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1 Introduction


Thomas G. Bever

“Of that and all the progress more and less

Resolvedly more leisure shall express.”

All’s Well that Ends Well

Act V.iii

Science depends on noticing that things which seem identical are different, and conversely. In psychology, one cannot assume that apparently identical behaviors are due to identical mechanisms. The precocious 4-year-old who counts from 1 to 10, may not do so in the same way as a normal 8-year-old. Conversely, an adult crawling awkwardly under the dresser after a lost button may in fact be crawling in the same way as an infant.

The work reported in this book involves the problem of classifying the true nature of a behavior as it appears during child development. For example, parents often report that their newborn infant smiles at them. Is this smile psychologically the same smile as that of an adult?

The answer to such a question bears on the psychological theory what an adult human is. On one view, an adult is a quantitative accumulation of innate patterns, and acquired habits: The child’s smile is the same as the adult’s, in all theoretically crucial respects. The alternative view describes an adult as an epigenetically unique creature, projected out of preceding stages but not caused by them; the child’s smile differs from the adult’s.

There is little direct evidence on which view is correct. However, certain early behaviors disappear during childhood and later reappear. This prima facie is evidence in favor of the epigenetic view of how adults build up their behavioral capacity. Clearly, if skills are additively accumulated they are not likely simply to disappear and reappear during development. The following articles explore the theoretical and empirical issues involved in the early appearance of a behavior, its “disappearance” and its later “reappearance.” The varied research attests to the existence of many such behaviors. There is considerable disagreement about the descriptive and theoretical status of the phenomena. Nevertheless, the authors agree that such facts demonstrate that the additive view of adult behavior is incorrect: Mental growth must be the result of dynamic restructuring processes.

The study of developmental regressions has received sporadic attention during the past century. The resuscitation of interest reflected in this book in part started with a serendipitous discovery by two of the authors (JRM and TGB) in 1966. They had recently visited the laboratory of J. Piaget and—like many—were convinced that Piaget’s experimental techniques underestimate the cognitive capacity of young children. Their focus was on the child’s conservation of number when an array of balls is changed in shape, as in the change from (a) to (b).



A typical Piagetian result is that young children (ca. 4 years) systematically decide that the longer row in (b) has more, even though, they observe its genesis from (a) and originally agree that the two rows in (a) had the “same.” Mehler and Bever thought that perhaps the child was simply giving a superficial answer because it didn’t care about rows of clay balls: They designed a similar experiment, except that they used rows of actual candies, and a paradigm in which the child got to eat the candies in the row he chose. They also thought that the task of recognizing that two rows have the “same” number is confusing in English since “same” can also refer to the objects themselves: the notion that one row has “more” seemed easier to comprehend; so they used a paradigm as in (c) and (d), in which an original inequality is conserved under length transformation of one of the rows.



They set about the experiment in the usual way, making sure first that each child understood that sometimes it could keep the row it chose as having more, taking care that the child knew which row had more in (c) and observed the transformation to (d).

At first, the results were disappointing. Four year old children seemed to perform only slightly better on (c) → (d) with candies than with clay balls; the children still tended to choose to eat the longer row in (d), the one with fewer candies. The original subject paradigm, however, called for two-year-olds as well, and the research assistant continued to interview young subjects, while the project designers themselves had largely given up hope.

A curious and totally unexpected phenomenon appeared in the data—two-year-olds performed the (c) → (d) task almost perfectly, both with candies and with clay balls. At first the experimenters did not believe this. In fact, they feared there was some kind of experimenter bias. They refrained from informing the research assistant about the first results and had her run an entirely new experiment: The results were the same—two- and six-year-olds solved the (c) → (d) problem, four-year-olds systematically failed to solve it.

The researchers interpreted these results as due to three maturational factors—(1) an early basic cognitive capacity of young children (age two) to conserve those relationships that they can grasp at all, (2) a later development (age four) of a time-and-energy-saving strategy “if something looks bigger it has more,” and (3) the ultimate mastery of integers (age six). They argued that while aspects of (2) and (3) may be learned, the skill manifest in (1) would seem to be innate.

This raised some concern in the field, as did other aspects of their claims, especially those concerning the use of the conservation of inequalities. Gradually, however, other researchers replicated the crucial aspects of the original results and the phenomenon became an accepted scientific fact, whatever it’s interpretation might be.

The papers in this volume attempt to interpret, explain, or explain away such developmental regressions in a variety of different areas. In spring 1975, a group of scholars interested in such problems met for several days to discuss their individual findings and the underlying theoretical issues. The following articles reflect both the discussions at the original conference and succeeding years of thinking, reading, and writing.1
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I  INFANCY






2 Basic Patterns of Psychogenetic Change in Infancy


Colwyn Trevarthen

University of Edinburgh

Edinburgh, Scotland

INTRODUCTION

Theory of how human intelligence develops in infants and children has so far taken little from what we now understand about brain growth. It has not come to terms with the fact that the major cerebral structures are present in advanced stages of anatomical definition at birth (Trevarthen, 1979a, 1980a). There are also undeniable implications of evolutionary theory still poorly assimilated into developmental psychology. The capacity of children for remembering new experiences and for imitating the behaviors and opinions of adults evidently has blinded psychologists to inherent modes of mental function that regulate the growth of this conscious and voluntary life.

Like all other life functions, mind processes of humans must be regulated by innate structures that, in this case, will define adaptive limits and prescribe functional tendencies or goals in perception, motivation, and behavioral action. Mental structures, again like all other living structures, also will regulate the course of their own formation—they will guide mental growth. Darwin was well aware that the problem of how natural selection creates viable forms of life to anticipate ways of living is tied up with the equally difficult problem of how a fertilized egg divides to become a large multi-cellular adult with an integrated set of mutually adjusted organs and tissue activities. The life systems in an organism confer a coherent power of action that defines what dependable features of the environment will become resources for life. At the same time, the organism forms itself. Evolution is thus a history of adaptations in life histories (De Beere, 1940).

Pure mentalism in psychology, with no comprehensible reference to a material substrate, and mechanistic reductionism in physiology and genetics, with too simple and too confined physical conceptions, conspire to make inadmissible the epigenetic approach to mental development that evolutionary theory requires. Developmental psychology is thus frequently in the position of having no possible theory of psychological development. The absurd extreme positions of nativism or empiricism explain away the crucial problem. The life history of the mind is left obscure.

