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University of California, San Diego

Abstract
Aphasia (defined as the loss or impairment of language abilities following acquired brain injury) is strongly associated with
damage to the left hemisphere in adults. This well-known finding has led to the hypothesis that the left hemisphere is innately
specialized for language, and may be the site of a specific "language organ". However, for over a century we have known that
young children with left-hemisphere damage (LHD) do not suffer from aphasia, and in most studies do not differ significantly
from children with right-hemisphere damage (RHD). This result provides strong evidence for plasticity, i.e., brain reorganization
in response to experience, and constitutes a serious challenge to the language organ hypothesis. This chapter reviews the history
of research on language outcomes in children vs. adults with unilateral brain injury, addressing some discrepancies in the literature
to date, including methodological confounds that may be responsible for those discrepancies. It also reviews recent prospective
studies of children with unilateral injury as they pass through the first stages of language development. Prospective studies have
demonstrated specific correlations between lesion site and profiles of language delay, but they look quite different from lesion-
symptom correlations in adults, and gradually disappear across the course of language development. The classic pattern of brain
organization for language observed in normal adults may be the product rather than the cause of language learning, emerging out of
regiona biases in information processing that are relevant for language, but only indirectly related to language itself. If those

regions are damaged early in life, other parts of the brain can emerge to solve the language learning problem.

Aphasia, or the loss of language abilities following brain
injury, has been studied systematically in adults for over a
century, and its existence has been docu-mented since the first
Egyptian surgical papyrus more than 4000 years ago
(Goodglass, 1993; O'Neill, 1980). There is now a large body
of research on adult gphasia, and dthough there is dill
subgdantid controversy regarding its naure and causes,
consensus has emerged on et least two points. injuries to the
left hemisphere are overwhelmingly more likdy to cause
gphasia than injuries to the right, which in turn suggests that
the left hemigphere plays a privileged role in language pro-
cessing by normd adults. The second concluson has been
independently confirmed in the 20th century by methods
ranging from sodium amyta (WADA) tests and/or point-to-
point dectricd dimulation in adult candidates for
neurosurgery (Ojemann, 1991), to neurd imaging studies of
normals, including positron emis-sion tomography (PET),
functiond magnetic resonance imaging (FMRI), magneto-
encephao-graphy (MEG) and event-rdated brain potentials
(ERP) (for reviews, see Brown and Hagoort, 1999; Xiong et
a., 1998).

The privileged gatus of the left hemisphere for language
processing is now beyond dispute (with esti-mates averaging
from 95%-98% of norma adults, independent of handedness),
but the origins and develop-ment of this specidization are ill
poorly understood. There must be something about the left
hemisphere that makes it especidly suited for language -- but
what is that “something”? Is it present at birth, or does it
develop gradualy? Isit possible to develop normd languagein
the absence of anorma left hemisphere? And if an intact |eft
hemisphere is not required for language development, then
when, how, and why does it become necessary for language
ue in adults? Findly, if dtenative forms of bran

organization for language can emerge in the presence of early
left-hemisphere damage, is there some critica period in which
this must occur?

The sparse but growing body of evidence on language
devdopment in children with left- vs. right-hemisphere
damage is rdlevant to dl these points, and it has yieded two
very puzzling results. (1) most children with early left-
hemisphere damage go on to acquire language abilities within
the norma range (although performanceis often & the low end
of the norma range), and (2) most studies fal to find any
sgnificant differences in language outcomes when direct com-
parisons are made between children with left- vs. right-
hemisphere damage. These unexpected findingsin children are
hard to reconcile with one of the most popular idess in
neuropsychology: that the left hemi-sphere of the human
brain contains an innate and highly specialized organ for
language (e.g., Fodor, 1983; Gopnik, 1990; Gopnik and Crago,
1991; Newmeyer, 1997; Rinker, 1994; Rice, 1996). The
language-organ hypothesis is gppediing on many grounds.
Adde from its vdue in explaning left-hemisphere
gpecidization, the exigence of a pecidized language organ
might help to explain why al normal adults are virtuos in this
domain. For example, adult speskers of English produce an
average of 150 words per minute, each rapidly sdlect-ed from
apool of 20-40,000 lexica options. As quickly as these words
ae soken (often blurred together, without well-marked
boundaries), the average ligener can parse these unbroken
dreams of sound into words and phrases, accessing the
meaning of each word (from that same large poal), while
smultaneoudy processing al the complex grammatical cues
necessary for com-prehenson. This is an ability no other
species on the planet appears to have, and one that today’s
largest and fastest computers have yet to master.



Perhaps even more phenomend than the speed and ease
with which we produce and perceive speech is the speed and
ease with which we learn how to do it. Mogt 4-year-olds
cannot tie their own shoes, but they can easily ask someone
eseto hdp them. Infact, most 4-year-olds have a vocabulary
of 6000 words or more, and produce well-formed sentences as
grammatically com-plex as those observed in any adult (Bates,
in press;, Bates et d., in press, Fletcher and MacWhinney,
1995). Children magter their netive language (or languages,
for that matter) without formal ingtruction, without explicit
corrections, and, seemingly, without effort. Perhgps we are
the only animal's on earth that can manage this feat because we
have an innate language organ. But the organ metgphor carries
anumber of assumptions that are contradicted by research on
language development in children with early brain injury: (2)
the brain in generd and the left hemisphere in particular are
specidized for language a birth; (2) this specidization
involves com-pact and well-defined regions of the left
hemisphere that are dedicated to language (and language done);
(3) this specidization is irreversble, so that normal levels of
language are precluded if the language organ is severdy
damaged at hirth; (4) even if some degree of language learning
does take place (presumably through compen-satory
mechanisms), children with early left-hemisphere injuries
should display persistent deficits that are not observed with
early injuries to homologous aress on the right sSde of the
brain.

All of these assumptions are in peril. Although these
issues are not yet settled to everyone' s satis-faction, one fact
is clear: in the absence of other con-founding factors (eg.,
severe and intractable saizures), the language deficits observed
in children with early left-hemisphere injury are (if they exist
at dl) far less pronounced than the gphasic syndromes seen in
adults (Bates, 1999; Bates, Vicari, and Trauner, 1999; Eisde
and Aram, 1995; VarghaKhadem, Isaacs, and Muter, 1994;
Vagha-Khadem, Isaacs, van der Werf, and Wil-son, 1992).
Other conclusions are dill controversd, regarding the time
course of recovery, the nature of the mechanisms that support
it, and whether there are ultimately any significant differences
(i.e, mild deficits) between children with left- vs. right-
hemigphere dam-age.

Our ability to answer these quegtions is limited by a
number of factors. Firg, focd lesons in young children are
vey rare, 0 that generdizetions are sometimes based on
samples too smdl to support them. Second, results across
studies are often in direct conflict, due to methodologica
vaiaions including sample size, etiology (e.g., stroke, tumor,
trauma, and conditions that might predispose children to any
of these injuries), age of leson onset, age of tedting, the
developmenta sengitivity (or insengtivity) of the instruments
used to evauate language, and the kinds of datigtica
comparisons that were made (e.g., whether children with LHD
and RHD are compared directly, vs. indirect comparisons in
which each clinicd group is evauated againgt a separate set of
normal controls).

Due in pat to these troubling methodologica factors,
research on language outcomes following eerly brain injury hes

svung back and forth between two extreme views
equipotentiality (ste or Sde of injury do not matter a al in
young children, because both Sdes of the brain are equivaent
at birth) and irreversible deter minism (the left hemisphere
is innatdy and irrever-sbly specidized for language,
precluding the possibility of complete and normd language
development if it is severdly damaged). We will argue thet the
bulk of the evidence supports a compromise view between
these two extremes, in which the two hemispheres are char-
acterized a birth by innate but “soft” biases in infor-mation
processing that are relevant to language, but not specific to
language, permitting both neural and be-haviora reorganization
across the course of language development (see dso Saz,
Strauss, and Whitaker, 1990). On this argument (which we
will cal the emer gentist view), we would expect to see left-
Iright-hemisphere differences early in life, but these
differences will decrease with time and may eventudly
disappear.

