Nouns and verbs: neurological correlates of linguistic pro-
cessing
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This paper provides a comprehensive review of neuropsychological, neu-
rophysiological and neuroimaging studies dealing with the neural correlates
of noun and verb processing. There is considerable clinical evidence from
patient studies indicating the existence of a double dissociation between
noun and verb processing. This dissociation appears to be reflected in differ-
ences in the site of brain damage. Patients with a selective verb impairment
usually have lesion centred on the fronto-parietal areas, while isolated noun
impairments are observed in patients with damage limited to the temporal
lobe. Imaging studies in normal subjects have provided further information,
indicating that, while the left temporal neocortex plays a crucial role in all
tasks involving lexical-semantic processing, additional regions of the left dor-
solateral prefrontal cortex are recruited during the processing of words relat-
ed to actions. One crucial question is whether the observed neurological cor-
relates are related to conceptual differences (prototypical nouns and verbs
being related, respectively, to objects and actions), or to the grammatical dis-
tinction between nouns and verbs. The aim of future studies should be to
tease apart the contribution of semantic and grammatical differences to the
observed neurological dissociation.

1. The noun-verb dissociation after brain damage: a “classic” finding

The observation that brain damage can affect differentially the
ability to retrieve nouns and verbs is not new, and can be traced back
to Giovanbattista Vico. In the Principj di Scienza Nuova (1744), Vico
writes: “Finalmente gli autori delle lingue si formarono i verbi, come
osserviamo i fanciulli spiegar nomi, particelle, e tacer i verbi. Perché
i nomi destano idee che lasciano fermi vestigi; le particelle, che signif-
icano esse modificazioni, fanno il medesimo; ma i verbi significano
moti, i quali portano 'innanzi e ’l dopo, che sono misurati dall’indivis-
ibile del presente, difficilissimo ad intendersi dagli stessi filosofi. Ed &
un’osservazione fisica che di molto appruova cio che diciamo, che tra
noi vive un uomo onesto, tocco da gravissima apoplessia, il quale
mentova nomi e si & affatto dimenticato de’ verbi”. Several studies
have unequivocally indicated that a double dissociation between
noun and verb processing can be observed in selected aphasic
patients. For example, after brain damage, some individuals have a
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disproportionate difficulty in naming objects, while their ability to
name actions is largely unaffected, while other show the reverse pat-
tern of impairment (see, for example, Miceli, Silveri et al. 1988).
These observations are important not only for psycholinguistics, but
also for neuroscience, as they suggest that the noun-verb distinction
be honoured also at the level of brain structure and function. In par-
ticular, these findings are compatible with the idea that there are dif-
ferent neural correlates for noun and verb processing in the human
brain.

The aim of the present paper is to review the available evidence,
stemming from neuropsychological, neurophysiological and function-
al imaging, about the neural correlates of noun and verb processing,
and to discuss the possible implications for models of language orga-
nization in the human brain.

2. Modern evidence from neurological patients

This section will consider evidence coming from investigations of
patients with focal and with degenerative brain pathologies.

