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We are surrounded by the material world and
belong to it, but we live in the world of our conscious�
ness, perceptions, thoughts, and feelings. The real
world and the world that we perceive are not always the
same. Our life is the life of our consciousness. This is
why the problem of studying consciousness is so
important. Brain science is designed to understand
how the movement of nerve impulses leads to what we
perceive inside ourselves, i.e., to the world of our
thoughts and feelings. The global tendencies in solving
this problem are such that today the majority of scien�
tists proceed from the assumption that the explanation
should be based on the laws of the physical world with
no account for any interpretations outside this world.

The brain basics of subjective experience. The Aus�
tralian philosopher D. Chalmers [1] is of the opinion
that the mind–brain problem includes two tasks: diffi�
cult and simple. The difficult one is to understand how
the movement of electrical nerve impulses generates
subjective experience, the inner world of a person. The
simpler task (which is also very difficult) is to under�
stand what brain mechanisms underlie certain cogni�
tive actions. It was believed for a long time that the first
(difficult) task would be solved in the distant future.
However, as is often the case, the future suddenly
neared, and the solution of the problem by natural sci�
ence methods has become topical now. The main role
in this respect was played by the progress of brain sci�
ence, including the development of living brain imag�
ery methods, such as positron emission tomography,
functional magnetic resonance imaging, and multi�
channel electroencephalography.

The phenomenon of the “sudden approach of the
future” is of great interest. Many mature people know
it from their everyday experience. It may be compared
to the action of a zoom lens, i.e., a lens in which the
image size can be varied continuously while the image
remains in focus, which makes it possible to turn the
distant into the close by one click of the camera trigger.
The difference is that, in the case of the “nearing
future,” the action takes place in time rather than in
space.

A number of approaches have been offered to
explain how subjective experience emerges from brain
processes. It is of substantial importance that these
approaches, as a rule, do not contradict but rather
complement each other because they concern differ�
ent levels and manifestations of consciousness. The
first dates back to Pavlov’s famous statement [2] sug�
gesting that consciousness is a result of the activity of
the cortex area that is in the state of optimal excitabil�
ity. Pavlov viewed this cortex area as creative as
opposed to other cortical areas, which can only repro�
duce the developed conditioned reflexes. He wrote
that, if we could have seen through the braincase, we
would have observed a freakish moving light spot,
which reflected the area related to consciousness. It is
noteworthy that this is the only Pavlov’s statement
concerning a probable consciousness mechanism; in
the “Index” to the complete collection of Pavlov’s
academic works of 1951, which was published in 1954
and numbered 86 pages, the word consciousness is
absent altogether. Amazingly, we can see “through the
braincase” today, and what we see is very similar to
what Pavlov described. F. Crick and C. Koch devel�
oped similar ideas much later in their searchlight
hypothesis [3]. These authors are of the opinion that,
owing to reverberating cortex–thalamus impacts,
optimal conditions for analyzing the most important
information delivered to this region are formed in this
cortex area. This process resembles the beam of a
searchlight, which exposes to view important objects
under observation. The thus intensified processes of
information treatment determine the content of con�
sciousness.

The second approach proceeds from the search for
a key brain structure responsible for maintaining con�
sciousness. This approach is represented by W. Pen�
field’s centrencephalic system [4], according to which
the key role in maintaining consciousness is played by
the reticular formation that receives collaterals from
both sensory and motor routes running through the
brain stem. Owing to this, the reticular formation
maintains the necessary tonicity of higher brain cen�
ters. Transecting the brain above the stem plunges
these areas into the state of sleep. The present
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approach to solving the problem of consciousness
through searching for the key structure is represented
by A. Damasio’s works [5]. The author proceeds from
examining patients with lesions of different brain
areas. Damasio identifies three levels of conscious�
ness, corresponding to the three levels of the inner ego,
the main component of consciousness.