We will review the evidence in three patidly
overlapping phases in the higory of this fidd: an
equipotentiaity phase, an irreversble-determinism phase, and
(after a brief stop to consider the contribution of
methodological  factors) the current move toward an
emergentist view. A summary of evidence involving measures
of verba and nonverbd 1Q is presented in Table 1. Evidence
basad on more specific measures of language is summarized in
Table2.

Phase|: Equipotentiality

Not long &fter the first 19th-century studies link-ing
gphasia to |eft-hemisphere damage in adults, studies appeared
suggesting that children with the same kinds of damage have
little or no difficulty with language (Clarus, 1974; Cotard,
1868; both cited in Woods and Teuber, 1978), or that they
show temporary deficits that quickly disappear (Bernhardt,
1897).

In the 20th century, Basser (1962) reported on 34
children with severe epilepsy who underwent a radica
process cdled hemispherectomy (remova of the damag-ed
sde of the brain) to control intrectable seizures. Results were
congstent with those from the century before: al but one of
these children developed speech ahilities in the normd range
(see ds0 Rasmussen and Milner, 1977). It was Basser's
study that led Lenneberg (1967) to his controversid notion
that the brain is "equi-potentid” a birth, with lateraization
determined gradudly across the course of development. As a
corollay, Lenneberg dso agued tha this period of
equipotentidity and plasticity is brought to an end at
puberty, providing the first systematic argument in favor of a
“criticd period” for language. Lenneberg's views were quite
compatible with an earlier proposa by Lashley (1950), who
interpreted lesion studies of ani-mals to indicate that loss of
learning is predicted by the size of the lesion rather than its
location (see dso Irle, 1990). Lenneberg's critical-period
proposal was com-patible not only with the evidence on
recovery from unilatera damege (i.e, the difference between
children and adults with comparable injuries), but also with (8)
the difficulty that adults display in acquiring a second



language without an accent, and (b) some influentid “Wild
Child” studies, especidly the famous case of Genie (Curtiss,
1977), which seemed to suggest that acquistion of a firgt
language is o precluded if normd input is ddayed until late
childhood or puberty.

However, Lenneberg's equipotentidity hypothesis did
not st wel with some of his contemporaries, who were
persuaded by the research of Sperry, Gazzaniga, Geschwind
and others that the two hemispheres are too different to
support a complete change of roles even ealy in life
(Gazzaniga and Sperry, 1967, Geschwind and Kaplan, 1962,
Levy, Nebes, and Sperry, 1971). Equipotentiaity was dso
difficult to reconcile with Noam Chomsky's theory of
generative grammar, with dl its dams regarding the
autonomy, innaeness and “unlearnability” of language
(Botha, 1989; Newmeyer, 1980). Another round of studies of
children with early brain injury rapidly ensued, leading to an
entirely dif-ferent view.

Phasell: Irreversible Determinism

In response to Lashley’s and Lenneberg's contro-versid
ideas about equipotentidity, a number of studies appeared
between 1960 and 1980 suggesting that early brain injury does
lead to subtle but persstent language impairments, deficits
thet are more likely following left-hemisphere damage (LHD)
than right-hemisphere damage (RHD). For example, Woods
and colleagues (Woods, 1980; Woods and Carey, 1979,
Woods and Teuber 1973, 1978) concluded that LHD in
children does lead to speech and language problems, especidly
if leson onsat occurs after one year of age (see below for a
more detailed discusson of age of leson onset), and they
attribute earlier evidence for eguipotentidity to limitations in
medical knowledge a that time (Woods and Teuber, 1978). In
the same vein, Dennis and colleagues (Dennis, 1980; Dennis
and Kohn, 1975; Dennis, Lovett, and Wiegd-Crump, 1981,
Dennis and Whitaker, 1976, 1977) reported tha |left-
hemispherec-tomized children are more likdy to have
phonologica and grammatica problems than children with
right hemispherectomies (although the reported deficits were
quite subtle).

Although these studies were influentid (and are cited in
many textbooks), most of them do not include direct
datisticad comparisons of children with LHD and children
with RHD (see Tables 1 and 2). Some looked exclusively a
LHD children and controls, while others compared each group
to its own set of age-matched controls (a practice followed in
many of the studies reviewed below). The latter practice is
common, but it is also problematic: authors infer that effects
of LHD are quantitatively and perhaps qudlitatively different
than the effects of RHD, but this supposed difference in
patterning assumes an untested statistical interaction (i.e., that
the difference between LHD and their controls is statisticaly
gregter than the difference between RHD and their contrals).
As we shdl see beow, sudies that have looked for such
gatigtical interactions (or com-pared LHD and RHD directly)
have generdly failed to find the predicted effects.

As evidence accumulated, the picture became more
complex, and more confusing. For example, Algou-anine and

Lhermitte (1965) reported that children with LHD do have
initid difficulty with some aspects of language, especidly
expressive language, but these difficulties were far less
pronounced than those seen in adults, and disappeared within
six months to two years after leson onset. Note that
Algounanine and Lher-mitte did not study right-hemisphere-
dameged patients. Riva et a. (1986) found that while |eft-
hemispherec-tomized children performed more poorly than
right-hemisphere children on some grammaticd comprehen-
sSon tedts, left- and right-hemisphere-damaged children were
equally impaired on measures of vocabulary production and
comprehenson. Similar findings have been reported in a series
of sudiesby Aram et d. (1985, 1986, 1990) and Eisdle (Eisde
and Aram, 1993, 1994, 1995). While Aram & d (1985) and
Eisde and Aram (1993) found that on measures of lexica com-
petence, RHD and LHD children were both impaired relative
to age-matched contrals, it gppeared that children with LHD
performed worse than their norma controls on a number of
other language meesures, induding tests of both grammetica
comprehension and production, phonologica discrimination
tests, and tests of lexica fluency. By contragt, children with
RHD showed no gatigtica difference from their own controls
on nearly al such measures. However, laer studies by the
same research team reeched a different condusion. For
example, Eisde and Aram (1994) report no differ-ences
between LHD and RHD on atest on syntax comprehension,
dthough severd children from both groups performed at
chance. Based on a detailed quditative examination of lesion
data (albeit without a statistica test), the authors conclude
that subcortica involvement to either hemisphere may be the
most important determiner of failure on this syntax task
(Eisdeand Aram, 1995).

A smilar higtory can be traced in research by Vargha
Khadem and colleegues. For example, VaghaKhadem,
OGorman and Watters (1985) reported performance on
grammaticd comprehenson tests was more impared in
children with LHD. However, as they added more cases to
their sample, this difference disgppeared (Vargha-Khadem et
a. 1994). It now appears from studies by this research group
that seizure history is the most important predictor of
language impairments in brain-injured children, regardiess of
sSde or size of injury, or of the age a which the leson was
acquiired.

Variations in the tests used to assess language  (see
Tables 1-2) may be responsible for some of the dis-crepancies
seen between studies. However, even when standardized tests
of 1Q are used, studies differ in factors like age of onsg,
subcortica involvement, and presence or absence of saizures.
When |Q scores are broken down into verba and nonverba
(performance) quatients, adult LHD petients typicaly have
higher PIQ scores com-pared to their VIQ scores, wherees
RHD patients typic-aly show the exact opposte pattern.
The extent to which findings for children fit this pattern varies
from study to study, duein part to methodological confounds.