Embryogenesis of the brain is, in fact, uniquely elaborate, especially in human beings. Cerebral systems conferring consciousness, intentional action, human feelings, and comprehension of meanings are certainly in a very rudimentary state at birth but just as surely are anticipated in the immensely complex neural systems that appear during the fetal period. Although the fetal brain is not entirely cut off from afference due to stimulation of peripheral receptors, it is mainly self-organized (Hamburger, 1973; Oppenheim, 1974; Trevarthen, 1973).

Psychological studies of infants are becoming sufficiently accurate and experimentally subtle to reveal that newborn brain systems do indeed confer complex mental processes from birth (Bower, 1978; Trevarthen, 1979). They show, as well, that the subsequent maturation of these mental systems is constrained by intrinsic relations in patterned nerve tissues and not just inserted in a compliant random nerve network by patterns of stimuli reinforced by simple homeostatic principles. Experimental neurobiological studies show that the vast increase in fine interneuronal contacts and the selection of new patterns of nerve cell action that go on throughout postnatal life are paced and directed by the antecedent brain systems even though they are simultaneously validated by patterns in stimuli (Trevarthen, 1979a, 1980a).

The following may be taken as cardinal principles of psychological development that follow from the way growth of brain and body have been determined in evolution by natural selection.

A developing child will be strongly disposed to certain forms of action. These patterns in attending, object prehension, locomotion, communicating, etc., shape experience from birth and thereby influence the course in which knowledge develops. Predispositions to perceive the world in ways that relate directly to innate forms of movement act like filters to select particular, developmentally useful forms of stimulus input. They transform information to answer intrinsic needs. Thus the experience of a child of a particular age is automatically a complement to spontaneous intentions or motives that, because they arise from brain embryogenesis, do not reflect events in the past experience of that child.

Spontaneous actions of young infants will be preparatory to consciously governed intentions of the adult. These psychological actions will undergo systematic changes that will resemble visible transformations of morphology in the growth of an embryo. In an embryo, organs appear in rudimentary form as interacting parts of a growth system. Even at this stage the organs are stamped with adaptive structure far in advance of any effective function in the task to which they are fitted. The organization of the eye as an optical instrument, months before birth, is a familiar example. We can expect infants to show, for example, elaborate prefunctional activities that foreshadow the use of gesture and speech in communication because communication is vital to psychological development after birth.

The primordial organs of embryos show mutual and competitive adjustment within the coherent framework of the body. In the process of interacting they increase the body’s integrity. They undergo cycles of differentiation, multiplying their diversity of structure, and complementary reintegrations that involve selective loss of parts. The whole of this predictable set of processes is a consequence of selective retention in evolution of adaptive intercellular activities. These activities are transmitted from generation to generation by the gene mechanism, but come into existence epigenetically, through interaction of gene products.

Just as with the organs of an embryo body, psychological functions of the newborn may be expected to take their places in active and highly regulated processes of competition and cooperation as they begin postnatal growth. These events make both mental change and learning possible, determine the conditions in which learning may occur, and explain why a particular psychological function may fail for a time while other processes are emerging in the system. It is in this perspective that we shall view evidence for ‘dips’ in psychological growth.

Our own researchs with infants leads us to reject the notion that knowledge is acquired by compliant assimilation of perceptual information, in forms determined by reality outside the subject. We believe the evidence is clear that patterns of motivation, governing behavioral action from inside the infant, are fundamental in psychological change and that different modes of intention determine the strategy and the achievements of psychological growth in the early years. Indeed, our work might be described as the natural history of infant motives (Trevarthen, 1980b). It is from this viewpoint that I wish to discuss evidence for basic morphogenetic strategies in the emergence of some of the most important psychological abilities of infants. Included are several apparent deviations from a monotonic accretion of competence such as would result from the impress of experience and reinforcement of acquired habits.

Latent Attending Movements of the Eyes—Birth Arousal and Neonatal Avoidance of Stimulation

Infants 2 to 3 weeks of age, though usually sleepy and frequently discoordinated in activity, show bouts of finely organized conjugate, saccadic eye displacement (Fig. 2.1). These are coupled to less precise orientations of the head and of the trunk and limbs. From these eye movements, we may conclude that infants are born with the rudiments of an integrated neural space-time mechanism in which successive coordinated orientations to separate loci may be specified (Trevarthen, 1974a, 1978). Observations of two of my own children and one other subject within an hour after birth showed me the main oculomotor generator functions. My sons had normal full-term births with no complications, except that in one case the birth was artificially induced by hormone injection on the due date because he was slightly on the large side. The other child was born at home in California with no medical assistance and the birth was easy. I consider this an ideal opportunity to observe the activity of a newborn in optimal condition.

The three infants were active, with eyes open, in the first hour after birth. They made systematic orienting movements in which the two eyes were coupled in conjugate manner. The eyes moved in intricate association with the eyelids and with small lateral and vertical head rotations. Head and eye turns also were associated frequently with postural changes and limb orientations. From cinefilm I determined that there were bursts of saccades that traced out irregular elliptical cycles in the air, with displacements in the lateral direction being by far the most common and the most extensive. I obtained an electrooculographic (EOG) record during a favorable period of quiet-alert wakefulness from one of my sons, at 9 days after birth (Trevarthen 1974a, 1974b). This record confirmed that neonatal saccades may be very close to adult saccades of intermediate size (5–15°) and that they are generated by some flexible oscillator with a fundamental period of about 300 msec (Fig. 2.1). This same time base is a feature of oculomotor scan when an adult is in a state of exploratory attention (Yarbus, 1967).

These findings show how an intrinsic neural eye-movement mechanism, which will become essential for maintaining the flow of visual consciousness, is present in the newborn brain. It is not difficult to observe the rhythmic eye movements in the period just after birth. Mothers, fathers, midwives, and pediatricians often say that babies may be very “alert” and active immediately after delivery. Noirot, who with Alegria (Alegria and Noirot, 1978) has shown that newborns will turn to look for the source of a human voice, reports that this active, alert period is much diminished by the first feeding (Noirot, 1979). If the mother has been given anesthetics or depressive drugs the baby is frequently less active, and eye movements are observed to be less well-coordinated (Richards, 1976). Birth trauma or shock also appears to cause irregularities in expression of this function, which is associated only with a particular favorable inner state of organized activity in the newborn brain. Somewhat less well-conjugated eye movements also are produced in irregular bursts under closed lids in neonatal Rapid Eye Movement (REM) sleep (Prechtl & Lenard, 1967).



