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A B S T R A C T

A distinction between action perception and production has always been emphasized by

traditional accounts of brain function. The goal of this review is to show that this simple

distinction seems no longer valid. Broca’s area in particular seems to be important for both

perception and production of language and action. Functional imaging studies suggest

that Broca’s area is active both when people produce and perceive syntactically complex

sentences and while they produce and perceive complex actions. Lesions in this area disrupt

the capacity to produce syntactically correct sentences and to perceive sentences in which

syntax is essential. From an action-perspective, lesions to Broca’s area disrupt the capacity to

produce goal directed actions and to perceive the actions of others. Furthermore, the property

and location of mirror neurons in the monkey might provide the reason why Broca’s area in

humans has a dual function in production and perception.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.1 I N T R O D U C T I O N

Traditional accounts of brain function have often emphasized a distinction between
action perception and production. For instance, the occipital and temporal lobe
were considered to deal with visual and auditory perception while the frontal lobe
was considered to deal with the production of goal directed actions. In the domain
of language as well, the classic distinction between Wernicke and Broca’s aphasia
suggested that one part of the brain deals with perceiving what other people say while
the other deals with producing speech.

1 Authors contributed equally to this bookchapter
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The goal of this review is to show that this simple distinction seems no longer valid.
In particular, we will show how both in the domain of language and action, a brain
area, called Broca’s Area, seems to be important for both perception and production.
Finally, we will show how mirror neurons help us understand why and how a certain
brain area can be important in both perception and production.

We will start by explaining where Broca’s area is located in the brain. We will then
show how lesions in this area disrupt the capacity to produce syntactically correct
sentences and to perceive sentences in which syntax is essential. We will then show
that lesions to Broca’s area disrupt the capacity to produce goal directed actions
and to perceive the actions of others. We will then review data from functional
imaging studies that suggest that Broca’s area is active both when people produce
and perceive syntactically complex sentences and while they produce and perceive
complex actions. Finally, we will review the property and location of mirror neurons
in the monkey and suggest that they may be the reason why Broca’s area in humans
has a dual function in production and perception.

2.2 B R O C A’ S A N AT O M Y

The name ‘Broca’s area’ comes from the French neurologist Pierre Paul Broca, who
brought the inferior frontal gyrus into the spotlight as a possible location for the seat
of language in the human brain. When he investigated the brains of his deceased
patients who suffered from a “loss of speech”, he found lesions located in the frontal
lobe. He decided, however, not to dissect the brains and only described the lesions
from the outside. He sent the brains to a museum in Paris giving neuroscientists nowa-
days the opportunity to use modern imaging techniques to investigate his original
findings (Cabanis et al., 1994; Dronkers et al., 2007; Castaigne et al., 1980) From these
images we know now that the lesions are not confined to parts of the inferior frontal
gyrus only, but they extend medially into the arcuate/superior longitudinal fasciculus,
which connects anterior and posterior language regions (Geschwind, 1972).

The original finding of Broca, however, has led to a substantial amount of research
on Broca’s area and these studies have made it further clear that Broca’s area does not
consist of one cytoarchitectonically well-defined area, but comprises several areas,
including Brodmann areas (BA) 44 and 45 and the ventral part of Brodmann area 6. In
the remainder of this chapter, we will use the term Broca’s area to indicate BA 44 and
45 and the ventral part of BA 6.
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2.3 L E S I O N S T U D I E S O F L A N G U A G E

2.3.1 Language production

As introduced, the term ‘Broca’s aphasia’ has been minted after Paul Broca’s descrip-
tion of patient ‘Tan’ to address production language impairment due to a damage in
the posterior half of the left inferior frontal gyrus. The label ‘Broca’s aphasia’, though,
seemed very soon too broad and unspecific to describe the complex pattern of lin-
guistic deficits related to a brain damage in the ‘language production areas’. After the
fundamental studies of Arnold Pick (Pick, 1898, 1913) the term ‘agrammatism’ has
been used to denote a type of Broca’s aphasia, which involves a specific impairment
at the grammatical level. Since then, the production deficits seen in Broca’s aphasia
and agrammatism have been described in a great number of lesion studies across
languages (see Bates et al., 1991, for a review), studies which all converge in showing
that lesions in Broca’s area result in a production deficit with a particular involvement
of grammar. The production deficits observed in Broca’s aphasia are generally charac-

