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ABSTRACT 

Recent theories on natural and synthetic conscious- 
ness overlook the geometric structure necessary for 
awareness of 3-dimensional space, as strikingly illus- 
trated by left-neglect disorder. Furthermore, aware- 
ness of 3-dimensional space entails some surprisingly 
tenacious optical illusions, as demonstrated by an 
experiment in the text. Awareness of linear time is 
also crucial and complex. As a consequence, synthetic 
consciousness cannot be realized by simply intercom- 
necting a large number of electronic circuits con- 
structed from ordinary chips and transistors. Since 
consciousness is a subjective experience, there is no 
sufficient condition for consciousness that can be ex- 
perimentally confirmed. The most we can hope for is 
agreement on the necessary conditions for conscious- 
ness. Toward that end, this paper reviews some rele- 
vant clinical phenomena.  
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1. INTRODUCTION 

Advances in functional magnetic resonance imaging 
(fMRI) have made it possible to observe the reaction of 
the human brain to a given stimulus during both waking 
consciousness and deep unconsciousness, e.g., due to the 
administration of propofol [1-11]. During waking con- 
sciousness, but not otherwise, a stimulus generates inte- 
grated global activity all across specialized regions of the 
brain. This has led to the conjecture that such an infor- 
mation-processing methodology may be a sufficient con- 
dition for consciousness and thus admits to the possibil- 
ity of synthetic or non-biologic consciousness. However, 

this theory is contradicted by rare neurological disorders 
that provide empirical evidence as to which conditions 
are, and are not, necessary for consciousness. The over- 
sight is no doubt due, at least in part, to the fact that only 
a small number of clinical neurologists have ever seen 
the disorders in question. Also, there is a bias that only 
large controlled studies provide reliable information. 
While this is true for clinical trials of therapeutic and 
diagnostic methods, the first law of information theory 
tells us that rare events are precisely the ones that pro- 
vide the most information [12,13]. 

Since consciousness is a subjective experience, there 
is no sufficient condition for consciousness that can be 
experimentally tested. To the contrary, the mimicking of 
conscious behavior by an artificial brain would only 
tempt us to assume it is experiencing consciousness bas- 
ed upon, say, an analog for the Glasgow Coma Score [14, 
15] when there is no scientific basis for this assumption. 
The most we can hope to achieve is agreement on the 
characteristics of the human brain that are necessary for 
consciousness. We could then assume that an artificial 
brain satisfying all of these criteria would be capable of 
consciousness under the general rule that like causes 
produce like effects. Toward that end, the present paper 
reviews the implications of some real clinical phenomena 
as a guide to recognizing the necessary conditions for 
consciousness. 

2. AWARENESS OF 3-DIMENSIONAL 
SPACE  

2.1. Cerebral Geometry 

The rare condition known as left-neglect disorder is 
caused by a lesion on the right hemisphere of the brain 
[16-18]. Patients with this condition cannot perceive 
anything to the left of a reference point, including but not 
limited to, the left side of their own bodies. Indeed, they 
cannot even conceive of leftness (see Figure 1). In other  
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Figure 1. Wall clock drawn by a patient with left-neglect dis- 
order who was asked to draw a wall clock without any particu- 
lar time being specified. These patients cannot conceive of 
leftness.   
 
words, the anatomy of the cerebral cortex must be intact 
in order for a person to be aware of 3-dimensional space. 
Moreover, the anatomy of the human brain contains 
fractal structures [19]. This is to be expected since the 
cerebral cortex packs a large surface into a small volume 
by being convoluted. Hence, it is unlikely that synthetic 
consciousness can be achieved by simply interconnecting 
a large number of chips and transistors. Rather, realize- 
tion of the geometric structure needed for consciousness 
suggests a need to grow out biologic materials. This 
raises a question as to just how “synthetic” a synthetic 
brain could be.  

2.2. Optical Illusions 

Information processing by the human brain is not in- 
tended to be accurate nor is it. Rather, the human brain 
evolved to be biologically adaptive. As a consequence, 
waking consciousness necessarily includes such errors as 
optical illusions [20-23], pareidolia [24-26], change 
blindness [27-32] and plastic memories [33-36]. Indeed, 
even blind people experience optical illusions [23]. Some 
surprisingly tenacious optical illusions arise as part of an 
awareness of 3-dimensional space. This is illustrated 
below by a simple, do-it-yourself experiment well known 
to psychologists. Because there is a big difference be- 
tween learning something by reading about it and by 
actually experiencing it, the reader is encouraged to take 
a few minutes to conduct the below experiment.  