2.1. Focal lesions

The first hints about a possible different localisation of the
lesions associated with defective processing of nouns and verbs can
be derived from group investigations in aphasic patients, in which
the ability to name objects and actions was compared. A group study
by Goodglass, Klein et al. (1966) showed that Broca’s aphasics are
more impaired in naming actions, fluent aphasics in naming objects.
Within the limits of the localisation of aphasic syndromes, these find-
ings indicate that posterior (retrorolandic) lesions affect object nam-
ing more than action naming, while an involvement of pre-rolandic
areas appears to be required for the presence of defective action nam-
ing. This early study was based on a limited number of test items,
and was missing any direct information about the localisation of neu-
rological damage. Subsequent reports (see Miceli, Silveri et al. 1988)
established, using adequate testing material, the existence of
patients with selective, or relatively selective, disorders in naming
and comprehension of nouns and verbs. While these case studies
were not aimed at the definition of the anatomical correlates of the
observed dissociation, an analysis of the reported lesion sites,
assessed with computerised brain tomography, appeared in general
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to support the anatomical localisation suggested by the Goodglass,
Klein et al. (1966) study. Most of the patients with selective disorders
of noun processing had lesions centred on the left temporal lobe,
while verb impairment was associated to damage involving, or limit-
ed to, the left prefrontal cortex. The first careful anatomical study
was reported by Damasio & Tranel (1993), using structural Magnetic
Resonance Imaging (MRI). Two patients had selective impairments
for nouns: one had bilateral mesial and lateral temporal lesions; the
other had a left anterior temporal lesion. The patient with selective
action naming impairment had a left premotor frontal lesion. These
observations were expanded in a recent lesion study (Tranel et al.
2001). The aim of this investigation was to test the hypothesis of the
existence of a double dissociation between action naming and naming
of concrete entities, such as animals and tools. The a priori hypothe-
sis was that selective action naming disorders were expected to be
associated with lesions in the left premotor/prefrontal region, while
selective disorders of the naming of concrete entities were expected to
be associated with left anterior/inferior temporal lesions. The results
were more complex. While damage to a region involving the left
frontal operculum, the inferior sector of the pre-central and post-cen-
tral gyri and the anterior part of the insula was actually associated to
severe action-naming impairment, patients with lesions involving
this area were often impaired also in object naming. Moreover, dam-
age to other posterior areas (mesial occipital cortex, white matter
underlying the posterior temporo-parietal region) was associated
with action naming impairment. On the other hand, lesions limited
to the left anterior-inferior temporal lobe affected object naming in a
selective way, sparing action naming. Other case reports further indi-
cate the complexity of the pattern of anatomical correlations. The
lesion of the patient, reported by De Renzi & Di Pellegrino (1995),
with spared action naming and verb generation, involved the tempo-
ral lobe, but extended to the frontal cortex. Lesions centred in the left
parietal lobe were observed in several patients with a disproportion-
ate deficit in verb processing (see, for example, Silveri & Di Betta
1997).

What can be concluded from the lesion studies is that lesions cir-
cumscribed to the left anterior-inferior temporal lobe result in disor-
dered object naming, and spared action naming. Conversely, patients
with a selective difficulty in action naming and, maybe, also of other
aspects of language processing involving the grammatical category of
verbs are as a rule affected by lesions which involve the frontal and
parietal part of the left perisylvian language areas, and spare the
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anterior temporal lobe. The investigation of patients with category-
specific semantic disorders has indicated that an anatomical correla-
tion can be observed in the same regions within the category of
nouns. Damage to the anterior part of the temporal lobe selectively
affects the naming of animals, while defective naming of man-made
entities is usually associated with damage to the perisylvian tem-
poro-fronto-parietal areas (Saffran and Schwartz 1994; Damasio,
Grabowski et al. 1996). These findings indicated a possible relation-
ship between tool naming and action naming, which is compatible
also with neuroimaging evidence (see below).

2.2. Degenerative conditions

In degenerative conditions, usually associated with dementia,
brain damage is progressive, affecting multiple brain regions in a
sequence. Daniele, Giustolisi et al. (1994) reported three cases of
noun-verb dissociations in patients with degenerative conditions. Two
patients with evidence of frontal lobe involvement were more
impaired in naming actions than in naming objects; one patient, with
left temporal involvement, showed the reverse dissociation. Cappa,
Binetti et al. (1998) reported action naming was more impaired than
object naming in patients with probable Alzheimer’s disease, the most
common cause of dementia, associated with involvement of associative
cortices. The discrepancy between action and object scores was howev-
er much larger in patients with a clinical diagnosis of fronto-temporal
dementia. These two conditions, which are associated with a distinct
neuropathology at the microscopic level, usually differ quantitatively
in the extent of involvement of the frontal lobe at the macroscopic
level. The specificity of this correlation is supported by the observa-
tion of a severe disorder of action naming and comprehension in motor
neuron disease patients, with pathologically verified involvement of
Ba 44 and 45 (Broca’s area) (Bak, O’Donovan et al. 2001).

In conclusion, the results from investigations of patients with
degenerative brain disorders are in agreement with the evidence
from patients with localised lesions, suggesting a link between
frontal involvement and action naming impairment.

