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Action/Verb processing

Debates in neuroimaging and the contribution of 
studies in patients with Parkinson’s disease

Henrique Salmazo da Silva1, Juliana Machado1, André Cravo1,  
Maria Alice de Mattos Pimenta Parente1, Maria Teresa Carthery-Goulart1,2

ABSTRACT. The objective of the current review was to verify whether studies investigating lexical-semantic difficulties in 
patients with Parkinson’s disease (PD) support the Embodied Cognition model. Under this framework, it is predicted that 
patients with PD will have more difficulties in the semantic processing of action concepts (action verbs) than of motionless 
objects. We also verified how and whether these studies are following current debates of Neuroscience, particularly the 
debate between the Lexical and the Embodied Cognition models. Recent neuroimaging studies on the neural basis of the 
semantics of verbs were presented, as well as others that focused on the neural processing of verbs in PD. We concluded 
that few studies suitably verified the Embodied Cognition theory in the context of PD, especially using neuroimaging 
techniques. These limitations show there is much to investigate on the semantic difficulties with action verbs in these 
patients, where it is particularly important to control for psycholinguistic variables and the inherent semantic characteristics 
of verbs in future studies. 
Key words: Parkinson’s disease, language disorders, semantics.

PROCESSAMENTO DE VERBOS DE AÇÃO: DEBATES SOBRE NEUROIMAGEM E CONTRIBUIÇÃO DE ESTUDOS EM PACIENTES COM DOENÇA  

DE PARKINSON

RESUMO. O objetivo deste trabalho foi verificar se estudos sobre dificuldades léxico-semânticas de pacientes com doença 
de Parkinson (DP) confirmam o modelo da Cognição Incorporada. Este propõe que pacientes com DP terão mais dificuldade 
no processamento semântico de conceitos de ações (verbos de ação) do que de objetos estáticos. Também verificamos se 
estes estudos seguem os debates atuais da Neurociência, e especialmente o debate entre o Modelo Lexical e a Cognição 
Incorporada. Estudos recentes sobre as bases neurais da semântica de verbos coletados através de neuroimagem foram 
descritos e após, foram apresentados aqueles que focalizaram o processamento neural de verbos em pacientes com 
DP. Concluímos que ainda existem poucos estudos que verificaram adequadamente a teoria da Cognição Incorporada 
no contexto da DP, especialmente utilizando neuroimagem. Estas limitações mostram que ainda existe muito para ser 
investigado sobre dificuldades semânticas de verbos nestes pacientes, principalmente controlando variáveis psicolinguísticas 
e características semânticas inerentes dos verbos. 
Palavras-chave: doença de Parkinson, distúrbios de linguagem, semântica.

INTRODUCTION

Cognitive Neuropsychology has largely fo-
cused on the study of cognitive processes 

involved in higher order functions, such as 
language, memory, movement/praxis and so 
on. During the past 40 years, studies have 
progressed to also look into the relationship 

among different functions, a relevant point 
in current research about the semantics of 
verbs. The dissociation between verbs and 
nouns frequently found in studies of patients 
with cerebral lesions has been criticized by a 
number of Neuroimaging researchers (for a 
review, see Vigliocco, Vinson, Druks, Barber 
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& Cappa).1 In this confrontation, three different theo-
retical models were proposed:2 [1] a lexical model that 
argues in favor of a total distinction of the two gram-
matical classes. In this model, the left temporal lobe 
underlies the lexicon of nouns, and frontal areas the 
verb lexicon; [2] a combinatory model that proposes 
differentiation restricted to context, but that does not 
apply to single words. Temporal regions, including the 
fusiform gyrus, are responsible for the integration of 
nouns while the left inferior frontal lobe and its medial 
part are responsible for the integration of verbs; [3] an 
emergent model proposing that grammatical classes do 
not have distinct neural systems. Differences occur due 
to distinct semantic properties shared by action verbs 
and events but not by concrete nouns.

The Embodied Cognition theory is one of the subdi-
visions of the latter approach and assumes that the body 
plays a fundamental role, being the cause or condition 
for cognitive development and establishing an interde-
pendency relationship between cognitive processes and 
the body experiences with the world.2 This approach 
suggests a different view about the acquisition and de-
velopment of psychological abilities, including motor 
operations, language and perception, and borrows from 
neurobiological concepts about neuron connections, in 
particular the Associative Theory3 which postulates that 
“what fires together, wires together”. Focusing on body 
parts involved in performing particular movements, 
this approach proposes different networks for mouth, 
hand and leg movements. Mouth movements are sup-
posed to be represented cortically by more restricted 
areas in inferior frontotemporal regions; hand move-
ments by inferior and medial frontotemporal areas; 
and leg movements by superior frontal areas in a more 
extended way. Thus, according to Embodied Cognition, 
words that represent actions (verbs) are connected to 
sensorimotor experiences and the representation is ful-
ly integrated to its corresponding action, which means 
that when a person says “walk” the mental homuncu-
lus actually “moves”. It also proposes an integration of 
perceptual, attentional, linguistic and motor functions 
during several activities such as talking about an action, 
performing the action or simply planning it.4

These principles of the Embodied Cognition theory 
yield a first hypothesis in the Neuroscience field: cogni-
tive tasks involving movement concepts, especially ac-
tion verbs result in the activation of frontal motor ar-
eas. A second hypothesis concerns neuropsychological 
pathologies: degenerative movement disorders lead to 
more severe difficulties in action concepts (action verbs) 
than in motionless objects.

