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Janowsky & Finlay, 1986; Rakic, 1975). The first class of subtractive events
includes programmed cell death, a large-scale form of neural suicide that takes
place in the first weeks before and after birth. It generally is assumed that the onset
of programmed cell death is under strict genetic control, although the fate of
individual cells has more to do with their relative success or failure (i.e., their overall
level of activity and connectivity when the programmed plague begins). In a sense,
programmed cell death can be viewed as a neural game of musical chairs: An
arbitrary signal determines that the game is over, and those that are able to find a
chair can stay. Cell death continues after this point as well, although later versions
of cell death have more to do with success or failure at a local (cell by cell) level.
Axon retraction is a natural consequence of cell death (i.e., dead cells lose their
connections), but it is also a potential cause of cell death (i.e., cells that fail to make
appropriate long-range connections are candidates for elimination).

For the most part, major changes in axonal connectivity (both additive and
subtractive events) are complete within the first months of life. Under normal
conditions, these axonal processes lead to species-specific, “default” forms of
large-scale connectivity. However, numerous experiments in the last few years
have demonstrated that alternative forms of large-scale axonal connectivity are
possible if the default situation does not hold (e.g., animals that are deprived of
normal visual or auditory input; Frost, 1990; Hubel & Wiesel, 1970; Killackey,
1990; Killackey, Chiaia, Bennett-Clarke, Eck, & Rhoades, 1994; Miller, Keller,
& Stryker, 1989; Sur, Garraghty, & Roe, 1988; Sur et al., 1990). In particular,
exuberant axons that normally would wither away can be retained into adult-
hood. This kind of alternative routing at the axonal level may play an important
role in the forms of neural and behavioral plasticity observed in some of the
clinical populations under study here, although such developments are probably
restricted to the 1st year of life.

In contrast with the dramatic but time-limited events that take place at the cellular
and axonal levels, a single neuron can make hundreds or even thousands of synaptic
connections. Furthermore, changes at this level take place over and over again
across the lifetime of a successful cell. For this reason, additive and subtractive
events at the synaptic level are the most likely candidates for the neural substrates
of language and cognitive development after 1 year of age. Crucial for our purposes
here, these events are the direct result of neural activity and neural competition,
which means that it is impossible to distinguish between maturation and learning
at this level of development.

Figure | (from Bates etal., 1992) illustrates the developmental course of synaptic
growth and synaptic elimination from birth to adulthood in the human brain.
According to Huttenlocher’s (1979) cross-sectional analysis of human brains,
synaptic density reaches a peak in the posterior cortex (especially the visual areas)
around 9 to 12 months of age, whereas the corresponding peak in the frontal cortex
is not observed until approximately 24 months. Rakic, Bourgeois, Eckenhoff,
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T.._mcmm 1 Successive “peaks™ in brain development for synaptogenesis and metaboliic activity from
birth to adolescence. (Reprinted from Bates et al., Early Language Development mnd its Neural
Correlates, 1992, pp. 69-110, with kind permission from Elsevier Science - NL, Sara Baurgerhartstraat
25, 1055 KV Amsterdam, The Netherlands.)

Nnnnin.. & Goldman-Rakic (1986) disputed this point, arguing instead that synap-
togenesis reaches its peak simultaneously in all areas of the cortex. Becanse Rakic
et al.’s results are based on monkey data, it is difficult to be precise about the
temporal location of the corresponding peak in human brains; but if they are correct,
the most likely point would be somewhere around 24 months. Figure 1 also includes
metabolic results from Chugani et al.’s (1987) positron emission tomography
studies of human infants and children. Although the peak in brain metabolism
observed in Chugani's studies appears approximately 1 to 2 years downstream from
Huttenlocher’s data for synaptogenesis, the shape of all three curves inFigure 1 is
quite similar: a huge burst between 9 and 48 months of age, followed by a long,
slow decline that reaches asymptote somewhere in the 2nd decade of life.