In one study, Woods (1980) found that results for VIQ
and PIQ depended on both side of lesion and the age & which
the lesion was acquired. He found that (1) children with LHD



scored Sgnificantly below norma on both VIQ and PIQ,
regardless of the age a which the leson was acquired; (2)
children with RHD dso scored below norma on both
subscales, but only if their lesions were acquired before one
year of age; (J) if children with RHD acquired their lesons
after the first year, they scored in the norma range for
language but below norma on performance 1Q. This complex
nest of findings led Woods, Teuber and colleagues to propose
the “crowding hypothess’: in an effort to salvage language in
the presence of LHD, language functions are moved to the
right hemisphere, where they interfere with the spatial tasks
normally conducted in those areas of the brain.

Riva et d (1986) dso report differentid effects of age of
onset and leson sde, but their results were virtualy the
opposite of Woods (1980). Children with early LHD were
significantly lower than controls on both VIQ and PIQ, but
only if their lesons occurred before one year of age; children
with later lesons did not differ sgnificantly from normd
controls on either subscadle. Children with RHD scored
relidbly below normd controls on PIQ, but not on VIQ
regardless of the age a which damage occurred. Mare recently,
Bdlantyne, Scarvie and Trauner (1994) found that brain-
injured children as a group performed below controlson al 1Q
subscdes, VIQ was no worse than PIQ for LHD children, but
VI1Q was better than PIQ for RHD children. Note that none
of these sudies (Bdlantyne et d., 1995; Riva et d., 1986;
Woods, 1980) report a direct Satistical comparison of LHD
and RHD.

Nass, Peterson and Koch (1989) did conduct direct
comparisons of children with congenitad LHD and RHD, with
surprising results: children with LHD actudly did better on
VIQ than PIQ, and they dso performed better than children
with RHD on the verbd scde. Eisde and Aram (1993) dso
compared groups of brain-injured children directly. They
found the adult pattern for PIQ (with RHD performing worse
than both LHD and controls), but there were no effects of
leson sde on VIQ (where LHD and RHD were both indis-
tinguishable from controls). Muter et d. (1997) and Vargha
Khadem & a. (1992) found no differences between RHD and
LHD groups on ether VIQ or PIQ, athough children with
seizures were more impaired on both scaes than children
without seizures.

As we move out of the 1990's and into the next
millennium, some of the confusion that has charac-terized
research in this area has begun to lift. Mogt investigators now
embrace a "third view" midway between equipotentidity and
irreversible determinism, a bidirectiond relationship between
brain and behaviord development in which initid biases and
subsequent  reorganization are both acknowledged. This
consensus is due in no smal mesasure to methodological
improvements, incdluding the avalability of imaging
techniques to clarify the relationship between lesion type and
language outcomes. But improved neurd imaging is not the
only relevant factor. Before reviewing afind st of studiesin
support of this emergentist view, let us consider severa
cucid methodologicd factors and their  theoretica
consequences. timing of leson onset, lesion type (both site

and Sze), lesion etiology, sample size, and the importance of
prospective studies that employ developmentaly sensitive
messures.

I ntermezzo: M ethodological Confounds

Time of lesion onset and its implications for
plasticity. There is now a lage body of evidence
demongrating that the brains of young animals (es-pecidly
mammals) are quite plastic, and that many aspects of cortica
gpecidization are activity dependent. That is, cortical
Specidization is determined not by endogenous growth plans
under direct genetic control, but by the input that cortica
aress recave from the animd's own body (before and after
birth) and from the outside world (for reviews, see chaptersin
this volume by Kolb and by Elbert; Deacon, 1997; Elman &
d., 1996; Johnson, 1997; Quartz and Sginowski, 1994, 1997).
For example, if the cortex of a fetd ferret is rewired so that
input from the eye isfed to auditory cortex, it has been shown
that auditory cortex takes on retinotopic maps (Pallasand Sur,
1993). And if dabs of fetd tissue are trangplanted from visua
to somato-sensory areas (and vice versa), the transplanted
cortex takes on representations appropriate to the input re-
ceived in its new home, as opposed to the represen-tations
typicaly seenin ther regions of origin (O'Leary and Stanfield,
1985, 1989; Stanfidd and O'Leary, 1985). Leson studies of
animas dso provide driking evidence for pladtic
reorganization. For example, Payne (1999) has shown that
cats with early bilaterd remova of primary visud cortex are
virtudly indistinguishable from norma on visud tasks, mature
cats with the same operation are functionaly blind. Webgter,
Bachevdier and Ungerleider (1995) have shown that infant
monkeys with hilaerd removad of area TE (the ventra
tempord aress that are the find way dtation of the "what is
it?' visud system in mature animals) perform only dightly
below unoperated controls on a task that messures memory
for new visud objects, mature animas with the same lesions
display severe visud amnesa The accumulated evidence
strongly suggests that cortica specidization is (at least in
part) driven by corticad input, and that new forms of
organization can emerge following early brain injury. Based on
this evidence, we should expect to find that early injuriesin
humans are followed by subdtantial reorganizetion, for
language and for other cognitive functions (Stiles et d., 1998).

This well-attested finding leads to a prediction that
seems, a firsd glance, to be quite obvious: if pladticity is
gregter in the young brain, then we ought to find a monotonic
relationship between cognitive outcomes and age of leson
onset. Although the shape of this function might vary in a
number of theoreticaly interesting ways (dropping sharply at
some point in anonlinear pattern, or decreasing gradualy from
birth to puberty), later lesions ought to produce worse
outcomes than early ones under any scenario. In fact, the
shape of the function governing loss of plagticity in humansis
still entirely unknown, and it may not even be monatonic (i.e.,
pladticity may fal, and then rise again). Many of the studies
summarized in Tebles 1 and 2 have conflaed cases of
congenital injury with lesions that were ac-quired at points
laer in childhood. Other sudies have divided age of leson



onset into broad epochs, with mixed and often contradictory
results. For example, Woods and Teuber (1978) conclude that
injuries in the first year of life are actudly more dangerous
than injuries acquired after age one, afinding that seemsto fly
in the face of accumulated evidence for early pladicity in
anima modds

Even more puzzling findings come from Goodman and
Yude (1996) and from unpublished data by Vargha-Khadem
and colleagues (persond communication, July 1996, cited in
Bates, Vicari, and Trauner, 1999). The latter two Studies
employed rdaively large samples (by the standards of this
field), and both revealed a result that would not be predicted
either by the theory of equipotentiaity or the theory of
irreversble determin-ism: in the absence of severe seizures
(which seem to preclude recovery to normd leves of language
in most cases), the best outcomesin both verba and nonverba
IQ are seen ether with congenitd lesions (pre- or perinatd) or
with lesions that occur between 4-12 years of age! It is of
course possible that this U-shaped function is an artifact of
other methodological factors, induding etiology (eg. the
medicad conditions that lead to unilaterd injury, including
stroke, may be quite different in infants, preschool children
and children in the eementary school years) and the
developmentd status of the child when testing occurs (eg.,
grade schoal children may have more sophisticated behaviora
drategies at their disposal, permitting them to perform better
on dandardized tests in the short run, and to exploit their
residua pladticity and recover to higher levelsin the long run).
It is also possible that this result would not replicate with
even larger samples (eg.,, according to VarghaKhadem,
persona communi-cation June 1999, the significant U-shaped
function reported for her unpublished data by Bates, Vicari,
and Trauner, 1999, dropped below significance when the same
was expanded to include more than 300 cases). For present
purposes, we can only conclude that the limits of plasticity
and capacity for recovery in young children are till unknown,
and that there is ample reason for families of children with
unilateral injury to be hopeful about their children's chances
for recovery.

Lesion type: site and size. Earlier studies (in-cluding
mogt of the studies reviewed in Tables 1 and 2) have been
restricted to a globa digtinction between left- and right-
hemisphere damage, often established via externd neurologica
sgns like hemiparess. More recent sudies have teken
advantage of dructurd brain imaging, and have begun to
qudify the crude digtinction between LHD and RHD with
further didtinctions revolving around leson size, the
presence/absence of subcortical damage, and the lobes of the
damaged hemisphere that are involved. Nevertheless, the term
"focd brain injury” is dill defined quite broadly in most
sudies, referring to a single (contiguous) lesion restrict-ed to
one haf of the brain, of any size, cortica and/or subcortica.