FIG. 2.1 Above: Electrooculogram of a 9-day-old infant. Conjugated saccades show dynamic characteristics close to adult saccades.

Below: The frequency histogram of saccades of the baby is similar to that of adults scanning a large painting. The principal intersaccade interval (I.S.I) is near .3 second.

Although there is evidence that newborns may fixate selectively, and object pursuit movements may be obtained from infants in the first minutes after birth, I would stress that the measured orienting of newborns may not be entirely dependent on perception of space in which objects are located or in which they are in motion. Well-formed and well-ordered eye movements may be produced without the benefit of patterned stimuli. They may be recorded in the dark with infrared video or with an EOG.

The infant visual receptor system is visibly immature at birth. Some authors believe the cone mechanism and fovea to be nonfunctional. The pupil and lens show little activity. Newborns are incapable of focal attention, (i.e., selective orientation to detail). Evidence from monkeys (Hubel, Wiesel, & LeVay, 1977; Rakic, 1977) and histological studies of the neocortex in infants (Conel, 1939–1963; Yakovlev & Lecours, 1967) would indicate that central visual circuits undergo great elaboration in early weeks after birth. (For detailed discussion, see Trevarthen, 1979a; Trevarthen, Murray and Hubley, 1981).

During the first week, after the period of apparent alertness at birth, the baby sleeps most of the time. This drop into sleep, with less frequent intervals of quiet-alert activity, has been confirmed by analyses of EEG developments in the early weeks. The feeding of newborns shows a correlated increase at the end of the first week. There would appear to be a delicate balance between inhibitory or suppressive components of the brain linked with metabolic or vegetative functioning, and the generative neuron nets that are capable of formulating active movement directed toward the outside world.

Physiological studies of neonatal kittens and monkeys lend support to the belief that differentiation of visual stimulus-analyzing units requires exposure to patterns of visual stimuli at a particular time in the postnatal period (Barlow, 1975; Hubel & Wiesel, 1970; Hubel, Wiesel & LeVay, 1977). We have no definite knowledge of when the critical period or periods occur for man. I suspect that the eye movements around birth, in which the infant appears to be absorbing visual experience somewhat inefficiently, may not be necessary for visual development. Exposure to pattern in the luminous environment with morphogenetic benefits really may begin sometime in the third or fourth week, when there is a marked increase in the amount of time the infant spends in the quiet-alert state, inspecting visual structure. However, even newborns modify the direction of their saccades and the dwelling of fixations to pick up visual patterns, and these eye movements may feed in patterned stimulations needed to aid differentiation of developing cortical circuits (Haith, 1976; Salapatek, 1975).

Well-Controlled Pickup of Visual Information by the Head–Eye System

Selective visual attention undergoes rapid growth after 4 weeks from birth, and apparently the process of focal visual analysis, with precise and selective fixation aimed to structural features in the environment and inside the boundary contours of objects, is mature to a first level of efficiency by the end of the fourth month. Measurements of dishabituation of visual orientation to repeated stimuli show that neonates under 8 weeks do not react to change of a stimulus figure inside a boundary contour that does not change (Milewski, 1976; Salapatek, 1975). A visual function that gives high salience to a perimeter that defines an object/surroundings or a figure/ground distinction is obviously of advantage to object detection.

Observations of scanning and tracking by infants also confirm the findings from dynamic retinoscopy that show a maturation of lens accommodation largely completed by the fourth month (Haynes, White, & Held, 1965). Accommodation produces a focused image for objects of different depth. The second important component of the visual orientation system, the head-neck system, develops heightened proficiency at the same time (Trevarthen, 1974b). That is, the head-neck system provides a stable base for visual focalization and participates in visual tracking efficiently at the time accommodation beings to function well.

Apparently, fine saccadic inspection, with conjugate saccades of less than 2 degrees, does not develop until at least the second 6 months of the first year. Corroborating this idea of a separate, later developing perception mechanism concerned with assimilation of detailed local information, Humphrey and I have found that fine saccadic inspection is the only component that is absent from the oculomotor activity of his monkey, Helen, who made the fullest recovery of vision on record after near total removal of her striate cortex (Humphrey, 1974). Held and others have found that the visual acuity of 2-month-olds is less than one-tenth that of adults, (Leehey, Moscowitz-Cook, Brill, & Held, 1975). This would not prevent detecting the general nature of nearby events in a 3-D space, but it certainly would rule out visual control of fine manipulation, seeing small things far away, and recognizing subtle texture differences. There seems to be a significant jump in visual resolution starting about 6 months after birth, when visually controlled manipulation is beginning (See Trevarthen, Murray and Hubley, 1981 for review).

Oculomotor activity is generated in the brainstem. It is adjusted to visual input in the midbrain roof, posterior diencephalon and cerebral cortex. Physiological research with monkeys shows that the visual regulation of eye movements is not primarily reflexive (Bizzi, Kalil, & Tagliasco, 1971). Foci for visual centration may be established independently of stimuli. Selective looking involves enhancement of response to visual input at the relevant cerebral locus ahead of the orienting movement of the eyes. The relevant changes in activity of nerve cells betweel the retinal input and the oculomotor system have been observed in the deeper layers of the superior colliculi and the posterior cortex of the monkey (Mohler & Wurtz, 1977).

Vision of form is not achieved just by assembly of samples of local feature information taken by the fovea. Spatiotemporal relations between discontinuities and contrasts in the stimulus array are established between parallel inputs from peripheral visual points. This is particularly clear for “ambient vision”—the field of visual processing in which posture, locomotion, and orienting are controlled. Transformations of the image of the whole field, or extensive parts of it, give kinetic information on which this vision depends. High acuity “focal vision”, which resolves differences in the spectral composition and brightness of light for a central territory a few degrees in extent, depends on elaborate information sorting by the striate cortex, which has a greatly enlarged representation of the central field, especially the fovea.

Evidence from psychophysical tests and discrimination experiements with infants agrees with anatomical and physiological data indicating that foveostriate vision undergoes considerable elaborations in infancy. Neonates perceive visual events and discriminate objects by their motion relative to the background, but they fail to detect features inside bounding contours (externality effect [Milewski, 1976]), much as does peripheral vision in the adult. The evidence does not suggest that the cortex is nonfunctional at birth or that the midbrain visual system is fully active then, but central vision is probably much less developed than a near peripheral band. Far peripheral vision may be relatively underdeveloped as well. Neonates do respond to an expanding peripheral contour, or rapid change of the overall light flux, as if it represents an object approaching collision with them (Bower, 1974). Evidence for perception of persons by infants, as different from perception of nonliving objects, is taken from preferential looking tests, from observations of the effects of change of visual stimuli on sucking and breathing and on facial expressions, and from movements of the hands. The studies of Papousek (1969), Papousek and Papousek (1975), Oster (1978), and Alegria and Noirot (1978), described later, are particularly important for the neonatal period.

