BOX 21.1

SENSITIVE PERIODS IN HUMANS

Many human capabilities depend critically on experience gained during early life. These capabilities range from fundamental capacities, such as stereoscopic vision, visual acuity, and binocular coordination, to high-level capacities, such as social behavior, language, and the ability to perceive forms and faces. Because in each case, specific kinds of experience during a restricted period in early life is essential for the normal development of the capacity, these periods are sometimes referred to as critical periods. 

The best known and most thoroughly studied sensitive period in humans is for language (see Chapter 48). A clear relationship exists between the age of exposure to a language and the level of proficiency achieved in that language (Newport, Bavelier, & Neville, 2001). This relationship holds for the learning of both first and second languages. Acquisition of a first language has been assessed in children who have been raised in the absence of any language (feral or abused children) or,more frequently, in congenitally deaf children who have been raised without the aid of sign language. Much more data are available for people who began learning a second language at different ages. For both first and second languages, a thorough command of the language is attained by those who learn the language before 7 years of age. The degree of language proficiency that is eventually achieved decreases progressively with age of exposure and reaches adult levels by the end of adolescence. 

Only certain aspects of language are affected by learning during sensitive periods (Kuhl, 2000; Newport et al., 2001). Full proficiency with grammar (the classes of words, their functions, and relations in a sentence), syntax (the way in which words are put together in a sentence), and the production and comprehension of phonetics (the speech sounds of a language) are each dependent on early exposure to language. In contrast, semantics (word meaning) and size of vocabulary are not affected by the age of exposure. Thus, sensitive periods seemto affect the formal and subtle aspects of language, whereas the capacity to learn new words and their meanings continues unabated throughout life. 

Physiological measures reveal an age dependence in the way in which language is processed and represented in the brain (Dehaena et al., 1997; Weber-Fox & Neville, 1996). Various techniques have been used to assess brain activity while human subjects make perceptual judgments in language tasks. These techniques include functional magnetic resonance imaging, positron emission tomography, and event-related potentials. In normal adults, language is processed in specific areas, primarily in the left or “dominant” hemisphere. In people who have learned a second language prior to the age of 7 years, the brain areas that are involved in processing the first and second languages overlap extensively. In contrast, in people who have learned a second language later in life, the areas of the brain that are activated by the second language do not overlap, or they overlap little, with those that are activated by the first language. The brain areas activated by the second language are less lateralized to the left hemisphere and are more variable across subjects. The effect of age at the time of learning on the brain areas activated by language is far more conspicuous for tasks requiring grammatical and phonic judgments than for tasks requiring semantic judgments. Thus, consistent with the behavioral observations of the age dependence for learning grammar and phonetics, the regions of the brain that contribute to the processing of grammar and phonetics are shaped in a unique way during sensitive periods. 

Detailed knowledge of the mechanisms that control sensitive periods and of the plasticity that occurs during sensitive periods will provide a basis for formulating optimal therapeutic procedures to help minimize long-term harmful effects of early abnormal experience—associated with neonatal and childhood disabilities, for example— and maximize the acquisition of normal function once normal conditions are restored. Such knowledge may also lead to improved methods of rearing and teaching normal children that take advantage of the full capacity of the central nervous system to learn from experience. 
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