Vaiations in leson sze merit condgderaion, dthough
evidence on the contribution of leson dze to language
outcomesis till mixed. Lashley's principle of mass action
(the complement of equipotentidity) predicts that larger
lesons will have grester behaviord repercussons, with the

less chance for functiond recovery. His experiments with
adult rats supported this idea. However, Irle (1990) carried
out a metaranaysis of over 200 lesion studies in monkeys,
and found that while leson size did affect skill reacquisition,
the function was curvilinear; middzed lesons were
sgnificantly more likely to cause permanent damage than
smdl lesions or large lesions, with the latter including lesions
of up to 60% of tota brain tissue. At firgt glance thisresult is
counterintuitive, but Irle suggests a compelling explanation
that she calls “the fresh-gtart hypothesis’: small lesions have
little effect because they are amdl; midsze lesions are large
enough to lead to permanent behaviord impairments, but not
quite large enough to precipitate/cause the brain to reorganize;
large lesions result in a better outcome, because the anima
makes a"fresh dart," abandoning the inefficient strategies that
an anima with a midsized lesion ill struggles to apply.
Preliminary evidence by Thd et d. (discussed in more detail
below) appeared to provide support for the fresh-dtart
hypothesis, reflected in a Sgnificant U-shaped effect of lesion
Sze on ealy language outcomes (i.e, smdl lesons or very
large lesions were both associated with better |language abilities
than those observed in children with lesions in the middle
range). However, this U-shaped function dropped below
significance when the sample was doubled in size (Bates et d.,
1997, discussed below), hence the fresh-start hypothesis il
awaits confirmation, and our understanding of the effects of
leson sze on language outcomesis il very dim.

Lesion etiology and its neurological cor-relates.
The prospective studies reviewed below have concentrated
entirdly on children with congenitd injuries (before Sx
months postnatal age) that are usualy due to pre- or perinata
stroke (athough it is not aways possible to make a definitive
diagnosis of the cause or timing of congenitd injuries). We
should not be surprised to find that these studies yield
different results from those that have included children with
trauma or tumor (Anderson et d., 1999). Results may aso
differ from studies of children who suffered postnatd strokes
secondary to cardiac catheterization (which is often associated
with a lifetime of inadequate oxygen intake), and from studies
of outcomes following hemispherec-tomy in children who
have suffered for many years from intractable seizures. In
fact, as VaghaKhadem and her colleagues have recently
reported (see aso Ballantyne and Trauner, 1999), seizures are
the dngle grestest risk factor for language and cognitive
outcomesin children with unilaterd brain injury. We aso need
to consider when the seizure condition gppeared and its
subsequent course. For example, no effects of saizure history
were found in prospective studies of early language develop-
ment (Thal et d. and Bates et d., discussed below). However,
such studies necessarily conflate relatively benign neonatal
seizure conditions with more severe and persistent forms of
epilepsy that may not gppear for months or even yesars after
birth.

Sample size. Sample size is a band but poten-tidly
powerful factor to consder when evauating studies with
discrepant results. There are massive individud differencesin
the rate and nature of language development in perfectly



normd children (Bates, Dde, and Thd, 1995). Unilaterd

injuries are superimposed upon this landscape of variation,

which means that single-case sudies or small-sample studies
must be interpreted with caution. Consider a recent report by

Stak and McGregor (1997) on two cases of childhood
hemispherectomy, to the left and right hemispheres
respectively. These authors report an "adult-like" pattern:

sdectively gregter deficits for language in the case of LHD,

compared with a more even profile of dday in the case of

RHD, results interpreted to support a mild variant of

innatefirreversble determinism.  However, these two cases
contrast sharply with Vargha-Khadem's case study of Alex, a
child with severe LHD and intractable ssizures who was
virtualy mute when he underwent hemispherectomy a 8
years of age (VarghaKhadem e d., 1997). After an initid

delay, Alex went on to atan fluent control over language
(with no articulatory problems or specific ddaysin grammar),

commensurate with his menta age. Although case sudies can
be quite informative in showing us the range of outcomes that

are possi ble following various forms of unilatera injury, they

should not be used as the badis for generdizations about the
correlaion between various forms of injury and their linguistic
segudee.

Developmental sensitivity and timing of language
testing. There are two related factors a issue here. Firgt, the
amount of time that has eapsed since leson onset may
influence how "recovered" a child appears during testing.
That is, when children are tested in the middle school years or
beyond, those who suffered their lesons earlier in life have
aso had more time to reorganize and recover. Second, there
may be specific effects of lesion type that are only evident in
particular phases of development, when children start to come
to terms with the demands of a new language task. For both
these reasons, studies that focus on the early stages of
language may yidd quditative information about the initid
date of the system, and about the processes involved in
plesic reorganizetion of languege and other cognitive
functions.

Mogt of the studies summarized in Tables 1 and 2 have
been retrospective in nature, testing children well after the
period in which language is usudly acquired and (we presume)
after much of the recovery for which this population is so
famous has dready occurred. For the remainder of this
chapter, we will concentrate on developmenta studies of
children with focal brain injury thet teke the children’s leve of
development into account, tracking change over time usng
age- and dage-gppropriate language outcome meesures. In
particular, we will focus on prospective studies of children
with congenita injuries to one sde of the brain, reying
primarily on sudies by the San Diego group and their
collaborators.

Phaselll: The Emergentist View

All of the studies that we will condder here involve
children with congenita injuries (prior to six months of
postnatd age), producing a single contiguous lesion (though
often very large) confined to one sde of the brain. These
lesions are due primarily to pre- or peri-natd stroke, and in all

cases have been confirmed by CT or MRI.  Children were
excduded if the leson was due to tumor, trauma or arterio-
vend mdformation, or any form of diffuse or multifocd brain
damage, or if they suffered from any serious medicad
conditions (other than seizures subsequent to the leson
itsdf).  All children come from families in which the
predominant language is English, and dthough they represent
a broad socio-economic spectrum, children of middle-class
parents tend to predominate (as they do in much of the
behaviord literature in developmental psychology).

The San Diego group and their collaborators have
conducted cross-sectional and longitudind studies of this
clinica group for gpproximately 15 years, focusng on many
agpects of development including visud-spatid  cognition,
attention and hemispatia neglect, perception and production
of facid and voca affect. We will concentrate here on sudies
of gpeech and language. For reviews of development in other
domains, see Stiles, 1995; Stles, this volume; Stiles et d.,
1998. For more detailed reviews of language development in
this popu-lation, see Bates et dl., in press, Bates, Vicari, and
Trauner, 1999; Broman and Fletcher, 1999; Elman et d., 1996.

We will gtart with results of cross-sectiond studies that
focus on devdopment after 5 years of age, which largdy
confirm results of other large-sample studies of language
outcomes in this populaion. Then we will end with studies
that have examined the acquistion of language in this
population, gtarting in the first year of life. These studies
demondirate that Sde- and Ste-specific biases are present
ealy in life dthough the leson-symptom correations
observed in these studies do not map directly onto the
patterns observed in adults, different lesions have different
effects on early language learning that must be overcome. The
fact that they are overcome (disgppearing entirely by 5-7
years of age in the domain of language) provides powerful
evidence for the plagtic and experience-dependent nature of
brain and behaviord development. Furthermore, the evidence
sug-gests that language learning itsdf is the catdyd for this
reorganizeation.

