CHAPTER 4

II

Infancy
part

Bio-Social-Behavioral Shifts
Biological Domain

• Growth of muscles and hardening of bones

• Myelination of motor neurons to lower trunk, legs, and hands

• Myelination of cerebellum, hippocampus, and frontal lobes

• New forms of EEG activity in cortex

Social Domain

• Wariness of strangers

• New emotional response to caregiver (attachment)

• Social referencing

• Secondary intersubjectivity

Behavioral Domain

• Onset of crawling

• Fear of heights

• Coordinated reaching and grasping

• Action sequences coordinated to achieve goals

• Object permanence displayed in actions

• Recall memory

• Wariness in response to novelty

• Babbling

All cultures recognize infancy as a distinct period of life. Its starting point is clear; it begins when the umbilical cord is severed and the child starts to breathe. The end of infancy is not so easily defined. According to the ancient Romans, an infant is “one who does not speak,” and the ability to speak a language is still considered an important indicator that infancy has come to an end. It is not a sufficient marker by itself, however. Modern developmentalists look for converging changes in several spheres of children’s functioning to determine when one stage has ended and another has begun. These changes include not only infants’ acquisition of language but changes in their biological makeup, physical capacities, modes of thought, and social relations as well. It is this ensemble of changes that marks the transformation of babies from helpless infants into young children who, though still dependent upon adults, are on their way to independence.

The chapters in Part II are organized to highlight the important sequences of changes in each sphere of development and the interconnections among them during infancy. Chapter 4 begins with a description of infants’ earliest capacities for perceiving and acting on the world. It then traces events in infant development from birth to about 21/2 to 3 months of age. The most obvious requirement of this earliest postnatal period is that infants and their caretakers become sufficiently coordinated in their interactions so that adults can provide infants with enough nourishment and protection to support their continued growth. This requirement is met through a wide variety of cultural systems of infant care that call upon and promote infants’ basic capacities to learn from experience. If all goes well, by the end of this period, the development of crucial brain structures will have enhanced infants’ abilities to experience the world, resulting in a reordering of the social and emotional interactions between infants and their caretakers. This ensemble of changes is the first postnatal bio-social-behavioral shift.

Between 21/2 to 3 months and 12 months of age, the period covered in Chapter 5, infants’ capacities in all spheres of development change markedly. Increases in size and strength are accompanied by increases in coordination and mobility: the ability to sit independently appears at about 5 or 6 months; crawling at about 7 or 8 months; and walking at about 1 year. Both memory and problem-solving abilities improve, providing infants with a finer sense of their environment and how to act upon it.

Sometime between 7 and 9 months, infants’ increased physical ability and intellectual power bring about additional changes in their emotions and social relations. They are likely to become wary of strangers; they become upset when left alone; and they begin to express strong emotional attachments to their caretakers. They also begin to make their first speech-like sounds. These changes mark what appears to be a second bio-social-behavioral shift during infancy.

Chapter 6 describes the changes that occur between 12 months and 21/2 years, culminating in the bio-social-behavioral shift that signals the end of infancy. Rapid growth in the baby’s ability to use language is accompanied by the emergence of pretend play and more sophisticated forms of problem solving. Toward the end of infancy, children begin to show a concern for adult standards, and they attempt to meet those standards. Caretakers, for their part, view these changes as a sign that children are no longer “babies.” They begin to reason with their children, to explain things to them, and to make demands upon them.

The coverage of infancy ends with Chapter 7, which takes up an enduring question: Does the pattern of development that is established during infancy persist into later years, fixed and unchangeable, or can it be significantly altered by the maturational changes and experiences that will occur during childhood and adolescence? This scientific question has a practical counterpart: Should society intervene in the lives of at-risk infants to prevent later problems, or should it wait until there are actual problems? As we shall see, opinions about these matters are sharply divided. Nevertheless, the efforts of developmentalists to study them underscore how important it is to consider the whole child in the context of both family and community if we are to gain a scientific understanding of development and make informed decisions about social policies that affect children.
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Summing Up the First 21/2 Months
“Babies control and bring up their families as much as they are controlled by them; in fact, we may say that the family brings up a baby by being brought up by him. Whatever reaction patterns are given biologically and whatever schedule is predetermined developmentally must be considered to be a series of potentialities for changing patterns of mutual regulation.”

—Erik Erikson, Childhood and Society

The enormous changes that occur over the first 90 days of postnatal life are vividly reflected in the ways that mothers respond to their infants. Pediatricians Kenneth Robson and Howard Moss asked new mothers to describe their feelings during the first several weeks after they brought their babies home from the hospital. One mother expressed her feelings this way:

In the beginning when they are so young and can’t be appeased you just don’t know what to do for them, that is the frightening part . . . and I think that realizing you are dealing with an infant mind is such a shock—that this is a mind that just doesn’t know from anything else. Go reason with it, talk to yourself, cry; nothing you are going to do is going to help. (Robson & Moss, 1970, pp. 979)

Then, around 21/2 months of age, the quality of mother–child interaction changes in a manner that is caught beautifully by Daniel Stern, a specialist in early mother–infant interaction:

His eyes locked on to hers, and together they held motionless. . . . This silent and almost motionless instant continued to hang until the mother suddenly shattered it by saying “Hey!’’ and simultaneously opening her eyes wider, raising her eyebrows further, and throwing her head up and toward the infant. Almost simultaneously the baby’s eyes widened. His head tilted up . . . his smile broadened. . . . Now she said, “Well hello! . . . hello . . . heeelloooo!,’’ so that her pitch rose and the “hellos’’ became longer and more stressed on each successive repetition. With each phrase the baby expressed more pleasure, and his body resonated almost like a balloon being pumped up. (Stern, 1977, p. 3)

Clearly babies undergo tremendous changes in the first months after birth—changes that transform the seemingly unresponsive newborn into a highly interactive infant. What new capacities do infants acquire during this period of transformation?

Of course, the newborn mind is not as formless as the first quotation suggests. Despite parents’ uncertainty about what their newborns are seeing and feeling, the evidence concerning prenatal development clearly shows that babies arrive in the world with at least elementary abilities to see and hear their environment, to move, to learn, and to remember. In this sense, they are ready to be born. But compared with many animals that are able to negotiate their environments at birth almost as well as their parents, human beings are born in a state of marked immaturity. The ability to suck, for example, is of no help in obtaining food unless the infant’s mouth is in touch with a source of milk, and newborns cannot yet bring the nipple to their mouths by themselves. They must be physically supported to accomplish even such an elementary function as feeding.

Developmentalists who have studied the evolution of childhood believe that human infants, even those who spend a full 9 months in their mothers’ wombs, are born “prematurely” as an adaptation to the unusual circumstance that their ancient, prehistorical ancestors began to walk on two feet. Upright walking, the argument goes, required a change in the size of the pelvis, making the birth canal relatively narrow. If fetuses grew too large, they would be unable to make their way through the birth canal, resulting in their death, as well as the death of their mothers (Bogin, 2001).

The relative helplessness of human babies at birth has two obvious consequences. First, for many years, human offspring must depend on the efforts of their parents and other adults for their survival. Second, in order to survive on their own and eventually reproduce, humans must acquire a vast repertoire of knowledge and skills that they do not possess at birth.

This chapter describes the capacities and characteristics of children at birth and the processes of developmental change that occur in the initial period of infancy, a period beginning immediately after birth and ending some 21/2 months later. During this time, significant changes take place in several essential biological, behavioral, and social processes. There is a rapid increase in the number and complexity of the neurons in infants’ brains and other parts of their central nervous systems, and their vision and movements improve markedly, allowing them to become more responsive to the people and objects around them. These changes converge about 21/2 to 3 months after birth to enable new kinds of behavior that in turn make it possible for a distinctively new kind of social and emotional relationship to develop between infants and their caregivers. This convergence of changes in different domains is the kind of qualitative reorganization in the child’s functioning that we have referred to as a bio-social-behavioral shift.

Development of the Brain

Changes in the brain are responsible for many of the developmental changes you will encounter in this chapter. As you saw in Chapter 3 (pp. 79–82), well before full-term babies are born, their brains and central nervous systems support elementary sensory and motor functions: fetuses respond to distinct sounds, for example, and they move spontaneously. These basic capacities are sufficient for them to learn to recognize the sound of their mothers’ voices and the language spoken around them and form the basis for newborns’ earliest adaptations to their new environment.

In an authoritative study, W. M. Cowan (1979) found that during the period of maximum prenatal brain development, which occurs between 10 and 26 weeks after conception, the brain grows at a rate of as many as 250,000 brain cells per minute. It is estimated that the cerebral cortex, the area of the brain that most distinctively distinguishes human beings from other animals, contains more than 10 billion nerve cells. Each of these nerve cells makes multiple connections with other nerve cells.

At birth the brain contains the vast majority of all the cells it will ever have, yet it will become four times larger by the time the baby reaches adulthood. To understand how such growth comes about, we need to look more closely at the basic operative unit of brain activity—the nerve cell referred to as the neuron—and the brain structures into which neurons are organized.

Neurons and Networks of Neurons

Neurons transmit information to other neurons or to muscle or gland cells. This function causes neurons to differ from other body cells in several respects. Most body cells look smooth and regular, more or less in the shape of a sphere or a disk. By contrast, neurons have highly irregular shapes, with many spiky areas sticking up from their surfaces (see Figure 4.1). Every neuron has one main protruding branch, called an axon, along which it sends information to other cells in the form of small electrical impulses. If a neuron needs to communicate with more than one other nerve cell, its axon forms branches (referred to as axon terminals) at its tip to make the necessary connections. The parts of the neuron that protrude from its surface are called dendrites. The dendrites, as well as other parts of the cell body, receive messages from the axons of other cells.

The actual site at which one neuron is linked to another is a tiny gap between axons and dendrites called the synapse. When an impulse from the axon arrives at the synapse, the sending cell secretes a chemical, called a neurotransmitter, that carries the impulse across the synaptic gap, setting off a reaction in the receiving cell.

The combination of a sending and a receiving neuron creates an elementary neuronal circuit. As a rule, neurons transmit and receive impulses from only a few other neurons. However, in some cases, one axon branches to come in contact with many diverging neuronal networks; in other cases, many axons converge on a receptor neuron. The results of such multiple forms of connectivity, combined with the fact that there are billions of neurons, make possible a virtually infinite variety of patterns of brain activity and behavior.

The basic architecture of neurons and neuronal circuits suggests two of the reasons for the fourfold growth in brain size that occurs by adulthood. First, there is an increase in the size and complexity of the dendrites that protrude from every neuron. The increased complexity means that many new synapses are being formed, a process referred to as synaptogenesis (the technical term for synapse formation). Synaptogenesis is especially prominent in prenatal development and infancy, and then again during adolescence. Second, there is an increase in the number of branches that axons form as they create connections to multiple receiving neurons. These two sources of growth combine to increase the number of synapses and to form more complex neural circuits (see Figure 4.2, p. 116).

Another source of increased brain size and complexity of brain functions is myelination, the process by which axons become covered by myelin, a sheath of fatty cells that insulates them and speeds transmission of nerve impulses from one neuron to the next. Myelinated axons transmit signals anywhere from 10 to 100 times faster than unmyelinated axons, making possible more effective interconnections between parts of the brain and more complicated forms of thought and action (Nelson, 2001).

Experience and Development of the Brain

The principle that development emerges from dynamic interaction between the organism and the environment applies no less to the development of the brain than to the development of behavior. Developmentalists distinguish two major classes of brain development, which they refer to as experience-expectant and experience-dependent (Breuer & Greenough, 2001).

The prenatal brain growth described in Table 3.1 (p. 77) provides the prototype for experience-expectant processes of brain development. During formation of the central nervous system, the basic circuitry of the brain develops under genetic control independent of experience, stimulation, or activity. One result of this spontaneous process is rapid increase in synaptogenesis, resulting in the production of more synapses than will be useful when the growing embryo begins to encounter new experiences. This early oversupply of synapses provides the raw material for experience-expectant development. As in the case of movement in chick embryos (Chapter 3, p. 80), a selection process begins that determines which synapses of this oversupply will survive and which will die (Webb, Monk & Nelson, 2001). This process of selective dying off of non-functional synapses is referred to as synaptic pruning, which is seen again during infancy, middle childhood, and adolescence (Giedd et al., 1999) (see Figure 4.3).

In experience-dependent brain development, synapses are not created in advance of experience; instead they are generated in response to experience. It is this experience-dependent brain–environment relationship that allows humans to learn from experience.

An example of experience-dependent brain development comes from pioneering studies by Mark Rosenzweig and his colleagues (Rosenzweig, 1984), in which groups of young male laboratory rats from the same litter were raised in three different environments. Rats in the first group were housed individually in standard laboratory cages. Members of the second group were housed together in standard laboratory cages. Those in the third group were provided with enriched conditions. These rats were housed in a large cage that was furnished with a variety of playthings. A new set of playthings, drawn from a pool of 25 objects, was placed in the cage every day. Often the animals in this group were given formal training in running a maze or were exposed to a toy-filled open field.

At the end of the experimental period, which lasted anywhere from a few weeks to several months, behavioral tests and examinations of the animals’ brains revealed differences that favored the animals raised in enriched conditions. These rats demonstrated:

• Increased rates of learning in standard laboratory tasks, such as learning a maze

• Increased overall weight of the cerebral cortex (the part of the brain that integrates sensory information)

• Increased amounts of acetylcholinesterase, a brain enzyme that enhances learning

• Larger neuronal cell bodies and glial cells (which provide insulation, support, and nutrients to neuronal cells)

• More synaptic connections

These findings have been replicated and extended numerous times in recent decades (Nelson & Bloom, 1997).

Interaction with the environment is a crucial factor in the production of these changes. In one study, rats were raised within an enriched environment but were housed singly in small cages so that they could do no more than observe what was going on around them. The learning capacity of these rats differed in no way from that of the animals that were housed in individual cages away from the enriched environment (Forgays & Forgays, 1952).

Although these results were obtained with nonhuman animal species, they are consistent with what is known about the importance of active involvement with the environment for human development. They show that behavioral changes should not be thought of as secondary consequences of changes that occur in the brain. Behavioral changes induced by culturally organized environmental stimulation (early support for walking, for example) can themselves lead to changes in the brain that then support more complex forms of behavior (Greenfield, 2002).

The Central Nervous System and the Brain

The central nervous system is conventionally divided into three major sections—the spinal cord, the brain stem, and the cerebral cortex. The spinal cord is encased in the spinal bones that extend from below the waist to the base of the brain. The nerves that lie within the spinal cord carry messages back and forth from the brain to the spinal nerves along the spinal tract. The spinal nerves that branch out from the spinal cord communicate with specific areas of the body. Some of these neurons carry messages to the brain from the skin and other body parts and organs; others carry messages from the brain to the various body parts to initiate actions such as muscle movement.

The brain itself grows out of the top of the spinal cord (see Figure 4.4, p. 118). At its base is the brain stem, which controls such elementary reactions as blinking and sucking, in addition to such vital functions as breathing and sleeping. All of these capacities can be found in at least rudimentary form during the later stages of prenatal development. At birth the brain stem is one of the most highly developed areas of the central nervous system.

The neurons of the brain stem do not respond to specific forms of sensory input in a precise, one-to-one manner, with different sensory inputs arriving at the brain as isolated signals. Instead, the brain stem contains neural pathways that mix various sources of sensory input with impulses from other regions of the brain and the body. Stimulation that reaches the brain stem from the sensory receptors is modulated and reorganized within these pathways, increasing the complexity of behaviors that it can support.

Structures in the brain stem connect to the cerebral cortex, the brain’s outermost layer. The cerebral cortex is divided into two hemispheres, each of which is divided into four sections, or lobes, separated by deep grooves. Under ordinary conditions of development, the occipital lobes are specialized for vision; the temporal lobes, for hearing and speech; the parietal lobes, for spatial perception; and the frontal lobes, for control and coordination of the other cortical areas to enable complex forms of behavior and thought.

It has been estimated that an average cerebral cortex is capable of a million billion connections, creating a biological organ of incredible complexity (Edelman, 1992). Once stimulation from the environment reaches the cerebral cortex, it travels through networks of interacting neurons so complex that scientists have thus far found it impossible to trace completely the fate of a single stimulus event, such as a touch on the cheek. The networks of neurons in the cerebral cortex integrate information from several sensory sources with memories of past experiences, processing them in a way that results in distinctively human forms of thought and action.

Although various areas of the brain are named according to the functions that they will later carry out, for many functions there is considerable interplay among areas. In addition, the human cortex, unlike that of other animals, has large areas that are not “prewired” to respond directly to external stimulation in any discernible way (see Figure 4.5). These “uncommitted” areas provide infants with the capacity to develop brain circuits that grow and change depending upon the experiences they encounter as they develop. This is the property of development we referred to in Chapter 1 (p. 11) as plasticity, which, as you can now appreciate, depends heavily on environment-dependent changes in brain structure.

In general, the lower-lying areas of the central nervous system, the spinal cord and the brain stem, mature (that is, grow more dendritic trees, have more myelin, increase the complexity of their neural circuitry) earlier than the cerebral cortex. At birth the circuitry of the cerebral cortex is both relatively immature and poorly connected to the lower-lying parts of the nervous system that receive stimulation from the environment. Because of their relative maturity, the spinal cord and brain stem enable movement, responses to visual stimuli, and even elementary forms of learning without cortical involvement (Woodruff-Pak et al., 1990). As the nerve fibers connecting the cortex with the brain stem and spinal cord become myelinated, the infant’s abilities expand.