BA 45

BA 44

ventral

BA 6

Figure 2.1: Broca’s area shown on the cortical surface of the brain. Broca’s area com-
prises several areas, including Brodmann areas (BA) 44 and 45 and the ventral part
of Brodmann area 6.
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terized by a decrease in speech rate, omission and/or substitution of function words
(articles, prepositions, pronouns), a frequent use of uninflected verbs (particularly
detectable in morphologically rich languages in which the non-finite form of verbs is
morphologically marked, like Italian ‘mangiare’ - to eat), and a reduced use in the use
of coordinated and subordinated sentences together with a loss of comprehension of
complex syntactic structures. Miceli et al. (1984) showed that Italian aphasic speakers
with a lesion in Broca’s area omit free morphemes (articles and prepositions) and
substitute bound morphemes (verb inflections for Tense and Person agreement).
The same deficits were observed for German by DeBleser et al. (1996) and Luzzatti
and Bleser (1996) who showed that agrammatic aphasic speakers were impaired in
‘syntax-dependent morphology’, i.e. morphological processes which are more directly
linked to syntactic operations (like verbal inflection).

As far as language production goes, the data provided by lesion studies seem to
converge in showing that lesions in Broca’s area produce an agrammatic speech
output, which suggests that these brain areas are the locus in which syntax is stored.
But if Broca’s area indeed represents the anatomical locus for syntax, once a damage
is located in that area, a language impairment at the syntactic level should not only
be detectable in production but also in comprehension.

2.3.2 Language comprehension

Thanks to a series of pioneer lesion studies on agrammatism (Caramazza and Zurif,
1976; Grodzinsky, 2000; Luzzatti et al., 2001; Shapiro and Levine, 1990), it became
clear that people with lesions in Broca’s area (which had been addressed for a long
time as the specific locus for language production) not only show deficits in pro-
duction but they also show similar impairments in the comprehension of complex
grammatical structures. Caramazza and Zurif (1976) were among the first to describe
that patients with a lesion in Broca’s area show deficits in comprehension of com-
plex syntactic structures. The authors showed that agrammatic patients performed
at chance when interpreting semantically reversible sentences, i.e. sentences that
require a syntactic analysis to be correctly understood like: “The girl was kicked by
the boy”. In contrast, they performed above chance with sentences that could be
interpreted using semantic rules as a disentangling strategy, such as: “The ball was
kicked by the girl”. Further studies on comprehension deficits in Broca’s aphasia (e.g.
Grodzinsky, 1995; Luzzatti et al., 2001) report that other complex syntactic structures,
like passive and subordinate sentences as well as sentences with pronominal clitic
pronouns, are difficult to interpret for aphasic speakers.

Lesion studies have provided (and still provide) fundamental information on the
role played by Broca’s area in language processing, providing converging evidence that
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Broca’s area is involved both in language production and in language comprehension,
disconfirming the initial thought that Broca’s area was exclusively involved in language
production. Second, the evidence is strong in favor of Broca’s area being involved in
syntactic processing, supporting the view that this area is the locus of grammatical
encoding.

2.4 L E S I O N S T U D I E S O F A C T I O N S

Lesions in and around Broca’s area are relatively well known for their association
with Broca’s aphasia, which we have discussed in the previous paragraphs. In this
section, we will focus on how lesions in this part of the brain can cause disruptions in
executing action and observing the actions of others.

2.4.1 Action execution

Deficits in producing actions are known as apraxia. Patients who suffer from apraxia
have difficulties in executing learned movements even though they are physically able
to perform these movements. The disorders aphasia and apraxia very often occur
together (Renzi et al., 1980).

Lesions in Broca’s area play an important role in apraxia (Leiguarda and Marsden,
2000). They can lead to weakness of muscles that control oro-facial, laryngeal and
tongue movements (Förster, 1936). Furthermore, lesions in Broca’s area can lead to
difficulties in sequencing of actions (Harrington et al., 1998), to a loss of regularity of
exploratory finger movements during manipulation of objects (Binkofski et al., 2001),
to deficits in visuomotor associative learning (Binkofski and Buccino, 2004), and to
deficits in grasping (Dettmers et al., 2003).