Starting with studies of language outcomes at later stages
of development, Bates, Vicari and Trauner (1999) summarize
performance by 43 English-gpesking child-ren from the San
Diego sample (28 LHD and 15 RHD) and 33 Italian-gpesking
children (18 LHD and 15 RHD) from Rome, tested cross-
sectiondly between 3 and 14 years of age. Mean full-Scde
1Qs were in the low-normd range (94-97), dthough the range
was quite broad (from 40 to 140). There were also more cases
in the below-80 range (which some investigators use as a cut-
off for mild menta retardation) than we would expect if we
were drawing randomly from the normd populaion.
However, there were absolutdly no differen-ces between LHD
and RHD children in full-scale, verbd or nonverbd 1Q. For
the Italian sample, Bates et d. aso summarize performance on
sevead language tedts, induding lexicd comprehension (an
Itdian verson of the Pedbody Picture Vocabulary Test),
lexicad pro-duction (an Italian adaptation of the Boston
Naming Test), grammatica comprehenson (the Token Test
and an Itdian verson of the Test of Receptive Grammar), and



semantic category fluency. Again, dthough brain-injured
children performed significantly below norma controls on al
language messures except the TROG, there was no evidence
whatsoever for a difference between LHD and RHD on any
measure. Furthermore, when menta age was controlled in
andyses of covari-ance, the difference between brain-injured
children and norma controls disappeared for every meesure
except the Boston Naming Test.

These cross-sectiond results suggest that the plagtic
reorganization for which this population is known takes place
prior to 5-7 years of age. As aresult, children with early focal
brain injury recover far better (relative to age-matched
contrals) than adults with comparable injuries. Although this
conclusion has been around for quite a while, and there is a
large body of evidence on plagticity from anima research to
support it, adults and children have rarely been compared
directly, on a common set of measures. More direct
comparisons would be hepful in assessing the nature and
megnitude of this presumed pladticity. We are aware of only
three dudies (dl by the San Diego group and ther
collaborators) that have compared school-age children and
adults directly on the same measures (other than verba and
nonverbd 1Q), using z-scores based on data from age-matched
controls.

The firgt study in this series, by Kempler et d. (1999),
compared adults with RHD and LHD to a sample of 6-12-
year-old children who had suffered comparable injuries (dso
due to cerebrovascular acci-dents or CVA) during the pre-
/perinatal period. Child and adult patientswith LHD vs. RHD
were compared directly in an age-by-side-of-leson design,
using age-based z-scores derived from rdatively large samples
of age-mached controls on the van Lancker and Kempler
Familiar Phrases Test. As can be seen in Figure 1, RHD and
LHD adult patients display a double dis-sociation on this
task. LHD patients have more difficulty on familiar phrases,
whereas patients with RHD are significantly worse on idioms
or familiar phrases matched for length and complexity. As
Figure 1 adso shows, child patients displayed absolutely no
evidence for a double disociation; children with LHD vs.
RHD both performed significantly below norma controlsasa
group, but did not differ Sgnificantly from each other. Even
more important, the child patients performed within the low-
norma range on both messures, while the adult patients
performed many standard deviations below their age-matched
controls on their weakest measure (i.e,, novel phrases for
patients with LHD; familiar phrases for patients with RHD).
In other words, the children were not significantly impaired
(i.e, their performance did not reach criteria required to
establish the existence of a language deficit) following ether
right- or left-hemisphere damage, and no sdective effects of
lesion sSide were detected.

The second dudy, by Dick et d. (1999), compared
performance by children and adults with unilaterd brain injury
and their age-matched controls in an on-line auditory sentence
comprehension test that contrasts syntacticaly simple
sentences (active and subject cleftsthat follow canonical word
order) with syntacticaly complex sentences (passives and

object clefts that violate canonica word order). All sentences
were fully grammaticd, and semanticadly reversble. All
groups (including normal controls) displayed the same basic
profile of lower accuracy on noncanonica sentences (object
clefts and passives). Among the children, group by sentence
type interactions were obtained indicating that (1) the
youngest norma children were at a greater disadvantage than
older children on the more difficult noncanonical sentence
types, (2) as a group, brain-injured children showed a greater
disadvantage on the difficult sentences than their age-matched
controls, (3) however, the brain-injured children were ill
within the norma range for their age, and most important for
our purposes here, (4) there were no sgnificant differences
between children with LHD and children with RHD on any of
the sentence types. In contrast with these findings for
children, adults with unilaterd brain injury were severdy
impaired, especidly on the noncanonica sentences. Direct
comparisons of adults and children with LHD dearly
demondrate that LHD is associsted with receptive
agrammetism in adults but not in children.

The third study in this series focused on language
production instead of comprehension, based on samples of
free speech (Bates, Wulfeck, et a. 1999), collected within the
framework of a biographica interview tailored to reflect the
different interests of children and adults. Participants included
38 bran-injured children (24 LHD, 14 RHD) between 5-8
years of age, 38 normd controls matched for age and gender,
14 adults with LHD (incdluding 3 Brocas gphascs, 3
Wernicke's gphasics, 5 anomic gphasics, and 3 nongphasic pa
tients), 7 adults with RHD, and 12 adult controls in the same
range of age and education. The structured interviews were
videotaped and transcribed following conventions of the Child
Language Daa Exchange System, and coded into various
categories assessing amount of speech (number of word types,
word tokens, morphemes, and utterances), length (mean length
of utterance in morphemes, or MLU), grammeticad com-
plexity (number of complex syntactic Structures, in both
types and tokens), and errors (word omissions, morphological
arors, lexica erors). Although it was generdly true that
children talk far less than adults (including adult gphasics),
when proportion scores were used to correct for overdl
amount of output, results were exceedingly clear: (1) there
were absolutely no differences between children with LHD vs.
RHD on any messure; (2) in this open-ended free-peech task,
there were dso very few differences between brain-injured
children (combining LHD and RHD) and ther controls (the
exceptions were smal but sgnificant disadvantages for FL
children as a group in humber of word omission errors and in
number of word types); (3) in striking contrast to the child
data, there were huge differences between adults with LHD
vs. RHD on virtudly every measure, in the predicted
directions, (4) LHD adults also showed quditetive variations
in their symptoms, reflect-ing different aphasia subtypes (e.g.,
more morpho-logical and omission errors in Brocas gphasics,
more lexicd erors in Wernickes aphasics). One smdl
illugtration of these results can be seen in Figure 2a, which
plots the total number of errors per proposition in children vs.



adults within each leson group, and Figure 2b, which plots
the same data for LHD and RHD children and adults in z-
scores based on performance by age-gppropriate controls.
Figure 2a shows that error raes are certainly higher for
children than adults (as we have known for many years), but
Figure 2b shows that LHD and RHD children are very close
to norma (with z-scores close to zero) while the worst
gphasics produce eror rates that are orders of magnitude
higher than normd controls (whose error rate is extremely
smdl, leading to very smal sandard deviaions). Although
these results are not surprising, in view of the accu-mulated
evidence for pladticity following early brain injury in humans
and in other species, they document this phenomenon with
exceptiond clarity.

This brings us to a summary of evidence by the same
research group looking a the fird dages of language
development, prior to 5-7 years of age.

In a sudy focusing on the earliest stages of language
development, Tha e d. (1991) dexcribe results for 27
congenitally brain-damaged infants between 12 and 35
months of age, usng an ealy verson of the MacArthur
Communicative Development Inven-tories, or CDI (Fenson et
a., 1993), a parent-report instrument for the assessment of
ealy lexicd and granmaticd devdopment. Delays in word
comprehen-sion in the very first stages of development were
actudly more common in children with RHD. Ddlays in first
word production occurred for dmogt dl the brain-injured
children, regardiess of leson sSde or Ste, but tended to be
more severe in children with left poderior damage -- an
aopaent reversd of the expected association between
comprehension deficits and damage to Wernicke sarea.