Thus, for the purposes of testing the Embodied 
Cognition theory and the role of the motor system in 
Semantics, words need to be classified according to 
their motor content. For instance, action verbs depict 
a certain amount of movement (e.g. “to run”), whereas 
emotional, intellectual or sensory verbs (for example “to 
please”, “to think” and “to see”) do not necessarily in-
volve movement. The first group of verbs is also labeled 
as concrete and the second as abstract verbs. Moreover, 
nouns have also been analyzed according to movement 
semantic features. In this sense, the words “car” and 
“animal” for instance, carry movement semantic infor-
mation whereas “table” is considered a static/motion-
less noun. Other features have also been taken into ac-
count such as the association between nouns and action 
verbs (e.g. “a hammer” and “to hammer”). 

The present review sought to verify how and wheth-
er the lexical-semantic studies on lexical-semantic dif-
ficulties in patients with Parkinson’s disease (PD) are 
following the current debates in Neuroscience. We start 
by presenting recent studies on the neural basis of the 
semantics of verbs followed by investigations about the 
neural processing of verbs in PD. Lastly, we discuss the 
state of the art of the two hypotheses mentioned above 
and outline the investigation possibilities of lexical se-
mantic abilities in these patients.

NEURAL BASIS OF THE SEMANTIC OF VERBS
Two recent reviews about neuroimaging experiments 
conducted with cognitively unimpaired adult partici-
pants pointed to conflicting results in the literature.1,4 
However, both studies have shown that the tasks requir-
ing greater semantic processing amplify the differences 
between two grammatical classes -nouns and verbs, and 
that there is a trend of more activation areas for verbs 
when compared to nouns, suggesting that the former 
have a higher semantic complexity.4

EEG studies, due to their temporal precision, have 
shown an anticipation of electrophysiological regis-
trations in tasks using verbs when compared to tasks 
that used nouns. Activations at around 350-450 milli-
seconds (N400 effect, considered a signal of semantic 
processing) showed a similar pattern between verbs and 
nouns.5 ERP evidence showing an N400 effect on the 
right hemisphere and early activation of motor areas 
for action word processing, corroborated the Embodied 
Cognition theory and indicated a somatotopic organiza-
tion of language.6 Confirming the early activation in verb 
processing, a comparative study in children aged 8 or 9 
and adults found similar N400 effects in both groups, 
but pointed to a difference in N300 effects.7 Both N300 



Dement Neuropsychol 2014 March;8(1):3-13

5Silva HS, et al.    Action/verb processing

and N400 components seem to be sensitive to semantic 
properties of the presented stimuli. However, while the 
N400 has been found with the use of different kinds of 
stimuli (such as words that violate the semantic context 
of a sentence, or words not semantically related to a pre-
vious list of words, or even pictures that are not related 
to an olfactory prime), the N300 appears to be specific 
to semantic incongruence between a word and a subse-
quent picture. Given that there was a difference in N300 
only for objects, the authors of the study suggested that 
action verb representations continue to solidify through 
middle childhood. Noteworthy differences between ac-
tion verbs and visual nouns (not related to movements) 
were found at around 120-220 milliseconds after stimu-
lus presentation, but no differences were observed be-
tween verbs and nouns referring to actions.8

Studies that took into consideration movements 
involving different body parts have demonstrated that 
differences among verbs performed with different body 
parts are evident around 250 milliseconds after stimuli 
presentation.3 In spite of the low spatial resolution of 
electrophysiological data, legs and mouth movement 
verbs confirmed the associative theory model yet hand 
verbs did not. Frequency and familiarity, factors that 
can influence the speed of lexical access and semantic 
processing, have been controlled in several studies, but 
one of the reasons for the absence of coherence between 
hand/arm verbs and their respective motor areas could 
be that numerous stimuli are needed for an electroen-
cephalography (EEG) experiment, and in some studies, 
semantic criteria for hand verbs were not fully satisfac-
tory. Hand/arm verbs have many semantic variations, 
such as verbs of change of state (E.g. “to cut”) and verbs 
that need tools (E.g. “to hammer”) among others, and 
these peculiarities were not always taken into account. 
Another possibility could be the lack of differentiation 
of the specificity levels of action verbs, evidenced dur-
ing acquisition10 and during linguistic degeneration pro-
cesses.11 In the example above, “to cut” is a generic verb, 
since there are many forms of cutting, and “to saw” is a 
specific verb, since there is only one way of doing this: 
with a saw in a specific manner. Specificity criteria do 
not overlap with the distinction between manner/in-
strument verbs; since several actions that do not require 
instruments can also be specific (such as “to chew”).

Magnetoencephalography (MEG) studies about the  
lexical semantic properties of verbs remain scarce. How-
ever, due to their temporal and spatial precision, they 
were able to confirm the early activation of action con-
cepts and suggested better results regarding location. 
Semantic category distinctions were found around 150 

milliseconds after stimulus onset, with action words 
activating frontocentral motor areas more strongly 
whereas more visual words (not related to any move-
ment) activated the occipitotemporal cortex, confirm-
ing the sensorimotor activation for action verbs.12 When 
comparing the processing of verbs that involve different 
body parts in a lexical semantic retrieval task and the 
proper movement of that part, the Embodied Cognition 
theory was also confirmed, with a correlation found be-
tween the verbs and the actual movements.13 Therefore, 
the few MEG studies included in the current review were 
in accordance with the Embodied Cognition theory. Per-
haps, as this technique allows the use of fewer stimuli to 
detect activation, these studies were able to control the 
semantic variables and the use of prototypical verbs. 