Natural lesions that are restricted to one cytoarchitectonically well-defined brain
area are rare. Fortunately, with the technique of repetitive transcranial magnetic
stimulation (rTMS), it is possible to create temporary ‘lesions’ in a particular brain
area to investigate the necessity of this brain area during a certain task. To investigate
the role of Broca’s area during imitation of finger movements, Heiser et al. (2003)
delivered rTMS over right and left Broca’s area while participants had to perform this
task. They found that these stimulations caused a disruption in the imitation task,
while the control rTMS over the occipital cortex did not show such a disruption. This
indicates that Broca’s area could be the place in which a matching between observed
and to- be-executed actions takes place. Since rTMS did not cause a disruption
in a motor control task, the deficits in imitation could not have been caused by a
disruption in planning or selection.

The design of this experiment was, however, criticized by Makuuchi (2005), who
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argued that the movement that had to be imitated was too simple. This has as a
consequence that only in the first few trials has the observed movement really to be
transformed into one’s own motor representation, but in later trials, the observed
movement merely functions as a visual cue to perform a learned movement. Maku-
uchi (2005) performed a new experiment from which he concludes that it is not
imitation that Broca’s area is essential for, but it is the delayed execution of actions.

Damage to Broca’s area thus does not only have an influence on the production
and perception of language, but also disrupts action production.

2.4.2 Action perception

Besides disrupting action production, damage in Broca’s area also has a profound
influence on the perception of actions performed by other people. Damage to Broca’s
area leads to an impairment in conceptual knowledge about actions (Tranel et al.,
2003).

Aphasic patients with lesions in the inferior frontal gyrus and the ventral premotor
cortex have trouble with action understanding (Saygin et al., 2004). This is indepen-
dent of whether the action is presented linguistically (i.e. a written description) or
non-linguistically (i.e. visual presentation). Furthermore, the linguistic and non-
linguistic deficits are correlated with each other in the mild and relatively fluent
aphasics, which implies a common underlying cause of the deficits. Artificially lesion-
ing this area with TMS disrupts action understanding of other people’s actions (Pobric
and de C Hamilton, 2006). These results are in accordance with results of Aziz-Zadeh
et al. (2006), who (in non brain damaged subjects) found overlapping activations for
action observation and reading sentences about actions in Broca’s area.

Pazzaglia et al. (2008) provide evidence that indicate that the deficits in action
production are related to deficits in action perception. First, they showed that brain-
damaged patients who suffer from limb apraxia also show a greater impairment in
recognition of gestures than brain-damaged patients who do not suffer from this
disorder. Second, premotor and parietal lesions that impair hand action execution
(as compared to mouth action execution) also selectively impair the recognition of
hand gestures and their sounds (Pazzaglia et al., 2008).

All these studies show that deficits in action comprehension and action production
are very much interrelated and associated with Broca’s area.

2.5 F U N C T I O N A L S T U D I E S O N L A N G U A G E

If lesion studies inform us on the specific linguistic deficits that Broca’s patients
show in production and comprehension, the growing use in linguistic research of
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neuroimaging techniques such as fMRI (functional Magnetic Resonance Imaging),
ERP (Event-Related Potentials), MEG (Magnetoencephalography) and PET (Positron
Emission Tomography) has made possible the investigation of language processing in
healthy people. fMRI and PET, with their high spatial resolution permit the localiza-
tion of particular brain areas which are involved during specific language tasks. PET
is used more often for production studies given that it is less sensitive to movement
and muscular artifacts, whereas fMRI has been extensively used in comprehension
paradigms.

2.5.1 Language production

In a PET stud Indefrey et al. (2001) elicited the production of sentences, which were
increasingly grammatically complex. Participants were asked to describe short an-
imated movies, which involved non-animated participants (a circle, an ellipse and
a square). Results showed that the production of syntactically more complex sen-
tences resulted in an activation of the left anterior operculum, caudally adjacent to
BA44. Haller et al. (2005) performed an fMRI study involving open speech production.
Participants were required to generate sentences given bare syntactic constituents
(for example using the constituents: ‘child’, ‘throw’ and ‘ball’, participants should
produce sentences like: ‘The child throws the ball’). The activation resulting from
the sentence generation task was compared with a sentence reading and a word
repetition tasks. Both contrasts revealed that BA44/45 and BA6 were activated. Word
level production studies involving syntactic processing have also been performed.
Jaeger et al. (1996) and Indefrey et al. (1997) investigated which are the neurocorre-
lates of regular and irregular past verb formation. According to linguistic accounts,
regular past verbs are formed using morpho/syntactic rules, for example in English,
affixing the -ed morpheme to the verbal root. Irregular past verbs, however, cannot
be ‘blindly’ formed applying a morpho/syntactic rule but their specific forms need
to be stored in the lexicon. The two studies report that producing the past tense of
regular verbs activates inferior frontal regions (regions that have been found to be
active in morpho/syntactic processes), whereas producing the past tense of irregular
verbs activates middle temporal regions (more involved with lexical processes).