Different parts of the cerebral cortex continue to develop at different times throughout infancy and well into childhood and adolescence (Johnson, 2001). Using criteria such as the size and complexity of neurons, their degree of myelination, and the complexity of their connections, scientists estimate that the first area of the cerebral cortex to undergo important developmental change is the primary motor area, which is the area responsible for nonreflexive, or voluntary, movement (Kolb & Whishaw, 2001). Within the primary motor area, the first cells to become functional are those that control the arms and the trunk. By about 1 month of age, the neurons in this area are becoming myelinated, so they can now conduct neural impulses more efficiently. The region of the primary motor area that governs leg movements is the last to mature; it is not fully developed until sometime in the second year.

As a result of this sequence of biological changes, the development of voluntary movement in the arms and legs follows the cephalocaudal (from-the-head-down) pattern, introduced as a general principle of developmental change in Chapter 3 (p. 77). At the end of the first month, many infants can raise their heads while lying on their stomachs. At 3 months of age, they have more voluntary control of the muscles that move the upper trunk, shoulders, arms, and forearms. A few months later, they begin to gain voluntary control of leg movements.

The primary sensory areas of the cortex—those areas that are responsible for the initial analysis of sensory information—also continue to mature in the months after birth. The nerve fibers responsible for touch are the first to mature, followed by those in the primary visual area and then those in the primary auditory area. By 3 months of age, all the primary sensory areas are relatively mature (Sinclair & Dangerfield, 1998).

The frontal cortex, which is essential in a wide variety of voluntary behaviors, including behaviors that require planning, is quite immature at birth. It gradually begins to function in infancy and continues to develop throughout childhood (Johnson, 2001).The development of the frontal lobes makes possible the complex forms of behavior and thought associated with specifically human psychological processes.

Sensing and Responding to the Environment

Scholars interested in development have always had a special fascination with the question of newborn babies’ initial capacities to perceive, to act upon, and perhaps even to think about the world into which they are born. A century ago there was broad agreement with William James’s belief that infants’ perceptual world is a “blooming, buzzing confusion” (1890, p. 488). By the 1990s, scientific opinion had swung strongly in the opposite direction, to the belief that children are born with greater capacities for perceiving and acting in the world than their normally observed behavior reveals, a belief summed up by the term “the precocious infant” (Haith & Benson, 1998). At present developmentalists are sharply divided on the issue (Baillargeon, 2000; Cohen, 2002).

This difference of opinion about the “starting points” of development strongly influences the kind of theory needed to explain subsequent processes of developmental change. The idea of a precocious infant points to biology and processes of maturation as the essential driving force of development, while the idea of an infant initially confronting total confusion suggests that development depends almost entirely upon information from the environment. As you’ll see, most developmentalists adopt an intermediate position in which initial capacities are innately specified but only to a degree sufficient to guide how experience shapes later development.

You don’t have to spend much time with a newborn infant to understand the difficulties of arriving at a definitive conclusion of infants’ initial capacities. Babies sleep a lot, and when they are awake they may be drowsy or upset. Even when they appear to be alert, they often seem to be simply “taking in the scene” and not paying special attention to anything in particular. From time to time it appears that something catches the baby’s attention, but such moments are fleeting. These constant fluctuations in the state of the newborn make it difficult for developmentalists to repeat each other’s experiments in order to provide reliable and replicable evidence on the state of particular capacities.

Sensory Processes

Organisms receive information from the environment through their sensory systems. Normal full-term newborns enter the world with all sensory systems functioning, but not all of these systems have developed to the same level. For example, their sense of touch is considerably more advanced than their visual acuity. This unevenness illustrates the general rule of development (heterochrony) that we remarked on with respect to the fetal period: Various organ systems develop at different rates throughout childhood.

The basic method developmentalists use to evaluate infants’ sensory capacities is to present them with a stimulus and observe how their overt behaviors or physiological processes are affected by it. There are several ways in which this general strategy can be implemented. For example, an investigator might sound a tone or flash a light and watch for an indication that the newborn has sensed it, such as a turn of the head, a variation in brain waves, or a change in the rate at which the baby sucks on a nipple. Another widely used technique is to present two stimuli at once to determine if the baby will display a preference by looking at one longer than the other. If so, the baby must be able to tell the stimuli apart.

Yet another technique for assessing sensory capacities is to present a stimulus to which the infant clearly attends and continue presenting it until the infant gets bored and stops paying attention. The process in which attention to a novel stimulus decreases following repeated exposure is called habituation. The next step is to make a change in some aspect of the stimulus: the frequency of a musical tone or the arrangement of syllables in a spoken nonsense word, for example. If the infants show renewed interest after the change in the stimulus, they are said to exhibit dishabituation, and the investigator can conclude that they perceived the change. The use of such subtle indicators of infant’s attention to sensory stimuli provides developmentalists with essential tools for understanding human development while the infants are still too immature to make their experiences known through coordinated movement or speech.

Hearing

Since even fetuses respond to sounds outside the mother’s womb, it is no surprise that in their first hours after birth newborns also respond to sound. Make a loud noise and infants only minutes old will startle and may even cry. They will also turn their heads toward the source of the noise, an indication that they perceive sound as roughly localized in space (Morrongiello et al., 1994). Yet newborns’ hearing is not so acute for some parts of the sound spectrum as it will be when they are older (Fernald, 2001). Sensitivity to sound improves dramatically in infancy and then more slowly until the age of 10, when it reaches adult levels. Newborns are especially attuned to the sounds of language. They can distinguish the sound of the human voice from other kinds of sounds, and they seem to prefer it. Newborns all over the world are particularly interested in speech directed to them that is spoken with the high pitch and slow, exaggerated pronunciation known as “baby talk” or “motherese” (Kitamura, Thanavishuth, Luksaneeyanawin & Burnham, 2002). This preference for motherese even appears when the speaker is speaking a foreign language (Werker, Pegg & McLeod, 1994). By the time they are 2 days old, however, babies would rather hear the language that has been spoken around them than a foreign language (Moon et al., 1993).

One of the most striking discoveries about the hearing of very young infants is that they are particularly sensitive to the smallest sound categories in human speech that distinguish meanings. These basic language sounds are called phonemes. (Linguists denote phonemes and other language sounds by enclosing them in slashes, as we do below.)

Phonemes vary from language to language. In Spanish, for example, /r/ and /rr/ are two phonemes; “pero” and “perro” sound different (“perro” has a rolling r) and have different meanings. In English, however, there is no such distinction. Similarly, /r/ and /l/ are different phonemes in English but not in Japanese.

In a pioneering study, Peter Eimas and his colleagues demonstrated that even 2-month-olds can distinguish among a variety of phonemes (Eimas, 1985). The researchers began by having the infants suck on a nipple attached to a recording device in a special apparatus (see Figure 4.6). After establishing a baseline rate of sucking for each baby, they presented the speech sound /pa/ to the babies each time they sucked. At first the babies’ rate of sucking increased as if they were excited by each presentation of the sound, but after a while they settled back to their baseline rates of sucking. When the infants had become thoroughly habituated to the sound of /pa/, some of them heard a new sound, /ba/, which differed from the original sound only in its initial phoneme—/b/ versus /p/. Others were presented with a sound that differed an equal amount from the original sound but remained within the /pa/ phoneme category. The babies began sucking rapidly again only when they heard a phoneme of a different category, an indication that they were especially sensitive to the difference between the /b/ and /p/ sounds (see Figure 4.7).

Follow-up studies have shown that very young infants are able to perceive all the categorical sound distinctions used in all the world’s various languages. Japanese babies, for example, can perceive the difference between /r/ and /l/, even though adult speakers of Japanese cannot (Aslin, Jusczyk & Pisoni, 1998). The ability to make phonemic distinctions apparently begins to narrow to just those distinctions that are present in one’s native language at about 6 to 8 months of age, the same age at which the baby’s first halting articulations of languagelike sounds are likely to begin (see Figure 4.8).

These data make it tempting to conclude that human infants are born with special perceptual skills that are pretuned to the properties of human speech, but studies have long indicated that other species can make similar distinctions (Aslin et al., 1998). The difference is that humans use this ability as a stepping-stone to the mastery of language, an achievement that is beyond the capacities of other animals.

Vision

The basic anatomical elements of the visual system are present at birth, but they are neither fully developed nor well coordinated. The lens of the eye and the cells of the retina are somewhat immature. In addition, the movements of the baby’s eyes are not coordinated well enough to align the images on the two retinas to form a clear composite image. The result is that the baby’s vision is blurry. The immaturity of some of the neural pathways that relay information from the retina to the brain further limits the newborn’s visual capacities (Atkinson, 1998). Numerous studies have been conducted to determine exactly what, and how well, infants can see.

Color Perception Newborns seem to possess all, or nearly all, of the physiological prerequisites for seeing color in a rudimentary form. When two colors are equally bright, however, they do not discriminate the difference between them. By 2 months of age, infants’ ability to perceive different colors appears to approach adult levels (Kellman & Banks, 1998).

Visual Acuity A basic question about infants’ vision is how nearsighted they are. To determine newborns’ visual acuity, Robert Fantz and his colleagues (Fantz et al., 1962) developed a test based on the fact that when a striped visual field moves in front of the eyes, the eyes start to move in the same direction as the pattern. If the gaps between the stripes are so small that they cannot be perceived, the eyes do not move. By varying the width of the gaps and comparing the results obtained from newborns with those obtained from adults, these researchers were able to estimate that neonates have 20/300 vision—that is, they can see at 20 feet what an adult with normal vision can see at 300 feet. The exact estimate of newborn acuity differs somewhat according to the particular measures used, but all suggest that the newborn is very nearsighted (Martin, 1998). (See Figure 4.9, which indicates what infants can see at different ages.)

Poor visual acuity is probably less troublesome to newborns than to older children and adults. After all, newborns are unable to move around unless someone carries them, and they cannot hold their heads erect without support. Still, their visual system is tuned well enough to allow newborns to see objects about a foot away—roughly the distance of the mother’s face when they are nursing. This level of acuity allows them to make eye contact, which is important in establishing the social relationship between mother and child (Stern, 2002). Between 2 and 3 months of age, infants can coordinate the vision of both their eyes (Atkinson, 1998). By 7 or 8 months of age, when infants are able to crawl, their visual acuity is close to the adult level.

Visual Scanning Despite their nearsightedness and their difficulty in focusing, newborns actively scan their surroundings from the earliest days of life (Bronson, 1997). Marshall Haith and his colleagues developed recording techniques that allowed them to determine precisely where infants were looking and to monitor their eye movements in both light and dark rooms. They discovered that neonates scan with short eye movements even in a completely darkened room. Since no light is entering their eyes, this kind of scanning cannot be caused by the visual environment. It must therefore be endogenous, originating in the neural activity of the central nervous system. Endogenous eye movements seem to be an initial, primitive basis for looking behavior (Haith, 1980).

Haith’s studies also revealed that neonates exhibit an early form of exogenous looking, that is, looking that is stimulated by the external environment. When the lights are turned on after infants have been in the dark, they pause in their scanning when their gaze encounters an object or some change of brightness in the visual field. This very early sensitivity to changes in illumination, which is usually associated with the edges and angles of objects, appears to be an important component of the baby’s developing ability to perceive visual forms (Haith, 1980).

Perception of Patterns and Objects What do babies see when their eyes encounter an object? Are they able to see objects much as adults do?

Until the early 1960s it was widely believed that neonates perceived only a formless play of light. Robert Fantz (1961, 1963) dealt a severe blow to this assumption by demonstrating that babies less than 2 days old can distinguish among visual forms. The technique he used was very simple. Babies were placed on their backs in a specially designed “looking chamber” and shown various forms (see Figure 4.10). An observer looked down through the top of the chamber and recorded how long the infants looked at each form. Because the infants spent more time looking at some forms than at others, presumably they could tell the forms apart and preferred the ones they looked at the longest. Fantz found that neonates would rather look at patterned figures, such as faces and concentric circles, than at plain ones (see Figure 4.11).

Fantz’s findings set off a search to determine the extent of newborns’ capacity to perceive objects and the reasons they prefer some forms over others. That research has confirmed that infants visually perceive the world as more than random confusion, but it has also provided evidence that infants do not enter the world prepared to see it in the same way adults do. Their ability to perceive objects emerges over the first several months following birth (Johnson et al., 2003).

Within a few months, infants begin to show evidence that in some circumstances they see the boundaries between objects and recognize that objects are three-dimensional (Arterberry & Yonas, 2000). These abilities are by no means as elementary as they may seem to an adult. How, for example, does a newborn who is staring at a cat on a chair know that the cat is not part of the chair? The most obvious clue to the fact that they are separate objects comes when the cat jumps off the chair and walks away.

The role of movement in helping babies segment objects that are in close proximity was convincingly demonstrated in a classic experiment by Philip Kellman and Elizabeth Spelke (1983). The infants were shown a display like that in Figure 4.12a, which adults perceive as a single rod moving back and forth behind a block. After habituating to the display so that they lost interest in it, the infants were shown the two displays of rods in Figure 4.12b. Kellman and Spelke thought that if the infants assumed, as adults do, that there is a single rod behind the block, they would look longer at the two rod segments because they would be novel—and that is exactly what the babies did.

The key to explaining why the babies perceived the two rod segments as a single object was that they moved together at the same speed and in the same direction. If the infants were shown a display just like the one in 4.12a, except that the rod was stationary, they looked at the two displays in 4.12b for equal amounts of time because the situation was ambiguous when there was no common movement and they could not tell if it was one object or two. As children mature and have more experience, their ability to perceive the boundaries between objects continues to increase.

A number of studies have shown that the vision of young infants is best under conditions of high contrast, such as when a visual field is divided clearly into parts that are black and parts that are white (Kellman & Banks, 1998). Gordon Bronson (1991, 1994, 1997) used this property of newborn vision to study the way 2-week-old and 12-week-old babies scan outline drawings of simple figures, such as a cross or a v, on a lighted visual field. When adults are shown such figures, they scan the entire boundary. Two-week-old babies appear to focus only on areas of high contrast, such as black lines and angles on a white background (see Figure 4.13). This kind of looking behavior is clearly not random; it shows that infants are born with the ability to perceive basic patterns. At 12 weeks of age, as Figure 4.13 indicates, infants scan more of the figure than at 2 weeks, although their scanning movements are sometimes off the mark and may still be arrested by areas of high contrast. In one of his studies, Bronson (1994) found that 13-week-old infants scanned more rapidly and extensively than infants 10 weeks and under. The developmental change was so marked that Bronson concluded that “by 3 months of age [the] infants appear[ed] to be quite different organisms, at least with respect to their scanning characteristics” (p. 1260). He suggests that as the nervous system matures, it becomes more sophisticated and can begin to control visual scanning.

Perception of Faces In Fantz’s early studies, one of the complex forms presented to the babies was a diagram of a human face (Fantz, 1961, 1963). When Fantz presented newborn infants with this schematic face and a form in which facial elements had been scrambled, he found that the infants could distinguish the schematic face from the jumbled face (see Figure 4.14). Although the preference for the schematic face over the scrambled face was small, the possibility that newborns have an unlearned preference for a biologically significant form naturally attracted great interest.

More recent work has shown that a crucial element in newborns’ preference for faces is the presence of more elements in the upper part of the configuration than in the bottom half. This imbalance corresponds to the fact that there are more visual elements in the top half of actual faces, and babies show they are sensitive to this imbalance. Even a facelike stimulus is not preferred over a scrambled stimulus unless it has more visual elements in the upper half (Turati, Simion, Milani & Umilta, 2002)

A key finding in recent research on face perception has been that, as in the case of partially hidden objects, motion critically influences newborns’ perception. In Fantz’s studies and earlier replications, researchers used only stationary schematic representations of faces. The newer studies have shown that babies as young as 9 minutes old will turn their heads to gaze at a schematic face if it moves in front of them and will look at it longer than at a moving scrambled face (Mondloch et al., 1999). In real life, people move both their heads and the features of their faces, such as their eyes and the shape of their mouths. Under these naturalistic conditions, newborns only 2 to 7 hours old recognize their mother’s face when it is contrasted with that of a stranger, even after a delay as long as 15 minutes between the time that the infant last saw the mother’s face and the time that testing commenced (Bushnell, 2001).

Taste and Smell

Neonates have a well-developed sense of both taste and smell (Crook, 1987). They react very differently to sweet and sour tastes, slowing down to savor the taste of sugar-infused water but turning away or spitting out vinegary water. The characteristic facial expressions they make in response to various tastes look remarkably like those adults make when they encounter the same tastes, evidence that these expressions are innate (Rosenstein & Oster, 1988) (see Figure 4.15).

To test for reactions to different smells, experimenters held either an odorless cotton swab or a swab soaked in one of various aromatic solutions under the newborns’ noses. The infants reacted strongly to unpleasant odors, such as garlic or vinegar, by pursing their lips or wrinkling their noses, while they smiled when they smelled something sugary. Their responses indicate not only that newborns are sensitive to odors but that they can tell one odor from another. Only a few hours after birth, newborns turn toward the smell of their mother’s body or milk and turn away from the smell of the amniotic fluid of another mother (Marlier, Schaal & Soussignan, 1998; Soussignan, Schaal, Marlier & Jian, 1997).

Other Senses

The abilities to detect a touch to the skin, changes in temperature, and changes in physical position develop very early in the prenatal period. Although these sensory capacities have not received as much attention as vision and hearing, they are no less important to the baby’s survival, as the research on kangaroo care discussed in Chapter 1 (pp. 18–19) clearly indicates.