3. Imaging the function of the normal brain

The neural correlates of noun and verb processing in the normal
brain can be investigated using functional neuroimaging methods,
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which allow a direct visualisation of the brain areas which are
engaged during the performance of a cognitive task. As in the case of
clinical studies, it must be underlined that many investigations have
been concerned with the retrieval of knowledge about actions. An
early PET study by Petersen, Fox et al. (1989) used the generation of
a verb associated with a presented noun as “semantic processing
task”. This was followed by several studies of word retrieval, which
can be actually considered as investigations of the neural correlates
of action knowledge. These studies have reliably shown extensive
activations in the left dorsolateral frontal cortex. Similar patterns of
activation have also been observed when the subjects had to generate
object names on the basis of phonemic and semantic cues (Paulesu,
Goldacre et al. 1997). A direct comparison between noun generation
and verb generation revealed only minor differences in activation in
the temporo-parietal and frontal areas (Warburton, Wise et al. 1996).
A comparison between colour naming and action naming (Martin,
Haxby et al. 1995) indicated selective activations related to action
naming in the left fronto-parietal cortex, the middle temporal gyrus
and the cerebellum. Damasio, Grabowski et al. (2001) have recently
reported another PET study of action naming. Naming actions, com-
pared to a perceptual baseline (verbal judgement of the orientation of
unknown faces) resulted in left frontal, temporal and parietal activa-
tions. A comparison of naming actions performed with an implement,
with naming tools and implements resulted in bilateral activations in
area MT in the temporal lobe, a region associated with motion pro-
cessing.

Two more recent imaging studies have investigated the noun-
verb difference using tasks, which allow going beyond the retrieval of
action knowledge typically elicited by visual naming and generation
task. In a PET experiment with lexical decision Perani, Cappa et al.
(1999) compared respectively, nouns referring to tools and psychologi-
cal states, and manipulation and psychological verbs. The results
indicated the existence of incompletely overlapping neurological sub-
strates for verb and noun processing. There was no double dissocia-
tion between frontal and temporal cortex, but only the presence of
“verb specific” areas (Broca’s, left middle temporal gyrus). Noun and
verb processing equally activated the other areas, associated with the
lexical task. No significant interactions between grammatical class
and semantic content were observed, suggesting that the observed
difference is verb-specific. A similar study has been recently reported
by Tyler, Russell et al. (2001), with negative results. No differences
were found between closely matched nouns and verbs, both in a lexi-
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cal decision and in a semantic judgement task. The reason for this
discrepancy is unclear, and deserves further investigation.

Another interesting source of evidence for possible differences
between noun and verb processing are evoked potential studies.
Different topographies of brain responses have been reported during
lexical decision on object names and action verbs, with a frontal posi-
tivity at 200 ms specific for verbs (Preissl, Pulvermueller et al. 1995).
Similarly localised differences in high-frequency bands were observed
in a later time window (Pulvermueller, Lutzenberger et al. 1999). In
an attempt to clarify the meaning of these differences, Pulvermueller,
Mohr et al. (1999) used a similar task, dividing nouns in a group with
strong visual association, and another with strong action association.
The lack of difference between the latter nouns and the action verbs
led to the suggestion that the frontal difference is related to semantic
content (i.e. action) rather than to grammatical differences. Using
subcategories of action verbs referring to different body parts, the
same group (Pulvermueller, Haerle et al. 2000) was able to estimate
(on the basis of current source density) somatotopically arranged dif-
ferences in cortical activity, again in favour of a semantic origin of the
differences. One of the few studies using nouns and verbs in senten-
tial contexts, and not limited to action verbs is reported by
Federmeier, Segal et al. (2000). A left anterior early positivity was
specifically observed for unambiguous verbs, but only in verb-appro-
priate contexts (i.e. when following a “to”).

Finally, reversible interference with brain activity using tran-
scranial magnetic stimulation (TMS) has also been used to assess
noun-verb differences. A recent study by Shapiro, Pascual-Leone et
al. (2001) reports a selective lengthening of response latencies in the
production of tense markers of verbs, while number markers of nouns
were unaffected. An important finding of the study was the replica-
tion of the observed effect in the case of pseudoverbs (compared to
pseudonouns). This appears to rule out an interpretation of the inter-
ference effect as due only to semantic factors, and suggests that the
left prefrontal cortex be preferentially engaged by verbs as “gram-
matical objects”. On the other hand, it must be underlined that we
have observed a selective effect of high-frequency repetitive TMS on
action naming after left, but not right, prefrontal stimulation (Cappa,
Sandrini et al., 2002).
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4. Conclusions

Taken together, the available evidence leads to the conclusion
that there is consistent evidence for the existence of different cere-
bral correlates for the processing of object nouns and action verbs.
Whether it is possible to consider this result as a “grammatical class”
effect remains however an open question.