The functional consequences of Figure 1 are quite dramatic for our under-
standing of the relation between brain and language development. Language
typically starts around 8 to 9 months (with first signs of word comprehension)
and stabilizes around 4 years of age (when most normal children have acquired
the fundamental structures of their native grammar). This means that normal
language development takes place during a neural firestorm, when synapses are
coming and going at an astronomical rate. This is the period in which the child
_5.,“. an .maoq_sccm number of potential connections (i.e., maximum capacity),
which in turn means the child has an enormous number of possible outcomes
(i.e., maximum plasticity).

We should note there are two opposing ways to interpret the data in Figure
1. We propose these events form the basis for a highly interactive, bidirec-
tional theory of brain and behavioral development. By contrast, Piatelli-Pal-
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marini (1989) argued for a radical nativist interpretation of the same facts. In
particular, he suggested the infant brain contains a large set of innately
specific, domain-specific patterns of connectivity, available prior to any
form of learning or experience. Brain development after birth constitutes
nothing more than a process of selection from this stock of innate possibili-
ties. Hence, the gradual process of synaptic elimination illustrated in Figure
| could be viewed as the elimination of innate options that will not be used
(referred to in the linguistic literature as parameter setting). Indeed, Piatelli-
Palmarini went on to suggest that learning itself is an illusion; everything of
any importance is already there at the beginning: “I, for one, see no advan-
tage in the preservation of the term ‘learning.” I agree with those who
maintain that we would gain in clarity if the scientific use of the term were
simply discontinued” (p. 2).

Although this radical nativist scenario is logically possible, it is not borne
out by modern research in developmental neurobiology. As noted earlier, a
growing body of evidence on plasticity and development at the cortical level
shows that fine-grained patterns of cortical connectivity are not laid out in
advance, at least not at the synaptic level (see Elman et al., 1996, chap. 5, fora
detailed review). Neurons are not born knowing what kinds of patterns they
have to establish with their near neighbors. Instead, brain development in
mammals appears to be based on a process of synaptic exuberance (i.e., more
connections than the animal will need), followed by a process of elimination
through competition—what Edelman (1987) called “neural Darwinism” (p. 19).
The huge burst in connectivity illustrated in Figure 1 thus can be viewed
(metaphorically) as a large block of marble delivered to the artist’s studio. The
sculpting process that follows is a bidirectional event, reflecting the joint
constraints of structure and experience, maturation and learning. It is probably
no accident that language development takes place in this period of maximum
capacity and maximum plasticity.

VARIATION IN NORMAL LANGUAGE DEVELOPMENT

As Thal and Reilly note in the introduction to this issue, recent large-sample studies
of early language development using the MacArthur Communicative Development
Inventories (CDI) (Fenson et al., 1993, 1994) provide evidence for massive
individual differences in onset time and rate of development for all major mile-
stones—differences large enough to challenge the very concept of “normality.”
However, this variation is quite orderly, and systematic relations have been ob-
served between the pace of language development (independent of age) and brain
activity associated with linguistic stimuli. Studies using variants of the MacArthur
CDI in other languages confirmed that similar means and similar ranges of
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variability can be observed in languages as diverse as English, Spanish, Italian,
Japanese, Swedish, Icelandic, and American Sign Language (ASL).

Among other things, these findings raise a red flag for cross-linguistic studies
based on small longitudinal samples—a common methodology in the child lan-
guage literature (cf. Slobin, 1985, 1992). If we were to select at random one child
from each of the languages we are interested in, we might find huge differences
that have little or nothing to do with language input per se. If we were unlikely
enough to choose children from opposite extremes (e.g., a slow Italian child and a
precocious ASL child), we might be tempted to conclude that these variations are
caused by differences in the structure, the processing, or both the structure and the
processing of Italian and ASL. It is much more likely, however, that these differ-
ences are based on chance variation (i.e., the putative cross-linguistic difference is
a false positive). Within a given language, case studies can be a rich source of
information about patterns that are possible (e.g., interesting error types, cross-lan-
guage variations in the sequence of development), but they should not be used to
draw inferences about those patterns that are probable or typical within that
language environment.