Overall, there is extensive evidence that babies come into the world with sensory capacities in good working order and far more structured than were once thought. (Infants’ sensory capacities are summarized in Table 4.1.) The question then arises: What capacities do infants have for acting on the world? By combining the ability of infants to take in information from the environment with their abilities to act on that information, it becomes possible to begin to characterize the starting point of postnatal psychological development.

Response Processes

As the previous examples indicate, infants are born with a variety of ways of perceiving the world. In this section we will focus on the repertoire of responses initially at their disposal before turning in the next section to the remarkable ways in which sensory experiences and infants’ actions either are coupled at birth or become coordinated through learning early in infancy.

Reflexes

Newborn babies come equipped with a variety of reflexes—specific, well-integrated, automatic (involuntary) responses to specific types of stimulation. Some of the reflexes with which infants are born are described in Table 4.2. Virtually all developmentalists agree that reflexes are important building blocks out of which various complex behavioral capacities of later life are constructed. They disagree, however, about the nature of the initial reflexes and how they contribute to the development of more complex capacities.

Some reflexes are clearly part of the baby’s elementary survival kit. The eyeblink reflex, for example, has a clear function: it protects the eye from overly bright lights and foreign objects that might damage it. The respiratory occlusion reflex, which sometimes interferes with nursing (see Table 4.5, p. 151), ensures that children turn their heads vigorously if their breathing is blocked. The sucking and swallowing reflexes are essential to feeding. The purpose of some other reflexes, such as the grasping reflex (closing fingers around an object that is pressed against the palm) (see Figure 4.16) or the Moro reflex (grasping with the arms when hearing a loud noise or when suddenly experiencing a feeling of being dropped), is not as clear. Some developmentalists believe that these reflexes currently serve no purpose but were functional during earlier evolutionary stages, allowing infants to cling to their mothers in threatening situations, as do infants of most primate species (Jolly, 1999). Others believe that such presumably useless reflexes may still be functional because they promote a close relationship between mother and infant (Bowlby, 1973; Prechtl, 1977).

Within a few months after birth, several of the reflexes with which infants are born disappear, never to return. Others disappear for a while and then seem to reappear as part of a more mature behavior. Still others are transformed into more complex behaviors without first disappearing. Many researchers see these changes in the structure of early reflexes as important evidence about the way the maturation of higher brain centers changes behavior (Fox & Bell, 1990).

For example, when newborn babies are held in an upright position with their feet touching a flat surface, they make rhythmic leg movements as if they were walking, a form of behavior often referred to as a “stepping reflex” (see Figure 4.17). But they stop doing so at around 3 months of age. Around 1 year of age, babies use similar motions as a component of walking, a voluntary activity that is acquired with practice.

There are competing explanations for the developmental changes in these rhythmic leg movements. According to Philip Zelazo (1983), the newborn’s movements are a genuine reflex, and their disappearance is an instance of the suppression of a lower reflex by the maturation of higher cortical functions. He maintains that the old reflex reappears in a new form as a component of voluntary walking after a period of brain reorganization.

Esther Thelen and her colleagues reject this explanation, believing instead that the stepping reflex is really a form of kicking (Thelen, 1995). According to these researchers, early upright kicking behavior disappears because of changes in the baby’s muscle mass and weight that make kicking difficult, not because of changes in the cortex. In support of their view, Thelen and her colleagues hypothesized that if infants were partially submerged in water and supported to stand, the behavior described as the stepping reflex would reappear. They reasoned that the buoyancy of the water would counterbalance the infant’s increased weight and relative lack of leg strength. They were correct: when they held infants who had stopped exhibiting the stepping reflex upright in water up to their waists, the kicking behavior reappeared.

For Thelen and her colleagues, the changes associated with the stepping reflex are but one example of a general principle of developmental change: Developing human beings take an active role in organizing their own behavior. The patterns of change found in their development arise from the interaction of all the complex systems in which they find themselves (Thelen, 2002). With respect to stepping, the dynamic relations between newborn infants and the physical characteristics of their context interact to create what appears to us as a stepping reflex. As they become heavier and their body mass changes, infants’ dynamic relations to the environment change, and the prior behavior (stepping) is not seen unless the context is changed to include water of just the right depth and support of just the right kind, in which case it appears again (Thelen & Smith, 1998).

In addition to their role as starting points from which more mature, deliberate behavior may develop, reflexes are also used to diagnose the functioning of the central nervous system. For example, the absence of a neonatal reflex, such as sucking, often indicates that the infant suffers some form of brain damage. Brain damage is also indicated when a reflex persists beyond the age at which it should have disappeared. For example, the Moro reflex typically disappears in the months after birth. It is seen again only in the event of injury to the central nervous system (Zafeiriou, Tsikoulas, Kremenopoulos & Kontopoulos, 1999).

Imitation

The ability to imitate, which is widely believed to be present at birth, provides another way to learn during infancy and later life. Despite newborns’ limited visual capacities and poorly coordinated movements, several studies have reported that babies are capable of rudimentary forms of imitation (Heimann, 2002; Meltzoff & Prinz, 2002). These studies have generated intense interest among developmentalists because it had long been believed that imitation does not become possible until several months after birth (Piaget, 1962).

In earlier research conducted by Andrew Meltzoff and Keith Moore (1977, 1994), an adult stood over alert newborn babies and made distinctive facial expressions, such as opening his mouth very wide and sticking out his tongue. Meltzoff and Moore reported that the infants often imitated the facial expression of the adult.

Meltzoff and Moore’s research has promoted many follow-up studies (Meltzoff & Prinz, 2002). Tiffany Field and her colleagues found support for Meltzoff and Moore’s conclusions when they used somewhat different procedures and responses (Field et al., 1982). They arranged for an adult to model three facial expressions—happy, sad, and surprised—for babies who were an average of 36 hours old. The babies showed that they could distinguish among the model’s facial expressions by the fact that they habituated to the repeated presentation of a single expression but then began to pay close attention again when the model presented them with a different facial expression. Most important, the babies appeared to imitate these new expressions. An observer who could not see the model and who did not know what expressions were being presented to the babies was able, on a statistically reliable basis, to determine the facial expression of the model from the facial movements of the babies. These results are difficult to explain without assuming that the infants somehow matched what they did with what they saw the model doing. Precisely how infants accomplished this matching remains uncertain.

However, in most studies, imitation is observed only part of the time, is restricted to elementary movements of the face, and is present more often in some babies than in others (Heimann, 2002). This variability has led some researchers to doubt if the babies were actually imitating what they saw. These researchers suggest either that there was some peculiarity in Meltzoff and Moore’s procedures or that the behavior they observed is a very special form of imitation (Anisfeld et al., 2001). Meltzoff and Moore disagree, arguing that newborn imitation provides an important mechanism of development from birth. Meltzoff and Moore propose that infant imitation is an important precursor of the development of empathy toward others and the ability to understand other people’s thoughts.

Whether or not imitation is present at birth, it develops markedly over the first year of life (Meltzoff, 2002). If present, newborns’ imitations are restricted to movements of the face and head, while older babies imitate sounds and a wide variety of movements. In addition, while very early imitation is slow and inconsistent, the imitation of a 9-month-old is rapid and consistent, suggesting that a different mechanism is at work.

Reaching

Even from the earliest days of postnatal life, babies’ arms are often moving, sometimes allowing them to bring their fingers to their mouths to initiate sucking, and sometimes bringing their hands in contact with objects in the world around them. At first, contact with objects other than their mouths appears to be totally accidental, but research initiated by Claus von Hofsten (1982, 1984) identified an early form of movement that he referred to as pre-reaching (von Hofsten, 1984). He elicited this form of movement in the period shortly after birth by showing babies a large, colorful, slow-moving object such as a ball of yarn. As the bright ball of yarn passed in front of them, newborns reached toward it. However, they were unable to grasp an object even after repeated attempts, because newborn’s reaching and grasping movements are coupled such that as the arm extends, the fingers of the hand extend too. Over the next several weeks, this pattern changes and the infants make a fist when they reach for the object.

At about 3 months of age, and coincidental with maturational changes in the visual and motor areas of the cerebral cortex, such visually initiated reaching is transformed into visually guided reaching. Now, once infants locate an object by either seeing or hearing it, they can use feedback from their own movements to adjust the trajectory of their reach and get their hands close to the object. They are also able to open their fingers in anticipation of grasping the object. Remarkably, they can do this even when a bright object is presented in a darkened room so that they cannot see their own arms, clear evidence that it is feedback from their movement relative to the object that is controlling their reaching and grasping (McCarty,Clifton, Ashmead, Lee & Goubet, 2001). A short time thereafter, infants begin to open their hands as soon as they start to reach for an object and begin to close their hands a brief interval before they touch it, clear evidence that they have begun to coordinate reaching and grasping (von Hofsten, 1984, 2001).

In an ingenious experiment, Amy Needham and her colleagues demonstrated that the process of engaging objects can be accelerated if infants are provided with support for actually grasping an object (Needham, Barrett & Peterman, 2002). They provided half of a group of 3-month-old infants with specially designed Velcro-covered mittens and attached Velcro to objects that were within their reach. Compared to a control group of infants who did not have such mittens, the assisted infants showed markedly increased interest in objects as well as greater skill in grasping objects when they were later tested with no special mittens to help them.

Integration of Sensory and Response Processes

An important point made in recent research is that the development of sensory processes and behaviors appears to be coupled in various ways beginning at birth. That is, infants may be born prepared to see certain stimuli as inherently connected to each other.

That a certain object or event can be simultaneously perceived by more than one sensory system (such as touch, sound, and vision) is known as intermodal perception (Gibson & Pick, 2000). For example, a standard item on many tests of newborns’ neural and behavioral development is their ability to turn their heads toward a sound located on their right or their left, indicating a built-in connection between what they hear and how they perceive the location of their bodies in space.

A convincing demonstration that babies only a few hours old also expect sights and sounds to be connected with each other comes from a study by Barbara Morrongiello and her colleagues (1998). These investigators paired the sight of a small Sesame Street Muppet with the sound of popcorn rattling (the sounds were tape-recorded and played through a small speaker attached to the back of the Muppet). The babies were held upright in front of a long, black puppet stage, which provided a uniform backdrop for presentation of the Muppet. Half the time the rattling Muppet was presented to the babies on their left side and half the time on their right side. These presentations of the rattling Muppet continued until the babies indicated that they had lost interest by reducing the time they stared at the Muppet by 50 percent.

After the babies had habituated to the rattling Muppet, the Muppet and the sounds were decoupled for two successive trials. The Muppet was presented on one side of the babies’ bodies while the sound came from the opposite side. The babies stared at this new event just as long as they had the first time they encountered the Muppet–sound combination. The experimenters obtained the same results if they changed the Muppet instead of decoupling the familiar Muppet from its sound. These results show that even newborn babies link the sights and sounds they encounter and expect the sight and sound of novel objects to remain coupled regardless of the object’s location.

An important implication of newborn babies’ abilities to integrate information from different sensory modalities is that this starts them on the path to developing a sense of themselves as distinct beings. Evidence that even newborns discriminate between information coming from their own actions and information coming from the world around them was obtained by Susan Hespos and Phillipe Rochat (1997). These researchers found that infants exhibited a rooting reflex three times more frequently when an experimenter touched the corner of their mouths than when the infants touched the same spot themselves, indicating that as early as 24 hours after birth, self-stimulation and environmental stimulation are psychologically different for the infants.

Taken together, evidence about newborns’ sensory capacities and their ability to act on the world indicates that their experience of the world is far more systematic than previousely believed. However, this does not mean that intermodal perception occurs with equal ease regardless of the age of the infant or the particular sensory qualities being combined. Daphne Maurer and her colleagues sought to replicate earlier findings that 1-month-old infants would visually identify smooth and bumpy pacifiers that they had been allowed to explore orally, but these researchers failed to find evidence of intermodal perception (Maurer, Stager & Mondloch, 1999). However, there is no doubt that the ability to integrate information from different sensory modalities is an important source of information from early infancy onward.

The Qualities of Infant Experience and Behavior

Thus far we have focused on the quantitative features of newborns’ psychological characteristics: What kinds of stimuli are infants able to perceive? What kinds attract the most attention? What sorts of actions are they capable of, and what circumstances evoke what kinds of actions? In this section we shift our focus to the quality of infants’ psychological life. What sort of emotions do infants experience? What sort of characteristic qualities do they display when responding to the many new events they experience?

Emotion

When we talk about emotions in everyday conversation, we are usually referring to the feelings aroused by an experience. If we unexpectedly win a prize, we feel happy and excited. When we say good-bye to a loved one whom we will not see for some time, we feel sad. If someone prevents us from achieving a goal, we become angry.

Emotions as Complex Systems

Developmentalists believe that the feelings aroused by such experiences are only one aspect of emotions. In addition to feelings, emotions include the following features (Saarni, 1998):

• A physiological aspect. Emotions are accompanied by identifiable physiological reactions such as changes in heart rate, breathing, and hormonal functioning.

• A communicative function. Emotions communicate our internal feeling states to others through facial expressions and distinctive forms of behavior.

• A cognitive aspect. The emotions we feel depend upon how we appraise what is happening to us.

• An action aspect. How we act depends jointly on how we evaluate what is happening to us, the physiological states that accompany our experiences, and the feelings that result. When something causes us to be suddenly joyful, for example, we laugh or cry or do both at once. Sometimes we jump up and hug the nearest person.

Technically speaking, then, emotion can be defined as a feeling state produced by the distinctive physiological responses and cognitive evaluations that motivate action (Witherington, Campos & Hertenstein, 2002). The intimate ties between feelings and thought are clearly revealed by our habit of equating the two in everyday speech. For example, we routinely use “I think you are wrong” and “I feel you are wrong” as substitutes for each other. Emotions simultaneously communicate to others and regulate interactions with others. They are complex processes that emerge from many elements.

The Origins of Emotion

Developmentalists have long been divided on the question of which emotions are present at birth. At present many favor the view that emotions develop from two primitive states, contentment and distress, that are the extremes of a fluctuating state of excitement. According to this view, additional emotions arise by splitting off, or differentiating themselves, from these original two states as the baby develops: joy becomes differentiated from contentment at about 3 months; anger and fear differentiate from discontent at about 4 months and 6 months, respectively (Lewis 1998).

Developmentalists who believe that a set of core, primary emotions is present at birth have relied heavily on the assumption that facial expressions are reliable indicators of one’s emotional state (Ekman, 1999). Specifically, they believe that certain facial expressions universally communicate a basic set of emotional states and that the facial expressions of very young infants signal the presence of the corresponding basic emotion. On the basis of their babies’ facial expressions and vocalizations, for example, the mothers interviewed in one study reported that their infants were expressing several emotions by the age of 1 month, including joy, fear, anger, surprise, sadness, and interest (Johnson et al., 1982).

Mothers’ reports about their babies are notoriously biased. Recognizing this problem, Carroll Izard and his colleagues videotaped infants’ responses to a variety of emotion-arousing events such as having an inoculation or the approach of a smiling mother (Izard, 1994). He showed the videotapes, or stills from them, to college students and nurses, who agreed fairly consistently about which facial expressions communicated interest, joy, surprise, and sadness (see Figure 4.18). To a somewhat lesser extent, they also agreed on which expressions showed anger, disgust, and contempt.

Additional support for the idea that there is a universal set of basic emotions and corresponding facial expressions comes from the cross-cultural research of Paul Ekman and his associates (Ekman, 1999). The researchers asked people in widely different cultures to pose expressions appropriate to such events as the death of a loved one or being reunited with a close friend. Adults from both literate and nonliterate societies configured their faces in the same way to express each emotion. When shown photographs of actors posing the different expressions, the adults from different cultures also agreed on the photographs that represented happiness, sadness, anger, and disgust. Nonetheless, culture-specific experience must play some role in judging emotional expressions because people are more accurate in judging emotions displayed by members of their own culture group (Elfenbein & Ambady, 2003).

Despite this evidence, many believe that judgments about emotions cannot depend solely on facial expressions. Not only facial expressions but voice quality, gestures, actions, and physiological indicators must also be taken into account. Because emotions arise from a relationship between what people are trying to do and what actually happens, judgments based only on facial expressions, with no information about the context, are unlikely to be valid indicators of the same emotional states across all contexts and ages (Witherington et al., 2002).

In particular, critics argue, it is a mistake to attribute adult emotions to newborns on the basis of facial expressions. Newborns may cry because they are hungry. In this case, their facial expressions and associated emotion are responses to their immediate physical discomfort. Adults may cry, however, because they feel guilty, ashamed, sad, or chagrined. Their tears are the result of complex evaluations of their actions and circumstances and depend upon the development of cognitive abilities that involve interaction among the higher brain centers. None of these aspects of emotion are present at birth. Consequently, some of the psychological and biological processes that link facial expressions of newborns to emotions may differ from those reflected by the same facial expressions in older infants, children, and adults.

Whatever their views about the initial repertoire of emotions present at birth, developmentalists agree that the feeling states associated with emotions and modes of emotional expression develop throughout the course of childhood. As infants grow older, their initial repertoire of emotions (whether two, or four, or a few more) becomes entwined with their developing intellectual capacities and the new kinds of social relations into which they enter. New emotions, such as pride, shame, and guilt, emerge as infants act, think, communicate, and relate to others in new ways. Thus, in the chapters ahead, we will frequently find ourselves considering the development of emotions in connection with the intellectual, social, and physical aspects of development.