Bates et d (1997) followed up on Thd et d. (1991) with
a larger sample, usng a combination of CDI data and free
speech to asess early language development in 53 children
between 10 and 40 months of age (36 LHD, 17 RHD),
including 18 of the 27 cases from Thd et &. The study was
divided into three cross-sectiond epochs (athough many of
the children participated in more than one): a period focusing
on the dawn of word com-prehension, word production and
gesture (26 children from 10-17 months), a second substudy
focusing on word production and the emergence of grammar
(29 children from 19-31 months), and an andyss of
grammaticad development from freegpeech samples (30
children from 20 and 44 months). Performance a these
various dages of development was evauated in comparisons
based on lesion side, lesion size, and lesion site (i.e., whether
or not the frontal lobes or tempora lobes were involved).
There were no effects of leson size in any of these analyses
(including a failure to replicate the U-shaped effect of leson
Sze described by Tha e d., as we discussed ealier).
Interesting effects of leson sde and intrahemispheric lesion
dte did emerge, but in complex patterns that are surprisng
from the point of view of the adult gphasialiterature.

Between 10-17 months, ddlays in receptive language
were particular evident in children with RHD (i.e., more RHD
cases than we would expect by chance fell into bottom 10th
percentile for word comprehen-sion). By contrast, the LHD

children performed within the norma range on word

comprehension, even if their lesons involved tempora lobe

(the presumed site of Wernicke's areq, which isimplicated in

moderate to severe forms of receptive gphasia in adults).

However, there was no sgnificant difference between LHD

and RHD on direct dtatisticd comparisons, so the RHD

disadvantage is not robust and should be investigated further.

There was dso a dgnificait RHD disadvantage in the

development of communicative and symbolic gesture, and this

time the RHD disadvantage did reach significance in a direct

LHD/RHD comparison. This result is dso surprising, since

deficits in the production of symbolic gestures are atypicaly

asociaed with |eft-hemisphere damage when they occur in

adults (Goodglass, 1993). Findly, Bates et a. do report a
slective dday in expressive vocabulary for children with

LHD. However, in line with the earlier report by Tha et d.,

this disadvantage was only evident in children whose lesions
involved the tempora lobe.

The second substudy followed children's language
development between 19-31 months, when the so-caled
vocabulary burd is said to occur (eg., an intense period of
development for vocabulary/lexica production), and when
children's comprehension is often so vagt it is difficult to
measure. This is dso the period in which children typicaly
dat to combine words, followed by the emergence of
grammatical inflections and function words. For the 29
children whose scores on this scale were obtained, a sdlective
disadvantage for children with LHD gppeared both for
expressive vocabulary and the emergence of grammar (with no
evidence whatsoever for a dissociation between grammatica
and lexica pro-duction). However, this LHD disadvantage
was due once again to children with left tempord involvement,
in contrast with the typica adult pattern in which expressve
deficits (especidly nonfluent gphasia) are usudly associated
with left frontd involvement (i.e, Broca's area and adjacent
cortical and subcortical regions). Smilar ddlays in expressive
vocabulary and grammar appeared when children with fronta
Iobe involvement were compared with children whose lesions
spared the fronta lobe. However, in contrast with the
asymmetrical |eft tempord disadvantage that we have just
discussed, this fronta effect was perfectly sym-metrical:
ddays were equaly severe with left fronta or right fronta
lesions.

Curioudy, an abnormd proportion of the children with
RHD were ds0 producing a higher than norma number of
function words for their vocabulary size. As described in
some detail by Bates, Bretherton and Snyder (1988) and by
Baes e d. (1994), such overuse of function words for
children in the early stages of vocabulary development (i.e,
under 400 words) is definitely not a sign of precocious
grammar. In fact, children who overuse pronouns and other
function wordsin the early stagestend to berelatively dow in
grammatica development later on. For these children, function
words tend to appear in frozen or rote expressionslike “I wan
dat”, astyle of early expressve language that has been called
"pronomind style", or "holigtic style." At the opposite end of
the continuum are children who avoid function words in their



first word combinations, producing telegraphic utterances like
“Adam truck” or “Mommy sock”. This style of early

expressive language has been referred to as “nomind style’ or

“andytic style’. Given the terms “holistic’ and “analytic’,

which are often attributed to right- vs. left-hemisphere
processing, respectively, one might have predicted that

holigtic style would be more common in children with LHD

(who are presumably relying more on holigic right-
hemisphere processes to acquire lan-guage). This prediction is

roundly contradicted by the Bates et d. study, where holigtic
style was robustly associated with RHD (indicating that the
overproduction of function words in early speech reflects
reliance on the intact left hemisphere). Bates et d (1997)

suggest that children with RHD are relying heavily on the
more precise acoustic andysis and/or greater acoustic memory

available in the left hemisphere, storing up frozen expressions
that they are unable to segment or understand beyond a
relatively superficid level of andyss (rather like an American

who says “ Gesund-heit” when someone sneezes, with no idea
whatsoever regarding the structure or meaning of that word in

German). This would mean, in turn, that right-hemi-sphere
processes are very important in the early stages of language

learning for the breskdown of acoudic maerid and its
integration into a larger cognitive system. However, once the
materia has been andyzed, understood and integrated into a
larger framework, the contribution of the right hemisphere
may be much less important, so that control may shift (in the
undameged brain) to rgpid, automatic processes mediated

primarily by the left hemisphere.

In the third and finad subgroup of children, Bates et d.
(1997) collected free-gpeech samples between 21 and 44
months of age. As their CDI scores predicted, the MLU
scores of children with damage that encompassed the left
tempora region of their brain were significantly lower than
normd, and significantly lower than scores for brain-injured
children whose lesons spared this region (including al
children with RHD and the subset of LHD children with no
tempora involvement). Children with right or left fronta
damage a0 ill looked delayed, but this difference was not
gatisticaly sgnificant in the 21-44-month subsample.

Vicari et d. (in press) attempted a partia repli-cation of
the Baes e d. reslts for early lexicad development,
adminigtering an Italian version of the MacArthur CDI to the
parents of 43 children between 13 and 46 months of age. Their
dudy differed from the methods used by Bates et d. in two
crucid respects: children beyond the age range covered by the
MacArthur CDI wereincluded in the study (which meansthat
they could not use age-based percentile scores), and parents
were given the Infant or the Toddler version of the MacArthur
basad not on age but on their child's current level of linguistic
ability (children who were 4ill in the one-word stage were
assigned the infant form, but children who were starting to
combine words were assgned the toddler form). For these
reasons, the studies are not entirdly comparable, but results
replicade and extend the Bates et d. findings in some
interesting directions. Firg, Vicari et d. aso report a massve
across-the-board delay in early vocabulary development for
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brain-injured children as a group. Hence, even though the long-
term prospects for these children are relatively good, it is
obvioudy hard to get language off the ground when significant
damage has occurred to ether hemisphere. Second, Vicari et d.
report alarge and significant interaction between side of leson
(LHD vs RHD) and gage of language development (single
word vs. multiword). Among children who were ill in the
one-word stage, LHD were significantly dower in vocabulary
development than RHD (since 10 out of 12 of the one-word-
stage children with LHD had tempora lobe involvement, a
specific replication of Bates et a.'s |eft tempora findings was
not possible). By contrast, among children who were now in
the multiword stage, the LHD disadvantage had disappeared
entirdly. In fact, LHD children in the multiword group had a
numerica advantage over theér RHD counterparts. This
advantage was not satigtically significant, but it contributed
to the robust interaction between language stage and lesion
Sde. Vicari et d. suggest that recovery from thisinitid delay
may begin very early for some children, and may be forced in
part by the delay itsdlf. That is, children who are particularly
dissdvantaged in the firgt stages of language acquistion (eg.,
LHD cases) may be forced to abandon a faling strategy in
favor of some dterndive goproach, leading to earlier and
(ultimately) more suc-cessful languiage learning.

