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The US Congress has proclaimed the last decade of the 20th century as the decade of the brain. The problems of the functional asymmetry of the brain and the enigma of handedness, are some of the most current and widely discussed issues in science today. They involve neurobiology and psychology, embryology and linguistics, pedagogy and psychiatry, evolutionists, anthropology, genetics and sociology. A vast literature has been accumulated, mainly with regard to the asymmetry of the brain in connection with sex, handedness, and the location of verbal and spatial faculties. It is well known that each half of the body is linked to the opposite hemisphere of the brain (ipsilateral connections are weaker, evolutionarily young and play a secondary role). The significance of this cross linkage is not clear. It appears that the information contra-scheme in combination with the energy ispi-scheme supplies the needed negative feedback during bilateral development. The dominant contralateral connections make it possible to determine the dominant hemisphere by the superiority or preference of organs, by the speed or quality in the performance of functions. For example, in genetically right-handed people these indicators (sizes of bones and muscle, rate of tapping, etc.) are significantly larger for the right side. Modern methods of tachistoscopy, dichotic listening and digaptic stimulation make possible the determination of the dominant hemisphere through the asymmetry of visual, auditory and tactile functions [1]. It has been ascertained, in particular, that there is more asymmetry in men’s brains than in those of women [13]. There are 4-8 times more boys among left handers, stutterers, the cross-eyed, and dyslexics (deviations associated with brain asymmetry). Different degrees of brain asymmetry and different participations of the hemispheres in thinking exist in different races, ethnic groups, and cultures. In the left hemisphere are located: perception of meaning and reconstruction of speech, writing, self-awareness, fine motor control of the fingers of both hands, logical, analytical, abstract thinking, arithmetical calculation, musical composition, color range, positive emotions. It understands well time, verbs, is capable of false statements. To the right hemisphere belong spatial-visual capacities, intuition, music, speech intonation, coarse movement of all extremities, integral perception, negative emotions, humor. It understands little of verbs, abstract terms (health, spite, joy, religion), and is not capable of false statements. An increased percentage of left-handers (they average 10%) has been recorded among twins, geniuses, the feebleminded, alcoholics, the strongest tennis players and boxers, and factory workers. They are more frequently subjected to accidents.

Initially, with brain asymmetry being considered a particularly human phenomenon, attempts were made to explain it as the consequence of the unique characteristics of mankind: speech, right handedness, self-awareness. But it turned out that brain asymmetry also exists in other vertebrates. Despite this, purely “human” theories on the specialization of the hemispheres continue to appear—verbal-nonverbal, temporal-spatial, analytical-synthetical, sequential-integral (perception), abstract-concrete. Lateralization was seen as a means of duplicating the informational capacity of the brain, although, as it turned out, it can increase reliability but in no way capacity. The left hemisphere was linked with the setting of goals, the right its realization, with inductive and deductive thinking, numerical and analogous processing of information, Western technicalism and Eastern mysticism, etc. Theories of handedness exist—initially naive, explain human right-handedness as due to the right side position of the liver, displacing the body's weight, or to the heart being on the left side, compelling the shield to be carried in the left hand and the sword in the right. The left hand was reserved for excretory-hygienic purposes and the right for eating, and handshaking. Left-handedness was considered to be the result of birth trauma, generally as pathological, and so forth [1]. Not one of the existing theories can explain all the facts consistently or predict new ones. In the absence of a theory the accumulation of data is of little use.

Fig. 1.  Asynchronous evolution of function (of traits, 0 → 1) and of domination of its center of control (CC) in the hemisphere of the brain in men and women during the appearance and loss of functions. T) phylogenetic time, LH) left hemisphere domination, RH) right hemisphere domination, BL) bilaterally, SD) sexual dichronisrn, ED) brain dichronism; evolutionary phases: d) dislocation, t) translocation, r) relocation.

It is obvious that brain asymmetry—the specialization of hemispheres—also has adaptive value, but what it is is quite unclear. What does it do? What sort of logic, what principle lies at its heart? What does the species-wide right-handedness of humans signify? What of left handedness? Why is all this firmly linked with sex? A theory is needed.

