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Abstract
Study of the neural substrate of language and communication has primarily involved two methodologies: lesion analysis,
which determines structure–function relationships by noting deficits associated with damage to particular brain regions,
and neuroimaging methodologies, which identify brain activity modulated by demands on the processes presumed to
underlie language and communication. Lesion analysis highlights the importance of left hemisphere frontal and
temporal lobe regions for core language comprehension and production tasks, and implicates a role for the right
hemisphere in higher-level language tasks. Neuroimaging implicates a role for homologous right hemisphere regions
in speech perception, grammar, and some aspects of sentence-level semantics.
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a0005 Language and Communication – Brain Substrate
S. Coulson, University of California, San Diego, CA, USA

ª 2010 Elsevier Ltd. All rights reserved.

Glossary
g0005 Apraxia of speech A communicative disorder involving

the voluntary production of speech.

g0010 Articulatory code The representation of speech

sounds derived by internally simulating movements

needed to produce those sounds.

g0015 Paralinguistic The nonverbal elements of

communication.

g0020 Paraphasic error A speech error involving the

substitution of an incorrect but related sound or word,

as in ‘tree’ for ‘free’, or ‘chair’ for ‘bed’.

g0025 Phoneme One of a small set of speech sounds used in

a particular language; it is the smallest unit of sound that

leads to a difference in meaning.

g0030 Pragmatics The field of linguistics addressing the way

that meaning changes as a function of context.

g0035 Semantics The study of language meaning.

g0040 Suprasegmental A vocal effect that extends over more

than a single speech sound.

p0005 Language is a system for evoking cognitive models
through the systematic use of sounds, gestural signs, or
printed symbols. Language involves several different
kinds of representations, each governed by rules and
regularities in the way in which they can be combined.
Speech, for example, can be understood as being struc-
tured at the level of phonemes, or speech sounds, lexemes,
or words, and grammatical constructions that allow
speakers to combine a finite array of words into a poten-
tially infinite set of sentence meanings. Moreover,
communication involves more than language, including
paralinguistic and inferential components, such as tone of
voice, or prosody, facial expressions, co-speech gestures,
and the utilization of background and contextual
knowledge.

p0010 Study of the neural substrate of language and commu-
nication has primarily involved two methodologies: lesion
analysis, which determines structure–function relation-
ships by noting deficits associated with damage to
particular brain regions, and neuroimaging methodolo-
gies, which identify brain activity modulated by demands
on the processes presumed to underlie language and
communication. These two approaches are somewhat
complementary, as lesion analysis can be used to identify
brain regions necessary for a particular language or

communicative function, while neuroimaging is useful
for identifying a complete set of brain regions that parti-
cipate in the underlying computational processes.

s0005Patient Studies

s0010Aphasias

p0015Many historians of science argue that the modern era of
neuropsychology begins with the work of Paul Broca, a
nineteenth-century neurologist. Broca prompted scienti-
fic discussion as to whether language ability could be
localized in the brain with his classic report of two
patients with profound language-production deficits fol-
lowing large left frontal lobe lesions. Localization
received further support from Broca’s contemporary,
Carl Wernicke, who reported two patients with severe
language-comprehension deficits, apparently due to the
presence of a lesion in the posterior portion of the left
temporal lobe. Although Wernicke’s aphasics can speak
fluently, their speech includes made-up words known as
‘paraphasias’ (e.g., ‘treen’ for ‘train’), and their sentences
are often incoherent. In contrast, the incidence of aphasic
deficits in patients with lesions in the right hemisphere is
far less common.

p0020Even today, cognitive neuroscientists’ understanding
of the relationship between brain activity and language
ability derives largely from the study of brain-injured
patients. The logic of these studies is that the damaged
area plays a critical role in the compromised function.
Consequently, the left hemisphere is considered to be the
language hemisphere, while the right hemisphere is the
‘minor’ hemisphere. Since damage to the front portion of
the brain is associated with difficulty in speaking, it is
assumed that left frontal areas play a crucial role in
language production. Similarly, since damage to the pos-
terior portion of the brain is associated with difficulty in
understanding language, it is assumed that left posterior
temporal areas play a crucial role in language
comprehension.