Temperament

A commonly held intuition about human nature is that people are born differing from one another in their characteristic predispositions to respond to the world. Mike and Sheila’s daughter, for example, has a tendency to approach life with boundless energy and an optimistic demeanor. Confronted with barriers, she rarely gives up, but finds some way to surmount them or to go around them. Her brother, by contrast, is a dreamier person. He is more likely to intellectualize a problem and more likely to vent his frustration. Temperament is the name given to these individual modes of responding to the environment that appear to be consistent across situations and stable over time (Kagan, 2001).

Pioneering studies of temperament and its role in development were conducted by Alexander Thomas, Stella Chess, and their colleagues (Chess & Thomas, 1996). They began their research in the late 1950s with a group of 141 middle- and upper-class children in the United States. Later they broadened their longitudinal study to include 95 working-class Puerto Rican children and several groups of children suffering from diseases, neurological impairments, and mental retardation. Chess and Thomas began conducting structured clinical interviews of the children’s parents shortly after the birth of their child and continued with follow-up interviews over several decades. Included were questions about such matters as how the child reacted to the first bath, to wet diapers, and to the first taste of solid food. As the children grew older, these interviews were supplemented by interviews with teachers and by tests of the children themselves. This work has had a great deal of influence over the years not only because of its broad scope but also because Thomas and Chess’s methods served as a starting point for later studies of temperament using a variety of techniques (Wachs & Bates, 2001).

Chess and Thomas identified nine behavioral traits that contributed to their overall description of temperament: activity level, rhythmicity (the regularity or irregularity of the child’s basic biological functions), approach–withdrawal (the child’s response to novelty), adaptability, the minimum intensity of stimulation required to evoke a response (referred to as the threshold of responsiveness), intensity of reaction, quality of mood (negative or positive), distractibility, and attention span or persistence (see Table 4.3). After scoring the children on each of these nine traits, they found that most of the children could be classified in one of three broad temperament categories from the time they were infants:

• Easy babies are playful, are regular in their biological functions, and adapt readily to new circumstances.

• Difficult babies are irregular in their biological functions, are irritable, and often respond intensely and negatively to new situations or try to withdraw from them.

• Slow-to-warm-up babies are low in activity level, and their responses are typically mild. They tend to withdraw from new situations, but in a mild way, and require more time than easy babies to adapt to change.

Although these three categories of temperament are widely used by developmentalists, a number of efforts have been made to create a more refined set of temperament types. For example, analyzing data from a large sample of New Zealand children whose health and development were studied systematically over many years, Denise Newman and her colleagues distinguished five different clusters of temperamental characteristics: well-adjusted, lacking in self-control, reserved, confident, and inhibited (Newman et al., 1997). In another approach, Mary Rothbart and her colleagues in the United States created a child behavior questionnaire that provided scores on 195 questions divided into 15 different scales. Parents were asked to decide how well each item applied to their child in the past half year. Statistical analysis of these results suggested three dimensions of temperamental variation, providing a unique profile of children’s temperamental proclivities (Rothbart, Ahadi & Evans, 2000):

• Reactivity—the characteristic level of arousal, or activeness

• Affect—the dominant emotional tone, gloomy or cheerful

• Self-regulation—control over what one attends to and reacts to

The fact that different researchers come up with slightly different basic dimensions of temperament suggests that their results depend on the specific methods used and how people interpret them (Rothbart, Chew & Gartsetin, 2001). However, statistical analyses have shown that there is a large degree of overlap among the different scales currently in use. Consequently, results from studies using slightly different scales can be combined, although caution is needed when drawing conclusions about specific outcomes (Wachs & Bates, 2001).

Temperament scales have been used to assess ethnic and national differences in the basic dimensions of temperament. Comparing large groups of children from the People’s Republic of China and the United States, Mary Rothbart and her colleagues found that their three basic dimensions emerged from the data within both countries, suggesting that dimensions of temperament are found in all cultures (Ahadi et al., 1993). However, when they made between-country comparisons, they found differences. For example, they found that the Chinese children were less active than the American children, a fact they attributed to Chinese child-rearing practices. Chinese parents place a high value on interdependence, and this leads them to discourage high levels of activity and impulsiveness.

Although the last finding suggests that there can be an environmental, cultural component to temperament, there is widespread agreement that genetic factors provide the foundation for temperamental differences. In fact, many developmentalists incorporate the idea that temperamental characteristics are innate biological predispositions as part of their definition of development (Emde & Hewitt, 2001). Direct evidence for such a position comes from the work of Stephen Suomi (2000). Working with monkeys, he found that an allele on a specific gene is associated with a highly reactive temperament while a different allele is associated with a calmer temperament.

This evidence for a genetic basis to temperamental traits implies that one should expect to find relatively stable biological “biases” in the way individuals respond to their environment and thus that it should be possible to predict the characteristic style with which individuals will behave at later stages of development. Evidence for the stability of temperamental characteristics comes from a variety of studies conducted in several different societies. On the basis of data from temperament questionnaires filled out by parents beginning when their children were infants and continuing periodically through childhood and adolescence, a number of researchers have reported stability in traits including irritability, persistence, and flexibility (Emde & Hewitt, 2001).

It needs to be emphasized that even when statistical evidence indicates that temperamental traits remain somewhat stable as children develop, most studies find that the degree of stability is modest, indicating that many factors contribute to temperament (Wachs, 2000).

Becoming Coordinated with the Social World

While infant survival depends upon the basic “tool kit” of capacities with which babies are born, these characteristics by themselves are insufficient. Babies’ survival and continued development also depend crucially on their ability to coordinate with the activities of their caregivers.

Caregivers cannot always be hovering over their baby, anticipating every need before it is expressed. They must find a way to meet their infant’s needs within the confines of their own rhythms of life and work. Whether parents work the land and must be up with the sun or work in an office where they are expected to appear at 9 a.m. sharp, they need to sleep at night. This need is often in direct conflict with their infant’s sleep and hunger patterns, a conflict that for many caregivers means getting up several times a night. Such circumstances cause parents to attempt to modify their babies’ patterns of eating and sleeping so that they will fit into the life patterns of the household and the community (see the box “Sleeping Arrangements” on page 141).

In the United States such attempts to modify an infant’s initial pattern of sleeping and eating behavior are often referred to as “getting the baby on a schedule.” Getting the baby on a schedule is more than a convenience. By coordinating with each others’ activities, babies and parents create a system of mutual expectations that serves as an essential foundation for later developmental change.

Parents’ efforts to achieve a common schedule with their baby focus on the infant’s sleeping and eating. Crying is the baby’s earliest means of signaling when these efforts fall short.

Sleeping

As with adults, the extent of newborns’ arousal varies from deep sleep to frantic activity. The patterns of their rest and activity are quite different from those of adults, however, particularly in the first weeks after birth. To find out about the range and cycles of newborns’ arousal patterns, developmentalists use a variety of methods, ranging from observation to video recordings to the use of sophisticated electronic monitoring devices (Salzarulo & Ficca, 2002). In a classic study in which babies’ eye movements and muscle activity were observed over the first several weeks following birth, Peter Wolff (1966) was able to distinguish seven states of arousal. (They are described in Table 4.4, p. 140.)

Additional research has shown that a distinctive pattern of brain activity is associated with each state of arousal (Estevez et al., 2002). In this kind of research, measurements are carried out simultaneously using an electroencephalograph (EEG) to record tiny electrical currents generated by the brain’s cells, eye movements, and the movement of muscles in the arms and legs.

EEG recordings of infants’ brain waves shortly after birth distinguish two kinds of sleep that are the precursors of adult sleeping patterns: (1) an active pattern, called rapid-eye-movement (REM) sleep, which is characterized by uneven breathing, rapid but low-level brain-wave activity, and a good deal of eye and limb movement; and (2) a quiet pattern, called non-rapid-eye-movement (NREM) sleep, in which breathing is regular, brain waves are larger and slower, and the baby barely moves (see Figure 4.19) (McNamara, Lijowska & Thach, 2002). During the first 2 to 3 months of life, infants begin their sleep with active (REM) sleep and only gradually fall into quiet (NREM) sleep. After the first 2 or 3 months, the sequence reverses, and NREM sleep precedes REM sleep. Although this reversal is of little significance to parents, who are most concerned with the child’s overall pattern of sleeping and waking, it is an important sign of developmental change because it shows a shift toward the adult pattern. The failure of such a shift to take place is considered a sign that the infant is not developing normally (Rao, Lutchmansingh & Poland, 2000).

Neonates spend most of their time asleep, although the amount of sleep they need gradually decreases. Several studies have shown that babies sleep about 161/2 hours a day during the first week of life. By the end of 4 weeks, they sleep a little more than 15 hours a day; and by the end of 4 months, they sleep a little less than 14 hours a day (Thoman & Whitney, 1989).

If babies sleep most of the time, why do parents lose so much sleep? The reason is that newborns tend to sleep in snatches that last anywhere from a few minutes to a few hours. Thus they may be awake at any time of the day or night. As babies grow older, their sleeping and waking periods lengthen and coincide more and more with the night/day schedule common among adults (Salzarulo & Ficca, 2002) (see Figure 4.20).

A marked shift toward the adult night/day cycle occurs in the first weeks after birth among many American babies: by the end of the second week, their combined periods of sleep average 81/2 hours between 7 p.m. and 7 a.m. (Kleitman, 1963). But their sleep pattern still results in some loss of sleep for their parents because the longest sleep period may be only 3 or 4 hours.

Although babies’ adoption of the night/day sleep cycle seems natural to people who live in industrialized countries and urban settings, studies of infants raised in other cultures suggest that it is at least partly a function of cultural influences on the infant (Fitzgerald et al., 1999). In a widely cited example of the role of social pressure in rearranging newborns’ sleep, the development of the sleep/wake behavior of U.S. infants was compared with that of Kipsigis babies in rural Kenya. In the United States, parents typically put their infants to bed at certain hours—often in a separate room—and try not to pick them up when they wake up crying at night, lest they become accustomed to someone running in whenever they make a fuss. In rural Kenya, infants are almost always with their mothers. During the day they sleep when they can, often while being carried on their mothers’ backs as the mothers go about their daily round of farming, household chores, and social activities. During the night they sleep with their mothers and are permitted to nurse whenever they wake up. Among Kipsigis infants, the longest period of sleep reported at 1 month is only about 3 hours; many shorter periods of sleep are sprinkled throughout the day and night. Eventually Kipsigis infants begin to sleep through the night, but not until many months after American infants have done so. Even as adults, the Kipsigis are more flexible than Americans in their sleeping hours (Super & Harkness, 1972).

In the United States, the length of the longest sleep period is often used as an index of the infant’s maturation. Charles Super and Sara Harkness (1972) suggest that parents’ efforts to get babies to sleep for long periods of time during the early weeks of life may be pushing the limits to which young infants can adapt. They believe that the many changes that occur in a newborn’s state of arousal in every 24-hour period reflect the immaturity of the infant’s brain, which sets a limit on how quickly the child can conform to an adult routine. This may be the explanation for the failure of some infants in industrialized countries to adopt a night/day pattern of sleeping and waking as quickly and easily as their parents would like them to. (See the box “Sudden Infant Death Syndrome.”)

Feeding

Besides attempting to regulate their babies’ sleeping patterns, parents encourage their infants to adjust to a regular pattern of feeding. Pediatricians’ recommendations as to when babies should be fed have changed significantly over the years. Today, pediatricians often tell parents to feed their newborn baby whenever they think the baby is hungry, perhaps as often as every 2 to 3 hours. But from the early 1920s through the 1940s, mothers were advised to feed their babies only every 4 hours, even if the babies showed signs of hunger long before the prescribed time had elapsed. As one pediatrician expressed the wisdom of the time:

Feed him at exactly the same hours every day.

Do not feed him just because he cries.

Let him wait until the right time.

If you make him wait, his stomach will learn to wait.

(Weill, 1930)

For a very small infant, 4 hours can be a long time to go without food, as was demonstrated by a study of mothers and infants in Cambridge, England. The mothers were asked to keep records of their babies’ behaviors and their own caregiving activities, including when they fed their babies and the time their babies spent crying. All the mothers were advised to feed their babies on a strict 4-hour schedule, but not all followed the advice. The less experienced mothers tended to stick to the schedule, but the more experienced mothers sometimes fed their babies as soon as 1 hour after a scheduled feeding. Not surprisingly, the reports of the less experienced mothers showed that their babies cried the most (Bernal, 1972).

What happens if babies are fed “on demand’’? In one study, the majority of newborn babies allowed to feed on demand preferred a 3-hour schedule (Aldrich & Hewitt, 1947). The interval gradually increased as the babies grew older. At 21/2 months, most of the infants were feeding on a 4-hour schedule. By 7 or 8 months, the majority had come to approximate the normal adult schedule and were choosing to feed about four times a day. (Some parents reported the four feedings as “three meals and a snack.’’) A more recent study found no difference in growth rate between babies fed on demand and those fed on a strict schedule (Saxon, Gollapalli, Mitchell & Stanko, 2002).

Crying

One of the most difficult problems parents face in establishing a pattern of care for their babies is how to interpret their infants’ needs. Infants obviously cannot articulate their needs or feelings, but they do have one important way of signaling that something is wrong—they can cry.

Crying is a complex behavior that involves the coordination of breathing and movements of the vocal tract. Initially it is coordinated by structures in the brain stem, but within a few months following birth the cerebral cortex becomes involved, enabling babies to cry voluntarily (Zeskind & Lester, 2001). This change in the neural organization of crying is accompanied by physical changes in the vocal tract that lower the pitch of infants’ cries. At this point, parents in the United States begin to report that their infants are “crying on purpose,” either to get attention or because they are bored (Lester et al., 1992).

Developmentalists concerned with the evolution of human behavior believe, on the basis of observations not only of human babies but of infants from other mammalian species, that human crying evolved as a signal to promote caregiving (Zeifman, 2001). Babies’ cries have a powerful effect on those who hear them. Targeted areas in the brains of experienced parents and childless adults alike respond to infants’ cries, producing increases in heart rate and blood pressure, both of which are physiological signs of arousal and anxiety (Loerberman et al., 2002). When nursing mothers hear babies’ cries, even on recordings, their milk may start to flow (Newton & Newton, 1972).

Presumably newborns cry because something is causing them discomfort. The problem for the anxious parent is to figure out what that something might be. Both parents and those who are not regularly in contact with newborn babies can distinguish among infants’ cries (Zeskind et al., 1992). According to Phillip Zeskind and his colleagues, the higher pitched the cries and the shorter the pauses between them, the more urgent and unpleasant adults perceive them to be. In addition, listeners in a variety of cultures can distinguish the higher-pitched cries of normal infants from the cries of low-birth-weight babies and babies who have been exposed prenatally to alcohol or the chemicals from cigarette smoke (Worchel & Allen, 1997). This finding provides additional evidence that crying developed during earlier stages of human evolution as a means of eliciting care taking.

In spite of their ability to distinguish between types of crying, even experienced parents rarely can tell precisely why their baby is distressed from the cry sounds alone. One reason is that prolonged crying of all kinds eventually slips into the rhythmic pattern of the hunger cry. In many instances, then, only the intensity of the distress is evident. Hunger is, of course, a common reason for a newborn baby to cry. Studies of crying before and after feedings have confirmed that babies cry less after they are fed (Wolff, 1969).

It is widely believed that some children suffer from a medical condition called colic, which causes them to cry excessively. However, while there are marked individual differences in the amounts that infants cry, the cries of babies thought to suffer from colic are not distinguishable from those of others who cry frequently. Such results have led Ian St. James-Roberts and his colleagues to conclude that the specific sounds of crying may be less important in parental reactions than “its unpredictable, prolonged, hard to soothe, and unexplained nature” (St. James-Roberts et al., 1996, p. 375).

These uncertainties make it difficult for parents to know what to do when their baby cries, especially when the cry does not signal acute pain. One natural response is to seek to comfort the infant. When parents are under stress or the crying is persistent, the uncertainty about how to comfort the child and the negative emotions that crying evokes in adults are sometimes too much to bear, and some parents respond by physically abusing their infants (Hobbes et al., 2000).

Caregivers’ efforts to get babies on a schedule and to comfort them when they are distressed continue as the months go by. These parenting activities are so commonplace that it is easy to overlook their significance, but they are the foundation for the more dramatic changes of the first months of life.

Mechanisms of Developmental Change

Almost immediately after birth, the behavioral repertoire of neonates begins to expand, enabling them to interact ever more effectively with the world around them. The changes in behavior that occur during the first months of life are partly a matter of perfecting capacities that already exist. As infants become able to suck more effectively, for example, they obtain more food, so they can go longer between feedings without distress. The perfecting of existing behaviors does not, however, explain how new behaviors arise. By the age of 21/2 months, infants raise their heads to look around, smile in response to the smiles of others, and shake rattles put into their hands. A major goal of the developmental sciences is to explain how these new forms of behavior arise. We will address this issue by first focusing on a crucial new behavior that emerges in early infancy—nursing. Then we will consider how the four major theoretical approaches explain the development of this new behavior.

From Sucking to Nursing

One new behavior that appears in early infancy is nursing. When we compare the way newborn infants feed with the nursing behavior of 6-week-old infants, a striking contrast is evident. As noted earlier, newborns possess several reflexes that are relevant to feeding: rooting (turning the head in the direction of a touch on the cheek), sucking, swallowing, and breathing. These component behaviors are not well integrated, however, so babies’ early feeding experiences are likely to be uncoordinated affairs.

When newborns are first held to the breast, a touch to the cheek will make them turn their heads and open their mouths, but they root around in a disorganized way. When they do find the nipple, they may lose it again almost immediately, or the act of sucking may cause the upper lip to fold back and block the nostrils, eliciting a sharp head-withdrawal reflex. Furthermore, breathing and sucking are not well coordinated at first, so newborns are likely to have to stop sucking to come up for air. Nursing is clearly a learned behavior in which both the mother and the infant participate (see Figure 4.21).