At the same time, cross-linguistic studies of normal children also demonstrate
that a certain amount of variation is inevitable, regardless of the language to which
children are exposed. So, from where does all this variation come? Some of this
variation undoubtedly is due to differences in the amount and quality of parental
input (although Fenson et al., 1994, noted that correlations with crude environ-
mental measures such as birth order and social class are relatively low in the original
norming sample). Some of it may come from natural variations in the rate of
maturation (e.g., in the additive and subtractive events illustrated in Figure 1); if
this is the case, it would help to explain why equivalent variability is observed in
dramatically different language types. Some of it also may come from charac-
teristics of the child that are related only indirectly to language itself. These might
include temperamental differences (e.g., shyness, risk taking, and sociability),
cognitive differences in rate and style of learning that cut across linguistic and
nonlinguistic domains, differences in perceptual acuity, auditory short-term mem-
ory, and so forth (for adiscussion, see Bates, Dale, & Thal, 1995). For our purposes,
the point is that large individual differences are present across the normal range in
every language community studied to date, from first signs of word comprehension
to the mastery of grammar. Hence, the word normal applies to a very broad range
of performance at any given point in development—a fact that must be kept in mind
when we undertake studies of the origins of communication disorders in clinical
populations.

Fortunately, evidence suggests that this variation is neither random nor chaotic. In
particular, the article by Mills et al. (this issue) demonstrates that individual differences
in the rate of language development during the 2nd year of life are linked to observable
changes in brain activity. Several findings from Mills et al. are worthy of note.
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First, Mills et al. (this issue) uncover distinct patterns of electrical activity over
the scalp in response to (a) familiar words (as established for each child by parental
report and laboratory testing), (b) real English words that are unfamiliar to the child,
and (c) backwards speech (auditory stimuli that are unrecognizable as English
words but are equivalent in complexity). This methodological contribution has
great theoretical and empirical consequences. Comprehension is notoriously diffi-
cult to measure in this age range. Parent report measures of comprehension have
proven to be valid and reliable up to, but not beyond, 16 to 18 months of age (at
least for children who are developing at an average or greater-than-average rate).
Laboratory measures are quite unreliable before this point because they require a
degree of cooperation that is difficult to obtain in children under 18 months of age.
Mills, Coffey, and Neville (1991) demonstrated that electrophysiological tech-
niques can be used to measure word recognition across this age range, starting as
early as 10 months and continuing through the preschool years and beyond. To be
sure, some cooperation is required (e.g., the child must be willing to wear the
electrode cap and sit still long enough to register single word stimuli without
movement artifacts), but the degree of cooperation is far less than usually is required
for picture-pointing or acting-out tasks. The authors also show that these event-re-
lated potentials (ERP) measures correlate with parent report and behavioral indexes
of word comprehension, concurrently and longitudinally (over periods as long as
12 to 36 months in some cases; see also Molfese, 1989, 1990). This finding
constitutes yet another cross-validation of ERP, laboratory, and parent report
measures (for reviews of validity studies, see Bates, Bretherton, & Snyder, 1988;
Fenson et al., 1993). More important still, it provides us with another way to uncover
risk for language impairment before 2 years of age (Thal et al., this issue; see
discussion later in this article).

Second, Mills et al. (this issue) demonstrate a consistent developmental pattern
in the neural activity associated with familiar words. In the first stages (when a
difference between known and unknown words first appears), this activity is
distributed broadly over the two hemispheres and is (if anything) slightly larger on
the right. Later on in the 2nd year, brain response to familiar words is larger on the
left and more focally distributed over the frontotemporal cortex. As is discussed in
more detail later, this kind of dynamic change in brain activity is compatible with
studies of language ability in children with focal brain injury (Bates et al., this issue).