On the other hand, fMRI studies have shown di-
vergent results. The counterpoint between the Embod-
ied Cognition and the lexical model has been the most 
frequent topic of discussion. Based on Pulvermüller’s 
associative theory, as expected, representations involv-
ing mouth actions activated the inferior prefrontal gy-
rus.14,19 When investigating leg movements, the majority 
of findings pointed to prefrontal and superior frontal 
activations, coinciding with the homunculus motor repre-
sentation, despite medial prefrontal activation observed 
for pressure movements of the legs.20 These studies 
showed that the representation of hand movements and 
leg movements overlap, incongruent with the theoretical 
model. However, when there was a semantic distinction 
between “to hit” and “ to cut” (both hand related) verbs, 
the former activated superior motor areas and the latter 
medial premotor areas.19 According to the authors, the 
involvement of the premotor area is justified by a higher 
degree of planning, since the majority of “cutting” verbs 
need tools. Moreover, body action verbs (“to run”) have 
been shown to depend upon the motor and premotor 
cortex; face movements, including speaking, upon pos-
terolateral temporal cortex; change of state (“to crush”) 
verbs upon ventral cortex, and use of tools (“to dig”) on 
the frontoparietal and temporal network. 

The role of the posterior-lateral-temporal cortices 
(PLTC) was also reported in comprehension of action 
words when compared with comprehension of nouns.19 
This activation was explained by a network in which the 
PLTC is connected to the middle temporal area – which 
processes visual motion – and to the right superior tem-
poral sulcus, which is important for biological motion 
perception. From this point of view, the PLTC is impor-
tant for verb processing because the comprehension of 
action concepts requires visual-motion representations.

On the other hand, based on the lexical model, 
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studies have shown that PLTC are considered regions 
where all grammatical classes can be recruited, and thus 
their activation reflects the retrieval of modality-inde-
pendent representations of event concepts, including 
nouns and verbs.20 This position was confirmed in an 
fMRI experiment after semantic-relatedness judgments 
on word pairs with different amounts of visual-motion 
information. After these judgments, the stimuli were 
divided into high-motion words (which included action 
verbs and nouns representing animals), and low-motion 
words (that included verbs referring to mental activi-
ties and nouns representing inanimate natural items). 
Whole-brain analyses showed that no region was more 
active for high-motion compared to low-motion words 
at the corrected threshold. Moreover, random effects 
analyses replicated greater activity for action verbs than 
names of animals in the PLTC. The authors concluded 
that all concepts were abstracted at posterior parts of the 
brain and were independent of the degree of movement. 

Finally, supporting the lexical theory, fMRI experi-
ments have compared congenitally blind individuals 
and controls in a word processing task. Controls showed 
greater activation of the left medial temporal gyrus.21 
Congenitally blind subjects had similar activation pat-
terns in a semantic judgment task of action verbs. Ac-
cording to this group of authors, lexical semantic knowl-
edge is independent of sensorimotor experience and is 
organized according to conceptual properties. However, 
researchers form the same group,22 who had late-blind 
and congenitally blind participants perform a task of 
tool-size evaluation, observed specificity in blood-ox-
ygen-level-dependent responses for tools in the left in-
ferior parietal lobule and the left anterior intraparietal 
sulcus in the blind group. This result was interpreted as 
a possibility that sensorimotor processes are responsible 
for tool representation specificity in parietal cortex areas. 

Therefore, since the methodological criticism of Vi-
gliocco et al.2 and Crepaldi et al.,4 there has been stricter 
control on stimulus choice in fMRI studies and control 
over the kind of semantic processing demanded by the 
task. For instance, differences in deeper processing 
were shown by studies using naming picture tasks that 
produced higher activation in more extended areas,7,23 
whereas verbs compared to nouns in morphologic cue-
ing tasks (“to+verb” or “the+noun”) strongly activated 
the medial temporal gyrus and left superior temporal 
gyrus.24 Nevertheless, the results of fMRI studies are 
still conflicting and their interpretation reflects the 
complexity of the semantic of verbs and the underlying 
theoretical approaches.

Research using Transmagnetic Stimulation tech-

niques (TMS) have shown the involvement of the frontal 
cortex, more specifically the medial frontal gyrus and the 
inferior frontal gyrus, in the processing of action words:1 
[1] slower latency times have been found for the produc-
tion of verbs and pseudoverbs (which is a pseudoword 
with the morphological structure of a verb, for instance 
“he wugs”) when compared to nouns after prefrontal 
cortex suppression; [2] the use of repetitive TMS in the 
left prefrontal cortex (medial frontal gyrus) pointed to a 
specific interference in motor cortex in the processing of 
verbs and action nouns when compared to abstract verbs 
and nouns regarding objects; and [3] the stimulation in 
primary motor cortex promoted facilitation effects in 
recognizing action words at around 500 milliseconds.

Another study, through inhibition of left primary 
motor cortex related to hand area stimulation, promot-
ed a greater inhibition of concrete verbs compared to ab-
stract verbs. This effect showed the involvement of the 
motor cortex in action verb processing.25 However, an-
other study using the same procedures showed that mo-
tor stimulation increased the motor evoked potentials 
only when TMS was applied 300 milliseconds after an 
action-related verb. However, the results also suggested 
that with repetition, the primary motor cortex was no 
longer necessary for these verbs.26 Moreover, also using 
TMS techniques, participation of the PLTC was found 
for action and abstract verbs as well in semantic analy-
ses of both verbs and nouns.27

A recent meta-analysis,28 however, which sought to 
verify the embodied cognition theory consistency in TMS 
studies, showed significant agreement between brain re-
gions within or adjacent to visual motion areas, but no 
consistency was found in motor or premotor cortices.28

To sum up, controversies between lexical and em-
bodied accounts continue but have promoted a high 
output of neuroimaging studies. These studies have 
discussed grammatical differences and sensorial-motor 
area participation in verb processing and also contrib-
uted to the understanding of verb processing and its 
semantic organization. The earlier neurophysiological 
activation for action verbs found in adults but not in 
children confirms the semantic complexity of the verbs, 
and studies that took into account the different seman-
tic classes of verbs resulted in a better understanding of 
verb processing. These advances have contributed to the 
diagnosis and cognitive intervention of patients with 
verb processing difficulties. 