We may conclude that both the mechanism of looking, which will regulate selection of particular visual experiences, and the perceptual categorization of stimuli in terms of useful kinds of events, located in nearby space and giving evidence of certain changes of location or form, are active at the time of birth. Looking is also integrated with hearing and with touch in the hands from the start (Bower, 1974; 1978). Subsequent developments transform the resolving power of vision and the selective strategies of looking. Presumably the function of seeing becomes increasingly distinct from other modalities of experience as the special characteristics of all the receptor systems become more sharply and richly defined. Periods of rapid change in visual information uptake during the first year (e.g., at 4 to 6 weeks and at 4 to 6 months) appear to coincide with developments in both communication and manual prehension. Probably anatomical changes in the brain’s motivation systems are inherently regulated to occur in conjunction with changes in the visual information uptake system.

Later in infancy, and on into childhood, developments in visual awareness certainly will involve anatomical differentiations in extrastriate visual cortex. Areas of the temporal cortex and of the temporoparieto-occipital junction are probably most important for maturation of visuo–spatial or visuo–constructive sense, facial recognition, reading, and other forms of visual information pickup, all of importance to the skills of culture. However, we know little about the neuroembryological regulation of these developments (Trevarthen, 1979a).

As in all other systems of intelligence, no single level of motor process governs uptake of visual experience. The “looking” mechanism is an embedded set of control systems which involve almost all the muscles of the body. The different components attain maturity at different times. May we regard this as a model for “ups” and “downs” in performance? The general function, sampling the visual array, is there from the start; downs in performance would be related either to periods of increase of new, more refined levels of control or to increased activity in suppressive mechanisms that are an essential part of the central integrating circuitry of the brain.

Coordination of Reaching and Grasping: Parallel and Interacting Systems in a Hierarchy of Motor Structures

In the second form of behavior more detail can be given about development by progressive differentiation of motor components.

Film studies of the arm and hand movements of infants from the first week until 6 months after birth show that a coordinated reach-and-grasp pattern, which may be aimed toward objects that attract the visual fixation of the infant, is already established in the brain at birth (Trevarthen, 1974b; Trevarthen, Hubley & Sheeran, 1975; Trevarthen, Murray and Hubley, 1981). This pattern of movement is at first weak and stereotyped. A precursor movement pattern may be traced to the fifth month of gestation in the early fetus (Humphrey, 1969).

The neonatal reach-and-grasp movements are essentially nonfunctional. They are best described as prefunctional (i.e., an embryonic manifestation of a latent functional pattern). It is already clear from their shape that their ultimate usefulness is to obtain prehension of objects and to manipulate them. To achieve effective performance (i.e., actually to reach for and pick up objects of varied mass, rigidity, hardness, and form and with varied location relative to the body), a highly predictable and predicting sequence of events must take place in the brain. An integrated and proprioceptively guided arm displacement is required to transport the hand through space to the object’s location, and then hand orienting and closure must adjust with prediction to grasp variously shaped and sized objects or their parts. Ultimately, tight ongoing visual control of hand movements is essential to their most refined use. The finest adult finger movements, as in drawing, writing, or watch-making, have a fantastically precise and intimate relation to visual perception of shape in small dimensions. Their precision is magnified when a microscope is used.

The movements of neonatal prereaching show that orientational equivalence of eye and hand is established and active in a rudimentary form at birth, but that it is very weakly and only partially controlled perceptually. The developmental changes during the first few months show that, although practice is essential to full development, the interlocking system of controls required for visual grasp and reach is produced by developments generated spontaneously, within the brain. Reach and grasp is limited by a sequence of brain developments and is simultaneously adapted to respond to environmental information and to information returned by reafference from inside the body itself. It is not created within an unorganized nerve matrix by a learning process that assembles reflex arcs.

For the present purpose, I wish to concentrate first on the changes that occur between the first and fourth months, when reaching is said to disappear; I then comment briefly on the maturation of effective reach and grasp after 5 months.

The view of many workers that newborns cannot reach to objects would appear to be due to the fact that most detailed observations have begun after 6 weeks, when the prereaching pattern is no longer clear. There is a bias toward omitting observations that would verify a developmental decline in function (see Bower, 1974; Mehler & Bever, 1968a, 1968b, who discuss erroneous conceptions arising from this bias.)

Film observations confirm easily that the prereaching pattern is a real and complex component of action in the first month and that it has some perceptual sensitivity to objects near the infant, within a “reaching space.” (Fig. 2.2). The prereaching is a rudimentary form of mature reaching. There is no reason to suppose it is a different motor function, and it is always possible to see the reach-and-grasp pattern at 3 and 4 months, provided the infant is in an appropriate state of arousal and intensity of activity (Fig. 2.3). We see the pattern progressively complicated, however, evidently by an increase of “stickiness” or “inertia” in the participation of the proximal limb segments. Upper arm on shoulder and lower arm on elbow move more strongly, but disruptively, in correlation with the visible increase of muscle bulk in the second month (Fig. 2.3). Sudden, jerky, or “gummed up” changes in directions of arm displacement give evidence of inhibited central motor commands or of an increasingly powerful blockage in mechanoreceptive reaction to inertial forces generated by displacement of the increasingly heavy arm. There is anatomical and physiological evidence that in this period receptors in the muscles and tendons are undergoing extensive differentiation. Central interneuron networks and neuromuscular junctions undergo development as well. Reflex responses of infants submitted to stretching of the muscles show that mechanoreceptor input is more effective at this time (Twitchell, 1965). I think the introduction of proximal limb control systems, which will give the infant power to guide and regulate any arm transportation in space with much greater efficiency and variety, is responsibe for the apparent loss of reach and grasp, because the total pattern of action is temporarily disorganized. There is evidence that fetal sensorimotor circuits can be modified by addition of interstitial inhibitory components that mask previously generated motor patterns (Humphrey, 1969; Oppenheim & Reitzel, 1975).