In 1972 we showed that adaptive, control systems, evolving in a changing environment, differentiated into two interdependent subsystems, specialized according to conservative and operative aspects of evolution, increase stability [2]. Such an approach to the problem of sex turned out to be very fruitful and led to the creation of the theory of asynchronous evolution of the sexes [3]. Evolution of any trait in the male sex begins and ends earlier than in the female; i.e., new traits in phylogeny appear first in the male, then after many generations cross to the female. A shift of phase in time-gender dichronism leads to the appearance of sexual dimorphism, the beginning of which is evidence of the evolution of the trait (Fig. 1). The theory reveals the natural connections of sexual dimorphism, dispersion and sex relationships to environmental conditions, the direction, phase, and speed of evolution, with the ontogenetic dynamics of the trait, etc. A working analogy between the differentiation of a population into two sexes and the brain into two hemispheres has existed for a long time [4]. Analysis of the specialization of the hemispheres makes it possible to propose a hypothesis: Asymmetry of the brain in a way similar to sexual dimorphism is the result of asynchronous evolution. With the appearance in phylogeny of a new function the dominant center for its control is formed by the left hemisphere (operative subsystem, analogous to the male sex: just as the male sex “assimilates” the new function, the left hemisphere “assimilates” its center of control). The center of control is located there in the course of brain dichronism (comparable to sexual dichronism), after which it transfers to the right hemisphere (conservative subsystem, analogous to the female sex). If the function later is lost (first in males, later in females) then its center of control is eliminated and asymmetry for it disappears (Fig. 1). Consequently, the evolutionarily new, young functions, which in the future will enter the right hemisphere, must be located in the left hemisphere and in the right hemisphere are the old, ancestral functions, which at some point in the past were in the left hemisphere. This means that domination cannot pertain to a whole organ (hand, foot, eye, ear) much less to a whole organism (right-handed, left-handed) but only to specific functions, characterized by their evolutionary age. Right-sided domination of an organ means a young age for the function, left sided, old. In the phylogeny of each function can be isolated: dislocation (d) transfer—the original bilateralness shifts toward left hemisphere; translocation (t) transfer—left hemisphere control shifts toward right hemisphere control, and for the loss of function, then, relocation transfer (r)—right hemisphere control moves back to bilateralness. Then by the age of the onset of these transfers (according to the law of recapitulation) in the ontogeny of men and women one can identify a ratio of dichronisms:

Brain dichronism

tM - dM  
————————  =  ————
Sexual dichronism
dF - dM
Here dM and dF are the ages of the appearance of left hemisphere domination in men and women, tM is the age of the translocation in man. Therefore, the hemisphere (right-left) can be characterized as, respectively, conservative-operative, biological-social, genetic (by information, which is transmitted to the descendent through the gametes)-cultural (through culture), species (universal, common for different cultures)-individual (specialized), phylogenetic (continual “memory”)-ontogenetic (operative), generative (internal, isolated from the environment)-ecological (external, strongly linked with the environment). This is the gist of the new concept.

Now about the incomprehensible facts and their interpretation from the new positions. 1) It is quite obvious that the majority of functions of the left hemisphere appear evolutionarily young: speech, writing, self-awareness, fine movements of the fingers of both hands, rational-logical, analytical, abstract thinking, arithmetic, musical composition; but those of the right hemisphere are evolutionarily old: spatial abilities, music, intonation, intuition, coarse movements of all extremities, concrete, situational thinking, embryonic functions. But there are also those functions the evolutionary “age” of which is not so obvious. For example, emotions: negative-positive, understanding, spatial-temporal, noun-verb, statements, true-false. Both in phylogeny and in ontogeny the first appear earlier than the second. In newborns crying precedes smiling, in kittens plaintive whining, purring, in puppies whimpers begin three months earlier than tail wagging. Moreover, with the functional suppression of the brain negative emotions disappear in the latter and are established in the first [5]. If one thinks of the thinking and vocabulary of child (or of savages), then it is easy to be convinced that the understanding of space is simpler than that of time, nouns are simpler than verbs, true statements simpler than the lie. The first words of a child are nouns, slyness and lies appear later, orientation in space also occurs earlier than in time. Color range also obviously can be considered as an evolutionarily young acquisition. The characters of the “Iliad” and “Odyssey” made use of a very narrow range of colors. Humor, it would appear, is a phylogenetically new trait, which suggests the direction of sexual dimorphism (it appears earlier and more forcefully in men). However, it is thought that it is located in the right hemisphere [5]. If this is true, then it runs counter to our concept.