VERBS AND ACTIONS IN THE BRAIN:  
INSIGHTS FROM PD
Pathologies affecting primarily the motor system con-
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stitute an interesting model to investigate the role of 
motor areas in the processing of action verbs. The great-
est number of studies in this field has been undertaken 
on patients with PD, although some important contri-
butions have come from studies conducted on other 
movement disorders.29,30

PD is a neurodegenerative disease characterized by 
bradykinesia (slowness of movement), rigidity, tremor, 
gait and posture problems. It is caused by a progressive 
loss of dopamine in the nigrostriatal tract, reducing the 
projections of the basal ganglia to the frontal motor re-
gions.31 The deficits in the dopaminergic pathways cause 
hypo-activation of the supplementary motor area and 
primary motor cortex, and hyper-activation of the ven-
tral premotor cortex, reflecting a compensatory mecha-
nism.31,32 PD is an interesting framework for investiga-
tions into the semantics of verbs due to the possibility 
of modulating motor deficits by exploring the effects 
of medication (patients ON and OFF Levodopa) and 
also of surgical interventions in the performance of pa-
tients. In this section we will summarize the findings in 
this area and discuss their contributions to support the 
Embodied Cognition theory.

As mentioned previously, semantic deficits have 
been more extensively studied in PD than in other dis-
eases predominantly affecting the motor system. How-
ever, the literature in this field is still scarce. A Pubmed 
and Scopus search conducted in February/2014 using 
the terms “action verb” OR “verb” OR “verbs” AND 
“Parkinson’s disease” with no time restriction retrieved 
only 30 studies. After excluding reviews and studies not 
related to action/verb semantics in PD, the number of 
manuscripts totaled 18 studies. Table 1 summarizes the 
methodologies and main findings of these studies ana-
lyzed in the present review to determine their contri-
butions to the debate on how action/verb semantics is 
represented in the brain, particularly with regard to the 
Embodied Cognition versus lexical/grammatical class 
theories. 

Apparently not all of these studies were method-
ologically designed to test the Embodied Cognition as-
sumptions and this represents a major limitation for the 
current review. However, results are often explained/
discussed as supportive of this theory and it is not al-
ways clear why alternative explanations were not con-
sidered. A common finding of the studies reviewed here 
is that PD affects verb processing and therefore frontal 
cortical-subcortical circuits and structures are engaged 
in action/verb processing. The deficits are more intense 
in the absence of L-dopa (OFF state), predisposing pa-
tients with PD to longer reaction times in naming tasks, 

decisions and semantic judgments of action verbs com-
pared to patients under the influence of medication (ON 
state) and to healthy controls matched for age, sex, and 
education.33-35 Levodopa is believed to play an important 
role in restoring activity of the motor circuitry involved 
in the semantic processing of actions/verbs.33,34 The ex-
tent and nature of the contribution of these areas to ac-
tion/verb semantic processing however, is less clear in 
the literature. Some issues of intense debate in cognitive 
neuroscience and cognitive neuropsychology related to 
this topic are discussed below. 

The first question in the debate is: Do patients with 
motor disorders have impairment in the processing of 
action semantics or are their difficulties due to a prob-
lem restricted to the grammatical class of verbs? To dem-
onstrate that the difficulty involves “action semantics” 
and not purely “verbs”, studies need to demonstrate 
that other types of verbs are unimpaired. Dissociation 
between action and non-action verbs would favor the 
Embodied Cognition claim whereas verb/noun dissocia-
tions, although elucidating, cannot rule out the lexical 
hypothesis.36

Comparison between verbs and nouns was used in 
the 15 studies reviewed and all of them yielded behav-
ioral evidence of a disproportionate deficit for verbs 
compared to nouns. A host of different tasks have been 
employed, such as naming of action verbs,34,35,37,38 gen-
eration of semantically similar verbs,39 judgments of 
semantic similarity32 and of literal and figurative sen-
tences involving body action verbs,40 identification of 
action verbs41 and the interaction between contextual 
understanding of action verbs and motor responses.42

However, bar a few exceptions,32,40,43,44 these studies 
did not investigate processing differences between dis-
tinct types of verbs (action, non-action, emotional and 
abstract verbs) while some did not control for many psy-
cholinguistic variables, such as length, frequency, im-
ageability, age of acquisition, visual complexity, among 
others. Another limitation is the absence of healthy 
control groups.35 This is an important issue, considering 
that verbs are more demanding of cognitive resources 
(for a review see Matzig et al.).45 

A second issue of discussion in the literature con-
cerns the studies that employed an approach which is 
methodologically appropriate to address the Embodied 
Cognition theory. In this case, are results interpreted in 
terms of a relationship or a causal role between action 
semantics and frontal circuits? If the integrity of the 
motor system is necessary for action semantics a clear 
impairment must be demonstrated in PD. However, if 
the motor system contributes, but is not necessary for 



Dement Neuropsychol 2014 March;8(1):3-13

8 Action/verb processing    Silva HS, et al.

Ta
bl

e 
1.