2.5.2 Language comprehension

Ben-Shachar et al. (2003) performed an fMRI study to check which were the areas
involved in a specific syntactic operation, i.e. syntactic movement. Participants had to
listen to sentences and after this make a grammatical judgment about them. Results
show that Broca’s area was activated when sentences contained a moved element.
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Broca’s area (together with Wernicke’s regions in both hemispheres) was activated
in another fMRI study by Ben-Shachar et al. (2004). In this study, the task consisted
of a comprehension test with two other types of grammatical structures involving
syntactic movement, i.e. topicalization and embedded questions. These authors
consider the activation of the left Broca’s area crucial for syntactic processes. Meyer
et al. (2000) found an activation of the left Broca’s area during auditory presentation
of grammatically correct and incorrect sentences. Fiebach et al. (2001) conducted
a study aimed at detecting the areas involved in syntactic transformation or in the
detection of syntactic anomalies. The results revealed that BA 44/45 were active in
sentences with syntactic transformations, and BA 44/6 were active while detecting
syntactic anomalies. Area BA 44 was activated in a study by Dapretto and Bookheimer
(1999), when participants had to focus their attention towards more syntactic aspects
of sentences compared to more semantic ones.

Summarizing the results from these studies, it is possible to speak about a net-
work of regions within Broca’s area, which support syntactic processing both for
production and language comprehension. More specifically, the left inferior frontal
gyrus with areas BA 44/45 are actively involved in more complex syntactic processing,
while the frontal operculum seems to support the detection of whether a structure is
grammatical or not.

2.6 F U N C T I O N A L S T U D I E S O N A C T I O N S

2.6.1 Action execution

Activation in Broca’s area is found during the programming of object directed action
execution, particularly when the action is a complex motor act which requires a high
degree of sensorimotor control (Binkofski and Buccino, 2004). In our laboratory,
activation in Broca’s area is always found when comparing object- directed action
execution against rest (Gazzola et al., 2006; Gazzola and Keysers, 2008; Gazzola et al.,
2007a,b).

Further evidence for the fact that Broca’s area is involved in the motor programming
of actions comes from a study by Haslinger et al. (2002) in which participants have to
perform increasingly complex finger movements. Results show that the more complex
the sequence of movements is, the more Broca’s area is involved. Other studies by
Schubotz & Cramon (2003; 2001; 2002a; 2002b; 2002c) have shown similar results in
that the ventral premotor cortex part of Broca’s area is engaged when a sequential-
based prediction of the action has to be made (for example, to predict the end state of
a sequence of movements).

Examples of other kinds of motor acts that involve Broca’s area are grasping actions
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(Decety et al., 1994; Ehrsson et al., 2000; Grafton et al., 1996), manipulation of objects
(Binkofski et al., 1999), finger movements (Krams et al., 1998; Seitz and Roland, 1992),
and gesturing (Fridman et al., 2006).

Summarizing, parts of Broca’s area seems to be involved in action execution, partic-
ularly when the action is complex (both in terms of movement and sequencing) and
is object-directed.

2.6.2 Action perception

Studies using movies of simple hand actions show that Broca’s area is consistently
activated when observing these simple hand or mouth actions (Buccino et al., 2001;
Gazzola and Keysers, 2008; Gazzola et al., 2007b,a; Grafton et al., 1996; Rizzolatti et al.,
1996b). Broca’s area is particularly involved when the action is goal-directed and
includes an object, for example grasping a little cup, biting and chewing an apple
(Buccino et al., 2001). Not only the visual perception of an action involves Broca’s area,
but the mere sound of actions also elicits a response in this area (Gazzola et al., 2006).

It is argued that, for Broca’s area to respond to observed action, the action needs to
be part of the motor repertoire of the observer. For example, Broca’s area responds to
the observation of mouth actions of humans (speech pronunciation) and monkeys
(lip smacking), but not to mouth actions of a dog (barking) (Buccino et al., 2004).
Gazzola et al. (2007a) extend this finding by showing that Broca’s area is also involved
in actions the kinematics of which we cannot match onto our own motor repertoire,
but of which we do understand the goal (e.g., ‘human’ actions performed by an
industrial robot).