By the time infants are 6 weeks old, a qualitative change is evident in their feeding behavior, a change that is more than just a perfection of the sucking reflex. For one thing, infants anticipate being fed when they are picked up and can prepare themselves to feed. More significant, they have worked out the coordination of all the component behaviors of feeding—sucking, swallowing, and breathing—so they can perform them in a smooth, integrated sequence (Meyers, 2001). In short, feeding has become nursing. In fact, babies become so efficient at nursing that they can accomplish in less than 10 minutes what originally took them as long as an hour.

Although the acquisition of nursing is commonplace, it raises the question of how developmental change comes about. Nursing is clearly not a reflex. It is a new form of behavior that develops through the reorganization of the various reflexes with which infants are born. Each of the four broad theoretical frameworks—the biological-maturation perspective, the environmental-learning perspective, the constructivist perspective, and the cultural-context perspective—emphasizes different factors in its efforts to explain development (see Chapter 1, pp. 30–37). By examining the seemingly simple behavior of nursing from each perspective you will gain a sense of how each perspective contributes to our understanding of the development of other behaviors during infancy and beyond.

The Biological-Maturation Perspective

To explain the development of nursing and other new behaviors after birth, biologically oriented developmental theorists invoke precisely the same mechanism that they use to explain all aspects of prenatal development—maturation. New behaviors, they say, arise from old behaviors as a result of distinct maturational changes in the physical structures and physiological processes of the organism. In their view, the role of the organism’s genetic inheritance is considered to be of paramount importance, and the role of the environment in development is considered to be minimal, just as during the prenatal period.

According to the biological-maturation perspective, the infant’s increasing success at nursing, like the gradual lengthening of the intervals between feedings and between periods of sleep, appears to depend at least in part on the maturation of underlying brain structures. One compelling piece of evidence for this view comes from studies of a rare abnormality in which infants are born with an intact brain stem but little or no cerebral cortex. Such babies may have normal reflexes at birth—sucking, yawning, stretching, and crying (see Figure 4.22). They also exhibit habituation (see Figure 4.23). Such responses suggest that newborns’ initial reflexes are controlled by the brain stem and do not require input from the cerebral cortex (Gamper 1926/1959; Graham et al., 1978; Kolb & Whishaw, 1996).

Babies born without a cerebral cortex do not live long, however. Those that do live more than a few days fail to develop the complex, well-coordinated behaviors, including nursing, seen in normal babies. In contrast, if a baby’s brain and central nervous system are developing normally, both the number and the efficiency of connections between the brain stem and the cerebral cortex begin to increase dramatically following birth.

Although no one has yet identified the cortical areas responsible for such new behaviors as nursing, it seems safe to say that the maturation of the baby’s cortical structures (along with development of the baby’s muscles) must be an important factor in the development of this new form of behavior. At the same time, it is not clear that all the brain connections associated with nursing develop before the baby begins to nurse or that they develop independent of environmental influence, as some biological maturationists seem to imply. Rather, some of these brain developments are brought about by infants’ interactions with their environment.

The Environmental-Learning Perspective

Whatever biology may contribute to an infant’s development of nursing behavior, some form of input from the environment is also clearly necessary. Otherwise, a mother would have to continue to present her breast in precisely the position required to elicit the sucking reflex throughout her child’s infancy. In fact, babies quickly become accustomed to nursing in any number of positions, adjusting to the specifics of each occasion for maximum comfort and efficiency.

How do a baby’s innate reflexes become coordinated with one another and with appropriate stimuli in the environment to transform reflex sucking into nursing? Environmental-learning theorists argue that such coordination requires learning, a relatively permanent change in behavior brought about by the experience of events in the environment. Several types of learning are believed to operate throughout development, including habituation and imitation (described on p. 120 and 131), as well as two processes referred to as classical conditioning and operant conditioning.
Classical Conditioning

Classical conditioning is learning in which previously existing behaviors come to be elicited by new stimuli. The existence of this very basic learning mechanism was demonstrated at the turn of the century by the Russian physiologist Ivan Pavlov (1849–1936). Pavlov (1927) showed that after several experiences of hearing a tone just before food was placed in its mouth, a dog would begin to salivate in response to the tone before it received any food. In everyday language, the dog began to expect food when it heard the tone, and its mouth watered as a result.

In the terminology of environmental-learning theories, Pavlov paired a conditional stimulus (CS)—a tone—with an unconditional stimulus (UCS)—food in the mouth. The food is called an unconditional stimulus because it “unconditionally’’ causes salivation, salivation being a reflex response to food in the mouth. Salivation, in turn, is called an unconditional response (UCR) because it is automatically and unconditionally elicited by food in the mouth. The tone is called a conditional stimulus because the behavior it elicits depends on (is conditional on) the way it has been paired with the unconditional stimulus. When the unconditional response (salivation in response to food in the mouth) occurs in response to the CS (the tone), it is called a conditional response (CR) because it depends on the pairing of the CS (the tone) and the UCS (the food). The key indicator that learning has occurred is that the CS (tone) elicits the CR (salivation) before the presentation of the UCS (food) (see Figure 4.24).

A number of developmentalists seized on Pavlov’s demonstrations as a possible model for the way infants learn about their environments. One of Pavlov’s co-workers demonstrated conditioned feeding responses in a 14-month-old infant based on the principle of classical conditioning (Krasnogorski, 1907/1967). The baby opened his mouth and made sucking motions (CRs) at the sight of a glass of milk (CS). When a bell (a new CS) was sounded on several occasions just before the glass of milk was presented, the baby began to open his mouth and suck at the sound of the bell, an indication that classical conditioning built expectations in the infant by a process of association. The crucial point of these observations is that there is no biological connection between the sound of a bell and the mouth-opening and sucking responses it elicited. Rather, the fact that the new stimuli elicited these responses shows that learning has occurred.

In recent decades, intensive research has demonstrated that classical conditioning can occur within hours of birth if infants are presented with stimuli that are biologically significant to them and if they are alert. A clear example of classical conditioning in young infants was demonstrated by Lewis Lipsitt and his colleagues, who showed that neonates will form a conditioned reflex to a puff of air to the eye. Infants 10, 20, and 30 days of age learned to shut their eyes in anticipation of an air puff that came 11/2 to 2 seconds after a tone sounded. The youngest infants did not seem to retain what they had learned, but those 20 and 30 days old showed indications of remembering the experience 10 days later (Lipsitt, 1990).

Operant Conditioning

Classical conditioning explains how infants begin to build up expectations about the connections between events in their environment, but it does little to explain how even the simplest new behaviors come into being. The kind of conditioning that gives rise to new and more complex behaviors is called operant conditioning, in which behaviors are shaped by their consequences. The basic idea of operant conditioning is that organisms will tend to repeat behaviors that lead to rewards and will tend to give up behaviors that fail to produce rewards or that lead to punishment (Skinner, 1938). A consequence (such as receiving a reward) that increases the likelihood that a behavior will be repeated is called a positive reinforcement. According to an operant explanation of the development of nursing, such behaviors as turning the head away from the bottle or burying the nose in the mother’s breast will become less frequent because they do not lead to milk and may make it difficult for infants to breathe—results infants find unsatisfying. At the same time, such behaviors as well-coordinated breathing, sucking, and swallowing will become more frequent because they are likely to be rewarded with milk.

Operant conditioning in young infants has been experimentally demonstrated with a variety of reinforcers, such as milk, sweet substances, the appearance of an interesting visual display, the opportunity to suck on a pacifier, and the sound of a heartbeat or the mother’s voice (Rovee-Collier & Barr, 2001). In an early study of operant conditioning, Einar Siqueland (1968) demonstrated that neonates can learn to turn their heads in order to suck on a pacifier. The key requirement of operant learning is that some sort of behavior has to occur before it can be reinforced. Head turning is ideal in this respect because it is something even the youngest neonates do. While the babies lay in laboratory cribs, Siqueland placed a band around their heads that was connected to a device for recording the degree their heads moved to either side (see Figure 4.25). Siqueland first recorded how often the babies naturally turned their heads. Once this baseline rate was established, he set his apparatus to signal when the babies had turned their heads at least 10 degrees to either side. As soon as they did, they were given a pacifier to suck on. After only 25 occasions on which the head turning was reinforced with the pacifier, most of the babies had tripled the rate at which they turned their heads. To make certain that the increase in babies’ head turning was not due to the excitement of being placed in the crib, Siqueland included another group of infants in his experiment who were rewarded with a pacifier for holding their heads still. These infants learned to keep their heads still during the course of the experiment.

Support for the argument that learning is an important contributor to behavioral development comes from studies that show that even very young infants are capable of remembering what they have learned from one testing session to the next (Rovee-Collier & Barr, 2001). These studies demonstrate that memory for newly learned behaviors improves markedly during the first several months of life, a finding to which we will return at the end of this chapter and again in Chapter 5 (pp. 192–193). In addition, they provide important evidence that infants are not only learning but accumulating knowledge from the earliest days of life.

In addition to focusing on the role of learning in development, the environmental-learning approach differs from the biological-maturation perspective by emphasizing continuity in developmental processes as children grow older; the processes of classical and operant conditioning appear to be in place at birth and remain present throughout development. However, whether attempting to explain the transformation of the sucking reflex into nursing or to explain any other aspect of developmental change, the environmental-learning approach has difficulty accounting for individual differences in behavior. According to this perspective, such variations can be accounted for only by variations in the experiences of individuals; the effects of genetic variation are discounted. Contemporary research on individual differences, such as the evidence concerning different patterns of temperament in different newborns, has made this extreme view difficult to justify.

The Constructivist Perspective: Piaget

Jean Piaget (1896–1980) is widely considered the most prominent developmental psychologist of the twentieth century. His special interest was how children acquire knowledge, particularly knowledge controlled by logical thought processes. He objected to both the biological-maturation and the environmental-learning theories of his day. He criticized biological explanations for their failure to take into account important ways in which the environment of human infants interacts with their biological capacities to produce developmental change (Piaget & Inhelder, 1969). At the same time, he was critical of environmental-learning explanations because they assumed that the environment is the originator of developmental change, failing to take into account the central role of children’s own actions in producing development. He also was a firm believer in the idea that developmental change occurs as a series of qualitative, stagelike changes as children construct more and more complex understandings of the world around them.

Piaget’s Theory of Developmental Change

In Piaget’s view, infants’ knowledge is acquired (in his words, “constructed”) through action. Consequently, to understand development, one must begin at the beginning with the most elementary potentials for action present at birth, reflexes.

In Piaget’s theoretical framework, a reflex is a primitive schema, which he considered the most basic unit of psychological functioning. A schema is a mental structure that provides a model for action in similar or analogous circumstances (Piaget & Inhelder, 1969). During the first month of life, the “reflex schemas’’ babies are born with provide them with a kind of skeleton for action that is gradually fleshed out by experience. Eventually these initial schemas are either strengthened or transformed into new schemas through adaptation, a twofold process involving what Piaget termed assimilation and accommodation.
During the phase of change called assimilation, various experiences are mentally taken in by children and incorporated into their existing schemas, strengthening those schemas and helping them work more efficiently. For example, in Piaget’s view, the primitive schema of reflex sucking is initially so closely tied to a small group of eliciting stimuli, such as a nipple placed in the mouth, that newborns are actually unable to distinguish between their own sucking and the object sucked upon. But sucking does not remain strictly bound to particular eliciting objects for long. Soon babies are likely to find, say, a pacifier instead of a nipple touching their lips and start sucking on it. Since a pacifier is designed to be similar to a nipple, the infants can suck on it in much the same way they suck on the nipple. In other words, they assimilate the pacifier, a new object, into their existing sucking schema. But not all pacifiers are alike, and pacifiers are not the only objects beside nipples that infants are likely to encounter. As a consequence, not every object babies encounter can be assimilated into an existing schema. If infants encounter a blanket, for instance, they may try to suck on it. However, because the qualities of the blanket—the satin binding, perhaps, or the fuzzy, flat center of the blanket—are so unlike the qualities of a nipple or a pacifier, they are unable to assimilate the blanket as an object to suck on. They therefore must make some accommodation to this new object; that is, they must modify the way they suck, perhaps by choosing a corner of the blanket and sucking on that, using approximately but not exactly the same schema they had used to suck on a nipple.

Once it has undergone changes as a result of the attempts at assimilation and accommodation, the sucking schema can now be applied to new environmental experiences. But if a baby encounters a toy truck and tries to suck on it, accommodation is unlikely to occur because the toy is so difficult to suck on; in this case, the baby’s sucking schema will be unmodified.

One way to summarize Piaget’s theory is to view development as a constant tug-of-war between assimilation and accommodation as the infant acts on the world. Piaget believed that this back-and-forth process of the child’s search for a fit between existing schemas and new environmental experiences creates a new balance between child and environment, which he referred to as equilibration. This process of achieving equilibrium between the developing infant’s present understanding of the world and the infant’s new experiences of it creates a more inclusive, more complicated form of knowledge, bringing the child to a new stage of development. Of course, this balance can’t last for long because the process of biological maturation and the accumulation of experience/knowledge leads to new imbalances, initiating a new tug-of-war between assimilation and accommodation in the search for a new equilibrium and a still higher, more inclusive level of adaptation.

Piaget identified four major developmental stages, corresponding to infancy, early childhood, middle childhood, and adolescence.

Table 4.5 provides a summary of the four stages of development described by Piaget. The sensorimotor stage, which occurs during infancy, is discussed below and in Chapters 5 and 6. We will examine the preoperational, concrete operational, and formal operational stages in Chapters 9, 12, and 16, respectively.

The Sensorimotor Stage

Piaget referred to infancy as the sensorimotor stage because during this period the process of adaptation consists largely of coordinating sensory perceptions and simple motor responses to gain knowledge of the world. During the first few months of life, infants are said to progress through two sensorimotor substages, exercising reflex schemas and primary circular reactions.

Substage 1: Exercising Reflex Schemas Piaget believed that from birth to approximately 1 to 11/2 months infants learn to control and coordinate the reflexes present at birth, which provide them with their initial connection to their environments. However, these initial reflexes add nothing new to development because they undergo very little accommodation. In this sense, they seem to accomplish little more than solidifying the “preestablished boundaries of the hereditary apparatus’’ (Piaget & Inhelder, 1969).

Nevertheless, Piaget argued that the initial reflexes do provide the conditions for new development, because they produce stimulation at the same time that they are responses to stimuli. When infants suck, for example, they experience tactile pressure on the roof of the mouth, which stimulates further sucking, which produces more tactile pressure, and so on. This stimulus-producing aspect of basic reflexes is the key to the development of the second sensorimotor substage because it results in the earliest extensions of the reflexes with which babies are born.

Substage 2: Primary Circular Reactions This substage is said to last from about 1 to 4 months. The first hints of new forms of behavior are that existing reflexes are extended in time (as when infants suck between feedings) or are extended to new objects (as when infants suck their thumbs). Piaget noted that babies may suck their thumbs accidentally as early as the first day of life. (We now know they may do so even before birth.) He believed, however, that the thumb-sucking seen during substage 2 reflects a qualitatively new form of behavior.

In substage 1, infants suck their thumbs only when they accidentally touch their mouths with their hands. During substage 2, in contrast, if a baby’s thumb falls from her mouth, the baby is likely to bring the thumb back to her mouth so that she can suck it some more. In other words, infants in this substage repeat pleasurable actions for their own sake. Piaget used the term primary circular reaction to characterize such behavior. Behaviors of this type are considered primary because the objects toward which they are directed are parts of the baby’s own body; they are called circular because they lead only back to themselves.

Piaget’s evidence for many of his ideas about the earliest substages of the sensorimotor period can be seen in the notes he kept about his own children’s behavior. In the excerpt below, note how new behaviors arise in the process of attempting to repeat something just for the pleasure of it:

After having learned to suck his thumb, Laurent continues to play with his tongue and to suck, but intermittently. On the other hand, his skill increases. Thus at 1 month, 20 days I notice he grimaces while placing his tongue between gums and lips and in bulging his lips, as well as making a clapping sound when quickly closing the mouth after these exercises. (Piaget, 1952b, p. 65)

Piaget believed that such primary circular reactions are important because they offer the first evidence of cognitive development. “The basic law of dawning psychological activity,’’ he wrote, “could be said to be the search for the maintenance or repetition of interesting states of consciousness’’ (Piaget, 1977, p. 202).

Over the first few months of life, these circular reactions undergo both differentiation—infants learn to use different grasps for different objects and learn not to suck on toy trucks—and integration—infants can grasp their mothers’ arms with one hand while sucking on a bottle in a newly coordinated way. All the while, infants’ experiences are providing more nourishment for their existing schemas and are forcing them to modify those schemas, permitting them to master more of the world.

In contrast to the infants portrayed by biological-maturation and environmental-learning approaches, Piagetian infants are active problem-solving beings who are busy acting on the environment in the process of adapting to it right from birth. All three perspectives discussed thus far designate inborn reflexes as the starting point for development, but they view the significance of these reflexes in different ways. Because Piaget saw reflexes as schemas for action, he downplayed the role of the environment in evoking or reinforcing particular behaviors or maturational processes in the brain and instead emphasized the role of infants’ constructive activity in shaping the way the environment will exert its effects.