 S
um

m
ar

y 
of

 s
tu

di
es

 in
ve

st
ig

at
in

g 
ac

tio
n/

ve
rb

 s
em

an
tic

s 
in

 p
at

ie
nt

s 
w

ith
 P

ar
kin

so
n’

s 
di

se
as

e.

Be
ha

vi
or

al
 e

vi
de

nc
e

Au
th

or
s

Pa
rt

ic
ip

an
ts

M
ed

ic
at

io
n

Ta
sk

s
Ex

pe
rim

en
ta

l d
et

ai
ls

Pr
in

ci
pa

l fi
nd

in
gs

Be
rte

lla
 e

t a
l. 

(2
00

2)
50

22
 P

D 
pa

tie
nt

s 
an

d 
20

 h
ea

lth
y 

co
nt

ro
ls.

No
t s

pe
cifi

ed
52

 p
ict

ur
es

 o
f o

bj
ec

ts
 a

nd
 5

0 
pi

ct
ur

es
 

of
 a

ct
io

ns
 to

 b
e 

or
al

ly 
na

m
ed

.
No

t s
pe

cifi
ed

.
A 

ve
rb

/n
ou

n 
di

ss
oc

ia
tio

n 
w

ith
 a

 re
la

tiv
e 

de
fic

it 
fo

r v
er

bs
 w

as
 fo

un
d 

in
 P

D 
pa

tie
nt

s.

Pé
ra

n 
et

 a
l. 

(2
00

3)
51

34
 n

on
de

m
en

te
d 

PD
 p

at
ie

nt
s 

an
d 

34
 h

ea
lth

y 
co

nt
ro

ls.
ON

 S
ta

te
No

un
- 

an
d 

ve
rb

-g
en

er
at

io
n 

ta
sk

s,
 

us
in

g 
tw

o 
in

tra
ca

te
go

ry
 (

no
un

/n
ou

n 
an

d 
ve

rb
/v

er
b 

ge
ne

ra
tio

n)
 a

nd
 t

w
o 

in
te

rc
at

eg
or

y 
(n

ou
n/

ve
rb

 
an

d 
ve

rb
/

no
un

) t
as

ks
.

40
 c

on
cr

et
e 

no
un

s 
an

d 
40

 a
c-

tio
n 

ve
rb

s 
m

at
ch

ed
 f

or
 l

ex
ica

l 
fre

qu
en

cy
 a

nd
 le

ng
th

.

PD
 p

at
ie

nt
s 

w
er

e 
im

pa
ire

d 
on

 t
he

 t
as

ks
 in

-
vo

lvi
ng

 v
er

b/
ve

rb
 a

nd
 n

ou
n/

ve
rb

 g
en

er
at

io
n.

 
Si

gn
ifi

ca
nt

 c
or

re
la

tio
ns

 w
er

e 
fo

un
d 

be
tw

ee
n 

DR
S 

sc
or

es
 a

nd
 p

er
fo

rm
an

ce
 o

n 
th

e 
no

un
/

ve
rb

 ta
sk

.

Co
te

lli 
et

 a
l. 

(2
00

7)
34

32
 P

D 
pa

tie
nt

s 
in

 in
itia

l s
ta

ge
 

(O
N)

 a
nd

 1
5 

he
al

th
y 

co
nt

ro
ls.

ON
 S

ta
te

 (3
2)

Ob
je

ct
 P

ict
ur

e 
na

m
in

g 
(6

0)
 a

nd
 v

er
bs

 
w

ith
 h

an
ds

 (6
0)

, o
f v

ar
yin

g 
di

ffi
cu

lty
.

Ob
je

ct
s 

an
d 

ve
rb

s 
w

er
e 

m
at

-
ch

ed
 b

y 
w

or
d 

fre
qu

en
cy

 a
nd

 
w

or
d 

le
ng

th
.

PD
 p

at
ie

nt
s 

ha
d 

im
pa

irm
en

ts
 in

 n
am

in
g 

ob
-

je
ct

s 
an

d 
ac

tio
ns

, w
ith

 p
oo

re
r p

er
fo

rm
an

ce
 fo

r 
ac

tio
ns

.

Cr
es

ce
nt

in
i e

t a
l. 

(2
00

8)
48

20
 P

D 
pa

tie
nt

s 
in

 in
itia

l s
ta

ge
 

an
d 

20
 h

ea
lth

y 
co

nt
ro

ls.
ON

 S
ta

te
 (1

6)
Ve

rb
s 

an
d 

na
m

es
 g

en
er

at
io

n 
(n

am
e-

ve
rb

, n
am

e-
na

m
e)

.
Co

nc
re

te
ne

ss
 

an
d 

fre
qu

en
cy

 
w

er
e 

ca
lcu

la
te

d.
PD

 p
at

ie
nt

s 
ha

d 
de

fic
its

 b
ot

h 
fo

r 
ve

rb
s 

an
d 

na
m

es
 g

en
er

at
io

ns
, w

ith
 p

oo
re

r 
pe

rfo
rm

an
ce

 
fo

r v
er

bs
.

Ca
st

ne
r e

t a
l. 

(2
00

8)
52

8 
PD

 p
at

ie
nt

s 
w

ho
 h

ad
 

re
ce

ive
d 

su
rg

er
y 

fo
r d

ee
p 

br
ai

n 
st

im
ul

at
io

n 
(D

BS
) a

nd
 1

5 
he

al
th

y 
co

nt
ro

ls 
.