Finally, the Mills et al. (this issue) article clearly shows that language ability is
a better predictor of these developmental changes than is chronological age. This
finding is compatible with theories of brain development that emphasize the
bidirectional relation between maturation and experience. In fact, the left-anterior
shift in brain activity observed by Mills et al. may be the product of linguistic
experience rather than its cause. This finding also suggests that the wide range of
individual differences seen across the many languages now sampled using variants
of the MacArthur CDI (e.g., Caselli & Casadio, 1995; Jackson-Maldonado,
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Marchman, Thal, Bates, & Gutierrez-Clellen, 1993; Ogura, Tamashita, Murase, &
Dale, 1993; Reilly, Provine, & Anderson, 1996) have clear and measurable neural
correlates, opening up promising avenues for future research on normal language
development.

DEVELOPMENT, DEVIANCE, AND DELAY IN ATYPICAL
POPULATIONS

The four articles in this issue on early language development in atypical populations
provide a wealth of detailed information that is difficult to summarize. I concentrate
here on highlights that are particularly relevant for the issues of variation and
plasticity.

Late and Early Talkers

Thal and her colleagues have spent many years seeking early indicators of risk
for language delay. The article by Thal et al. in this issue focuses on short-term
predictors at both the group and the individual levels. Three studies are presented
using the MacArthur CDI (Fenson et al., 1993), identifying children in the top and
bottom 10th percentiles for expressive vocabulary at various points in time (i.e.,
early talkers and late talkers). The first two studies present new information from
a 6-month longitudinal follow-up of children who participated in the original
MacArthur norming study (Fenson et al., 1994). The third study represents a first
round of results from an intensive, month-by-month longitudinal study of 30
children from 8 to 30 months of age (Goodman & Bauman, 1995).

Demographic factors such as sex, birth order, ethnicity, and social class did not
have any reliable predictive value in any of their analyses, but measures of language
and communication did show continuity over time at the group level. In the two
short-term longitudinal studies, late and early talkers both had a higher-than-chance
probability of retaining their extreme-group status across a 6-month period. In the
period between approximately 13 and 20 months, Time 1 word comprehension,
gesture, and word production (including the percentage of comprehended words
that also are produced) all made significant and independent contributions to later
status. It is interesting to note, however, that the pattern of predictors was different
for early versus later talkers. For late talkers at 20 months, the best 13-month
predictors were gesture and the percentage of comprehended words that also are
produced (both significantly lower in children who later were destined to end up
in the bottom 10th percentile for expressive vocabulary). For early talkers at 20
months, the only predictor that made a significant independent contribution was
total vocabulary size when the children were just 1 year of age. Results from their
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than on comprehension; and (b) in the long run, left-temporal lesions do not result
in a permanent aphasia. Bates et al. (this issue) propose that this contradiction can
be resolved if we assume the default pattern of brain organization for language
emerges out of initial biases in style of computation that are related only indirectly
to the final state. In the infant brain there are no “innate language centers.” Instead,
there are regional differences in information-processing capacity (i.e., what Elman
et al., 1996, called “architectural contraints” rather than “representational con-
straints,” p. 27).

Comparing their results for language to those of Stiles and colleagues (Stiles &
Thal, 1993) for visuospatial cognition in children with focal brain injury, Bates et
al. (this issue) suggest the left-temporal cortex is particularly well suited for the
extraction of detailed perceptual information (both spatial and temporal), a capacity
that is especially important during language learning. Ironically, the ability to
perceive fine-grained details may be more important for production than it is for
comprehension because children have to conduct a detailed perceptual analysis to
create their first motor templates for familiar words. Under default conditions, the
left-temporal cortex is recruited for this function via a competitive process (not
unlike the process by which tall and agile children end up on the basketball team).
However, if the left-temporal cortex is injured in some way, other areas are able to
take over the task. They may not perform quite as well, but they are perfectly
adequate for the job.