The Cultural-Context Perspective

As we indicated in Chapter 1 (pp. 36–37), the cultural-context perspective shares Piaget’s beliefs that (1) development occurs as individuals act on their environment and (2) biology and experience play equal and reciprocal roles in the development of a human being. However, cultural-context theorists also consider two additional sources of developmental change: (1) the active contribution of other people in the child’s community and (2) the cultural “designs for living’’ accumulated over the history of the larger social group. Such designs for living are present in all human societies, and in this sense they are universal. But their particular shape varies from one society to the next, giving rise to culturally specific modes of interaction. These culture-specific variations encourage development along certain lines while discouraging it along others, thereby producing distinctive patterns of change (Shweder et al., 1998).

Let us look once again at the process through which sucking develops into organized feeding, this time to highlight how the universal factors of maturation and learning and infants’ active strivings vary culturally in ways that shape infants’ behavior in the present and give hints of further changes to come.

The Mother’s Contribution

A close look at the acquisition of new forms of behavior during the first 21/2 months of life reveals that changes in a baby’s behavior are intimately related to re- ciprocal changes in the social world. In particular, the mother’s behavior appears to be just as essential to the infant’s development as are the changes that occur in the infant’s biological maturation.

In the beginning, the mother’s nursing behavior may not be much more coordinated than her baby’s (Page-Goertz, McCamman & Westdahl, 2001). She must learn how to hold the baby and adjust herself so that the nipple is placed at exactly the right spot against the baby’s mouth to elicit the sucking reflex. She must also learn not to press the baby so tightly to her breast that the infant’s breathing is disrupted, triggering the head-withdrawal reflex.

When the mother breast-feeds, the baby’s (reflex) sucking initiates reflex responses in her that combine with her voluntary efforts to maximize the amount of milk the baby receives. This system of mutually facilitating reflexes in infant and mother changes the consequences of reflex sucking, as shown in Figure 4.26. The infant’s sucking not only transports milk from nipple to mouth but also stimulates the production of more milk, thereby increasing the adaptive value of the sucking reflex.

A different type of mutual facilitation arises from the physical movements mothers make while they are feeding their infants by either breast or bottle. Kenneth Kaye (1982) and his colleagues found that even during the very first feeding, mothers occasionally jiggle the baby or the bottle. These jiggles come not at random intervals but during the pauses between the infant’s bursts of sucking. The jiggles increase the probability of sucking and prolong the feeding session, thereby increasing the amount of milk the neonate receives.

Sucking in response to jiggling is not a reflex in the sense that rooting is a reflex. Rooting is an automatic, involuntary response to being touched on the side of the mouth. There are no known neural connections that make sucking an inevitable response to the mother’s jiggle. Yet sucking in response to jiggling happens, is to some extent automatic, and has clear adaptive value. Scholars do not know for sure where such adaptive patterns come from. Kaye calls them “preadapted responses,’’ implying that they may have arisen in the course of human evolution.

Kaye speculates that the mother’s jiggle between her infant’s bursts of sucking is her way of intuitively “conversing’’ with her baby by filling in her “turn’’ during the pauses in the baby’s rhythmic sucking. Mothers’ reports support Kaye’s view. Although they are not aware that they are jiggling their babies in a systematic way, mothers report that they actively try to help their babies nurse. They notice the pauses between bursts of sucking. When mothers are asked about their jiggling behavior, a typical response is that the baby “gets lazy, or dozes off, so I jiggle her to get her going again.’’

Jiggling during feeding is just one of myriad ways in which mothers actively interpret the meaning of their babies’ behavior in terms of their cultural categories (such as the attribution of “laziness” to a 2-day-old child). This culturally shaped interpretation then shapes how mothers structure their babies’ experience—just one small example of how maternal beliefs influence mothers to become “co-constructors” of their children’s development.

Cultural Variations

In their discussion of culture and development, Margaret Mead and Frances Macgregor (1951) noted that cultures “differ from each other in the way in which the growth process is interwoven with learning’’ (p. 26). This principle, they went on to explain, first operates in the various ways adults of different cultures respond to such basic neonatal capacities as the sucking reflex and to the fact that the mother’s milk does not begin to flow until a day or two after she has given birth:

The existence of the sucking reflex at birth . . . will be taken advantage of in some cultures by putting the baby at once to the mother’s breast, so that the infant’s sucking is used to stimulate the flow of the mother’s milk while the infant itself remains hungry, or the infant may be put at the breast of a wet nurse with a well-established flow of milk, in which case the infant’s sucking behavior is reinforced but the mother is left without the stimulation that it would have provided. As another alternative, the infant may be starved until the mother has milk, and as still another, the infant may be given a bottle with a different kind of nipple. (p. 26)

Despite such differences, the infant feeding practices of all cultures are equivalent in that they are all ways in which parents arrange for infants’ innate sucking reflexes to become part of nursing. In this respect, nursing is both universal and culturally organized.

According to the cultural-context perspective, cultural variations in the way nursing is handled have both a direct effect on the infant’s early experience and an indirect effect on later experiences. To continue with the example provided by Mead and Macgregor, if a baby is bottle-fed until the mother’s milk begins to flow, changes in the baby’s sucking that are adaptive to bottle-feeding may interfere with subsequent breast-feeding. If the interference is great, breast-feeding may be given up altogether. This outcome will have a direct effect on both the kind of nutrition that the infant receives and the forms of social interaction between infant and mother that are a part of feeding.

However, such differences in cultural practices also have an indirect effect on the baby. Because specific cultural practices such as breast-feeding, bottle-feeding, or the use of a wet nurse are linked to larger patterns of social life that will shape the child’s future experiences, the child’s later development is affected by which method of feeding is decided upon. For example, if a mother who stays at home gives her baby a bottle because she believes that bottled milk is more nutritious than her own, the use of a bottle rather than breast-feeding may have no differential impact on the development of social relations between the mother and the child. However, if an employed mother takes her baby to a day-care center, bottle-feeding is likely to become part of patterns of social interaction that include peers and a succession of nonmaternal caregivers.

In many parts of the world, such as sub-Saharan Africa, where artificial means of birth control are unavailable, breast-feeding babies for 2 or more years is an essential birth control strategy (LeVine et al., 1994). The Sukuma of Tanzania, for example, try to space pregnancies by 24 to 30 months and describe someone who does not breast-feed for this length of time as a woman who “gives birth like a chicken.” The Baganda of Uganda traditionally forbade sexual activity by a new mother because if a new baby followed too closely after the birth of a child, the first child would be in danger of contracting kwashiorkor, an often-fatal form of protein-calorie malnutrition. Breast-feeding not only provides babies with protein but also suppresses menstruation for up to 2 years, increasing the intervals between the birth of children. This delay allows the mother to pay more attention to and better feed her youngest and most vulnerable offspring.

In summary, different cultural patterns lead to different child-rearing practices that have different effects on further development, as we will see in later chapters. For this reason it is essential to keep cultural factors in mind when we consider the mechanisms of developmental change (Greenfield, Keller, Fugigni & Maynard, 2003).

Integrating the Separate Threads of Development

The complexities involved in accounting for the way nursing develops during the first months of life provide some hint of the enormous difficulties involved in attempting to account for human development as a whole. Even for a behavior as seemingly simple as nursing, the contributions of biological and environmental factors, including cultural influences and the specific circumstances in which infants find themselves, must all be considered. And the difficulties do not end there. A child’s various behaviors develop not in isolation but as parts of an integrated system of developing behaviors. Thus developmentalists must also study the parts of the system in relation to one another. Nursing, for instance, must be understood as but one element in a system of developing behaviors that includes increasingly longer sleeping and waking periods and the buildup of elementary expectations about the environment.

To meet the requirement that developing behaviors be considered individually and as parts of a larger whole, we have found the analytical strategy developed by Robert Emde and his associates to be especially useful (Emde et al., 1976). As we mentioned in Chapter 1 (pp. 37–39), this strategy involves tracing developments in the biological, behavioral, and social domains as they relate to one another. It allows the identification of bio-social-behavioral shifts, those periods when changes in the separate domains converge to create the kind of qualitative reorganization in the overall pattern of behaviors that signals the onset of a new stage of development. You can see the usefulness of this approach by examining the first postnatal bio-social-behavioral shift after birth, which occurs when a full-term baby is about 21/2 months old.

The First Postnatal Bio-Social-Behavioral Shift

At present, a great many developmentalists agree that during the third month the “modes and mechanisms’’ of infant behavior undergo a rather abrupt shift (Emde etal., 1976; Lavelli & Fogel, 2002). This shift arises from the convergence of developmental changes that previously had proceeded in relative isolation. Table 4.6 lists in capsule form representative changes in the separate domains that converge to create the first postnatal bio-social-behavioral shift. To appreciate the far-reaching significance of this and subsequent bio-social-behavioral shifts, we must visualize what it means for all the changes listed in Table 4.6 to occur at about the same time. Following the lead of Emde and his colleagues, we will illustrate the meaning of a bio-social-behavioral shift by tracing how changes in infants’ smiling are related to other aspects of their development.

The Emergence of Social Smiling

During the first week of life, the corners of a baby’s mouth often curl up in a facial expression that looks for all the world like a smile. Most experienced mothers do not pay much attention to such smiles, however, because the smiles are most likely to come when the infant is asleep or very drowsy. During the second week, smiles begin to appear when the infants are awake, but they do not correlate with any particular events in the environment. Between the ages of 1 month and 21/2 months, infants begin to smile indiscriminately at almost any form of external stimulation. Thus this earliest form of smiling is not really social, even when it is stimulated from the outside.

To become truly social, babies’ smiles must be reciprocally related to the smiles of others; that is, the baby must both smile in response to the smiles of other people and elicit others’ smiles. This is precisely what begins to happen for the first time around the age of 21/2 to 3 months.

The changes in infants’ behavior that accompany the social smile are not lost on their parents. Quite the opposite; parents report a new emotional quality in their relationship with their child. The remarks made by a mother concerning her feelings about her baby before the shift and the description of a mother’s interactions with her baby after the shift provided at the beginning of this chapter give an excellent idea of the social and emotional implications of the new kind of smiling. In the earliest week of postnatal life, mothers are acutely aware of the limited interpersonal contact they have achieved, and they respond in quite tangible ways when they experience the shift in connectedness that accompanies the shift in infant capacities.

Scottish psychologist Colwyn Trevarthan (1998) refers to the new quality of emotional relationship that accompanies well-organized, reciprocal smiling as primary intersubjectivity. The coordination of movement and mood that mothers and infants display indicates that the infants are able to recognize and share the mental state of their mothers with whom they are in direct interaction. This new form of interaction is taken as additional evidence that very early in infancy, infants are able to coordinate a rudimentary sense of themselves with an equally rudimentary, but developing, sense of other people in their immediate environment.

The significance of the emergence of the social smile as a marker of a new level of development is not an exclusively European American phenomenon. It is clearly reflected in a special ritual traditionally practiced by the Navajo:

When visitors come to the hogan [house] it is polite to inquire: “Has the baby laughed yet?” When it does so, this is an occasion for rejoicing and for a little ceremony. The baby’s hands are held out straight by the mother, and some member of the family(usually a brother or a sister) puts a pinch of salt with bread and meat upon them. . . . The person who sees the baby smile first should give a present (with salt) to all members of the family. The father or mother will kill a sheep and distribute this among relatives along with a bit of salt for each piece. (Leighton & Kluckhohn, 1947/1969, p. 29)

Biological Contributions to Social Smiling

Several lines of evidence point to important biological changes as part of the emergence of social smiling. In their pioneering studies, Emde and his colleagues recorded the brain waves of babies when they were and were not smiling. They found that in the early days after birth babies’ smiles came primarily during REM sleep and were accompanied by bursts of brain-wave activity originating in the brain stem. Emde and Jean Robinson (1979) call these endogenous smiles REM smiles. They found that even when the infants were awake, their smiles were accompanied by the pattern of brain waves characteristic of drowsiness and REM sleep. The frequency of REM smiles decreased rapidly during the next several weeks, to be replaced at about 21/2 months by smiles that were no longer associated with brain waves characteristic of REM sleep.

Subsequent research has shown that the visual system, including parts of the cerebral cortex that underpin vision, also undergoes important maturational changes between 21/2 and 3 months (Nelson, 2001). Some of these changes were mentioned in earlier sections of this chapter, such as the increased visual acuity associated with maturation of the eye. In addition, research has shown that during the second and third months of postnatal life there is a marked increase in the activity of the occipital and parietal lobes of the brain, both of which are involved in processing visual information. The improved visual capacity resulting from these biological changes permits babies to focus their eyes, and thus their smiles, on people, allowing earlier forms of smiling stimulated by the environment to become truly reciprocal, social smiling.

Social Contributions to Social Smiling

The importance of social feedback and reciprocity to the achievement of bio-social-behavioral shifts is dramatically demonstrated in research conducted on the development of congenitally blind infants. Like sighted infants, blind babies exhibit REM smiles. But unlike sighted infants, they may not exhibit the same shift to social smiling at 21/2 months. Since, under normal conditions of growth, the social smile depends both on increased visual capacity and on visual feedback from people who smile back, it seems that blind infants lack the feedback loop they need in order to develop social smiling. The frequent failure of blind infants to make the expected shift toward social smiling also means that their sighted parents cannot use their babies’ facial expressions to gauge how their infants respond to them.

However, the absence of vision does not mean that blind infants cannot receive social feedback or that they cannot acquire social smiling. After all, for the most part, their brains are maturing like those of sighted children. The problem is that they cannot express their increased capacities in visually related ways. In the absence of this major channel for social feedback, parents must find alternative ways to interact with their blind children.

The intuitive solution that some parents of blind children work out is to establish communication through touch. In her work with blind children, Selma Fraiberg (1974) noticed that many of these parents bounce, nudge, and tickle their children far more than the parents of sighted children. At first all this manipulation struck Fraiberg as socially abnormal, but then she noticed that the touching made the children smile and realized that tactile stimulation was a good substitute for the smiling face that elicits the smiles of sighted babies. Through touch the parents had found a way to get the feedback they needed from their infants—and to provide feedback the infants needed from them. Fraiberg used this observation to design a training program to help blind infants and their parents. Parents were taught to attend carefully to the way their children used their hands to signal their intentions and reactions. They were also taught to play with their babies’ fingers and to provide rattles and other toys that would allow them and their babies to play together. Once the parents were able to provide the babies with appropriate feedback, the babies began to smile socially.

The success of Fraiberg’s training program indicates that social smiling does not arise simply from the fact that an infant’s brain has matured to the point where social smiling is possible. For social smiling to emerge, appropriate interaction with others is necessary; when this new behavior does emerge, a new emotional quality is able to develop between infants and their parents. As we will see in other periods of a child’s life, development results from a complex interaction of biological, social, and behavioral changes. The notion of bio-social-behavioral shifts helps us to keep this important principle in mind.

Summing Up the First 21/2 Months

Looking back over the first 21/2 months or so of postnatal life, you can see a remarkable set of changes in infants’ behaviors. Babies are born with a rudimentary ability to interact with their new environment. They have reflexes that enable them to take in oxygen and nutrients and expel waste products. They are able to perceive objects, including people, although they tend to focus on only a part of the entire stimulus. They are sensitive to the sounds of human language, and they quickly develop a preference for the sound of their mothers’ voices. Although they sleep most of the time, they are occasionally quite alert.

From the moment of birth, infants interact with and are supported by their parents or other caregivers, who come equipped with the biological and cultural resources necessary to see that their babies receive food and protection. Despite these resources, the first interactions of babies and their caregivers are tentative and somewhat uncoordinated. Within a matter of days, however, a process of mutual adjustment has begun that will provide an essential framework for later development.

The developmental changes that characterize the first 10 to 12 weeks have clear origins in biology and in both the physical and the sociocultural environments. In the domain of biology, there is rapid maturation of the central nervous system, particularly in the connections between the brain stem and the cerebral cortex. As a consequence of frequent feeding, the baby grows bigger and stronger. As a consequence of practice at feeding, the elementary reflex of sucking becomes efficient nursing, an accomplishment that owes a good deal to the complementary efforts of the baby’s caregivers, primarily the mother.

Between the ages of 21/2 and 3 months, several lines of development that have been proceeding more or less independently now converge. The consequences are qualitatively different forms of behavior and a new type of social relationship between babies and their caregivers. The story of the development of the seemingly simple behavior of social smiling illustrates the intricate way in which these different lines of development must relate to one another for a transition to a qualitatively new level of development to occur:

1. Maturation of the visual system enables a new level of visual acuity and a new ability to analyze the visual field.

2. As a consequence, smiling, a seemingly unrelated behavior, may be transformed.

3. With the advent of social smiling, parents report that they experience a new sense of connectedness with their babies, and babies begin to express a new emotion, joy.

This transformation will take place only if proper feedback is provided by the social world. Without appropriate feedback, as in the case of some blind children, social smiling does not develop. And if social smiling does not develop, the development of social interactions may be disrupted.

In later chapters you will see versions of this pattern repeated again and again. For a stretch of time the child’s overall level of development remains stable while various systems undergo changes in relative isolation. Then there is a brief period during which these separate lines of development converge, resulting in a new level of organization with regard to the child’s behaviors, the social reciprocity between child and caregiver, and the range of emotions that the child expresses. Later in life it will not always be possible with equal certainty and rigor to identify the specific biological, social, and behavioral factors that contribute to the emergence of new stages of development. But as a means of keeping the whole child in mind, it is always useful to consider the various domains that enter into the process of developmental change.
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neuron A nerve cell.

axon The main protruding branch of a neuron that carries messages to other cells in the form of electrical impulses.

dendrite The protruding part of a neuron that receives messages from the axons of other cells.

synapse The tiny gap between axons and dendrites.

neurotransmitter A chemical secreted by a cell sending a message that carries the impulse across the synaptic gap to the receiving cell.

synaptogenesis The process of synapse formation.

myelin A sheath of fatty cells that insulates axons and speeds transmission of nerve impulses from one neuron to the next.