p0025Although the modern model of the neural basis of
language is considerably more complex than that outlined
by nineteenth-century neurologists, such as Broca and
Wernicke, a good deal of contact with its historical pre-
decessor remains. Consequently, we begin with a brief
account of each of the seven basic aphasic syndromes, or
common clusters of symptoms, and follow with a synopsis
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of localization claims agreed to by the twenty-first-cen-
tury neurologists and neuropsychologists.

s0015 Broca’s aphasia
p0030 Common features in the speech of Broca’s aphasics

include effortful speech replete with pauses, false starts,
and unclear words. Their conversational speech is not
grammatical, consisting mainly of nouns, with a few
verbs. The so-called ‘function words’ (determiners, pre-
positions, and conjunctions) and ‘bound morphemes’
(e.g., ‘-s’ to denote the plural, or ‘-ly’ to indicate an
adverb) are often omitted from the speech of Broca’s
aphasics. These patients experience word-finding diffi-
culty, both in conversational speech, and in picture-
naming tasks. When asked to repeat a word or a phrase,
Broca’s aphasics are often unable to do so, producing the
same sort of halting utterances characteristic of their
conversational speech. Although comprehension in
Broca’s aphasics is generally good; careful testing suggests
that they have difficulty when adequate understanding of
a sentence depends critically on grammatical information,
without the support of background knowledge and con-
textual information.

p0035 As classically defined, Broca’s area is the third frontal
convolution of the inferior frontal gyrus. The proximity
of this area to primary and premotor cortices coupled
with the speech-production deficits associated with this
syndrome, led to an early characterization of Broca’s
aphasia as ‘expressive’ aphasia, to be contrasted with the
fluent ‘receptive’ aphasia described by Wernicke, which
in turn was supported by the proximity of Wernicke’s
area to primary auditory cortex. However, extensive
study of the relationship between lesion sites and parti-
cular deficits has led to the conclusion that it is the
existence of lesions to the anterior portion of the insula
that is crucial for the prediction of whether a given patient
will suffer from the speech-production deficit known as
‘apraxia of speech’.

p0040 Another characterization of Broca’s aphasia is as
‘agrammatic’ aphasia, due to the putative involvement
of Broca’s area in knowledge of grammar. This char-
acterization derives both from the ungrammatical
nature of their output, and the demonstration that
comprehension deficits in Broca’s aphasia seemed to
depend specifically on knowledge of grammar.
However, the tight linkage between Broca’s area and
grammatical knowledge has also fallen out of favor due
to reports of grammatical processing deficits in patients
with other aphasia syndromes, as well as the demon-
stration that similar grammatical deficits could be
induced in neurotypical adults by various methods of
stimulus degradation, or through the imposition of
stressful conditions.

s0020Wernicke’s aphasia
p0045Language production in Wernicke’s aphasia is fluent,

though it often contains paraphasic errors. These patients’
primary deficit, however, is in language comprehension.
They experience moderate-to-severe difficulty on repe-
tition and naming tasks, and while their comprehension of
written words is often better than their auditory word
comprehension, they are impaired both in their ability
to read and to write.

p0050As classically defined, Wernicke’s area is the posterior
region of the left superior temporal sulcus. However,
systematic study has failed to uphold a strict one-to-one
relationship between Wernicke’s aphasia and lesions of
this region. Some investigators have reported Wernicke’s
aphasia in patients with lesions in frontal regions, post-
Rolandic temporoparietal areas, and other temporal lobe
regions, especially the middle temporal gyrus.

s0025Conduction aphasia
p0055As in Wernicke’s aphasia, conduction aphasia is charac-

terized by fluent language production containing frequent
paraphasic errors. Moreover, conduction aphasics are
unable to repeat words or phrases that are read to them.
Unlike Wernicke’s aphasics, however, conduction apha-
sics’ ability to understand language is largely preserved.
Similar to most aphasics, these patients occasionally
experience difficulty in naming tasks, and their reading
and writing ability is sometimes impaired.