In looking at Figure 2 it is obvious that the square la- 
beled A is much darker than the square labeled B. Now  

 

Figure 2. Illustrates the tenacity and purpose of optical illu-
sions. 
 
conduct the following experiment. 
1) Print two copies of the page containing Figure 2. 
2) Use one copy to cut out the two squares labeled A 

and B. 
3) Place the cutout squares labeled A and B next to each 

other. It will be seen that, despite appearances that 
seem certain, they are exactly the same color.  

4) Place the cutout square labeled B over the square 
labeled A in Figure 2 on the intact page. When you 
do so, the cutout square labeled B will suddenly be- 
come much darker.   

Even after you have learned that the two labeled 
squares are the same color, and moving one to the posi- 
tion of the square labeled A makes it appear much darker, 
you will not be able to see Figure 2 with the correct col- 
ors. The brain changes what you are seeing so that you 
can navigate through 3-dimensional space using shadows 
to determine the shapes and locations of objects.  

3. AWARENESS OF LINEAR TIME 

3.1. Waking Consciousness 

Orientation in linear time is limited to waking con- 
sciousness [37-40]. Indeed, when awake, a person is only 
conscious of the neurological present. From a neurologic 
standpoint, “nowness” can be defined as that which is 
perceived when a person is awake (although the physical 
definition is different). A person may remember the past 
and can anticipate the future by remembering that to- 
morrow is a holiday or that he has an appointment next 
week. But these recollections are not perceived in the 
same way that the present is perceived when a person is 
awake.  

Figure 3 illustrates the flow of time in relation to the 
flow of exogenous and endogenous information in the 
fully awake human brain and is based upon a large body 
of interdisciplinary knowledge from psychology, psy- 
chiatry, and neurology. 
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Figure 3. Functional elements and pathways of the fully awake 
human brain based upon current knowledge and theories from 
the fields of psychology, psychiatry and neurology. 
 

For the present purposes, the main point of Figure 3 
concerns time. In keeping with the convention of physics, 
time advances in Figure 3 in the positive-y direction (up 
the vertical axis). It becomes immediately apparent that 
information flow proceeds in the opposite or negative-y 
direction (down the vertical axis). Note that Figure 3 
necessarily uses some oblique pathways in order to have 
a 2-dimensional graphic. These oblique pathways have a 
vertical and horizontal component. Information flow is 
down the vertical component. The horizontal axis repre- 
sents parallel information processing across specialized 
regions of the brain.   

It is also apparent from Figure 3 that neurological 
time is not the same as physical time. The physical pre- 
sent lies in the neurological future and the neurological 
present lies in the physical past. This refutes the conjec- 
ture that the consciousness of the observer causes the 
quantum mechanical wave function to collapse [41-48] 
since a measurement that creates a sensory stimulus pre- 
dates conscious awareness of the stimulus. Indeed, as in 
change blindness [27-32], conscious awareness may 
never occur if there is no focus on the stimulus and it is 
discarded by the awareness filter as irrelevant. Since the 
human brain operates on a limited amount of power, ef- 
ficiency is important and leaves no room for the proc- 
essing of overwhelming amounts of information deemed 
irrelevant to the individual.  

3.2. Emotional Precognition 

Synchronization during information processing may oc- 
casionally be inexact. Déjà vu, for example, occurs when 
a perception formed in pre-conscious processing enters 
long-term memory before the awareness filter accesses 
long-term memory [49]. Under nominal conditions, the 
affective content of a stimulus will enter waking con- 
sciousness before awareness of the stimulus itself be- 

cause the latter is first formed in pre-conscious process- 
ing and then evaluated by the awareness filter. This re- 
sults in what may be called “emotional precognition”. An 
example is when human subjects are aware of the affect 
inherent in photographs of faces that are threatening, 
inviting, or neutral, before being aware of the photo- 
graphs themselves [50,51]. 

Pairing of emotional pre-cognition with awareness of 
the stimulus itself may be learned from the repeated 
pairing of sequential events, much as associative mem- 
ory is formed [52-54]. For example, even a pre-historic 
human with no scientific knowledge of thunderstorms 
would soon learn to expect a thunderclap some seconds 
after seeing a lightning flash. On the other hand, when 
events are rare, the pairing of the emotional precognition 
and the perception of the stimulus itself is implied by the 
low probability of having both in quick succession under 
the product rule for independent events, i.e., as per the 
first law of information theory [12,13].  