The first, lower, level is the unconscious “proto
ego,” whose function is to trace the internal environ�
ment of the organism. It is maintained by certain stem
nuclei, the somatosensory cortex, the hypothalamus,
the insular cortex, and the basal forebrain. The next
level is the “core ego,” which is recognized but not
verbalized. This ego traces only the instantaneous
proto ego. Its structural base consists of the upper emi�
nences, thalamus, and cingulated convolution. The
structures of the first and second orders are located
close to the medial plane of the brain. They are phylo�
genetically older formations and participate in body
representation. These types of consciousness are not
affected under lesions of the temporal cortex and hip�
pocampus. The primary sensory structures are only
responsible for one modality, and their lesions do not
affect the consciousness of the first two levels. Finally,
the third level is the “autobiographical ego,” which
traces all changes in the core ego. At this level, the past
and the future are also recognized, and the events of
the past may explicitly (arbitrarily) be extracted from
memory. Under a lesion of the hippocampus, this abil�
ity is lost. In addition to the hippocampus, higher cor�
tex areas participate in maintaining the consciousness
of the third level.

The concept of the leading role of speech centers in
maintaining consciousness [6] is also one of the
hypotheses about the key structure of the brain. These
views rest, in particular, on the data showing that the
recovery of patients with brain traumas from coma
coincides with establishing coherent connections
between the speech centers in the temporal (Wer�
nicke’s area) and frontal (Broca’s area) cortices of the
left hemisphere. According to P.V. Simonov, con�
sciousness is “coknowledge,” i.e., joint knowledge,
ensured by verbal and other types of communication
involving abstract symbols.

A number of authors also point to connection
between consciousness and certain brain rhythms, pri�
marily the gamma rhythm [7]. It is shown that this
rhythm emerges in the visual cortex when a person is
viewing images, which, in the opinion of the authors,
ensures the integration of the individual features of the
object into a single image.

The above approaches present valuable material for
understanding the brain basics of consciousness. At
the same time, they do not provide an answer to the
main (“difficult,” according to Chalmers) question:
why does the work of the brain produce what we per�
ceive as the world of internal, i.e., inwardly felt phe�
nomena? An attempt to come closer to an answer to

this question is the fourth approach, which explains
the emergence of subjective experience through the
specific organization of brain processes. This concept
will be considered in more detail because it dates back,
in particular, to my works [8–10] on the theory of
information synthesis. The respective studies were
conducted in the 1970s–1990s, but it seems useful to
review them within the framework of the problem
under discussion with respect to the data published in
recent years.

The theory of information synthesis was formu�
lated proceeding from studies on the brain mecha�
nisms of perception. In the experiment, the person
under testing was supposed to solve a problem on dis�
tinguishing the intensities of perceptions. Simulta�
neously, evoked potentials (EP) to the delivered signals
were recorded, and the psychophysical indications of
the resultant perceptions were determined. To deter�
mine the latter, we used signal detection theory [11],
which describes perception by two parameters: sen�
sory acuity and the criterion of motivation�deter�
mined decision. Then we calculated correlations
between the quantitative indicators of physiology and
psychology. The work was conducted on two analyz�
ers, visual and somatosensory, the results in both cases
being fundamentally the same. It turned out that the
indicator of sensory acuity correlated with the earlier,
sensory, EP wavelengths. On the contrary, the ampli�
tude of the later wavelengths correlated with the crite�
rion of decision. These results were, to an extent,
expected. The novelty was that the amplitude of inter�
mediate EP wavelengths correlated with both percep�
tive indexes; in other words, these wavelengths
reflected the fact that new sensory information about
the received signal was synthesized on the cortex neu�
rons, including information about the signal’s signifi�
cance.

The most interesting things, however, were still
awaiting us. It turned out that the latency of the EP wave�
lengths with such double correlation (about 150 ms)
coincided with the time of the emergence of percep�
tions. The data that perception emerges considerably
later than sensory impulses come to the cortex had
been obtained a few decades before by applying so�
called metacontrast masking [12]. The most accurate
measurements, however, were performed only
recently [13]. The masking effect is reached using a
transcranial magnetic stimulus. The results show that
the time of perception manifestation is about 160 ms
after the presentation of visual images, which is quite
close to the latency of intermediate EP wavelengths. It
is also of importance that the masking effect may be
reached only when the magnetic impulse is applied to
the visual cortex, i.e., to the only place where double
correlation with perceptive indexes manifests itself.