p0060Conduction aphasia is classically associated with
lesions to the arcuate fasciculus, the white matter tract
that connects Broca’s area in frontal cortex to Wernicke’s
area in the temporal lobe. This aphasic syndrome – intact
comprehension accompanied by the inability to repeat
spoken words – was actually predicted by Wernicke
based on his model in which the arcuate fasciculus con-
nected Wernicke’s area, where the sound images of words
were stored, to Broca’s area, where the motor images of
words were stored.

p0065Wernicke argued that speech production was normal
in conduction aphasics because the connection between
conceptual centers and Broca’s area was intact; speech
comprehension was normal because the connection
between Wernicke’s area and the brain’s conceptual cen-
ters was intact. Repetition was compromised because this
task required a connection between Wernicke’s area and
Broca’s area, without the conceptual centers as an inter-
vening step. Indeed, Wernicke’s account is consistent with
the report that conduction aphasics’ behavior on repeti-
tion tasks often suggests that they understand the phrase
to be repeated, but are unable to produce a verbatim
reproduction.

s0030Global aphasia
p0070Global aphasia is characterized by the complete inability

either to speak or to understand language, and is typically
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associated with large lesions affecting up to 75% of the
left hemisphere. Lesioned areas include the Broca’s area,
the insula, the arcuate fasciculus, the anterior superior
temporal gyrus, the middle temporal gyrus, and the
underlying white matter, Wernicke’s area, along with
motor, somatosensory, and auditory cortices.

s0035 Anomic aphasia
p0075 Anomic aphasia is characterized by severe word-finding

difficulties, while fluency, comprehension, and repetition
are all relatively intact. Many more severe aphasic syn-
dromes resolve over time to anomic aphasia, and thus, this
syndrome is associated with a wide variety of left hemi-
sphere lesions.

s0040 Transcortical motor aphasia
p0080 Lesions to the superior aspect of the anterior frontal lobe

often give rise to speech production difficulties akin to
those in Broca’s aphasia. While their spontaneous output
is often telegraphic in character, transcortical motor apha-
sics show a remarkable ability to repeat even very long
sentences. Over time, these patients’ speech-production
ability typically improves, and their condition resolves to
anomic aphasia.

s0045 Transcortical sensory aphasia
p0085 Relatively small lesions in the posterior middle temporal

gyrus, or occasionally in the posterior parietal region,
have been associated with transcortical sensory aphasia.
Larger lesions that include the superior temporal cortex
are often associated with Wernicke’s aphasia. Similar to
their counterparts with Wernicke’s aphasia, transcortical
sensory aphasics have fluent output, impaired compre-
hension, and experience difficulties in naming tasks.
Unlike Wernicke’s aphasics, however, patients with trans-
cortical sensory aphasia have preserved repetition, as they
are able to repeat words, sentences of considerable length
and complexity, and even words in languages they do not
speak. Transcortical sensory aphasia is an acute condition,
resolving eventually to mild anomic aphasia.

s0050 Aphasia and the neural substrate of language
p0090 While aphasic syndromes discussed above provide a use-

ful heuristic for describing the communicative deficits of
left hemisphere stroke patients, they have proven less
useful as guides for identifying the neural substrate of
language. That is, classification of a patient as a Broca’s
aphasic, for example, need not imply the patient’s lesion
site includes the inferior frontal gyrus. Conversely, a
patient with damage to the inferior frontal gyrus will
not necessarily present with Broca’s aphasia. However,
neurologists have enjoyed more success in localization
efforts by restricting their attention to the relationship
between lesion sites and specific language deficits,

irrespective of the general aphasia type of the patients
who experience those deficits.

p0095For example, the repetition problems experienced by
conduction aphasics have been linked to the ability to
keep recently encountered auditory information active
for a few seconds, in order to facilitate the processing of
stimuli that unfold in time – as in the case of spoken
language. Cognitive psychologists refer to these processes
alternately as echoic memory, or the phonological store.
Besides lesions to the arcuate fasciculus, conduction apha-
sics typically have lesions in the posterior superior
temporal gyrus. Moreover, patients with other aphasic
syndromes who present with repetition deficits also
have lesions in the posterior superior temporal gyrus.
Consequently, this brain region has been implicated as
an essential component of the phonological store.