This same line of thinking sheds light on other facts. 2) The right hemisphere control of intrauterine development [6]; this is natural since in the embryo there are old (biological) functions and not yet new (socio-cultural) functions. 3) American Indians, Negroes, and Whites (1220 people) were compared in two tests—for right and left hemispheres. With respect to analysis of right hemisphere/left hemisphere the Indians took first place, then Negro women, Negro men, White (note the sexual dimorphism among the Negroes). It was concluded that there is right hemisphere thinking in the Indians and Negroes. Soon after it was shown that in the right hemispheres (biological) there are not any noticeable differences, the groups differed on the basis of the left hemispheres (socio-cultural) [1]. Similar data resulted from the study of northern peoples of our country [14].

Amazing are the facts on handedness in manifestly old and new functions. 4) The same apes reach for and grasp food with the left hand, but manipulate (open bolts, turn nuts) with the right hand [9]. 5) The grasping reflex in newborns is also more strongly developed in the left hand (with species righthandedness in people) and use of the palm is stronger on the left, and of fingers on the right [7]. Since “grasping” and “reaching for food” are the most ancient functions of the hands they are now in the right hemisphere and “manipulating” is a new one which is centered still in the left hemisphere. 6) For this same reason verbal meanings of sound are pickup up better by the right ear, and nonverbal (environmental) by the left [8] (again the first are younger than the second).

Especially informative are data on sex since they present the possibility of verifying simultaneously both theories (sex and asymmetry of the brain). 7) Since evolutionary transformation affects the male sex sooner, then a shift in handedness in phylogeny from ambidextrousness to right handedness to left-handedness must be accompanied by an increase in sex correlation. This prediction of the theory also is completely confirmed: for each woman there is among the ambidextrous about 0.5 men, among right-handers about 0.9 men, and among left-handers about 5.0 men. 8) Using digaptic stimulation with 200 right-handed children it was established that the left hand was dominant in boys only 6 years old, but in girls before 13 years of age-ambidexterity has preference [11]. 9) Of 51 chimpanzees in 591 tests preference for the right hand was observed in 21 and all of these were males [7]. 10) At ages 6 to 12 years the right femur is larger, and at 13 to 20 the left [12]. When the ancestors of human beings converted to walking upright, a new center of control arose in the left hemisphere, causing right-footedness. After the complete assimilation of the function its center of control transferred to the right hemisphere, and rightfootedness changed to leftfootedness. Therefore in accordance with the rule of recapitulation, in ontogeny also rightfootedness changed to leftfootedness. This paradoxical fact can be explained in no other way. The significant trend away from anbidextrousness to preference for the right hand with practice in the accomplishment of tasks was observed in studies using different tests for tactile differentiation on new subjects - rhesus monkeys and marmosets [7]. 12) Analogous tendencies are described for humans using dichotic vocal signals—the right ear was preferred at first, after a week, the left [1]. 13) Siamangs, chimpanzees, orangutans, and gorillas prefer the right foot for beginning terrestrial movement [7], and so forth. Archaeological data was collected on the making and use of tools, according to which in the stone age the right hands and left hands were used equally and in the bronze age, 2/3 were right-handers (now about 90%) [5]. We note that in all these various observations only the predicted theory of the direction of changes is established: bilateralness shifts from left hemisphere to right hemisphere.

Existing theories are not in a position to explain such facts, but the new concept fits them naturally and simply. Moreover, it makes it possible to make the following, otherwise irrational, prediction. For example: 1) since the asymmetry of the brain is linked with evolution, then the greatest asymmetry, apart from humans, must be anticipated in intensively evolving species. These are chiefly selected (herring fishery, domestic), synanthropic (able to be trained) animals, the left hemispheres of which undertake greater ecological stress. In this regard it is interesting that in rats (synanthropic species) the cortex of the right hemisphere is thinner (to 10%) than the left hemisphere [6]. 2) Phylo- and ontogenetic conversions of ambidextrousness righthandedness to lefthandedness permit predictions of the existence or right-handed intermediate phases of all functions with the left hand and no analogous left-handed phase for functions made with the right hand. 3) Centers of control for functions of the dislocation age must be: in women bilateral, in men, in the left hemisphere; translocation age, in women, in the left hemisphere, in men, in the right hemisphere, and relocation age: in women, in the right hemisphere, in men, bilateral. 4) If two ways of receiving food are offered to monkeys: a) through coarse movement (by handful, large pieces) and b) through fine movements (extracting fine fibers, gathering crumbs) then in the first case there must be preference or superiority of the left hand, in the second of the right.
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