Williams Syndrome and Down Syndrome

The article by Singer Harris et al. (this issue) compares the first stages of
language development in populations of children with two forms of mental retar-
dation: Williams syndrome and Down syndrome. Both are genetically based
disorders, and in both cases the cognitive disorder is accompanied by a host of other
physical and behavioral markers. Hence, we would not expect (and we did not find)
any simple mapping from genes to language (for a more detailed discussion of this
point, see Elman et al., 1996). The crucial point for our purposes is that adults and
adolescents with Williams syndrome display a remarkable sparing of language,
compared with the severe delays and disabilities that they display in many other
cognitive domains (Bellugi, Wang, & Jernigan, 1994; Giannotti & Vicari, 1994;
Wang & Bellugi, 1994). By contrast, adults and adolescents with Down syndrome
often display language abilities below their mental age, including a marked deficit
in the production of grammatical morphemes (Chapman, 1995). To be sure, this
apparent double dissociation between grammar and cognition must be interpreted
with caution. First, there is substantial variability in both groups, and many children
who do not display the “signature profile.” Second, both groups display uneven
patterns of sparing and impairment within language and within nonverbal cognition
(including a remarkable sparing of face perception in children with Williams
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syndrome, who are otherwise quite impaired in visuospatial cognition). Neverthe-
less, the degree of dissociation observed in older children and adults provides a
substantial challenge to theories that presuppose a tight link between linguistic and
cognitive abilities.

How serious is this challenge? Suppose we can show that a retarded 16-year-old
with an 1Q of 50 has mastered English grammar? Is this is a surprise? Not
necessarily. Roughly speaking, a 16-year-old with an 1Q of 50 has a mental age
equivalent to that of a normal 6- to 8-year-old. Because most normal 6-year-olds
have mastered their grammar, we should not be surprised to find that a retarded
adolescent with a 6-year-old mind has managed the same feat (particularly when
we take into account the fact that this adolescent has been 6 years old for a very
long time). For this reason, a better test of the link between language and cognition
would come from the study of much younger children. When do children with
Williams and Down syndromes diverge? Are their contrasting profiles evident from
the very beginning, or do they emerge at a later point in development? If language
is an independent cognitive system, or module, as some authors have proposed
(Curtiss, 1988; Pinker, 1991, 1994; Roeper, 1988), it should be possible for
language to develop well before the point at which putative cognitive prerequisites
are in place. However, if language development depends on the prior attainment of
certain key cognitive abilities, it should not be possible for children to acquire
grammar until those abilities are in place (Bates & Thal, 1991; Bates, Thal, &
Marchman, 1991; A. Gopnik & Meltzoff, 1987).

The article by Singer Harris et al. (this issue) resolves a number of important
points in this regard. First, their results clearly indicate that both groups of
children are delayed massively in the attainment of early language milestones,
approximately 2 years behind normal controls on virtually every aspect of
language and communication. Second, the two groups are delayed equally in
expressive vocabulary across the period covered by this cross-sectional study
(i.e., from 1 to 6 years of age). Third, there appear to be qualitative differences
between the two groups in the relations observed among word comprehension,
word production, gesture, and grammar. In the first stages (equivalent to normal
development from 8 to 16 months), children with Down syndrome have a
marked advantage in the use of gesture compared with children with Williams
syndrome and with younger normal controls at the same levels of word com-
prehension or production). In the later stages (equivalent to normal development
from 16 to 30 months), children with Down syndrome also have a significant
disadvantage in the production of grammar (compared with children with
Williams syndrome and with younger normal controls at the same level of
expressive vocabulary). In contrast with the very uneven profile displayed by
children with Down syndrome, the Williams syndrome sample shows a rela-
tively normal profile of cross-domain relations—except, of course, that this
“normal” profile is shifted downstream by approximately 2 years.
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