p0100Similarly, the impaired semantic comprehension asso-
ciated with Wernicke’s aphasia has been linked
specifically to damage to the middle temporal gyrus. As
patients with damage to the middle temporal gyrus and
the underlying white matter are impaired on word com-
prehension irrespective of their aphasia syndrome, this
brain region has been implicated as an essential compo-
nent of the lexical–semantic network. Analogous
reasoning has implicated the anterior superior temporal
gyrus in the comprehension of complex sentence struc-
tures, and the arcuate fasciculus for transmitting
information from the temporal lobe language areas to
motor speech areas in the frontal lobe. Patient studies
suggest that the precentral gyrus of the insula is crucial
for articulatory planning, while Broca’s area proper (the
third frontal convolution of the inferior frontal gyrus) is
implicated in end-stage articulatory processes.

s0055Right Hemisphere Damage

p0105Although patients with right hemisphere damage show
preservation of core language abilities, such as naming,
fluency, and the ability to understand individual sen-
tences, they often present with other, more subtle
communicative deficits. For example, their speech,
while including words that are well formed phonemically,
often has a flat quality sometimes described as ‘robotic’.
Moreover, their conversation is frequently marked by
diversions from the topic at hand, tangential remarks,
and offensive comments. In experimental studies of their
comprehension, these patients have also been shown to
have deficits in the comprehension of various pragmatic
language phenomena.

s0060Aprosodia
p0110Prosody is suprasegmental information in the speech sig-

nal that can be used to convey affective or grammatical
information. Aprosodia is thus impaired ability to produce
or comprehend prosodic contours on speech. Prosodic
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information is conveyed by variations in pitch, loudness,
duration, voice quality, and rhythm. As noted above, one
classic aspect of right hemisphere syndrome is aprosodic
output, conveying a flat affect. Although aprosodic output
is sometimes accompanied by deficits in affective proces-
sing, such as inappropriate emotional responses to events,
it is clearly dissociable from the latter. Affective proces-
sing deficits can occur with or without aprosodic speech,
and aprosodic speech can occur in patients whose emo-
tional responses are entirely normal.

p0115 Regarding the comprehension of prosody, some evi-
dence suggests greater left hemisphere involvement in
processing prosody that signals linguistic distinctions,
and greater right hemisphere involvement in processing
affective prosody. More recent studies have attempted to
relate these patterns of lateralization to the acoustic
underpinnings of linguistic versus affective prosody.
Patient studies suggest that right-hemisphere-damaged
patients’ preserved ability to appreciate linguistic prosody
can be traced to their reliance on rhythm cues thought to
be preferentially processed in the (intact) left hemisphere.
Their deficits in the appreciation of emotional
prosody may be linked to an impaired ability to detect
pitch differences preferentially processed in the right
hemisphere.

s0065 High-level communicative deficits
p0120 Right hemisphere damage has also been associated with

deficits in the comprehension of a number of pragmatic
language phenomena, or language whose meaning
depends on extra-linguistic knowledge about the physical
and social context as well as background knowledge about
the way the world works. These pragmatic language-
comprehension deficits include difficulty in appreciating
humor, sarcasm, discourse appropriateness, the commu-
nicative intentions of one’s interlocutor, and knowledge of
what one’s interlocutor does and does not know
(i.e., theory of mind).

s0070 Neuroimaging: Language Production

p0125 The advent of twentieth-century neuroimaging techni-
ques ushered in a new era of the cognitive neuroscience of
language by enabling researchers to discover brain areas
underlying various language and communicative pro-
cesses in healthy adults. These studies typically involve
monitoring local changes in various kinds of metabolic
activity caused by experimental manipulation of the cog-
nitive demands on the language system. Positron emission
tomography (PET), for example, is typically used to
measure cerebral blood flow in particular brain regions.
Functional magnetic resonance imaging (fMRI) is used to
monitor changes in the oxygenation value of hemoglobin
in the blood and, besides being a less-invasive method

than PET scanning, is superior to PET in both spatial and
temporal resolution.