In the first place, the hypothesis that a strong determinant of
the observed differences is actually the conceptual reference should
be carefully considered. The results of several investigations related
to action observation and action representation may provide some
relevant evidence. Recognition of actions is an ability, which is high-
ly developed in humans and non-human primates. In primate, “mir-
ror neurones”, which become active when the same action is actively
performed by the monkey or when it is made by the experimenter
and observed by the monkey have been observed (Gallese, Fadiga et
al. 1996). Many neurones with these features have been described in
the left rostral part of the inferior area 6 (the so-called F5), in the
prefrontal cortex. Imaging studies have provided evidence for simi-
lar neural mechanisms in humans. Broca’s area (Ba 44 and 45) has
been found to be active during a task in which normal subjects were
required to form a mental imagery of the hand and rotate it
(Parsons, Fox et al. 1995) and during the mental simulation of
actions (Decety, Perani et al. 1994). An activation was present in a
comparable location in the human brain while the subjects were
observing the grasping of real objects with the right hand
(Rizzolatti, Fadiga et al. 1996). The same area was also active dur-
ing the observation of meaningful pantomimes (Decety, Grezes et al.
1997). The observation/execution matching system (“mirror neu-
rones”) identified both in monkeys and in man, can thus be consid-
ered as a putative system specialised both for the encoding and the
production of actions, and may form the basis of the recognition of
meaningful motor events. Additionally, Perani, Cappa et al. (1995)
found that, while animal picture recognition activated the inferior
temporo-occipital areas, bilaterally, artefact recognition (tools)
engaged a predominantly left hemispheric network, involving also
the left dorsolateral frontal cortex. The network of neural structures
activated by artefact recognition was lateralised to the left hemi-
sphere and involved the prefrontal cortex, in particular the inferior
frontal gyrus. This pattern of activation might be related to the
functional knowledge or to cognitive strategy related to object
manipulation. All these findings are compatible with the hypothesis
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that the link between prefrontal cortex and verb processing is at
least in part due to the activation of action representations.

There is however considerable evidence that other factors,
besides semantic content may result in verb-specific neural represen-
tations. In the area of clinical studies, there are patients showing
modality-specific grammatical class effects, i.e. only in written or in
oral production (Caramazza & Hillis 1991; Hillis & Caramazza 1995;
Rapp & Caramazza 1998). These observations cannot be easily
explained in term of a semantic difference between nouns and verbs,
and indicate that, at least in some patients, the defective perfor-
mance is due to grammatical differences. Similarly, the observation
reported by Shapiro, Shelton et al. (2000), of two patients with selec-
tive impairment in morphological processing of nonwords in, respec-
tively, a nominal and a verbal context, indicates that a noun/verb dis-
sociation can be observed on a purely grammatical basis.

Also in the case of imaging studies, the observed differences in
the pattern of brain activation may be attributed to other factors,
besides semantics. Phonological and morphological factors should be
taken into account: for example, the presence of verb-specific suffixes
in the Italian language may be hypothesised to play a role in the
experiment of Perani, Cappa et al. (1999). It is however noteworthy
that the verb-specific area observed in the latter investigation is
localised in a part of Broca’s area which has been found to be activat-
ed by the detection of syntactic anomalies, suggesting that the differ-
ence may actually be due to syntactic factors. In addition, the results
of Shapiro, Pascual-Leone et al. (2001) with pseudoverbs can be hard-
ly accounted by semantic factors.

The neurological model recently proposed by Caramazza &
Finocchiaro (in press) may be able accommodate this complex pattern
of neurological correlations. These authors postulate the existence of
two separate processing pathways specialised for noun and verb pro-
cessing: a fronto-temporal and a fronto-parietal route. Specific sub-
components of Broca’s area are supposed to be involved in verbal and
nominal morphology. An anterior-superior region, with prevalent con-
nections to the parietal lobe, is responsible for verb processing, while
an inferior region, connected to the temporal region, is specialised for
nouns. Damage to selective components of these networks may result
in cases of noun/verb dissociation which can be attributed to different
mechanisms of linguistic impairment. Imaging studies can test the
details of this model directly, with the final aim to tease apart the
contribution of conceptual, lexical and grammatical factors to the
anatomical and functional specificity for nouns and verbs.
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