4. NECESSARY AND SUFFICIENT  
CONDITIONS FOR CONSCIOUSNESS 

As noted in the Introduction, consciousness is a subject- 
tive experience. As a result, there is no sufficient condi- 
tion for consciousness that can be experimentally con- 
firmed. The most we can hope to achieve is agreement 
on the characteristics of the human brain that are neces- 
sary to experience consciousness. Rare neurological dis- 
orders can rule out some capabilities of the human brain 
as necessary for consciousness. Remarkably, pain per- 
ception can be eliminated since children born with con- 
genital insensitivity to pain are surely conscious [55-59]. 
This suggests that the associated affect that is generated 
by threat detection may not be necessary for conscious- 
ness, just as thrill seekers with low anxiety thresholds are 
no less conscious than others. However, congenital in- 
sensitivity to pain is biologically maladaptive. Children 
born with this defect will chew off their fingertips and 
gouge their eyes out if not carefully monitored. Hence, 
the pre-conscious need not be adaptively evolved. None- 
theless, preconscious perception must permit errors if the 
cognitive system is to operate in 3-dimensional space, as 
illustrated by the experiment using Figure 2 in Section 
2.2, above.  

Likewise, learning and expansion of long-term mem- 
ory are not necessary for consciousness. Individuals who 
have suffered permanent brain damage that precludes 
forming new long-term memories are nonetheless con- 
scious [60-62]. For that matter, so are individuals whose 
ability to experience emotion is impaired [63-65], as 
suggested above. However, some pre-existing long-term 
memory is necessary since, as shown in Figure 3, it is 
interrogated by pre-conscious processing and the aware- 
ness filter that is necessary to conserve limited energy 
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and prevent the brain from being overwhelmed with in- 
formation. In this case, however, fixed long-term mem- 
ory would play the same role as the hard-wired module 
that provides instinct, reflexes, and a somatic map. In 
other words, it would be akin to a computer program. 

Unfortunately, this all means that an artificial socio- 
path would be the easiest form of synthetic conscious- 
ness to achieve since the considerable burden of repro- 
ducing human emotion and learning would be absent. In 
other words, a synthetic, non-learning brain that is un- 
feeling, as well as amoral and anti-social [64], would be 
the simplest form of artificial consciousness to achieve. 
Clearly, this is to be avoided if there is a serious effort to 
realize artificial consciousness even though it would 
make that goal even more daunting.  

5. CONCLUSIONS 

The conclusions of the present investigation and review 
can be enumerated as follows: 
1) In addition to functional features, the sentient brain 

depends upon structure and architecture in order to be 
aware of 3-dimensional space, such as fractal geome- 
try and the convolutions of the cerebral cortex, as il- 
lustrated by left-neglect disorder. This raises a ques- 
tion as to how “synthetic” a synthetic sentient brain 
could be.  

2) Time is crucial to waking consciousness. 
a) Time flows in the opposite direction that information 

flows. 
b) Neurological time is distinct from physical time. The 

neurological present lies in the physical past. The 
physical present lies in the neurological future. 

c) This refutes the conjecture that the consciousness of 
the observer causes the quantum-mechanical wave 
function to collapse because a measurement resulting 
in a sensory stimulus predates conscious awareness of 
the stimulus. 

d) The neurological present is the only thing a person 
can perceive while awake. 

e) The affective content of a stimulus arrives in the 
neurological present before the stimulus itself, thus 
admitting to emotional precognition. This is because 
awareness of the stimulus itself is first processed by 
pre-conscious perception and an awareness filter. 

f) Pre-conscious perceptions are prone to errors because 
they need to be adaptive if a sentient system is to op- 
erate in a 3-dimensional environment. 

3) Because consciousness is a subjective experience, 
there is no sufficient condition for consciousness that 
can be experimentally tested.  

a) However, we can elucidate necessary conditions for 
consciousness. 

b) Certain rare neurological disorders that occur in con- 
scious individuals eliminate certain mental capabili- 

ties as necessary for consciousness. Capabilities not 
necessary for consciousness include, without limita- 
tion: 

i the ability to perceive pain, and 
ii the ability to form new long-term memories. 
c) Since an unfeeling, immoral and non-learning brain 

may be sentient, it would be easier to engineer this 
type of synthetic brain. However, the result would be 
an artificial sociopath. Hence, such an effort should 
be avoided. 
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