p0130One major advantage of noninvasive imaging techni-
ques is that they allow the investigator to see an entire
network of brain regions that participate in the cognitive
task of interest, rather than being restricted to the identi-
fication of a few essential nodes in that network. As such,
neuroimaging has led to the understanding of a language
area in the brain that had largely escaped the attention of
neurologists, due to the fact that it is typically spared in
left hemisphere strokes. The so-called ‘basal temporal
language area’ is comprised of a region in the posterior
inferior temporal cortex, and is activated in a variety of
language neuroimaging paradigms.

p0135Findings from neuroimaging studies of language pro-
duction are briefly discussed in this section, while studies
of language comprehension are covered in the section
entitled ‘Neuroimaging: Language comprehension’.

s0075Speech

p0140As motion is inherent to the act of speaking, neuroima-
ging techniques are not well suited for the investigation of
speech-production processes. However, studies to date
have implicated the left basal temporal language area,
the left anterior insula, the left frontal operculum, and
the right cerebellum. Activity in the left anterior insula
and the left frontal operculum have been specifically
related to articulatory planning, consistent with the
neuropsychological literature on apraxia of speech.
Semantically driven speech output, as in a naming task,
involves enhanced activity in left posterior inferior frontal
cortex. Finally, motor control of speech activates bilateral
sensorimotor cortices.

s0080Writing

p0145If speech production is a somewhat understudied area in
the cognitive neuroscience of language, the study of the
neural correlates of writing is virtually uncharted terri-
tory. A handful of studies on the production of written
words, however, point to the importance of the left super-
ior parietal lobule and the left inferior posterior frontal
cortex.

s0085Neuroimaging: Language Comprehension

s0090Sound

s0095Speech perception and phonological processing
p0150Hearing spoken words activate bilateral superior tem-

poral gyri. Neuroimaging thus implicates right
hemisphere brain regions in speech perception, a fact
difficult to detect with the lesion localization technique.
The dominant role of the left hemisphere in the
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processing of speech may relate to hemispheric speciali-
zation in tuning for different sorts of auditory information.
Recent investigations support a left hemisphere bias for
processing rapid acoustic transitions versus a right hemi-
sphere bias for spectral variations. The former are
important for discriminating between different conso-
nants, while the latter is important for tone languages
such as Mandarin.

p0155 Many details concerning the anatomy and physiology
of the human auditory system are unknown. Based on
knowledge of primates and other mammals, however, a
number of investigators have suggested the existence of
multiple parallel processing streams in the human audi-
tory system. A ‘what’ stream (sometimes referred to as
‘ventral’ by analogy to the visual system) in the posterior
central parietal occipital junction, primarily in the left
hemisphere, serves as an interface between sound and
meaning representations. A ‘where’ or ‘how’ stream
(sometimes referred to as ‘dorsal’ by analogy to the visual
system) involves the inferior parietal and frontal cortices
and is thought to be important for auditory–motor inte-
gration important in some accounts of speech perception.

p0160 The import of motor areas for speech production is
motivated by the fact that phonemes are defined by
articulatory features, and that reference to these motor
features might facilitate the recognition of speech sounds
whose acoustic properties are highly variable across
speakers. Recent studies of phoneme perception report
the activation of both auditory areas in the temporal lobe,
including Heschl’s gyrus and the planum temporale, and
motor areas in the frontal lobe, including the mouth
motor area and inferior precentral cortex.

s0100 Phonological store
p0165 Neuroimaging studies to date vary somewhat in their

localization of the phonological store, or ‘loop’ as it is
sometimes called. This variability may be attributable to
the extent to which the experimental task requires parti-
cipants to employ an articulatory code to activate
phonemes. In tasks that do not promote the use of an
articulatory code, the activation involves the left superior
temporal sulcus – consistent with the observations of
repetition deficits in patients with damage to this area.
In tasks that do promote the use of an articulatory code,
the activation is more dorsal, at the junction between the
posterior superior temporal cortex and the inferior part of
the supramarginal gyrus. Some data also implicate the
pars triangularis (in Broca’s area) as part of a network of
brain areas supporting the transient store of phonological
information.