W
ith

 a
nd

 w
ith

ou
t D

BS
4 

pr
ob

e-
re

sp
on

se
 c

on
di

tio
ns

-n
am

el
y, 

no
un

-n
ou

n,
 

ve
rb

-n
ou

n,
 

no
un

-v
er

b 
an

d 
ve

rb
-v

er
b 

co
nd

itio
ns

.

No
un

s 
an

d 
ve

rb
s 

w
er

e 
m

at
ch

ed
 

fo
r s

po
ke

n 
le

xic
al

 fr
eq

ue
nc

y.
W

ith
ou

t D
BS

, p
at

ie
nt

s 
ha

d 
a 

se
le

ct
ive

 d
efi

cit
 

in
 v

er
b 

ge
ne

ra
tio

n 
co

m
pa

re
d 

to
 t

he
 c

on
tro

l 
gr

ou
p.

 D
BS

 re
su

lte
d 

in
 m

or
e 

er
ro

rs
 in

 p
at

ie
nt

s 
fo

r t
he

 n
ou

n-
no

un
 a

nd
 v

er
b-

ve
rb

 c
on

di
tio

ns
. 

Ve
rb

 g
en

er
at

io
n 

er
ro

rs
 w

er
e 

co
rre

la
te

d 
w

ith
 

ite
m

 s
el

ec
tio

n 
co

ns
tra

in
ts

 (
i.e

. t
he

 d
eg

re
e 

to
 

w
hi

ch
 a

 r
es

po
ns

e 
co

m
pe

te
s 

w
ith

 o
th

er
 r

es
-

po
ns

e 
al

te
rn

at
ive

s)
 in

 th
e 

DB
S,

 b
ut

 n
ot

 w
ith

ou
t 

st
im

ul
at

io
n.

Bo
ul

en
ge

r e
t a

l. 
(2

00
8)

41

10
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

 
(O

N 
an

d 
OF

F)
 a

nd
 1

0 
he

al
th

y 
co

nt
ro

ls.

ON
 a

nd
 O

FF
 S

ta
te

s
Pr

im
in

g 
ta

sk
- 

14
0 

w
or

ds
 (

70
 a

ct
io

n 
ve

rb
s 

w
ith

 
ha

nd
s 

an
d 

70
 c

on
cr

et
e 

na
m

es
).

- 
14

0 
ps

eu
do

w
or

ds
 (7

0 
ps

eu
do

ve
rb

s 
an

d 
70

 p
se

ud
on

am
es

).
- 2

80
 n

on
-w

or
ds

.

Ve
rb

s 
an

d 
no

un
s 

us
ed

 i
n 

th
e 

ta
sk

 w
er

e 
m

at
ch

ed
 fo

r f
re

qu
en

-
cy

, 
le

ng
th

, 
bi

gr
am

 a
nd

 t
rig

ra
m

 
fre

qu
en

cy
 

an
d 

ph
on

ol
og

ica
l 

co
m

pl
ex

ity
 Im

ag
ea

bi
lity

 a
nd

 a
ge

 
of

 a
cq

ui
sit

io
n 

w
er

e 
al

so
 t

ak
en

 
in

to
 a

cc
ou

nt
.

Pr
im

in
g 

ef
fe

ct
 f

or
 v

er
bs

 w
as

 s
m

al
le

r 
in

 O
FF

 
th

an
 in

 O
N 

sit
ua

tio
n.

 R
ea

ct
io

n 
tim

es
 m

od
ul

a-
te

d 
by

 L
ev

od
op

a.

Ro
dr

íg
ue

z-
Fe

rre
iro

 e
t a

l. 
(2

00
9)

53

28
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

.
28

 p
at

ie
nt

s 
w

ith
 A

D.
28

 h
ea

lth
y 

co
nt

ro
ls.

No
t s

pe
cifi

ed
Na

m
in

g 
50

 o
bj

ec
t 

pi
ct

ur
es

 a
nd

 5
0 

ac
tio

n 
pi

ct
ur

es
.

Pi
ct

ur
es

 o
f 

ve
rb

s 
an

d 
na

m
in

g 
w

er
e 

ex
tra

ct
ed

 f
ro

m
 S

no
dg

ra
ss

 a
nd

 V
an

-
de

rw
ar

t.

Th
es

e 
w

er
e 

m
at

ch
ed

 b
y 

na
m

e 
ag

re
em

en
t 

an
d 

fre
qu

en
cy

, 
ag

e 
of

 a
cq

ui
sit

io
n,

 i
m

ag
ea

bi
lity

 a
nd

 
nu

m
be

r o
f p

ho
ne

m
es

Vi
su

al
 c

om
pl

ex
ity

 w
as

 h
ig

he
r 

in
 

ve
rb

 p
ict

ur
es

.

Na
m

in
g 

ac
tio

ns
 w

as
 m

or
e 

di
ffi

cu
lt 

fo
r 

PD
  

pa
tie

nt
s.



Dement Neuropsychol 2014 March;8(1):3-13

9Silva HS, et al.    Action/verb processing

Ta
bl

e 
1.

 C
on

tin
ua

tio
n.

Be
ha

vi
or

al
 e

vi
de

nc
e

Au
th

or
s

Pa
rt

ic
ip

an
ts

M
ed

ic
at

io
n

Ta
sk

s
Ex

pe
rim

en
ta

l d
et

ai
ls

Pr
in

ci
pa

l fi
nd

in
gs

Si
lve

ri 
et

 a
l. 