The question arose: what takes place in the brain
during this time? In other words, what ensures the
transfer of the physiological process to the psychic
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level? Data on the genesis of individual EP wave�
lengths and the analysis of the respective literature
made it possible to clear the air. Perception emerges as
a result of the ring movement of impulses with the acti�
vation memory centers, including the hippocampus
structures, and the motivation structures with the sub�
sequent return of irritation to the projection cortex.
This machinery ensures the possibility to compare and
synthesize information about the physical and signal
properties of the stimulus, which, in our opinion,
underlies perception. The return of irritation to the
visual cortex has recently been described in works by
E.S. Mikhailova et al. [14]. In our point of view, the
continuum of consciousness consists of a sequence of
images with duration of about 100–150 ms each. Note
that these views are close to W.J. Freeman’s cinemat�
ographic theory of perception [15].

The proposed hypothesis answers one of the most
important questions of the theory of consciousness,
namely the question about the brain mechanisms of
cognizing one’s own ego. The feeling of the ego
emerges as a result of the activation of memory traces
evoked by an external signal. Note that the ego is, in
essence, the memory about one’s own life, our own
actions in the past (which corresponds to Damasio’s
“autobiographical ego”). Brain processes are orga�
nized in such a way that the perception of the ego and
that of internal reality are closely connected with each
other: a subjective image emerges as a result of joining
between an internal signal and memory traces, while
the ego as the subject of perception is invisibly present
in the sensing itself.

In 2008, work [16] was published, which is close to
ours with respect to the task setting and results. The
authors used a 48�channel EP record and more com�
plicated methods of mathematical analysis (Laplace
transformations for calculating current density over
the cortex surface with constructing respective maps).
The conclusion is as follows: perception emerges
160 ms after the presentation of a stimulus at the
expense of recurrent connections (feedbacks) to the
projection occipital cortex. The authors compared the
current intensity only with the accuracy of recognition
rather than with individual perceptive indexes, which
had been made in our work and allowed us to show the
internal meaning of the processes that take place in the
cortex in the form of synthesizing information and
memory.

The idea of the return of the impulses to the places
of the initial projections as the base for psychic func�
tions and human consciousness was proposed by other
scholars as well. The most developed concept in this
respect is G. Edelman’s reentry theory [17, 18].
According to this theory, the return of impulses to the
places of the initial projections after the inquiry of
other structures makes it possible to compare new
information with previous experience and to adjust the

latter accordingly. This theory is universally recog�
nized.

K.V. Anokhin is developing the concept of recon�
solidating (rerecording) memory traces upon extract�
ing and using them under given individual conditions.
This idea, in our opinion, agrees well with the theory
of synthesizing sensory information and memory as
the main psychical phenomena. It is also close to
Edelman’s reentry theory. If this similarity is indeed
deep�rooted, it will perhaps be possible to associate
ideas about the organization of nerve processes with
certain molecular mechanisms. Thus, consciousness
rests on the idea of renewal, which assigns the eminent
meaning to life and determines people’s natural ten�
dency to something new.