The fact that Broca’s area was historically linked to language processing, raised
the question whether activation in this region is truly due to the processing of the
action or to a form of inner verbalization of the action (Decety et al., 1997; Grèzes
and Decety, 2001). There is now, however, relatively wide agreement about the fact
that the idea of ‘silent speech’ cannot account for the activation in Broca’s area. If
activation in Broca’s area would be due to inner speech, then one would expect that
imitation with the left or right hand would activate this area similarly; however, Koski
et al. (2003) found a difference in activation due to imitation with one hand or the
other. Second, inner speech would predict that hearing and performing hand and
mouth actions should cause similar patterns of activity in premotor regions. Gazzola
et al. (2006) and Etzel et al. (2008), however, showed that hand and mouth actions
determine different patterns of activity, which are, however, similar during execution
and perception. In another study, rTMS was applied over left and right BA 44, causing
a disruption in the imitation process (Heiser et al., 2003). Could it be a disturbance
in the silent verbalization of the action that disrupted the imitation? The authors
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note that this is a highly unlikely explanation, since pre-verbal little children cannot
verbalize actions but can imitate them.

Summarizing these functional studies, we can say that Broca’s area is highly impor-
tant for the perception of other people’s actions and for programming the execution
of complex actions of hands and mouth, given that these are not too repetitive.

2.7 M I R R O R N E U R O N S & T H E P U TAT I V E M I R R O R N E U R O N S Y S T E M

In the previous section, we have seen that Broca’s area is involved in both perception
and production of complex actions. Is it truly the same neural substrate that is
responsible for these different tasks? In the monkey’s brain there is evidence for the
idea that production and perception depend on the same neurons, so-called mirror
neurons.

Mirror neurons were first discovered in Italy (Gallese et al., 1996; Pellegrino et al.,
1992; Rizzolatti et al., 1996a). Activity from single neurons in the macaque monkey’s
brain had been recorded when the monkey was performing an action (i.e. grasping a
peanut, shelling a peanut). The researchers discovered that some neurons in this area
not only showed activity during action execution, but also when the monkey observed
the researcher grasping a peanut or shelling it. Later, the same laboratory would show
that some mirror neurons also respond to the sound of a similar action (Keysers et al.,
2003; Kohler et al., 2002). These neurons thus have the special property of firing not
only when the monkey performs an action but also when a similar action is perceived.
Mirror neurons therefore show a direct connection between perception and action.
The areas in which mirror neurons have been recorded from in the monkey are the
rostral part of inferior area 6 (area F5) (Pellegrino et al., 1992; Gallese et al., 1996;
Keysers et al., 2003; Kohler et al., 2002) and the rostral part of the inferior parietal
lobule (area 7b) (Fogassi et al., 2005).

Since the moment of discovery of mirror neurons, the question arose whether such
neurons would be present in the human brain. Indeed, evidence for a mirror neuron
system in humans has been derived from neuroimaging and transcranial magnetic
stimulation studies, with the former showing that a network of areas is active both
while people perform actions and while they view or hear other people’s actions
(Gazzola et al., 2006; Keysers and Gazzola, 2006; Rizzolatti and Craighero, 2004). In
humans, this system seems to include the dorsal premotor, somatosensory, cerebellar
and posterior temporal cortex in addition to BA 44 and 6 and the inferior parietal
lobule (Gazzola and Keysers, 2008).

But is it also true for humans that it is the same population of neurons that respond
both to the observation and execution of actions? We cannot say anything about
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individual neurons, but on the level of individual voxels2, we can affirm that this is the
case. Gazzola and Keysers (2008) have shown that within individual subjects, they are
truly the same voxels that respond both to the perception and production of complex
actions. In addition, in a recent study, Etzel et al. (2008), using an analysis technique
known as multivariate classification, could show that the perception and execution
of actions not only both recruit Broca’s area, but that they indeed determine similar
patterns of activity in Broca’s area, a finding most compatible with the presence of
mirror neurons in the human Broca’s area.

Mirror neurons show activation both in response to the execution of an action and
to the observation of an action. In the human brain, we have seen that Broca’s area
is part of the putative mirror neuron system and has similar properties: it is active
during perception and production of complex actions. Could it be that these two
areas have a common evolutionary ancestor? Probably yes: there is a wide agreement
that area F5 finds its homologue either in BA 44, 45 or 6. There is, however, less
agreement about where exactly in these three areas it is (Amunts et al., 1999; von
Bonin and Bailey, 1947, 1961; Campbell, 1905; Grèzes et al., 2003; Grèzes and Decety,
2001; Morin and Grèzes, 2008; Passingham, 1993, 1981; Petrides, 2006; Petrides and
Pandya, 1994; Rizzolatti and Arbib, 1998).