FIG. 2.2 Prereaching patterns combine opening and closing of the hand with wrist and arm movements that aim the hand in the direction of an object that has been located visually and oriented to. The two-week-old shown above makes a hand movement without arm extension.

The lower drawing shows the limb displacement of a four-week-old watching an approaching ball. The right hand makes a prereaching movement, opening with palm oriented to the ball at the mid-point of wrist displacement.

FIG. 2.3 Reaching attempts in the transition period. The full prereaching pattern may still appear when the infant is quiet (left), but frequently arm movements are more vigorous and hand movements are less (middle and right).



As the arm movements become more vigorous but less fluent, the hand frequently fails to open and close; apparently the grasping component is temporarily blocked as well (Fig. 2.3). But in adult activity, vigorous, forceful arm movements are not coupled with delicate opening and closing of the fingers. It would be mechanically dangerous for this to occur because collision with hard surfaces would damage the open hand. As a rule, vigorous displacements are alternative to manipulation. They are used for speed, or to exert high levels of force. The two kinds of action, hitting or pushing versus delicate manipulation, are intercalated in adult behavior, so that the manipulatory performance is composed of rhythmical packets of hand transportation interspersed with periods of manipulation in which the wrist and fingers are undergoing complex local movement, generally under tight visual control, while the hand is kept in a smooth predetermined trajectory of displacement or is kept motionless in one place. In the determination of this patterning, central programing will be involved in spinal cord, brain stem, basal ganglia, and cerebrocerebellar circuits, to determine the spatiotemporal goal of each movement or sequence of movements.



FIG. 2.4 The emergence of controlled reaching.

Below: A 4-month-old infant encircles and pulls in a suspended ball. Although it is not grasped the right palm orients to the ball on contact, and pulls it to the open mouth.

Above: 2 weeks previously the same baby makes poorly controlled attempts to grasp a small ball.



FIG. 2.5 Proportions of acts of different kinds in 15 infants observed with the aid of film over the period of development of true reaching. The different classes of action are defined to be mutually exclusive. Fast ballistic movements (swipes, aimed hand extensions, hand orientations) are replaced by well-controlled and effective movements coordinating distal and proximal segments. (True grasps, which support the object, hooked-on grasps, gropes, aimed arm extensions with hand orientations) “Contact” is an arbitrary and uninformative measure of success, dependent especially in early stages, on the placing of the object by the experimenter. Unaimed arm extensions may be gestures of communication.

All who have made detailed studies of infant reaching (Piaget, 1953; White, Castle & Held, 1964), particularly those who have studied film records (Halverson, 1943; McGraw, 1943), agree that effective reach and grasp begins about 16 to 18 weeks after birth (Fig. 2.4 and 2.5). The baby, having gained mastery over modulated arm displacement and adjustment to the displacements of an object, can then make well-aimed grasping movements that take hold of and support it. It is clear from psychological experiments that the baby at this age already has achieved visual perception of space relations outside the body and of object size and shape (Bower, 1978). Grasping rapidly becomes efficient thereafter, and from 6 months on, the normal infant is occupied with handling, manipulating, and displacing objects. Von Hofsten (1979) has found that adjustment of reaching after moving objects, to predict their rate of displacement and intercept them, is made as soon as infants make controlled reaches after stationary objects, at 4 to 5 months. He concludes that vision and proprioception constitute one unitary spatial system onto which the motor space is mapped.

In agreement with this conclusion, we have observed that hand regard, thought by Piaget (1953) and by White, et. al. (1964) to be primarily responsible for creating eye–hand coordination, is an expression of the process by which intimate eye–hand regulations are differentiated for fine manipulation (Trevarthen, 1974a, 1974b). Hand regard, like manipulation itself, depends upon an effective nerve-muscle system for proximal limb segments that is capable of controlling or stabilizing hand position in the visual field. Our films show that hand regard is indeed alternative to reaching out to or tracking an object seen, just as manipulation itself is. An infant does not need to look at his or her hand to locate it when reaching to an object. Hand regard hinders, rather than helps, reaching. Another functional interpretation, not automatically to be discounted, is that hand regard is an avoidant form of interpersonal expression. It is, indeed, one of the stereotyped acts of an infant disturbed by failure of face-to-face interaction with a person (Murray, 1980).

The above description of the development of control over the mechanism for reaching is in agreement with present understanding of the primate motor system, due principally to the anatomical researches of Kuypers and his school. Kuypers’ definition of proximal and distal motor systems and his developmental studies with monkeys (Kuypers, 1962, 1973) confirm that throughout the brain and on both the motor and sensory side the mechanisms controlling proximal arm segments are distinct from those that are essential to the distal mechanism of the hand and that important changes take place separately in them after birth. Split-brain studies support the same distinction (Brinkman & Kuypers, 1972).

I believe that the ups and downs of reaching in infancy during the first year reflect differentiation, in alternation, of the proximal and distal motor components. The programed relationship of reaching and grasping never disappears. It shows different degrees of expression as the essential afferent and efferent conditions for its full expression are mastered, progressively and alternately.

A Note on the Theory of Brain Mechanisms of Voluntary Action and Their Development

It has become more obvious in recent years that, in the cerebral organization of structures for voluntary control of movement, a fundamental functional distinction is to be made between the mechanisms that orient body parts carrying specialized receptor and effector organs by displacing proximal structures and trunk segments, and those mechanisms that control distal segments to adjust to detailed elements of surroundings. In the distal faction of the movement mechanism, eyes, lips and tongue, hands, and feet may be associated by coordinated action of proximal components, and there is a very special relationship between eyes, mouth, and hands related to the psychological functions that perceive the identities or uses of objects (Trevarthen, 1978).

Separate organization in the brain of an axio–proximal motor system on the one hand and an array of distal motor systems on the other is, it would seem, the basis for development of conscious and voluntary control in terrestrial vertebrates. Fine focal functions are evolutionary and developmental differentiates of the orienting functions by which the whole body is moved. Developments in orientational control are vital to the production of integrations that bring focal functions together. Delicate processes of manipulation, for example, can occur only if the activities of the proximal segments of the arm and orientation of the head and eyes are stabilized to provide a foundation.

In the infant we see interlocking and perhaps competitive development of the different levels in this inherited hierarchy of motor function. When the individual is mastering for the first time the weighty mechanical system of the arm, trunk, and neck during the second, third, and fourth months, distal functions have to mark time, even temporarily receding in importance. Immediately afterwards they show a sudden burst of development. I think this description makes clear that the apparent loss of function on the perceptual or cognitive plane is constructive when the full range of functions involved, especially the motor activities and their direct afferent controls, are considered.

