the 
three types of consciousness could be compared to people with ASD, people with schizo-
phrenia, and typical people. In considering all options, one can see a case without free will. 
As Dummett mentioned, difference of loss of locality (dancing chief) and loss of determin-
ism (Dummett himself) is just a cultural difference or a difference in interest. Similarly, the 
difference among typical people and people with ASD and schizophrenia is not an essential 
human difference but just social interest. As for humans, in some cases, one has free will, 
and in other cases, no free will. Free will itself is not essential; however, free will is not an 
illusion. Since trilemma is logical issue, the real consciousness can non-logically reveal 
mixture of three elements, determinism, free will and locality. While most people reveal 
one of typical consciousness, type I, II and III, some creative people can have full co-exist-
ence of three elements. Such creative people can access all possibilities like type I, feel the 
universe or space like type III, and positively neglect and fee the outside like type III. That 
is the essence of creativity, we think.

6  Conclusion

The true issue of free will in postdiction is not in inverse causation from future to past but 
in the context without locality. As Dummett (1978) mentioned, whether forward or back-
ward causation, free will never co-exists with determinism in a normal context in which 
any other information at different places and in different moments can be accessed without 
inference. This implies a trilemma among free will, determinism, and locality. The true 
issue lies in the trilemma. In the trilemma of Dummet’s argument, the chief who believes 
in having free will to begin or stop dancing believes that his dance can make the preceding 
lion hunt successful (i.e., determinism) because in the universe where the chief lives, there 
is no locality. This situation resembles the situation in the brain. Intentional consciousness, 
believing in free will to begin or to stop moving her/his finger, also believes in the ability 
to determine the motor command that precedes intention and is determined by readiness 
potential (i.e., determinism), where there is no locality in a neural network universe (i.e., 
no global super-observer monitors everything in the brain). When the chief and the lion 
hunt are replaced by intentional consciousness and readiness potential, respectively, an iso-
morphism is easily seen between the situation of the chief and intentional consciousness. 
We define the specific rule corresponding to the elements of trilemma, free will, determin-
ism, and locality. Virtual consciousness is defined by self comprising myself and others in 
the brain accompanied with actual others. Myself and others in the brain can correspond to 
intentional consciousness and unconsciousness including readiness potential. Actual oth-
ers correspond to others outside our bodies. Inner and outer boundaries are defined by the 
boundary between myself and others and by the boundary between self and actual oth-
ers. Free will and determinism can affect inner and outer boundaries, respectively, where 
presence of the element creates an explicit boundary and absence of it creates an implicit 
boundary. Locality can affect both inner and outer boundaries simultaneously, where 
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presence of locality can allow the boundary affected by any other elements (free will or 
determinism) and absence of locality can make boundaries intermediate. These rules bring 
about three possible types of consciousness: type I, type II, and type III consciousness. 
Type I consciousness is characterized by inner fusion and outer separation. Therefore, self 
is separated from actual others, and the body cannot contain any aspects of others. This 
is consistent with some symptoms of those with ASD, such as weakened theory of mind 
and weakened embodiment. Type II consciousness is characterized by inner separation 
and outer fusion. Inner separation implies the separation between myself and others in the 
brain; this can entail finding others in the self. Type II can reveal an alien hand and/or audi-
tory hallucinations as symptoms in the people with schizophrenia. Outer fusion implies 
fusion between self and actual others; this can reveal self-other integration and over and 
underestimation of SoA, typical symptoms of those with schizophrenia. Type III con-
sciousness is characterized by inner and outer intermediate boundaries. It can reveal ambi-
guity of distinction and integration between myself (self, respectively) and others in the 
brain (actual others, respectively), that is, entanglement between myself and others. Entan-
glement of intentional consciousness and unconsciousness can achieve self equipped with 
free will and reveal SoA. If one considers that SoA can be generated by adequate predic-
tion and/or adequate matching between intentional plan and motor command, one assumes 
self that can match some states with other states in advance (i.e., immune principle for self-
consciousness). SoA cannot explain until it is explained that self is perpetually generated, 
degenerated, and sustained. In the scheme of entanglement, after intentional consciousness 
seeks to find someone who forces her/himself to move, he/she discovers there is nobody. 
The sign of nobody is itself nothing but self. In other words, self-consciousness is estab-
lished as nobody in the brain, and generation and degeneration of self cannot appear until 
entanglement appears.
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