s0105 Prosody
p0170 Prosody conveys supralexical meaning, that is, meaning

above the level of an individual word. Linguistically,
prosody can cue whether a statement is a question or an

assertion. It can also convey affective information such as
the mood of the speaker, or the correct affective response
to the message being communicated. Although the neural
substrate of prosody appreciation has received little atten-
tion, a few studies report activation in the right inferior
frontal gyrus in response to spoken language with affec-
tive prosody compared to neutral intonation.

s0110Word Meaning

s0115Spoken words
p0175fMRI indicates that accessing the meaning of a spoken

word activates the left inferior frontal gyrus, left posterior
middle temporal cortex, posterior temporoparietal cortex,
and anterior inferior temporal cortex. Meta-analysis of
multiple studies points to a number of brain areas speci-
fically involved in accessing the meaning of spoken
words, and distinct from cortical areas implicated in the
processing of phonological properties. In the frontal lobe,
semantic areas include the upper portion of the inferior
frontal gyrus, the dorsal part of the pars opercularis, the
ventral part of the pars triangularis, and down to pars
orbitaris. In the temporal lobe, semantic areas included
the middle and inferior temporal gyri, the temporal pole,
and the angular gyrus. Regions of the anterior superior
temporal sulcus (Wernicke’s area) and the middle tem-
poral sulcus have been activated both by tasks
manipulating demands on phonological processing and
those manipulating semantic processing.

s0120Written words
p0180Reading words activates much the same brain areas as

does hearing spoken words, including the left posterior
middle temporal cortex, posterior temporoparietal cortex,
and anterior inferior temporal cortex. Moreover, visually
presented words also activate the posterior fusiform and
lingual gyri. Interestingly, activation of the latter two
areas is also observed in picture-naming paradigms, sug-
gesting their role in reading may be related to a more
general function of connecting visual images to their
associated meanings.

s0125Real-time neuroimaging measures
p0185Owing in part to the limited temporal resolution of func-

tional neuroimaging based on hemodynamic measures
(i.e., blood flow in PET and blood oxygenation levels in
fMRI), the portrait of the brain regions involved in word
comprehension is rather static. Reading a word, for exam-
ple, involves cognitive steps, including visual encoding of
the stimulus, potentially matching it to its phonological
instantiation, and retrieving associated semantic informa-
tion, all through a dynamic series of neural processes
unfolding at the millisecond level. Although the image
of multiple brain regions activated over the course of
seconds is an inadequate picture of the underlying

BEVN 00125

Language and Communication – Brain Substrate 5



E
LS

E
V
IE

R
FI

R
S
T

P
R

O
O

F

processing stream, information from functional neuroi-
maging can be supplemented with complementary data
from methods, such as electroencephalography (EEG)
and magnetoencephalography (MEG), with less accurate
spatial resolution, but millisecond-level temporal
resolution.

p0190 Event-related potentials (ERPs) derived from the EEG
reveal a series of components sensitive to manipulations
of the perceptual demands of word recognition (the P1,
N1, and P2 components), the semantic demands of word
recognition (the N400), and the demands on memory (the
N400, whose amplitude is reduced by repetition) as well
as the late positive complex (LPC), whose amplitude is
typically enhanced by the recognition of a previously
presented stimulus. Evoked magnetic fields (EMFs)
derived from the MEG reveal a similar series of compo-
nents, and the greater spatial resolution of the MEG
affords more accurate localization of the neural sources
of these components.

p0195 MEG studies of word comprehension suggest that
words are processed through repeated activation cycles
in an extended network of brain areas. When the stimulus
is a spoken word, the initial activation is in bilateral
superior temporal cortices; when it is a written word,
the initial activation is in striate and extra-striate cortices.
Activity then spreads anteriorly – along the ventral aspect
of the inferior temporal cortex for visual stimuli, and
along the middle temporal gyrus for auditory stimuli –
involving the left superior temporal sulcus, left inferior
prefrontal regions, and bilateral medial prefrontal areas
for both written and spoken words. Visually presented
words continue to elicit activity in inferotemporal and
posteromedial areas not activated for spoken words; like-
wise, spoken words elicit sustained modality-specific
activity in the perisylvian area.