A parallel account can be given for the apparent disappearance of walking. Newborn infants make integrated stepping movements with alternation of the limbs, if they are appropriately supported and if they receive the right distribution of stimulation from contact of the feet with the surface (Peiper, 1963). Afterwards, they tend to respond to being stood on a surface with the rapidly strengthening thigh and calf muscles, so they push or jump. Their walking or stepping movements when they are held to stand are then infrequent and spasmodic. However, one cannot say walking has disappeared at this time, because walking consists of supporting the whole body on two legs and transporting it by alternate pacing. A great deal of muscular, skeletal, and neural development is required before the infant will achieve this. The systems of standing in balance, involving proprioception from vision and the vestibular organs and of the mechanical receptors beneath the surface of the skin in muscles and joints, has to mature before real walking can begin. Development of functional refinements in the cerebellar cortex and associated brainstem structures is parallel with the long postnatal maturation of both locomotion and prehension.

Physiological experiments with locomotion in quadrupeds and humans prove that coordination is based on formulation of central motor programs, and these are essential for the integration with locomotion of perception of the terrain and of targets or goals (Bernstein, 1967; Greene, 1972; Grillner, 1975). That centrally programed patterns of stepping are also present in humans at birth should not be surprising. A striking manifestation of locomotor coordination is the so-called “reflex swimming” of neonates discovered by McGraw (1943). It is certainly not just a reflex phenomenon.

I prefer to speak of the early reach-and-grasp coordination as prereaching because that seems to me a perfectly straightforward description of an embryonic state of a voluntary system that is, as yet, very incomplete in its necessary controls. For the same reason I should call the early walking pattern prewalking, because it is a rudimentary outline of an alternating and cyclic pattern of balancing and locomoting that will become functional for the first time about a year later, after the body and the perceptual and cognitive mechanisms have undergone considerable development.

This psychobiological analysis, which could be given in far greater detail, referring to the specific anatomical changes in the brain as well as changes in muscle and skeletal structures, shows how any given isolated adaptive function in behavior dependent on central neuronal circuits may, indeed must, remain coordinated and integrated with the whole of the body system of action. In like way, in the embryo, no individual differentiated organ may undergo separate development beyond the point at which it loses integration with the rest of the body.

Experimental studies of embryos involving surgical transplantation show that autonomous differentiation of parts is in dynamic equilibrium with reintegrative processes that create and sustain the whole. In the generation of the nervous system, integrative psychological functions, which ensure that all the specialized parts (hands, eyes, etc.), will work in conjunction with one space of action and synchronized in one frame of time, are determined by the general anatomy of the brain. A human newborn already has a unified cerebral mechanism and a number of specialized subsystems that will serve functions of selective attention and selective action. For this hierarchical structure to become fully active and coordinated in a discriminating awareness, a long process of development has to occur, but the integrity of the system is ensured by a mapping of the body into the brain, which throughout all its parts is organized along somatotopic lines (Trevarthen, 1973, 1977, 1978).

In thinking about more abstract psychological functions like those involved in conscious representation, and particularly those involved in human communicative intelligence, we are unable to give anatomical description of the mechanisms involved, but we must assume that these functions, too, are laid down by differentiation of components inside a general neuroanatomical field, and we must also expect that the various specialized partial functions will from time to time become subordinated to the requirements of integrated or total psychological function.

Intersubjectivity in Infancy

I wish now to describe developments in the communicative development of infants suggesting that the fundamental processes of perception and cognition, and also the deeper processes by which individual voluntary action grows, are in constant competitive interaction with mysterious but very powerful psychological mechanisms that ensure interpersonal and social cooperation in human intelligence. This last function, social cooperation, is of course the most special feature of human intelligence. It gives humans adaptive domination over all other forms of life, and unlimited power to acquire and transmit techniques for mastery of the environment.

When I first began to observe systematically the spontaneous activities of infants, I quickly became impressed with the astonishing precocity of their sensitivity to persons and, above all, their motor powers of expression, which influence attentive adults very strongly.

In Edinburgh, we have observed communicative interactions between mothers and infants when the babies are in the second or third month after birth. If allowed to communicate freely, the mother and infant engage in highly regular, conversation-like exchanges in which it is clear that the infant exercises the primary control of events (Trevarthen, 1976,1977; 1979c; Trevarthen, Hubley & Sheeran, 1975). The mother, by attending closely and responding in a friendly way, with specific forms of vocalization, face expression, head movement, touching, etc., provides an essential substrate for the baby to communicate with, but she is excited to do so by the very specialized actions of the infant and by the organization into expressive episodes of these actions addressed to her by her baby. She may be described as an optimal stimulus for conditioning (Papousek & Papousek, 1975) simply because the infant is adapted to communicate with her.

Within the cycles of infantile expression we find rudiments of the elaborate and culturally modified acts by which adults express their experiences, intentions, and interests to one another. Most remarkable are lip and tongue movments that we label pre-speech, because they have the outline form of speaking and because they occur in the “right place” in the exchange for the function of uterances (Fig. 2.6). Prespeech movements are expressive movements of the mouth that frequently are not voiced, although vocalization is related to them from the start (Trevarthen, 1979b).



FIG. 2.6 Facial expressions and gestures common in early face-to-face communication. A 7-week-old girl.

Top: Lip and tongue movements of prespeech

Bottom: Hand raised above shoulder with finger movements synchronized with prespeech, index finger pointing.

Associated with prespeech are systematic forms of hand movement, similar in form to stereotyped gesticulatory movements that adults make in communication. We have distinguished a “hand-wave” pattern (Fig. 2.7) and conclude from our films that index-finger pointing or “indicating” is present as a differentiated, potentially communicative signal as early as the second month (Fig. 2.6) (Trevarthen, 1979b, 1979c). There appear to be many other rudimentary gestural forms.



FIG. 2.7 Film analyses of hand waves. Below: The right hand of an 8-week-old girl interacting with her mother opens rapidly to expose the palm to the partner, with the hand held above shoulder level. Numbers indicate successive ¼-second intervals. Three seconds after the start of the right hand movement, the left index finger is raised in synchrony with mouth opening and tongue protrusion. These were not imitated movements.

Above: A 3-week-old girl does not raise her head completely, but seeks her mother’s eyes and makes a movement with the left hand. The movement is much weaker, but of the same general form as that of the older infant. Note slight opening of hand at the climax (Step 4).