Reilly et d., 1998, conducted a cross-sectiond study of
15 RH- and 15 LH-damaged children, between 3 and 12 years
if age, usng a gory-telling format (the wel-known Frog Story
nardives -- Beman and So-bin, 1994) to assess lexicd,
grammatica and discourse development. For children between
3 and 6 years of age the now-familiar left tempora
disadvantage was ob-served in syntactic complexity and in
persstence of morphologica errors. However, this effect of
lesion ste was not observed in children between 6-12 years of
age. Among the older children, there were 4ill sSignificant
differences between focd lesion children (LHD and RHD
combined) and their age-matched controls on a number of
messures, but the focd leson children were nevertheess
performing within the norma or low-norma range. Hence the
Reilly et d. results for grammar suggest a later variant of the
recovery patern that Vicari et d. observed within the lexica
domain.

Because the Rellly et d. and Vicari et d. studies are both
cross-sectiond, it would be very useful to replicate these
results with longitudind samples. Although their results are
dill preliminary, based on a relatively smdl sample, Reilly
and colleagues (Losh, Relilly, and Bates, 1996) have tested a
longitudind subgroup across the 5-7-year age range that
seemed to be awatershed in their cross-sectional study. They
report that children with left tempora involvement do indeed
move sharply upward in syntax and morphology across this
age range, scoring numericaly above children with RHD at the
later time point. The generd picture seemsto be one in which
children with LHD display sharper or "steeper” growth
functions, while children with RHD show a flatter profile of
growth in the language domain.

Summary and Conclusion



Putting these lines of evidence together, we may conclude
(or perhaps hypothesize) that the infant brain contains strong
biases thet, in the absence of early brain damage, guarantee the
eventua emergence of left-hemisphere specidization for
language. Although (if anything) the right hemisphere seemsto
play a more important (or at least equally important) role in
the emergence of word comprehension and communicative
gesture, progress in expressive language (both lexicd and
grammatica) seems to be ddayed with frontd damage (to
ether sde of the brain) and with tempora damege (but, in this
case, tempora damege restricted to the left hemigphere). In
other words, there is an early bias that predigposes the |eft
hemisphere to “take over” rapid and efficient production of
words and sentences, a development which may also result in
the emergence of left-hemisphere specidization for many
agpects of receptive language as well. In the absence of
evidence to the contrary, one might have assumed that this
early |eft-hemisphere advantage for speechvlanguage produc-
tion (but not reception) has a motor base. And yet severd
sudies by the San Diego group suggest that the source of this
|eft-hemisphere bias lies primarily within the tempord lobe, a
region that is supposed to be specidized for perception rather
than production.

In this regard, Bates et d. note that some children with
severe otitis media (i.e, middle-ear infections) dso show
sective ddays in the emergence of expressve (but not
receptive) language. Why would middle-ear impedance have
gregter effects on language production than comprehension?
The answer may lie in a smple fact: language learning is not
the same thing as fluent language use. When achild istrying to
bresk into the language system for the firgt time, the amount
of perceptua analysis required to produce her own versions
of a new word is greater than the amount of perceptua
anaysis that she needs to recognize the word (especidly if
she is asked to recognize that word in a richly supportive
socid and physica context, which can be integrated with the
acoudic dgnd to achieve compre-henson). If these
assumptions are correct, then we can put the story together as
follows: l€ft tempora regions may be particularly well suited
(perhaps at or before birth) for the extraction of perceptua
detail. Indeed, there is ample evidence from visud-gpatia
processng in adults to support this view, hence the
hypothesized “perceptual detail advantage’ would not be
specific to language, or even to audition. However, such abias
would be particularly relevant in the first stages of language
learning, leading (in the absence of injury) to the establishment
of left-hemisphere dominance. What these prospective studies
do clearly show is that this bias is “soft”, and can be
overcome. Indeed, by 5-7 years of agetheinitid disadvantages
asociaed with Ieft-hemisphere damage seem to have
disappeared, or at leadt, fdlen below the levels that we are
able to detect with the measures that we have developed 0
far.

Finaly, it appears from these studies that the emergence
of organization for language (in the un-damaged brain) and
reorganization for language (in the damaged brain struggling to
overcome initia biases) both occur within the period in which
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language is acquired, i.e, somewhere between birth and 5
years of age. We may speculae that this corrdaion between
brain and behaviora development is no accident. In fact, we
propose that learning itself playsamagjor rolein organizing the
brain for efficient language use, as children struggle to find an
optimal solution to the chalenges associated with language
and communication.
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Figures& Tables

Figure 1. Comprehenson of nove and familiar phrases by children and adults with left vs. right
hemisphereinjury
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Figure2a. The mean number of errors per proposition for normally developing children, adult controls,
and children and adults with right or left hemisphere damage. LHD patients are further sub-divided by

aphasiatype.
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TableKey

RHD = right- hemisphere damage
LHD = |eft-hemisphere damage
PN = prenatal
+ S = patients suffering from saizures
-S= patientswith no seizure activity
+Temp = injury includes damage to the tempora lobe
—Temp = injury spares the tempora |obe
+Frontal = injury includes damage to the frontal Iobe
—Frontal = injury sparesthe frontal l1obe
NR =not reported
NSR = no specifics reported
N/A = not gpplicable
X0 = mean age of onset

XT = mean age at testing

Notethat a"<" indicates worse performance regardless of the specific measure used
Note that if two groups are described as"=" , this indicates merely that they did not differ sgnificantly.



TABLE 1: Summary of IQ data from studies of children with focal brain injury

Patients RHD
Authors VS. RESULTS?
Site Neuro- Age of Age At Seizures LHD
imaging? Onset Testing ? ?
Woods and 19 RHD NO PN - 15 years NR NR YES FIQ: LHD < controls
Teuber (1973) | 17 LHD RHD < controls
LHD = RHD
PIQ: LHD < controls
RHD < controls
VIQ: LHD < controls
RHD = controls
Woods (1980) | 23 RHD NO “early” (<1yr) RE: X; = 14,01 RE: 5(-S) NO
27 LHD 10 RHD =RE, LE: X; =17;02 5(+S) VIQ: RE < population mean & controls
11 LHD = LE RL: X; =10;03 LE < population mean & controls
LL: X; = 8;06 LE: 8 (-S) RL = population mean & controls
“late” (>1yr) 3 (+S) LL < population mean & controls
13RHD =LR
Xo =6;4 RL: 11 (-S) PIQ : RE < population mean & controls
6 LHD = LL 2 (+S) LE < population mean & controls
Xo= 57 RL < population mean & controls
LL: 13 (-S) LL < population mean & controls
3(+S)
Comparisons
between +S and
—S groups NOT
made




Vargha- 28 LHD some 33 “Prenatal” (<2mo.) NSR NR NO prenatal RHD: VIQ = PIQ
Khadem 25 RHD (16 RHD, 18 LHD) prenatal LHD: VIQ < PIQ
et al. At least > 2yrs post
11" early postnatal” onset
(1985) (2mo.-5yr.) early postnatal RHD: VIQ = PIQ
(5 RHD, 6 LHD) early postnatal LHD: VIQ < PIQ
9 “late postnatal” late postnatal RHD: VIQ = PIQ
(5yr.-14yr.) late postnatal RHD: VIQ = PIQ
(5 RHD, 4 LHD)
8 RHD YES RHD: Xo = 1;4 RHD: X; = 3;10 none NO FIQ: LHD < controls
Aram et al. 8 LHD 2 mo. - 9:0) (1;8 - 5;10) RHD < controls
(1985)
LHD: Xg = 1;6 LHD: X; =4.;6s PIQ: LHD < controls
(1 mo. - 6:2) (2mo. - 8;2) RHD < controls
VIQ: LHD = controls
RHD < controls
Riva and 26RHD some “early” (<1yr) early(<1yr) none NO FIQ: LE = controls
Cazzaniga 22LHD 13 RHD =RE, Xr =85 LL = controls
(1986) 10 LHD = LE RE < controls
RL < controls
“late” (>1yr) late(>1yr)
13RHD =LR X =118 PIQ: LE < controls
12 LHD = LL LL = controls
Xo =66 RE < controls
RL < controls
VIQ: LE < controls
LL = controls
RE = controls
RL = controls
Riva et al. 8RHD YES RHD: X, = 4,6 RHD: X; = 10;7 5RHD (-S) NO PIQ: LHD < controls
(1986) 8LHD (1;8-8;3) 3 RHD (+S) RHD < controls
LHD: X; =11;1
LHD: X, = 6;4 5LHD (-S) VIQ: LHD < controls
(0;8 - 12;8) 3 LHD (+S) RHD = controls
Comparisons