A sequence of images is not the only element of
human consciousness. The latter can manipulate these
images and symbols in forming the thought process. In
subsequent studies, we developed the idea of informa�
tion synthesis in the context of thinking mechanisms.
In these works [10, 20], we studied the picture of cor�
tex links under solving concrete cognitive tasks. It was
established that the relatively simple and symmetrical
layout of the links at rest changes during thinking: the
links begin to converge to definite fields of the associ�
ation cortex. Such centers of links were called interac�
tion focuses. The topography of the focuses depends
on the type of thinking. Under visual thinking, the foci
localize in the parietal–temporal cortex, while under
verbal–logical thinking, they occur in the frontal cor�
tex. Hypothetically, a focus consists of groups of neu�
rons, each of which is connected by flexible links with
neurons in the periphery. They work at the same fre�
quency and are isochronously joined into a single neu�
ral network. Inside a group, the neurons are joined by
rigid links, which makes it possible to integrate informa�
tion circulating in individual neural networks (Fig. 1).
Synthesis in the focus of information coming from
sensory systems, memory, and motivation centers
underlies decision making. These views are somewhat
similar to Edelman’s and G. Tononi’s [18] ideas that a
significant role in ensuring consciousness is played by
clusters of nerve elements designated dynamic cores.
These structures combine two properties: the binding
of the elements and the complexity resultant from the
heterogeneity of the elements composing the struc�
ture. Using the authors' metaphor, such a structure
resembles a family in which each member has his or
her own friends and interests, but all of them are in a
single social unit that lives by shared interests. Similar
ideas have been developed by Damasio [21], who is of
the opinion that activation centers, identified in the
cortex by methods of functional magnetic resonance,
are areas to which information of different types con�
verges. It seems symbolic that similar views on the
consciousness mechanism are expressed by authors
who work independently of each other and use differ�
ent methods.
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Thus, we may conclude that the synthesis of infor�
mation that includes three main components (sensory
information, information extracted from memory, and
information coming from the motivation centers) is
obviously an important part in the genesis of subjec�
tively felt phenomena.

The rhythmic correlates of cognitive functions. We
have described interaction foci where the synthesis of
information takes place, which, in our opinion,
underlies the process of decision making. An impor�
tant feature of the neural networks united into a focus
is their rhythmic properties. Back in the first works by
H. Berger in the late 1920s, it was shown that thinking
processes are connected with brain rhythms. Alpha�
and theta�band rhythms are associated with attention
and memory processes. Changes in brain rhythms
during task performance have a fine frequency struc�
ture [22].

Our experiments of recent years also demonstrate a
clear dependence of brain rhythms on cognitive pro�
cesses. This dependence is so pronounced that it is
possible to recognize a type of thinking activity on
short electroencephalogram (EEG) intervals in an
almost real�time mode [23–25].

The persons under testing were to perform tasks of
two types—spatial–visual and verbal–logical—in two
modalities (aural and visual). The average time for
performing the tasks was 10–15 s. With some of the
people being tested, the experiment was repeated in a
few days or months. Six types of tasks were prepared
for each thinking type in the visual and aural modali�
ties (about 100 stereotypical tasks for each type, i.e.,
about 1200 tasks total). Some types of the tasks
included, for example, cube section or a road junction
for spatial thinking and solving anagrams or searching
for a missing syllable that would be the end of the first

word and the beginning of the second one for verbal
thinking.

The upper left�hand corner of Fig. 2 shows two
kinds of tasks: verbal–logical and spatial, both being in
the visual modality. Note that spatial tasks presented
aurally contained some verbal properties because the
person under testing listened to and considered a ver�
bal instruction prior to solving the task (in some cases,
the solution and understanding took place at the same
time). The persons under testing had practiced to solve
such tasks before the experiment. The same figure
shows the diagram of this method. EGG intervals of
3–20 s, which corresponded to mental solutions, were
subjected to spectral analysis, namely to squaring the
fast Fourier transformation modulus for each EEG
channel in the 5–20 Hz band. The individual spectra
thus obtained (which are the evaluation of the brain
rhythm patterns during the solution) were divided into
two samplings: primary and checking. For example,
the primary sampling could consist of the spectra
obtained in the primary experiment, while the check�
ing one consisted of spectra obtained during the
deferred experiment that took place several months
later; or the data obtained during one day could be
divided into two parts arbitrarily.

A two�layer artificial neural network (ANN) of the
perceptron type was used [25]. The primary data sam�
pling trained the network to recognize either two fun�
damental classes of input vectors (verbal and spatial
thinking) or several classes (concrete types of cognitive
tasks). The trained artificial neural network then iden�
tified individual EEG intervals from the checking
sampling as part of one of the classes under study pro�
ceeding from the rhythmic properties of the EEG
intervals under analysis. Thus, the artificial neural net�
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of the two types

work recognized the intervals and attributed them
either to one of the thinking types (verbal–logical or
spatial) or to one of the types of concrete tasks.