We find it necessary to describe the social response of infants as taking place over a wide range of levels of animation. Sometimes expressive activity is restricted to the fingers and mouth and to the eyes, face, etc. At other times the whole body is moving in larger bursts, which are frequently accompanied by excited shouts or calls that are less finely articulated. The mothers immediately and unconsciously interpret these changes in level of animation as expressing different feelings and intentions of the infant, and express these interpretations in their speech.

Cutting across changes of excitement are changes of mood or emotion. In perturbation experiments, in which we systematically modify the mother’s response with the aid of instructions to her, Lynne Murray has shown that the infant’s expression of unhappiness or dejection on the one hand, and happiness or playfulness on the other, is tightly dependent on the success of communication. This leads us to an investigation of the structure of emotionality and its relationship to the reciprocal and predictive control of communicative action (Murray, 1980; Sylvester-Bradley & Trevarthen, 1978; Sylvester-Bradley, 1980).

It is significant that a very rich period of embryonic communication takes place in the period from 6 to 15 weeks, when reaching is described as disappearing. This period we refer to as that of primary intersubjectivity (Trevarthen, 1979b). It establishes the first form of communicative interaction for its own sake. Primary intersubjectivity may be regarded as the prototype of diadic communicative interaction in humans (Fig. 2.8). Adult and infant engage in mutually supportive and complementary acts that constitute a true interpersonal interaction.

When controlled reaching appears at the end of the fourth month, we note important changes in the attentional predispositions and in the curiosities and spontaneous intentions of infants (Sylvester-Bradley & Trevarthen, 1978; Trevarthen & Hubley, 1978). Apparently, a major organization of the whole mental system takes place at this time, leading to revolutions in cognitive ability, and also changing completely the rules of communication. This is the time when our subjects show a “cooling” of their interest in chatting with the mother except in “games of the person,” where the mother offers her face or hands to the baby to touch and tease, or else herself does gentle teasing of the baby. In many instances, babies at this time quite rudely refuse direct smiling, eye-to-eye contact and “protoconversation” exchange. They may even actively avoid the mother’s gaze and turn their heads away as soon as she comes close to address them. They do this, it would appear, to establish a different balance between attention to the mother and attention to surroundings and to objects nearby. The consequence is that the mother’s interest in the infant changes as she is strongly led by the baby to change her tactics, and to become much more interested in joining in with what the baby is doing to objects, and to create games that will amuse the baby. She also begins to communicate through various ways of profering objects to the baby. She develops new styles of presentation which cause her infant to laugh.



FIG. 2.8 The cycle of expression and reply in a communicative interaction between a 7-week-old and her mother. From film.

Left: The mother watches, smiling, while her daughter vocalizes and makes a geature with her left hand.

Right: When the infant has finished the mother makes a mocking reply.

After this period of transition, in which teasing play is common, we observe the development of a new form of communication we term secondary inter-subjectivity (Trevarthen & Hubley, 1978; Hubley & Trevarthen, 1979) This is triadic and friendly play with and about things and experiences shared. No longer is communication merely between the two partners; it now has an outward direction as well, to bring in topics. In the first part of this period of development the topics are established most often by the infant. Later the infant becomes delighted to receive hints about novel forms of activity from adults. In other words, toward the end of the first year the baby becomes a natural pupil to the teacher, which, in turn, the mother has become. While understanding better what others want and receiving their instructions more deliberately, the infant also shows greater power of initiating cooperative “turns” in play and in performing a shared task (Hubley & Trevarthen, 1979). There is a heightened awareness of “self,” or of the circumstances and manner of what the baby does. This, too, is the time of the beginning of protolanguage, in which infants, using gestures as well as modulated vocalizations, exchange acts of meaning, sometimes instructing their partners or declaring interest in an indicated event to them (Bates, Camaioni, & Volterra, 1975; Bruner, 1975; Halliday, 1975).

It should be emphasized that our detailed observations are quite inconsistent with the view that the child’s learning ability and voluntary communications are fabricated from without by the mother. Indeed we think it more correct to say that the pupil role grows in the infant and that this causes the teacher role of the mother who is, no doubt, adapted to become a teacher in and of herself. She too is human, and it is the cooperative interaction of two humans that is developing through changes taking place in both of them. On biological grounds it seems quite reasonable to conclude that the initiative for change should rest primarily with the least developed of the two persons, though the more mature might be expected to take control over more refined aspects of the patterning.

A special relationship grows between mother and infant or other primary caretaker and infant as a result of learning, and it is interesting to observe that the transformation of intersubjectivity around the period of 6 months is much more pronounced for this most privileged person. For example, when the baby shows a new negativity with the principal partner, other persons who may be described as “friends” are, we note, still treated in a highly sociable way. In other words, it is the privileged relationship of the main “attachment” that undergoes most pronounced developmental change. Also, the games played with the mother are uniquely developed. They include formulae or habitual patterns that form a private language or cooperative routine between them.

These observations seem to prove that cognitive development in the first year is integrated within interpersonal development and that the whole field of the developing infant intelligence brings together a communicative competence and competence of the individual to perceive and operate upon the world of objects on his or her own. I think the dynamics of development, including periodic recessions in new components of performance, reflect mainly the developmental regulations in the interpersonal sphere, and this leads me to a theoretical prediction.

I would suggest that all major revolutions and steps up in human intelligence observed during the life of a person will be found to be associated with changes in intrinsic communicative psychology. I am suggesting that each cognitive revolution is, in fact, subordinated to a revolution in the mechanism by which intelligence is established between the young person and older people upon whom a child’s growth of knowledge is dependent. Important developmental changes also may occur in the communicative relations of adolescents and of adults of different ages, and these revolutions of social motives are certainly not less significant in highly elaborate social systems. They are essential to all human societies. I think the changes in infancy are universal in this sense.

Fluctuations in Expression of Acts of Communication

We have observed a number of “dips” in components of inherent infant communication. First, face regard, gestural and prespeech activity, and cooing, which become common around 6 weeks, decline after about 10 weeks. There is a change in the quality of interest in persons and of expression at that time, with vocalization beginning to play a more significant part as manipulation of objects develops. We believe that when babbling develops after 6 months, it combines a range of elementary actions of the vocal apparatus with articulatory movements of lips and tongue seen already in prespeech. Once again, the apparent disappearance is a change in expression of a function due to introduction of complementary components in a larger system. We would expect that every separate detail of the innate patterns of expressive action will be found to show comparable ups and downs as they adjust to one another and in relation to a structured system of intention to communicate. As with developments in reaching and grasping, these developments can be understood only with reference to intrinsic adjustments in the child’s cerebral mechanisms that have an integrity from the start.