Figure 4.1

The neuron receives information from other neurons through its dendrites and feeds that information to other neurons through its axon. The photograph shows a neuron in the cerebellum.
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Figure 4.2

These drawings from photomicrographs of infant brain tissue show the marked increases in the size and number of cerebral neurons during the first 15 months of postnatal life. (From Conel, 1939/1963.)

Figure 4.3

The number of synapses in the human visual cortex as a function of age. The first spurt of synaptogenesis peaks at about 1 year of age; through the process of synaptic pruning, the number then declines until about 10 years of age, at which time the number levels off until early adulthood. (From Huttenlocher, 1994.)
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experience-expectant Development of neural connections under genetic controls that occurs in any normal environment.

synaptic pruning The process of selective dying off of nonfunctional synapses.

experience-dependent Development of neural connections that is initiated in response to experience.

spinal cord The part of the central nervous system that extends from below the waist to the base of the brain.

brain stem The base of the brain, which controls such elementary reactions as blinking and sucking, as well as such vital functions as breathing and sleeping.
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Figure 4.4

A schematic view of the brain, showing the major lobes or divisions of the cerebral cortex (including the areas where some functions are localized), the brain stem, the cerebellum, and the spinal cord. (Adapted from Tanner, 1978.)

cerebral cortex The brain’s outermost layer. The networks of neurons in the cerebral cortex integrate information from several sensory sources with memories of past experiences, processing them in a way that results in human forms of thought and action.

primary motor area The area of the brain responsible for nonreflexive, or voluntary, movement.

primary sensory areas The areas of the cerebral cortex responsible for the initial analysis of sensory information.
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Figure 4.5

In these six mammalian species, the proportions of the brain mass that are devoted to different functions vary widely. The areas designated “uncommitted cortex” are not dedicated to any particular sen-sory or motor functions and are available for integrating information of many kinds. (Adapted from Fishbein, 1976.)
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habituation The process in which attention to novelty decreases with repeated exposure.

dishabituation The term used to describe the situation in which an infant’s interest is renewed after a change in the stimulus.

phonemes The smallest sound categories in human speech that distinguish meanings. Phonemes vary from language to language.
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James Killkelly, Scientific American, 252
Figure 4.6

Apparatus for presenting artificially manipulated speech sounds to young infants. The baby sucks on a pacifier connected to recording instruments as speechlike sounds are presented from a loudspeaker just above the Raggedy Ann doll.
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Figure 4.7

When two groups of infants were repeatedly presented with a single consonant over a 5-minute period, their rates of sucking decreased to just over 30 sucks per minute. For half of the infants (the experimental group) the consonant was changed at the time marked 0. Note that their rate of sucking increased sharply. For the remaining infants (the control group), who continued to hear the same consonant, the rate of sucking continued to decrease. (Adapted from Eimas, 1985.)

Figure 4.8

Infants can distinguish among language sounds that do not occur in their native language, but this capacity diminishes during the first year of life. Note the decrease in the proportion of infants from an English-speaking background who respond to consonants in Hindi and Salish (a North American Indian language). In contrast, at 1 year Hindi and Salish infants retain the capacity to distinguish sounds in their native languages. (Adapted from Eimas, 1985.)
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Figure 4.9

Infants’ visual capacity increases dramatically over the first few months of life. By the age of four months, a baby can see nearly as distinctly as an adult, as seen in this artist’s conception of the appearance of a visual scene for infants of different ages.

3 months

4 months

Adult
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David Linton, Scientific American, 204
Figure 4.10

The “looking chamber” that Robert Fantz used to test newborns’ visual interests. The infant lies in a crib in the chamber, looking up at the stimuli attached to the ceiling. The observer, watching through a peephole, determines how long the infant looks at each stimulus.
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Figure 4.11

Infants tested during the first weeks of life show a preference for patterned stimuli over plain stimuli. The length of each bar indicates the relative amount of time the babies spent looking at the corresponding stimulus. (Adapted from Fantz, 1961.)

Figure 4.12

Movement seems to play a crucial role in allowing young infants to perceive that two objects placed one on top of or one behind another are, in fact, separate. In this experiment, the infants were shown a rod moving behind a block (a). Next they were shown a single rod and two rod segments (b). They looked longer at the two rod segments suggesting that they were surprised because what they thought was a single object appeared as two separate objects. However, when the experiment was conducted without moving the rod, the infants looked equally long at the single rod and the two rod segments, indicating their uncertainty about whether the rod and blocks were separate or not. (From Kellman and Spelke, 1983.)

(a)

(b)
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Figure 4.13

Visual scanning of a triangle by young infants. The triangle was mounted on a wall. A video camera was mounted just beneath it, positioned to record the eye movements of infants as they gazed at the triangle. Note that the 2-week-olds concentrated their gaze on only one part of the figure, whereas the 12-week-olds visually explored the figure more fully. Large dots indicate long fixation times; small dots represent short ones. (Adapted from Bronson, 1991.)
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Figure 4.14

Visual preferences of infants for (a) a schematic face, (b) a scrambled schematic face, and (c) a nonfacelike figure, all having equal amounts of light and dark area. The infants preferred both facelike forms over the nonfacelike form, and they accorded the “real” face slightly more attention than the scrambled face. (Adapted from Fantz, 1961.)

Figure 4.15

Facial expressions evoked by various tastes in an infant and an adult: (a) a neutral expression follows the presentation of distilled water; (b) a hint of a smile follows the presentation of a sweet stimulus; (c) the pucker comes in response to a sour stimulus; (d) a bitter stimulus evokes a distinctive grimace. (Adapted from Steiner, 1979.)

Jacob E. Steiner, The Hebrew University-Hadassah School of Dental Medicine, Jerusalem
(a)

(c)

(d)

(b)
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reflex A specific, well-integrated, automatic (involuntary) response to a specific type of stimulation.

table 4.1

Early Sensory Capacities

Sense Capacity

Hearing Ability to distinguish phonemes

Preference for native language

Vision Slightly blurred, slightly double vision at birth

Color vision by 2 months of age

Ability to distinguish patterned stimuli from plain

Preference for moving, facelike stimuli

Smell Ability to differentiate odors well at birth

Taste Ability to differentiate tastes well at birth

Touch Responsive to touch at birth

Temperature Sensitivity to changes in temperature at birth

Position Sensitivity to changes in position at birth
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table 4.2

Reflexes Present at Birth

Reflex Description Developmental Course Significance

Babinski When the bottom of the baby’s Disappears in 8 to 12 months Presence at birth and normal course of decline

foot is stroked, the toes fan out are a basic index of normal neurological

and then curl condition

Crawling When the baby is placed on his Disappears after 3 to 4 months; Uncertain

stomach and pressure is applied possible reappearance at 6 to

to the soles of his feet, his arms 7 months as a component of

and legs move rhythmically voluntary crawling

Eyeblink Rapid closing of eyes Permanent Protection against aversive stimuli such as

bright lights and foreign objects

Grasping When a finger or some other Disappears in 3 to 4 months; Presence at birth and later disappearance is a

object is pressed against the replaced by voluntary basic sign of normal neurological development

baby’s palm, her fingers close grasping

around it

Moro If the baby is allowed to drop Disappears in 6 to 7 months Disputed; its presence at birth and later

unexpectedly while being held (although startle to loud disappearance are a basic sign of normal

or if there is a loud noise, she noises is permanent) neurological development

will throw her arms outward

while arching her back and then

bring her arms together as if

grasping something

Rooting The baby turns his head and Disappears between 3 and 6 Component of nursing

opens his mouth when he is months

touched on the cheek

Stepping When the baby is held upright Disappears in first 2 months Disputed; it may be only a kicking motion, or it

over a flat surface, he makes but can be reinstated in may be a component of later voluntary walking

rhythmic leg movements special contexts

Sucking The baby sucks when something Disappears and is replaced Fundamental component of nursing

is put into her mouth by voluntary sucking
Figure 4.16

The grasping reflex is an important component of normal neurological development in newborns

J. DaCunha/Petit Format/Photo Researchers
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Figure 4.17

Babies held upright with their feet touching a flat surface move their legs in a fashion that resembles walking. Experts have debated the origins and developmental history of this form of behavior, called the stepping reflex.

Elizabeth Crews
Although the “stepping reflex” seems to disappear around 3 months of age, Esther Thelen and her colleagues demonstrated that it would reappear if babies were given proper support. Here, a baby who no longer exhibits a stepping reflex under normal conditions makes the same stepping motions when partially submerged in water.
Esther Thelen
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Enrico Ferorelli
Demonstration from one of Andrew Meltzoff and Keith Moore’s studies that some newborns can imitate adult facial expressions.
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The appearance of a brightly colored, slow-moving object may cause newborns to reach out and make grasping motions. Such “pre-reaching” is unsuccessful, however, as young infants cannot yet coordinate these motions.
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intermodal perception The understanding that a certain object or event can be simultaneously perceived by more than one sensory system.
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emotion A feeling state produced by the distinctive physiological responses and cognitive evaluations that motivate action.
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Figure 4.18

Images from a videotaped recording of infants’ facial expressions used by Carroll Izard and his colleagues to assess the possible universal relation between emotion and facial expression. What emotion do you think each facial expression represents? The responses most of Izard’s adult subjects gave are printed upside down below. (Izard et al., 1980.)

(a)

(c)

(d)

(b)

All photos: Carroll Izard
(a) joy; (b) anger; (c) sadness; (d) disgust; (e) distress/pain; (f) interest; (g) fear; (h) surprise.

(g)

(e)

(f)

(h)
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temperament The term for the individual modes of responding to the environment that appear to be consistent across situations and stable over time. Typically included under the rubric of temperament are such characteristics as children’s activity level, their intensity of reaction, the ease with which they become upset, their characteristic responses to novelty, and their sociability.
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Table 4.3

Basic Indicators of Temperament According to Chess and Thomas

Trait Definition Example

Activity level The level of movement typical of a given Even in the uterus some babies kick and move around a

child’s actions and the relative amount lot, while others are relatively still; similar differences are

of time spent in action and inaction seen in the level and frequency of arm waving and

kicking in early infancy and in the tendency of some

young children to spend most of their waking hours in

rapid motion

Rhythmicity The degree of regularity and Beginning shortly after birth, marked individual

predictability of basic biological differences can be seen in the ease with which babies

functions adapt to regular feeding and sleeping schedules and to

bodily functions such as defecation

Approach–withdrawal The nature of the baby’s initial response Novel experiences such as the first substitution of a

to something new bottle for the breast, meeting a strange person, or the

sudden appearance of a jack-in-the-box cause some

children to be fearful and withdraw, while others actively

explore and seek further stimulation

Adaptability The ease with which a baby’s initial Whether they initially withdraw from or take to a new

responses to a situation are modified experience, babies differ in how rapidly the novelty

wears off and how easily they adjust to new

circumstances, such as being given solid food in place of

milk or being left with a baby-sitter

Threshold of responsiveness The intensity level required in order for It takes very little noise to make some babies awaken

a stimulus to evoke a response from a nap or very little moisture in their diapers to

make them cry, whereas others appear to react only

when the stimulation becomes relatively intense

Intensity of reaction The energy level of a response It seems that whatever the circumstances, whether

pleasant or unpleasant, some babies remain relatively

placid in their responses, cooing when pleased and

frowning when upset, whereas others laugh heartily

and cry vigorously

Quality of mood The amount of joyful, pleasant, and Some babies laugh frequently and tend to smile at the

friendly behaviors in comparison to world, whereas others seem to be unhappy much

unpleasant and unfriendly behaviors of the time

Distractibility The extent to which novel stimuli disrupt Parents often seek to distract a crying baby by offering a

or alter ongoing behaviors pacifier or teddy bear, but such tactics work best with

distractible babies

Attention span/persistence The extent to which an activity, once Some babies will stare at a mobile or play happily with a

undertaken, is maintained favorite toy for a long time, whereas others quickly lose

interest and move frequently from one activity to

another

Source: Chess & Thomas, 1982.
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Laura Dwight
This newborn is smiling during REM sleep.
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table 4.4

States of Arousal in Infants

State Characteristics

Non-rapid-eye-movement Full rest; low muscle tone and motor activity; eyelids

(NREM) sleep closed and eyes still; regular breathing (about 36

times per minute)

Rapid-eye-movement Increased muscle tone and motor activity; facial

(REM) sleep grimaces and smiles; occasional eye movements;

irregular breathing (about 48 times per minute)

Periodic sleep Intermediate between REM and NREM sleep—bursts

of deep, slow breathing alternating with bouts of

rapid, shallow breathing

Drowsiness More active than NREM sleep but less active than

REM or periodic sleep; eyes open and close; eyes

glazed when open; breathing variable but more

rapid than in NREM sleep

Alert inactivity Slight activity; face relaxed; eyes open and bright;

breathing regular and more rapid than in NREM sleep

Active alert Frequent diffuse motor activity; vocalizations; skin

flushed; irregular breathing

Distress Vigorous diffuse motor activity; facial grimaces; red

skin; crying

Source: Wolff, 1966.

Figure 4.19

The contrast between quiet and active sleep patterns in newborns is seen in the patterns of respiration, eye movements, and brain activity (EEG). Active sleep is characterized by irregular breathing, frequent eye movements, and continuous low-voltage brain activity. (Adapted from Parmelee et al., 1968.)
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Sleeping Arrangements

O
ne of the benefits of comparisons across cultures is that they make us aware of practices that are so common in our own culture that we assume they are the only way things can possibly be done. The ability of cross-cultural research to teach us about ourselves is nicely illustrated by studies conducted to determine where and with whom young infants sleep.

In a study of 120 societies around the world, 64 percent of the mothers surveyed reported that their infants sleep in the same bed with them (a practice referred to as co-sleeping). Societies where co-sleeping is widely practiced include highly technological countries, such as Japan and Italy, as well as rural communities in many countries, including Mexico and China. The United States was the only country surveyed where it is common to have young babies sleep in their own beds in their own rooms and where they are expected to sleep through the night at an early age (Wolf et al., 1996). The practice of having infants sleep separately is particularly common among college-educated, middle-class American families and is less widely practiced by other social groups in the United States and in certain regions of the country. Among a group of newborns in eastern Kentucky, for example, 36 percent shared their parents’ beds and 48 percent shared their parents’ rooms. Space did not seem to be the issue (Abbott, 1992). African American babies are more likely than Caucasian children to have a caregiver present when they fall asleep, to sleep in their parents’ rooms, and to spend at least part of the night in their parents’ beds (Wolf et al., 1996).

Sleeping practices are related to broad cultural themes regarding the organization of interpersonal relations and the moral ideals of the community (Shweder et al., 1995). Whereas middle-class American mothers emphasize the values of independence and self-reliance, mothers in societies where co-sleeping is the norm emphasize the need for babies to learn to be interdependent and to be able to get along with and be sensitive to the needs of others (Shweder et al., 1998). These underlying values are reflected in a study by Gilda Morelli and her colleagues, who interviewed rural Mayan peasants in Guatemala and middle-class American mothers about their infants’ sleeping arrangements (Morelli et al., 1992). None of the American parents in the study allowed their infants to sleep with them. Many parents kept the sleeping child in a nearby crib for the first few months but soon moved the baby to a separate room. They gave such reasons for their arrangements as “I think he would be more dependent . . . if he was constantly with us like that,” and “I think it would have made any separation harder if he wasn’t even separated from us at night.”

In contrast, the Mayan mothers always had each new child sleep in the same bed with them until the next baby was born. They insisted that this was the only right thing to do. When they were told about the typical U.S. practice, they expressed shock and disapproval at the parents’ behavior and pity for the children. They seemed to think the American mothers were neglecting their children. Similar sentiments have been voiced by mothers from other societies where co-sleeping is a common practice.

An emphasis on independence versus interdependence is not the only cultural value reflected in sleeping arrangements. For example, Richard Shweder and his colleagues found that in Orissa, India, such moral values as female chastity, respect for hierarchy, and protection of the vulnerable exerted strong influences on specific choices of who slept with whom (Shweder et al., 1995). The people of Orissa are more likely than Americans to arrange for the father and mother to sleep apart, and to avoid having children of very different ages sleeping in the same room.

For some, the object of such comparisons is to show that one arrangement is better or worse for infants. For example, Melissa Hunsley and Evelyn Thoman (2002) report that co-sleeping is stressful because infants spend more of their time in quiet sleep, which has been associated with slower development. In contrast, James McKenna (1996) reports no ill effects and concludes on the basis of cross-cultural evidence that “infant–parent co-sleeping is biologically, psychologically, and socially the most appropriate context for the development of healthy infant sleep physiology.” On balance, it appears that except in rare cases, whether the infant sleeps in a bed alone or with its mother does not seem to make a great deal of difference. All cultural systems are relatively successful in seeing that infants get enough sleep and grow up normally.

However, while co-sleeping or solitary sleeping may not make a big difference at the time, describing cultural differences in family sleeping arrangements highlights the fact that all such arrangements are organized with a view toward ways in which children will be expected to act at a later time. This is another case where cultural beliefs organize the current environment to accord with people’s expectations for the future.
Henning Christoph/DAS FOTOARCHIVE
This Mongolian baby is being comforted in two popular ways—by being swaddled in blankets and by sucking on a pacifier.
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Figure 4.20

The pattern of sleep/wake cycles among babies in the United States changes rapidly during infancy. A long period of sleep comes to replace many brief periods of alternating sleep and wakefulness. (From Kleitman, 1963.)
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Sudden Infant Death Syndrome
A
mong infants 1 to 6 months of age, sudden infant death syndrome, often referred to as SIDS, is the most common cause of death in the United States as well as a major cause of death in many other countries in the world (Nagler, 2002). SIDS is the sudden death of an apparently healthy infant that is seemingly inexplicable based on the infant’s prior health conditions, the family and its medical history, and the circumstances of death.