between +S and
—S groups NOT
made




Nass et al. 12 RHD YES pre- or perinatal RHD: X; = 8;6 YES FIQ: LHD > RHD
(1989) 14LHD
LHD: X; = 6;8 PIQ: LHD = RHD
VIQ: LHD >RHD
LHD: PIQ <VIQ
RHD: PIQ =VIQ
Vargha- 40 RHD YES pre- or perinatal RHD (-S): YES FIQ: RHD=LHD
Khadem et al. | 42 LHD X; =11;3 +S < controls
(1992) 24 RHD (-S) -S < controls
RHD (+S): 16 RHD (+S) +S<-S
Xr =11;6
PIQ: RHD=LHD
+S < controls
-S < controls
LHD (-S): +S < -S
X7 =12;9
28 LHD (-S) VIQ: RHD = LHD
LHD (+S): 14 LHD (+S) +S < controls
X =11;8 -S = controls
+S -S
Eisele and 12 RHD YES RHD: Xg = 1,06 RHD: X; = 5;08 none YES VIQ: LHD = RHD =controls
Aram 21 LHD (PN-9;08) (2;06-14;07)
(1993) PIQ: LHD = controls
LHD: Xg = 2:03 LHD: Xy =7:05 (2,0 7 RHD < LHD = controls
(PN-11;07) - 14,02) RHD < controls
Ballantyne et | 9 RHD YES pre- or perinatal RHD: X;=11;2 (4;11 NR NO FIQ: LHD < controls
al. (1994) 8 LHD -20;1) RHD < controls

LHD: X; =9
(4:1 - 16;5)

PIQ: LHD < controls
RHD < controls

VIQ: LHD < controls
RHD < controls

LHD: PIQ=VIQ
RHD: PIQ < VIQ




Muter et al.
(1997)

18 RHD
23 LHD

some

pre- or perinatal

Xr = 4;11
(3;6 t0 6;8)

11RHD (-S)
4RHD (+S)

15 LHD (-S)
8LHD (+S)

YES

Two testing periods (t1,t2)
one year apart

FIQ:

PIQ:

VIQ:

RHD=LHD (1 and t2)

+S < controls (t1 and t2)
-S < controls (11 and t2)
+S <-S (t1 and t2)

RHD=LHD

+S < controls (t1 and t2)
-S = controls (t1)

-S < controls (t2)

+S < -S

RHD = LHD (t1 and t2)

+S < controls (t1 and t2)
-S = controls (t1 and t2)
+S < -S




Bates, Vicari, | 15RHD YES < 6 mo. 3-9yr. 8RHD (=S) YES PIQ: LHD < controls
and Trauner 28 LHD 7RHD (+S) RHD < COhtrOlS

(1999) LHD = RHD
16LHD (-S) VIQ: LHD < controls
11LHD (+S) RHD < controls

LHD = RHD
27 RHD YES <6 mo. 3-14yr. 20RHD (-S) YES FIQ: LHD < controls
46 LHD 7RHD (+S) RHD < controls

LHD = RHD

35LHD (-S)

11LHD (+S)




Table 2: Summary of data from studies of children with focal brain injury using various language assessment measures

Authors Patients Tests Used Results
Site Neuro- Age of Onset Age At Seizures? 5
imaging Testing '
?2?
McFie (1961) 24RHD NO NR NR NR 7 RH infantile with
14LHD 35 infantile clinical/observational clinical dysphasia
(before 1yr.) 1 RH juvenile with
(19 RHD,11 LHD) clinical dysphasia
4 LH infantile with
8 juvenile clinical dysphasia
(after 1yr.) 4 LH juvenile with
(5 RH,3 LH) clinical dysphasia
range of onset Weigl Sorting test LHD: impaired on Weigl Sorting
15mo-5yr. Sentence learning test and Sentence Learning but NOT
Memory for designs test on memory for designs
RHD: impaired on Weigl Sorting
and Sentence Learning but NOT
on memory for designs
48 LHD, No 72"pre-specch NR NSR NO none of the RHD or LHD had
Basser 54 RHD onset" clinical/observational “dysphasia”
(1962) (34L,38R) .
8/48 LHD had stuttering or
30 "post-speech articulation problems
onset" 8/48 LHD had reduced or
(14L16R ) nonexistent speech
7/54 RHD had stuttering or
articulation problems
11/54 RHD had reduced or
nonexistent speech
34 pre-speech onset LHD had
delayed first word production
38 pre-speech onset RHD had
delayed first word production
Alajouanine 32 LHD No from 6 - 15 years NR NR N/A clinical/observational 32/32 impaired expression
and patients (written, spoken, gestural)
Lhermitte ONLY 7132 exhibited paraphasias
(1965) 10/32 impaired comprehension

18/32 had alexia




Woods and 31 RHD No LHD: X =6.;3 NR NR NO clinical/observational 25/34 LHD had language
Teuber (1978) | 34 LHD (1;4 -15;2) disturbances post-onset
RHD: X=7;2
(2,9 -14;4) 4/31 RHD had language
disturbances post-onset
(3 were pre-morbid left handers)
Woods and 27 LHD NO Early LHD Early LHD Early LHD: N/A Early LHD = controls
Carey (1979) patients (before 1yr), Xr=17;8 2(=S) Late LHD < controls
ONLY N=11 9(+S) Early LHD < controls
Late LHD L ate LHD Late LHD < controls
Xr =15;3yrs aeLnb: Early LHD = controls
I';la:telléHD (afterlyr), 11—5_(+_)(§S) Late LHD = controls
Xo =57 yr Sentence Completion Early LHD = controls
o=t (from the BDAE) Late LHD < controls
(1:2yr. 10 15..1) Relations Task Early LHD = controls
Late LHD < controls
Comparison That-Clause syntax Early LHD = controls
between +S Late LHD < controls
and —S Early LHD = controls
groups NOT Late LHD = controls
made Early LHD < controls
Late LHD < controls
Vargha- 28LHD some 33 “Prenatal” (<2mo.) NR NR YES RHD > LHD
Khadem 25 RHD (16 RHD, 18LHD) All 3 RHD groups = controls
et al. At least < 2yrs All 3 LHD groups < controls
11" early postnatal” post onset
(1985) (2mo. - 5yr.) Late postnatal LHD <
(5RHD, 6 LHD) prenatal and late RHD
Oldfield-Wingfield RHD > LHD
9 “late post-natal” Picture Naming Prenatal RHD = controls
(Syrs - 14yr.) Early postnatal RHD = controls
(5RHD, 4 LHD) Late postnatal RHD = controls
All 3 LHD groups < controls
Late postnatal LHD <
all other groups
8RHD YES RHD: Xg = 1;4 RHD: X7 =3;10 none NO PPVT LHD < controls
Aram et al. 8LHD (2 mo. - 9;0) (1;8 - 5,10) RHD < controls
(1985) EOWPVT LHD < controls
LHD: X = 1;6 LHD: X; =4.:6 RHD = controls
(1 mo. - 6;2) (2 mo. - 8;2) Northwestern Syntax LHD < controls

Screening Test (NSST)

RHD = controls

The Photo Articulation
Test

LHD = controls
RHD = controls

Free speech : mean length

of utterance (MLU) in
morphemes

LHD < controls
RHD = controls

Free speech :
Developmental sentence

scoring (DSS)

LHD < controls
RHD = controls