The discovery of mirror neurons has led to the idea that we understand, at least in
part, the goal-directed actions of others such as grasping and manipulating objects
by activating our own motor and somatosensory representations of similar actions
(Buccino et al., 2001, 2004; Gallese and Goldman, 1998; Gazzola et al., 2006, 2007a;
Hamzei et al., 2003; Heiser et al., 2003; Iacoboni et al., 2005; Keysers and Gazzola,
2006; Keysers et al., 2003; Kilner et al., 2007; Nishitani and Hari, 2000).

2.8 B R O C A’ S A R E A : B E T W E E N L A N G U A G E A N D A C T I O N

In the previous paragraphs, we reported a series of studies (both lesion and functional)
that show that BA 44/45 and BA 6 are critical brain areas underlying language produc-
tion and comprehension as well as action execution and perception. Several studies
addressed the question whether action and language share a common functional
architecture in the brain.

Within the linguistic domain, one well-known phenomenon observed in Broca’s
aphasia is the noun-verb dissociation. Broca’s aphasic speakers are reported to com-
prehend (and produce) nouns better than verbs (Miceli et al., 1984; Zingeser and
Berndt, 1990; Rossi and Bastiaanse, 2008). This observation gave rise to a large num-
ber of studies investigating the causes of this dissociation. The first careful anatomical

2 A voxel is a volume element that constitutes the building blocks of a 3D MR image of the brain. A voxel
is analogous to a pixel in a 2D image



34 B R O C A’ S : L I N K I N G P E R C E P T I O N A N D P R O D U C T I O N

study in an agrammatic patient who showed a selective impairment in action naming
was conducted by Damasio and Tranel (1993), who described that the patient pre-
sented a lesion in the left pre-motor frontal cortex. Saygin et al. (2004) reported an
action comprehension study with 29 aphasic patients. Patients were tested with a
comprehension task involving the process of actions presented visually (with a rele-
vant drawing - pantomime) and linguistically (with a sentence). Results showed that
patients were impaired in the comprehension of both modes of presentation. Arévalo
et al. (2007) tested 21 aphasic speakers and a control group. Participants had to name,
read or repeat single words, which were nouns or verbs. Behavioral results showed
that both aphasics and non-brain-damaged speakers were less accurate in naming
verbs, but a cross-item analysis revealed that the crucial factor that influenced the
performance was ‘manipulability’, and this was true across category (both for verbs
and for nouns).

These studies importantly confirm that people with damage in language areas
(BA 44/45) show difficulties in the comprehension of both language and pantomime
actions which indicates that similar brain areas are recruited for both tasks, bringing
evidence for a convergence between the areas that are important for language and
pantomime processing.

Hamzei et al. (2003) explicitly addressed the question of whether action recognition
and language production share a common functional architecture. They performed
an experiment in which they instructed participants to either recognize an action
shown in a picture or to silently verbalize an action verb written on the screen. They
found an overlap between activation of the language and the action task in the Broca’s
area on a group level. On a single subject level, however, no overlap was found and no
consistent spatial pattern could be detected between the two activation peaks. This
indicates that there seems to be no functional subdivision for language and action in
Broca’s area.

The observation that language and action share common neural substrates opens
the question of whether this occurs as a coincidence or whether this is the base for
advocating a closer relation between the two systems.

There exist a number of speculative ideas about this. The first one is represented
by the ‘Motor Theory of Speech Perception’ (Liberman and Mattingly, 1985) which
states that we understand speech by perceiving the phonetic information as intended
gestures of the sender, represented in the brain as motor commands. Galantucci
et al. (2006) reviewed this theory and gathered evidence for the claims that perceiving
speech is perceiving gestures and that the motor system is recruited for this. Another
idea for why both action and language perception and production have overlapping
brain substrates is the hypothesis of ‘embodied semantics’, which claims that language
comprehension stems from the internal referring to the actions that are conveyed by
the language. This theory is supported by studies showing that listening to action-
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related sentences activates the motor-related areas in the brain (Aziz-Zadeh et al.,
2006; Hauk and Pulvermüller, 2004; Tettamanti et al., 2005). The third idea argues
that language evolution originated from hand gestures, which is the reason they are
represented in the same region in the brain (Rizzolatti and Arbib, 1998).
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