SIDS is usually discovered when parents check on their supposedly sleeping infant only to find that he or she has died. The infant may be found with clenched fists, discharge from the nose or mouth, and mottled skin.

The earliest medical report about SIDS was published more than 50 years ago (Garrow & Werne, 1953); since that time there has been an increasingly intense research program to discover its causes and ways to prevent it. Early research suggested that some infants are prone to a condition referred to as sleep apnea—irregular breathing because of a failure of the brain to signal the muscles controlling the lungs to breath. According to this diagnosis, the most effective prevention is provided by an electronic monitoring device that sounds an alarm whenever an infant experiences an episode of apnea, so that an adult can come and revive the baby in time.

Subsequent research has shown that young infants do, indeed, experience episodes of apnea during sleep. Postmortem studies of infant brains have shown that insufficient development of a key area in the brain stem called the arcuate nucleus is associated with increased rates of SIDS (Matturri et al., 2002). However, even apparently normal infants still have immature brain structures, and while they may experience episodes of sleep apnea, they are generally startled awake by such incidents, which cause no lasting harm.

Consequently, researchers began to look at other potential causes, such as accidental smothering when a baby’s nose is obstructed by a soft pillow, blankets, or a stuffed animal or accidental suffocation when a baby is sleeping in bed with an adult. Lewis Lipsitt (2003) noted that most deaths from SIDS occur when babies are 2 to 5 months of age. Babies this age are especially vulnerable, he suggested, because they have lost the reflex that causes them to turn their heads when they cannot breathe (which disappears prior to 21/2 months) but have not yet developed firm voluntary control of their head movements.

An important turning point in the quest to eliminate SIDS came in 1994 when the American Academy of Pediatrics, in conjunction with the National Institutes of Health and other organizations, began informing parents about SIDS through a campaign called the “Back to Sleep” movement. This clever phrase identified the major strategy upon which the campaign was based: placing babies on their backs to sleep, instead of having them sleep on their stomachs, which greatly increased the chances of accidentally obstructing their breathing. In the past decade the rate of SIDS in the United States has been cut in half, from 1.5 per 1000 births to approximately 0.7 per 1000 births. There have been similar reductions in other countries where awareness of the back-to-sleep practice has been increased. Nonetheless, SIDS clearly remains a serious threat, so current research is seeking to discover what additional factors might, either singly or in combination, increase infants’ risk. A number of such factors have been found, some of which apply before the baby is born, some after (Hauck et al., 2003).

Among the leading prenatal risk factors for SIDS are:

• Maternal malnutrition and smoking, which increase prematurity (Immaturity of the brain stem is almost certainly involved in apnea episodes.)

• Teratogenic agents (discussed at length in Chapter 3)

Among the leading risk factors for SIDS after birth are:

• Secondary tobacco smoke—the greater the exposure to tobacco smoke, the greater the risk of SIDS

• Formula-feeding of babies, which results in a higher SIDS rate than does breast-feeding

• Placing infants to sleep on their stomachs, on a soft mattress with stuffed animals or other toys in the crib

A great many studies have shown differences between ethnic groups in the incidence of SIDS (Pollack & Frohna, 2002). For example, Native Americans have a higher rate of SIDS than European Americans, while Latinos have a lower rate. There are also wide variations in the incidence of SIDS in different countries (Fitzgerald, 2002). Current research strongly suggests that these variations result from cultural differences in eating habits, alcohol and cigarette consumption, and sleeping patterns, not from any population differences in genetic predisposition for SIDS. Consequently, preventive measures focus on informing local populations of the factors they can change to ensure that their babies will not become victims of SIDS.
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This infant’s cries are likely to be taken as a peremptory command for someone to do something quickly.

Elizabeth Crews
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Parents throughout the world employ different methods in their attempt to comfort their babies when whey are distressed.
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Figure 4.21

Nursing is a complex behavior that often requires practice. Here, a lactation consultant works with a new mother to help her learn the best techniques for nursing her new baby.

Figure 4.22

Even babies like this one, born with little or no cerebral cortex, display basic reflexes such as sucking.

E. Gamper, Zeitschrift fur der gesamte Neurologie und Psychiatrie, 104
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Figure 4.23

Evidence of habituation in a 1-month-old baby born with no cerebral cortex. On the first exposure to the sound of human speech, there is a marked decrease in heart rate, indicating attention. After five additional presentations of the sound, the infant’s heart rate no longer changes dramatically, indicating habituation. (Adapted from Graham et al., 1978.)

learning A relatively permanent change in behavior brought about by experience of events in the environment.

classical conditioning Learning in which previously existing behaviors come to be elicited by new stimuli.
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Figure 4.24

Classical conditioning. In the top panel (a) the sight of a light (CS) elicits no particular response. In (b) the loud sound of a gong (UCS) causes the baby to blink (UCR). In (c) the sight of the light (CS) is paired with the sound of the gong (UCS), which evokes an eyeblink (UCR). Finally (d), the sight of the light (CS) is sufficient to cause the baby to blink (CR), demonstrating that learning has occurred.
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conditional stimulus (CS) In classical conditioning, a stimulus that elicits a behavior that is dependent on the way it is paired with the unconditional stimulus (UCS).

unconditional stimulus (UCS) In classical conditioning, the stimulus, such as food in the mouth, that invariably causes the unconditional response (UCR).

unconditional response (UCR) In classical conditioning, the response, such as salivation, that is invariably elicited by the unconditional stimulus (UCS).

conditional response (CR) In classical conditioning, a response to the conditional stimulus (CS).

operant conditioning Learning in which changes in behavior are shaped by the consequences of that behavior, thereby giving rise to new and more complete behaviors.

reinforcement A consequence, such as a reward, that increases the likelihood that a behavior will be repeated.

Courtesy of Einar R. Siqueland, Brown University
Figure 4.25

A newborn with a specially designed headpiece that records head turning. In Siqueland’s operant-conditioning experiment, head turns of more than 10 degrees were reinforced by the opportunity to suck on a pacifier. (Siqueland, 1968.)
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schema In Piagetian terms, a mental structure that provides an organism with a model for action in similar or analogous circumstances.

adaptation Piaget’s term for the twofold process involving assimilation and accommodation.

assimilation Piaget’s term for the process by which various experiences are mentally taken in by the organism and incorporated into existing schemas.

accommodation in Piagetian terms, a modification of a previous schema so that it can be applied to both old and new experiences.

equilibration The Piagetian term for the back-and-forth process of the child’s seeking a fit between existing schemas and new environmental experiences.
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table 4.5

Age Characteristics of

(years) Stage Description Sensorimotor Substages

Birth to 2 Sensorimotor Infants’ achievements consist largely of Substage 1 (0–11/2 months)

coordinating their sensory perceptions Reflex schemas exercised:
and simple motor behaviors. As they move involuntary rooting, sucking, grasping,

through the six substages of this period, looking

infants come to recognize the existence of a

world outside themselves and begin to Substage 2 (11/2–4 months)

interact with it in deliberate ways. Primary circular reactions:
repetition of actions that are pleasurable in

themselves

2 to 6 Preoperational Young children can represent reality to Substage 3 (4–8 months)

themselves through the use of symbols, Secondary circular reactions:
including mental images, words, and dawning awareness of the effects of one’s

gestures. Still, children often fail to own actions on the environment; extended

distinguish their point of view from that of actions that produce interesting change in

others, become easily captured by surface the environment

appearances, and are often confused about

causal relations. Substage 4 (8–12 months)

6 to 12 Concrete As they enter middle childhood, children Coordination of secondary circular reactions:
Operational become capable of mental operations, combining schemas to achieve a desired

internalized actions that fit into a logical effect; earliest form of problem solving

system. Operational thinking allows children

mentally to combine, separate, order, and Substage 5 (12–18 months)

transform objects and actions. Such Tertiary circular reactions:
operations are considered concrete because deliberate variation of problem-solving

they are carried out in the presence of the means; experimentation to see what the

objects and events being thought about. consequences will be

12 to 19 Formal In adolescence the developing person Substage 6 (18–24 months)

Operational acquires the ability to think systematically Beginnings of symbolic representation:
about all logical relations within a problem. images and words come to stand for

Adolescents display keen interest in abstract familiar objects; invention of new means of

ideas and in the process of thinking itself. problem solving through symbolic

combinations
Piaget’s Stages of Cognitive Development and the Sensorimotor Substages
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Laura Dwight
Blowing bubbles is an early instance of a primary circular reaction in which an accidental aspect of sucking is prolonged for the pleasure of continuing the sensation.

sensorimotor stage Piaget’s term for the stage of infancy during which the process of adaptation consists largely of coordinating sensory perceptions and simple motor behaviors to acquire knowledge of the world.

primary circular reaction The term Piaget used to describe the infant’s tendency to repeat pleasurable bodily actions for their own sake.
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Figure 4.26

The reflexes that establish a reciprocal relationship between the infant being fed and the mother. The infant’s sucking stimulates the release of hormones that increase milk production and help trigger the ejection of milk from the mammary glands. (Adapted from Cairns, 1979.)
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©Phil Schermeister/Corbis
Although babies are nursed in all cultures, there are wide variations in the way babies’ nursing behavior is organized.
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table 4.6

Elements of the First Postnatal Bio-Social-Behavioral Shift (21/2 Months)

Biological domain Central nervous system:

• Myelination of cortical and subcortical neural pathways

• Myelination of primary neural pathways in some sensory systems

• Increased cortical control of subcortical activity

• Increases in the number and diversity of brain cells

Psychophysiology:

• Increases in amount of wakefulness

• Decreases in active (REM) sleep as a proportion of total sleep time
• Shift in pattern of sleep; quiet (NREM) sleep begins to come first

Behavioral domain Learning is retained better between episodes

Increases in visual acuity

More complete visual scanning of objects

Onset of social smiling

Decreases in generalized fussiness and crying

Visually initiated reaching becomes visually guided reaching

Social domain New quality of coordination and emotional contact between infants and caretakers

Beginning of “crying on purpose”
Pascal Maitre Cosmos/Matrix
This father and son from Kaokoland, Namibia, are sharing an important sense of connectedness.
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primary intersubjectivity The emotional sharing that occurs between very young infants and their caregivers. It is restricted to face-to-face communication.
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D.G. Freedman, Human Infancy: An Evolutionary Perspective. Erlbaum.
Blind infants and their parents interact in different ways, relying on sound and touch to communicate. Here, a blind infant’s smile is prompted by the sound of her mother’s voice in much the same way sighted infants might respond to the appearance of their parent’s face.
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The moment parents and their babies make eye contact is pleasurable for both parties.

Dan Lim/Masterfile
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SUMMARY
Development of the Brain

• At birth the brain contains most of the cells (neurons) it will ever have, but it will become four times larger by adulthood.

• Increased size results primarily from an increase in the connections among neurons and increased myelination, which insulates axons and speeds transmission of impulses.

• Different parts of the brain develop at different rates throughout childhood. The brain stem, which initially controls most reflexes, is relatively mature at birth. Areas of the cortex that mature most rapidly following birth are the primary motor and sensory areas.

Sensing and Responding to the Environment

• Infants are born with remarkable sensory and behavioral capacities with which to experience and respond to their postnatal circumstances.

1. Neonates are not able to hear sounds in the range of frequencies that are audible to older children and adults, but they display a special sensitivity to the basic sound categories of human language.

2. Although infants are nearsighted, they systematically scan their surroundings and are sensitive to areas of high contrast between light and dark. They will track moving facelike forms at birth, and within a few days they seem to be able to distinguish their mothers’ faces from those of others.

3. Neonates can distinguish various tastes and smells. They prefer sweet tastes, and their sense of smell is sufficiently acute that they can distinguish the smell of their mothers’ milk from that of other women.

4. The senses of touch, temperature, and position are relatively mature at birth.

• A variety of response mechanisms are present at birth, including reflexes, imitation, and visually initiated reaching.

• Several sensory and response processes appear to be coordinated at or near birth.

The Qualities of Infant Experience and Behavior

• At birth infants display at least two primary emotional states: contentment and distress. Many developmentalists believe that they also experience several basic emotions—joy, fear, anger, surprise, sadness, and interest—although there is some doubt about whether or not such emotions have the same quality as do those experienced by older children and adults.

• Individual variations in temperament—in style of response and dominant mood—are present at birth. Temperamental characteristics include activity level, irritability, intensity of reaction, response to novelty, and sociability. Individual differences in certain aspects of temperament may be relatively stable and thus may constitute an important source of developmental continuity.

Becoming Coordinated with the Social World

• The basic behavioral capacities with which infants are born are sufficient for their survival only if they are coordinated with adult caregiving activities.

• “Getting the baby on a schedule’’ is more than a convenience. By coordinating schedules, babies and their parents create a system of mutual expectations that supports further development.

• Newborn babies sleep approximately two-thirds of the time, but their periods of sleep are relatively brief and are distributed across all 24 hours of the day. When babies finally begin to sleep through the night depends in part on the sleep patterns of the adults who care for them, and those patterns vary from culture to culture.

• Newborn babies tend to eat about every 3 hours if they are given constant access to food. Babies fed only every 4 hours may have trouble adjusting to such a schedule, although most infants adopt a 4-hour schedule spontaneously by the time they reach 21/2 months of age.

• Infants’ crying is a primitive means of communication that evokes a strong emotional response in adults and alerts them that something may be wrong. Certain distinctive patterns of early cries may indicate difficulties.

Mechanisms of Developmental Change

• In the beginning, feeding is based on primitive reflex mechanisms that are not well coordinated. Within several weeks, this form of behavior is reorganized and becomes voluntary; the various constituent reflexes become integrated with one another, and the baby becomes well coordinated with the mother.

• The four basic perspectives on development can all be applied to the earliest forms of infant development; each emphasizes a different way in which biological and environmental factors contribute to early developmental change.

• According to the biological-maturation perspective, postnatal development follows the same principles as prenatal development. New structures are said to arise from endogenous (inherited) capabilities that unfold as the baby matures. Changes in nursing as well as in other behaviors, according to this view, result from such factors as the increased myelination of neurons and the growth of muscles.

• The maturation of brain structures contributes to the reorganization of early reflexes. Some of these early reflexes disappear completely within a few months of birth. Others may disappear and then reappear later as an element in a new form of activity. Still others remain and are transformed into voluntary behaviors under the control of the cerebral cortex.

• Environmental-learning theories assign the environment a leading role in the creation of new forms of behavior through the mechanism of learning.

• Infants’ ability to learn from experience is present from the earliest days of life. Classical conditioning permits infants to form expectations about the connections between events in their environment. Operant conditioning provides a mechanism for the emergence of new behaviors as a consequence of the positive or negative events behaviors produce. Some evidence indicates that young infants can exhibit some kinds of imitation, but it seems unlikely that imitation is an important mechanism of learning in the first months of life.

• Constructivist theories assign equal weight to biological and environmental factors in development. Reflexes, in this view, are coordinated patterns of action (schemas) that have differentiated from the more primitive state of global activity characteristic of the prenatal period.

• In the view of Jean Piaget, the leading constructivist of the twentieth century, developmental change is constructed through the interplay of assimilation (modification of the input to fit existing schemas) and accommodation (modification of existing schemas to fit the input). The interplay of assimilation and accommodation continues until a new form of equilibrium between the two processes is reached. New forms of equilibrium constitute qualitatively new forms of behavior; they are new stages of development.

• According to Piaget, infancy is characterized by sensori-motor ways of knowing. He divides the sensorimotor period into six substages, the first two of which occur during the first 10 to 12 weeks of postnatal life:

1. Substage 1 is characterized by the exercise of basic reflexes.

2. Substage 2 is characterized by the beginning of accommodation and the prolongation of pleasant sensations arising from reflex actions.

• Cultural-context theories of development emphasize the active roles of both the child and the people around the child, as well as the historically accumulated “designs for living,’’ as contributors to the process of developmental change.

• Significant and pervasive cultural variations in parents’ everyday activities and their interactions with their newborn children influence both short-term and long-term development.

Integrating the Separate Threads of Development

• In order to explain development, it is necessary to understand how different parts of the process change with respect to one another, as parts of an integrated bio-social-behavioral system in its cultural context.

The First Postnatal Bio-Social-Behavioral Shift

• At approximately 21/2 months of age a bio-social-behavioral shift occurs in the overall organization of infants’ behavior. Changes in brain function owing to maturation are accompanied by increased visual acuity and the ability to perceive the forms of objects and people, increased wakefulness, and social smiling. Caregivers respond with new feelings of connectedness to the infant.
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Thought Questions

1. In the quote at the chapter’s opening, Erik Erikson writes, “Babies control and bring up their families as much as they are controlled by them.” Explain this statement.

2. Many years ago William James characterized infants’ perceptual world as a “buzzing, blooming confusion.” How does this description fare in light of recent research on the perceptual world of the young infant?

3. What is the developmental significance of “getting on a schedule”?

4. List the ways in which neonatal development is continuous with development before birth. List the ways in which it is discontinuous.

5. Explain the development of social smiling at 21/2 to 3 months of age. Why is this development a good example of a bio-social-behavioral shift?