We can confirm Maratos’ experimental finding (Maratos, 1973), replicated with experimental refinements by Meltzoff and Moore (1977), that very young infants are able to imitate specific acts of the mouth and hands and also movements of the head made by the mother. This imitation, which proves the infant to have an integrated representation for movements of expression, has a particular character. Like prereaching, or the eye movements of looking, it is affected by “state” changes in the infant. Only brief intervals of optimal arousal or intentional readiness for imitation occur. These are characteristically periods of quiet alertness; that is, the baby is neither extremely active or somnolent. Because the response, though it follows watching of the partner, is not preceded by deliberate striving for the matching form of act, it gives the impression of simply popping out. It often has a short latency (less than 1 second). I would call this type of imitation magnetic to emphasize that it is a fairly automatic, though unpredictable, expression of a potentially complex recognitive and expressive machinery that is as yet not well controlled by reafferent-sensitive orienting systems. The kind of automatic synchrony of neonate movements with mother’s speech accents reported by Condon and Sander (1974) also seems to occur when the infant is less focused, though we have no definite information yet on how often it is that infants allow themselves to be paced in this way by sight and sound of the expressive actions of persons near them. There are difficulties to be overcome before the implied mechanism of puppetlike synchronization can be accepted. In particular, the inherent rhythm of the infant’s movements, with cadence close to one that is strong in adult movements even when the infant is alone, has not been taken into account. The ensemble of movements may involve a much more active control by the infant than that assumed by the synchronization theory.

The specificity of neonatal imitations, for example tongue protrusion for tongue protrusion, hand movement for hand movement, proves that the neonate possesses an anatomical template for recognition of persons, without benefit of learning by association the linking up of rudimentary reflexive sensori-motor schemata. Such imitation, we find, declines during primary intersubjectivity when the infant is very much more involved in oriented self-expression. As I have said, during the second and third months it is the rule that the mother imitates the infant. Then the baby is influenced by the support given from the mother and by the reinforcing effect of the mother’s sympathetic movements, but is rare to see a baby imitate a particular movement of the mother at this stage, even when a model is thrust upon the infant.

Imitation appears with increased frequency again toward 6 months and develops considerably after that time. This behavior involves the infant in a very marked orientation; an apparently puzzled or curious fixing of attention on the repeatedly presented model. In other words, the infant is led to imitate by insistent demonstrative action of the partner and does so after much successive approximation through a series of tentative attempts or oblique evasions. I would call this discretionary imitation because an element of deliberation or choice is evident in it. Piaget (1962) describes this behavior as “imitation through training,” and then he calls it “pseudoimitation” and says that it does not last unless continually reinforced, as smiling is. However, this type of imitation has benefit for the older infant in that new acts, already outlined in the repertoire of the infant, may be changed to a more elaborate form. I think such innovations may be permanent.

This is not to say that some degree of deliberation is not evident in the earliest magnetic imitation. It is clear from some of Maratos’ records of sound production that the infant’s imitative sound making is different from spontaneous sound making—it sounds more “strained” or “artificial.” There must be a highly complex intersubjectivity machinery in rudimentary but integrated form in the neonate brain. However, the matching to a model is more precise and much better regulated in the older subjects. Around 9 months or so the infant frequently becomes involved in imitative games in which some pickup by the mother from the infant is utilized by her, returned to the infant as a model, and then reconstructed by the infant in some special new form (Trevarthen & Hubley, 1978).

Finally, we have evidence that a type of aversion of gaze, similar in appearance to the very definite avoidance of the 5-month-old for the mother’s face, may have a precursor in the baby of 2 to 3 weeks of age. Neonates definitely are capable of actively avoiding interpersonal confrontation. They seem more prone to avoid face-to-face interaction than 2- or 3-month-olds, although the latter avoid eye contact and monitor the mother in peripheral vision when her behavior is unfriendly or unresponsive (Murray, 1980).

When all the above indications are taken together, there begins to emerge a picture that the neonate in certain brief, favorable states of attention and arousal may represent a weak outline of the 4- to 5-month-old in many different respects. Without doubt, the developments we have described show that a remarkably complete outline of psychological functions is present in newborns, and that postnatal developments are regulated in part by interactions between the innate components as they become more elaborate with the benefit of stimuli from a highly organized environment to which they are adapted.

DISCUSSION AND CONCLUSION

From the beginning of his thought about the development of intelligence, Piaget clearly had in mind a simultaneous existence of two forms of growth mechanism. A continuous organization, a basic design or plan of intelligence that is present at all times after birth, expresses itself with increasing strength as development proceeds. In this, new elements of form and process arise by mutual assimilation or equilibration between differentiating structures—the operational schemata. In Biology and Knowledge (Piaget, 1971) he elaborated a general embryological theory he had been using throughout his work. His notion of decalage, and the idea of spiral development that repeats stages of growth, clearly depend upon the embryological metaphors he employed for the growth of intelligence and consciousness. However, it seems to me that he is too unspecific about the nature of the cerebral system of intelligence, too vague in his appeal to embryological concepts of differentiation and reintegration. The theory is very abstract and so elastic that apparently quite contradictory positions may be justified by it. For him a structure is more an idea than a reality.

Obviously, the theory of decalage is incompatible with SR learning theory, which predicts accumulative, continuous growth. Regular recurrence of form or function in a complex growth process requires a real, coherent anatomico-fimctional structure. Yet in his account of the sensorimotor period Piaget appeared to believe that primary spatial integration of behavior, and perception of objects as goals for specific acts, both require exercise for coupling together of reflexes by an associative process. He, like the learning theorists, left the integrative structure outside the system in its circumstances.

The facts of cerebral anatomy, especially comparative studies, lead one to predict that a primary field of integrating of all parts of the body in a space of behavior is given at birth (Trevarthen, 1973, 1978, 1979a). Also, more recent observations on infant behavior and particularly the experiments on space and object perception by Bower (1974, 1978), make it clear that very young infants are capable of much more cognitive integration than Piaget assumed for his Stages I to III. The studies of imitation give the same conclusion (Metzoff & Moore, 1977).

Piaget took eye-hand coordination as the prime example of sensorimotor development and the genesis of a primary action schema.
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