ANN training consists of adjusting the weights of
links between the input and output layers of neuron�
type elements. As a rough approximation, these
weights can be viewed as an analog of synapses in real
neural networks. In analyzing the weights found by the
artificial neural network at the training stage, the
experimentalist can see which rhythmic properties of
brain electrical activity are the most specific for some
particular type of mental activity.

The results may be briefly summarized in the fol�
lowing way:

• In the process of performing cognitive tasks,
characteristic theta�, alpha�, and beta�band rhythms
emerge in the electrical activity of the human brain.
The totality of the simultaneously present rhythms
forms a characteristic spatial–frequency EEG pat�
tern.

• Rhythmic patterns differ for different types of
cognitive activity.

• Characteristic rhythmic patterns are individual;
nevertheless, the persons undergoing testing are
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divided into groups (types) according to the character
of developing rhythmic patterns (work on creating a
typology of individual patterns continues).

• The properties of rhythmic patterns are stable in
time: in many cases, they remain unchanged for sev�
eral months. Each time when a person undergoing
testing is solving a task of a definite type, the same spa�
tial–frequency pattern sets up in the electrical activity
of his or her brain.

• The patterns barely depend on the modality of
stimuli and the complexity of tasks; consequently, they
reflect the thinking type as such.

• The patterns may be of a mixed character: in
solving a spatial task presented aurally, they can
acquire properties of both thinking types (verbal and
spatial) because the person undergoing testing listens
to and considers the verbal instruction before or in the
process of solving a spatial task.

• In the course of the experiment, we showed the
ability to recognize the type of a task in the process of
its solution proceeding from the analysis of several
EEG seconds (starting from 3 s), i.e., practically in
real time.

The high interindividual variability of the electro�
encephalographic features of the thinking types may
be explained by the fact that the features used for clas�
sification/recognition correspond to nonspecific
information brain processes, such as focused atten�
tion, memory, the emotional status, or motivation.
The set of accompanying processes typical of a given
person makes it possible to solve a familiar task reliably
and in a standard way.

Interest in works devoted to analyzing the informa�
tion (content) side of the brain’s functioning accord�
ing to its physiological indications has grown signifi�
cantly over the last several years. This problem is des�
ignated brain reading by analogy with understanding
the content of a text through letter symbols. In addi�
tion to purely theoretical importance, this problem is
of practical value with regard to developing a more
state�of�the�art generation of interfaces between the
brain and the computer.

The majority of the works describe recognizing the
categories of presented stimuli according to the indi�
vidual manifestations of a signal using indications of
functional magnetic resonance imaging (fMRI) with a
duration of about 20 s and a recognition reliability of
about 90%. These are primarily studies by J.V. Haxby,
in which stimuli were presented visually [26], and
P. Pietrini, involving tactile presentation [27], as well
as works by S.V. Shinkareva [28]. However, notewor�
thy are several important points that make our studies
different. First, we recognize types of complicated
cognitive activity rather than merely the perception of
sensory stimuli. Second, we have a better time resolu�
tion. Finally, EEG is much cheaper and more accessi�
ble than fMRI, which makes it possible to hope for

practical applications of the technology under devel�
opment. For example, when an airline dispatcher is
tracing airplanes’ movement on the radar display, and
his attention is suddenly distracted, the system can
register this at once and give him a warning signal.

The hypothesis of the biological basics of under�
standing. The problem of understanding, which was
previously developed by psychologists and philoso�
phers first and foremost, has become especially signif�
icant in connection with studies on the creation of
artificial intelligence. It is assumed, especially after
R. Penrose’s works [29], that, as opposed to the living
brain, computers are incapable of understanding. The
question arises why the computer, a state�of�the�art
creation of the human brain, is not able to understand,
while, for example, cats can understand quite a lot.
What can physiologists, who claim that it is possible to
explain the origin of psychical phenomena, say in this
respect?

Analyzing the process of understanding, we can
conclude that it is based on associative thinking, the
ability to compare unfamiliar phenomena with famil�
iar ones, and the ability to group similar objects by dis�
tinguishing them from others. Can the computer per�
form such operations? The answer is obvious: yes, it
can; an example may be found in the previous section.
Does this mean that understanding, as we view it, must
rest on a deeper biological base?