p0200 Importantly, following the initial feed-forward sweep
of activity along the visual and auditory ‘ventral’ streams,
distributed source models show waves of activity spread-
ing back and forth between activated temporal and frontal
lobe areas. The computational role of cells in these areas
likely changes as a function of time and the nature of the
input (feedforward vs. feedback), making the attribution
of a single function to a particular cortical area difficult,
and potentially misleading.

s0130 Understanding Sentences

p0205 Functional neuroimaging studies that have contrasted
people’s comprehension of increasingly complex linguis-
tic stimuli – for example, their comprehension of
individual words versus the same words embedded in
sentences – have revealed a concomitant increase in the
volume of cortex activated by these stimuli, along with
increasing activation of the right hemisphere.
Presumably, the recruitment of additional brain areas

reflects the added computational demands of understand-
ing sentences. Besides activating the relevant meanings of
individual words, understanding sentences involves com-
bining those meanings using one’s knowledge of
grammatical rules and regularities. The relationship
between semantics and syntax is a matter of some debate
in linguistics, with traditional accounts arguing for two
qualitatively distinct and independent processing mod-
ules, and more recent accounts that suggest individual
words and grammatical constructions both involve asso-
ciations between form and meaning, but at varying levels
of abstraction.

p0210Investigation of the neural substrate of sentence com-
prehension has thus centered on the possible dissociation
between the processing of meaning from that of grammar.
Early support for the traditional view came from lesion
studies, with the apparent dissociation between deficits in
grammar in Broca’s aphasics from deficits in semantics in
Wernicke’s aphasics. However, the importance of
Wernicke’s area (and surrounding regions of the temporal
lobes) for semantics has been upheld, whereas the impor-
tance of traditionally defined Broca’s area as a dedicated
grammar module has not.

p0215Other data argued to support the traditional distinc-
tion between meaning and grammar derives from the
apparent dissociation of ERP responses to violations at
the level of meaning (such as the N400 component) from
violations at the level of grammar (such as the early left
anterior negativity, or ELAN, the left anterior negativity,
or LAN, and the P600). At present, the validity of these
dissociations is questionable, owing to the presence of
N400 modulation in response to grammatical violations,
and the report of P600 modulations in response to parti-
cular sorts of semantic violations. While the difference
between knowledge of meaning and knowledge of gram-
mar is indisputable, current data leave open the issue of
whether this difference is best construed as a difference in
degree or a difference in kind.

s0135Grammar
p0220Manipulating the grammatical complexity of language

stimuli modulates activity in classical Broca’s area, as
well as the left posterior inferior frontal gyrus, and the
anterior aspect of the left superior temporal gyrus. In
addition, some studies have implicated the basal ganglia
and the insula. Moreover, while left hemisphere brain
areas have shown greater sensitivity to manipulations of
grammatical complexity, such manipulations also result
in modulation of activity in the right hemisphere homo-
logs of the regions mentioned above.

s0140Meaning
p0225Neuroimaging researchers have had difficulty in identi-

fying brain regions as specifically sensitive to grammatical
processing, as these manipulations invariably affect the
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difficulty of semantic processing, or the processing of
meaning. Left frontal lobe areas implicated in the proces-
sing of grammatical regularities also seem to be activated
in paradigms designed to manipulate semantic processing
difficulty, and both sorts of activations may reflect the
operation of working memory in sentence processing.
One suggestion, however, is that a ventral region of infer-
ior frontal cortex (pars orbitalis) underlies semantic
judgments, while a dorsal region (pars opercularis) is
related to judgments about grammaticality.

p0230 The influence of various cognitive and linguistic fac-
tors on deriving sentence meaning has perhaps been
studied more fruitfully with scalp-recorded ERP mea-
sures such as the N400. First noted in experiments
contrasting sentences that ended sensibly and predictably
with others that ended with an incongruous word, the
N400 has proven to be extremely sensitive to semantic
context. For example, N400 amplitude shows a strong
inverse correlation with the predictability of the eliciting
word within a given sentence context. N400 amplitude
also declines across the course of a congruent sentence,
starting large and becoming smaller with each additional
open-class word. Similar amplitude decreases do not
occur for words in grammatical but meaningless word
strings, suggesting N400 amplitude reflects the buildup
of contextual constraints as a sentence proceeds.