(2
01

2)
35

12
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

.
ON

 a
nd

 O
FF

 s
ta

te
s

Na
m

in
g 

50
 o

bj
ec

t 
pi

ct
ur

es
 a

nd
 5

0 
ac

tio
n 

pi
ct

ur
es

.
St

im
ul

us
 w

er
e 

m
at

ch
ed

 b
y 

w
or

d 
fre

qu
en

cy
, 

ag
e 

of
 

ac
qu

isi
tio

n,
 

ty
pi

ca
lity

 a
nd

 a
gr

ee
m

en
t o

f r
es

-
po

ns
e;

 n
ot

 m
at

ch
ed

 b
y 

im
ag

ea
-

bi
lity

 (l
ow

er
 fo

r 
ve

rb
s)

 a
nd

 w
or

d 
le

ng
th

.

OF
F 

re
su

lte
d 

in
 le

ss
 a

cc
ur

ac
y 

an
d 

gr
ea

te
r r

e-
ac

tio
n 

tim
e,

 e
sp

ec
ia

lly
 fo

r v
er

bs
.

He
rre

ira
 a

nd
 C

ue
to

s 
(2

01
2)

39

20
 P

D 
pa

tie
nt

s.
20

 h
ea

lth
y 

co
nt

ro
ls.

ON
 a

nd
 O

FF
 s

ta
te

s
Se

m
an

tic
 

w
or

d 
ge

ne
ra

tio
n 

of
 

10
 

w
or

ds
 a

nd
 1

0 
ve

rb
s.

W
ith

ou
t 

re
st

ric
tio

n 
of

 v
er

bs
 g

e-
ne

ra
tio

n.
OF

F 
w

as
 a

ss
oc

ia
te

d 
w

ith
 t

he
 g

en
er

at
io

n 
of

 
le

ss
 s

em
an

tic
al

ly 
sim

ila
r v

er
bs

 th
an

 O
N.

 G
en

e-
ra

tio
n 

di
ffe

re
nc

es
 in

 v
er

bs
 w

as
 e

vid
en

t w
he

n 
PD

 O
FF

 w
er

e 
co

m
pa

re
d 

w
ith

 c
on

tro
ls.

He
rre

ira
 e

t a
l. 

(2
01

2)
49

22
 P

D 
pa

tie
nt

s.
20

 h
ea

lth
y 

co
nt

ro
ls.

ON
 a

nd
 O

FF
 s

ta
te

s
4 

ve
rb

al
 fl

ue
nc

y 
ta

sk
s: 

ph
on

ol
og

ica
l 

flu
en

cy
, 

se
m

an
tic

 
flu

en
cy

 
(a

ni
m

al
s 

an
d 

su
pe

rm
ar

ke
t) 

an
d 

ac
tio

n 
flu

en
cy

 
(th

in
gs

 y
ou

 c
an

 d
o)

.

Pa
tie

nt
s 

w
er

e 
as

ke
d 

to
 p

ro
du

ce
 

as
 m

an
y 

w
or

ds
 a

s 
th

ey
 c

ou
ld

 
fro

m
 e

ac
h 

ca
te

go
ry

 in
 6

0 
s.

Di
ffe

re
nc

es
 in

 O
N 

an
d 

OF
F 

w
er

e 
fo

un
d 

in
 n

um
-

be
r 

of
 w

or
ds

. P
D 

OF
F 

pr
od

uc
ed

 fe
w

er
 w

or
ds

 
on

 th
e 

ph
on

ol
og

ica
l a

nd
 a

ct
io

n 
flu

en
cy

 ta
sk

s 
co

m
pa

re
d 

to
 c

on
tro

ls.
 D

iff
er

en
ce

s 
w

er
e 

fo
un

d 
be

tw
ee

n 
PD

 O
FF

 a
nd

 c
on

tro
ls 

in
 fr

eq
ue

nc
y 

fo
r 

th
e 

ac
tio

n-
w

or
d 

ca
te

go
ry

.

He
rre

ira
 e

t a
l.

(2
01

2)
44

49
 P

D 
pa

tie
nt

s 
an

d 
19

 h
ea

lth
y 

ol
de

r a
du

lt 
co

nt
ro

ls.
ON

 S
ta

te
Pa

rti
cip

an
ts

 w
er

e 
as

ke
d 

to
 n

am
e 

pi
c-

tu
re

s 
of

 A
ct

io
ns

, 
ex

tra
ct

ed
 f

ro
m

 t
he

 
Ob

je
ct

 a
nd

 A
ct

io
n 

na
m

in
g 

ba
tte

ry
 o

r 
th

e 
IP

NP
– 

In
te

rn
at

io
na

l 
Pi

ct
ur

e 
Na

-
m

in
g 

Pr
oj

ec
t d

at
ab

as
e.

Su
bs

et
s 

of
 2

5 
hi

gh
 (e

.g
. “

to
 d

ig
”) 

an
d 

lo
w

 (e
.g

. “
to

 s
le

ep
”) 

m
ot

or
-

-a
ss

oc
ia

tio
n 

ac
tio

n 
ve

rb
 

w
er

e 
m

at
ch

ed
 f

or
 v

isu
al

 c
om

pl
ex

ity
, 

na
m

e 
ag

re
em

en
t, 

fre
qu

en
cy

, 
ag

e 
of

 a
cq

ui
sit

io
n,

 i
m

ag
ea

bi
lity

 
an

d 
nu

m
be

r 
of

 
sy

lla
bl

es
 

an
d 

ph
on

em
es

.