We propose a hypothesis according to which
understanding (note that understanding is essentially a
subjective feeling, which may be incorrect) emerges
when new information correlates with a concrete vital
need. Using Pavlov’s terminology, we may say that
understanding is connected with reinforcement. In
natural conditions, an animal learns how to act in a
definite way to meet a need; i.e., it begins to under�
stand how to reach a desired result. A similar tech�
nique is used in training. Essentially, this principle
works in human society as well. Market relations are
fully based on the desire to gain more in order to meet
growing needs.

According to one of the basic theorems of mathe�
matical logic, the Gödel theorem, it is impossible to
prove by calculation the correctness of the fundamen�
tal operations of arithmetic, for example, that 1 + 1 = 2,
although the essence of this operation is obvious for
each of us from our everyday practice. It is important
that, in the process of evolution, this ability forms
prior to the ability to count. For example, a dog knows
all the members of its master’s family and can recog�
nize them among other people. A young child can
enumerate all his or her toys although he or she cannot
count them.

Speaking about human needs, we should bear in
mind that they are not limited to biological needs.
According to Simonov [6], in addition to biological
needs, human beings have social (for example, to
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occupy a certain position in society) and ideal (need in
cognition) needs.

Thus, reinforcement shows whether behavior is
correct or erroneous. In the brain, information deliv�
ered by sensory paths and extracted from memory is
subjected to calculations that are probably similar to
those performed by the computer. However, informa�
tion from motivation centers is coded otherwise. Most
probably, the coding involves the sign system of coor�
dinates +/– (useful/harmful). Comparing calculation
results by such an assessment assigns a definite vital
meaning to the calculations.

Of course, this model is effective only in relatively
simple cases. Real situations are usually so compli�
cated that it is impossible to calculate them to the full.
Hence, people, as a rule, have to content themselves
with an admissible probability of meeting their needs,
with approaching the desired goal owing to planned
actions. It is this level of probability that is perceived as
the subjective feeling of understanding, which serves as
a signal that it is time to stop calculations and take
action. Overall, the proposed hypothesis correlates
well with the data showing that understanding emerges
under the activation of the BA11 field in the ventrome�
dial orbitofrontal cortex, which is associated with need
gratification and award [30]. Noteworthy is the follow�
ing fact as well: the prefrontal cortex is also innervated
by dopaminergic subcortical neurons. Thus, the evo�
lutionarily latest part of the brain uses, without limita�
tion, one of the oldest mediators. The structure that
ensures the most complicated calculations is appar�
ently directly correlates with the brain areas that deal
with needs. The evolutionary process here is appar�
ently looped. Note that similar views have been devel�
oped by Freeman [31], who states that natural calcu�
lations, as opposed to artificial ones, are always inten�
tional and are targeted at accomplishing a certain goal.

According to the proposed hypothesis, in order to
create an understanding computer, it is necessary to
equip it with needs; this is what the efforts of scientists
are targeted at. It is clear that this task is far from sim�
ple. We can hardly view as a need the squeak of a cel�
lular phone when its battery is discharged.

The first part of the paper sought to prove that sub�
jective experience emerges as a result of information
synthesis, the obligatory component of which is data
about the significance of the signal. The same princi�
ple is obviously just with respect to the subjective feel�
ing of understanding. The common rule is that psychi�
cal phenomena emerge on the basis of synthesizing
new information with memory and motivation.

May we expand this formula to artificial intelli�
gence? I think so, but the question remains open. The
function of consciousness is to understand the envi�
ronment in order to know how to turn desires into
actions. In solving this task, an understanding com�
puter could become not only an adviser but also a
friend.

I would like to conclude my presentation by quot�
ing an extract from F.I. Tyutchev’s poem, the idea of
which is, in my opinion, close to our studies, although
it was written 150 years ago.

Thus, for the ages, they are bound

By sacred bonds of kinship’s blood—

The humane genius that astounds

And animated nature flood.
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