p0235 Neural generators of the N400 sentence congruity
effect likely include the majority of the left temporal
lobe, with additional activity in the right anterior tem-
poral lobe. The amplitude of this ERP component is
greatly reduced in patients with lesions in the left tem-
poral lobe or the temporoparietal junction, and slightly
reduced in patients with lesions in the perisylvian region
of the right hemisphere. Dipole modeling of the MEG
counterpart, the N400m, consistently points to sources in
the left superior and middle temporal gyri, and individu-
ally variable activity in homologous regions of the right
hemisphere. Intracranial recordings in epileptic patients
indicate the contribution of ventral temporal and medial
temporal lobe areas to the scalp-recorded N400 effect.
Neuroimaging studies manipulating sentence congruity
also point to the importance of activation in the left
inferior frontal lobe, although this activity may be more
closely related to a late positive-going effect in the ERP
likely related to memory retrieval processes.

s0145 Understanding Text and Discourse

p0240 Just as neuroimaging studies have registered an increase
in the extent of activation to sentences relative to words,
the task of understanding sentences in the context of
connected texts, such as narratives, or in discourse, also
results in greater areas of activation than does the com-
prehension of individual sentences. This is because the
comprehension of a text or a discourse goes beyond the

individual meanings of its constitutive sentences. The
connection between two successive utterances, for exam-
ple, is often left implicit, thus requiring the reader to infer
the ‘bridge’ between them. Understanding a particular
sentence as being coherent with what has come before
often involves the application of real-world background
knowledge about the topic of discussion, as distinct from
the particular meanings of the words employed. Similarly,
comprehending remarks in discourse involves an under-
standing of the communicative situation, including the
social relationships between the participants, as well as
conversational norms known as ‘communicative maxims’.

p0245The goal in text comprehension is typically the con-
struction of a situation model, a cognitive model of the
object, activity, or event described in the text. The con-
struction of this model requires the integration of
linguistic information provided in the text with back-
ground and local contextual information. Perhaps not
surprisingly, neuroimaging studies of text and discourse
comprehension implicate brain regions extending beyond
those implicated in the comprehension of individual
words and sentences. Text comprehension has been
observed to activate the anterior temporal lobes bilater-
ally, extending into the temporal poles, the full extent of
the left superior temporal sulcus, the inferior frontal gyri,
and left hemisphere frontomedial and parietomedial
regions.

p0250In contrast to the patient literature linking right hemi-
sphere damage to higher-level semantic and pragmatic
processes, data from neuroimaging studies do not indicate
a privileged role for the right hemisphere in text and
discourse comprehension. The right hemisphere frontal
activations have previously been observed for spoken
materials independent of content and context, suggesting
they relate to auditory processing of speech. The most
consistent right hemisphere activation to date has been
that of the anterior temporal lobe at coordinates very
similar to those of its left hemisphere counterpart. The
anterior temporal lobes have been suggested to play a role
in autobiographical, emotional, and episodic memory, as
well as category-specific retrieval processes, leading to
the suggestion that their role in narrative text compre-
hension is related to their role in the encoding of episodic
memories. Further study is required to ascertain the func-
tional significance of text-related activations.

p0255In fact, the study of language and communication in
naturalistic contexts as in text and discourse comprehen-
sion highlights their many different components. The
above review highlights brain regions involved in the
transformation of acoustic and visual information to
meaning in comprehension, as well as the transformation
of meaning to motoric output in production. However,
besides the processes specific to language, text compre-
hension involves both long-term and working-memory
processes, executive function and attention shifts,
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emotional processing, inferential reasoning, the attribu-
tion of human intentions, and presumably, many other
processes as well. In many ways, then, we can consider the
neural substrate of language to be the entire brain.

See also: 00040; 00052; 00124; 00043; 00054; 00120.
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