PD
 p

at
ie

nt
s 

ob
ta

in
ed

 p
oo

re
r 

re
su

lts
 i

n 
re

s-
po

ns
e 

to
 p

ict
ur

es
 w

ith
 h

ig
h 

m
ot

or
 c

on
te

nt
 

co
m

pa
re

d 
to

 th
os

e 
w

ith
 lo

w
 m

ot
or

 a
ss

oc
ia

tio
n.

 
PD

 p
at

ie
nt

s 
pe

rfo
rm

an
ce

 a
pp

ea
re

d 
to

 b
e 

ne
-

ga
tiv

el
y 

af
fe

ct
ed

 b
y 

th
e 

le
ve

l o
f m

ot
io

n-
re

la
te

d 
se

m
an

tic
 c

on
te

nt
 a

ss
oc

ia
te

d 
to

 e
ac

h 
ve

rb
.

Ib
áñ

ez
 e

t a
l. 

(2
01

2)
42

17
 P

D 
pa

tie
nt

s, 
15

 h
ea

lth
y 

co
nt

ro
ls,

 2
 e

pi
le

ps
y 

pa
tie

nt
s 

un
de

rg
oi

ng
 s

ur
ge

ry
.

ON
 S

ta
te

Ac
tio

n 
an

d 
se

nt
en

ce
 

co
m

pa
tib

ilit
y  

ef
fe

ct
 a

nd
 K

iss
in

g 
an

d 
da

nc
in

g 
te

st
.

Ju
dg

m
en

ts
 o

f a
ct

io
ns

 w
ith

 a
nd

/
or

 w
ith

ou
t h

an
ds

, p
sy

ch
ol

in
gu

is-
tic

 v
ar

ia
bl

es
 n

ot
 s

pe
cifi

ed
.

PD
 p

at
ie

nt
s 

w
ith

 b
et

te
r c

og
ni

tiv
e 

pe
rfo

rm
an

ce
 

ha
d 

fe
w

er
 d

efi
cit

s 
on

 b
ot

h 
te

st
s.

Fe
rn

an
di

no
 e

t a
l. 

(2
01

3)
43

20
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

 
an

d 
20

 h
ea

lth
y 

co
nt

ro
ls.

ON
 S

ta
te

 - 
Le

vo
do

pa
 (1

7)
Pr

im
in

g 
Ta

sk
s

Le
xic

al
 d

ec
isi

on
 –

 8
0 

ve
rb

s 
(a

ct
io

n 
an

d 
ab

st
ra

ct
 v

er
bs

) 
an

d 
80

 p
se

u-
do

w
or

ds
).

Se
m

an
tic

 J
ud

gm
en

t -
 1

20
 a

ct
io

n 
ve

r-
bs

 a
nd

 1
20

 a
bs

tra
ct

 v
er

bs
.

St
im

ul
i w

er
e 

m
at

ch
ed

 in
 n

um
be

r 
of

 l
et

te
rs

, 
ph

on
em

es
, 

sy
lla

bl
es

, 
or

th
og

ra
ph

ic 
an

d 
ph

on
ol

og
ica

l 
ne

ig
hb

or
s;

 le
m

m
a 

fre
qu

en
cy

.

PD
 p

at
ie

nt
s 

ha
d 

hi
gh

er
 r

ea
ct

io
n 

tim
es

 t
o 

ve
rb

s 
(e

qu
al

 fo
r 

ac
tio

n 
an

d 
ab

st
ra

ct
 v

er
bs

) i
n 

Le
xic

al
 D

ec
isi

on
 a

nd
 w

er
e 

le
ss

 a
cc

ur
at

e 
fo

r 
ac

tio
n 

ve
rb

s 
th

an
 a

bs
tra

ct
 v

er
bs

 in
 s

em
an

tic
  

ju
dg

m
en

t.
Di

ffe
re

nc
es

 in
 P

rim
in

g 
ef

fe
ct

 w
er

e 
no

t o
bs

er
-

ve
d 

in
 a

bs
tra

ct
 a

nd
 a

ct
io

n 
ve

rb
s.



Dement Neuropsychol 2014 March;8(1):3-13

10 Action/verb processing    Silva HS, et al.

Ta
bl

e 
1.

 C
on

tin
ua

tio
n.

Be
ha

vi
or

al
 e

vi
de

nc
e

Au
th

or
s

Pa
rt

ic
ip

an
ts

M
ed

ic
at

io
n

Ta
sk

s
Ex

pe
rim

en
ta

l d
et

ai
ls

Pr
in

ci
pa

l fi
nd

in
gs

Fe
rn

an
di

no
 e

t a
l. 

(2
01

3)
40

20
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

 
an

d 
20

 h
ea

lth
y 

co
nt

ro
ls.

ON
 S

ta
te

 - 
Le

vo
do

pa
 (1

7)
Ju

dg
m

en
t 

of
 

se
nt

en
ce

s 
co

nt
ai

ni
ng

 
ac

tio
n 

ve
rb

s 
us

ed
 w

ith
 lit

er
al

 a
nd

 fi
gu

-
ra

tiv
e 

m
ea

ni
ng

s 
(id

io
m

s)
, c

on
tro

l c
on

-
di

tio
ns

 w
ith

 o
th

er
 a

bs
tra

ct
 s

en
te

nc
es

.

Co
nd

itio
ns

 
w

er
e 

m
at

ch
ed

 
fo

r 
se

nt
en

ce
 

le
ng

th
 

(le
tte

rs
, 

ph
o-

ne
m

es
, 

sy
lla

bl
es

, 
an

d 
w

or
ds

), 
re

sp
on

se
 ti

m
es

 a
nd

 a
cc

ur
ac

y 
in

 
le

xic
al

 d
ec

isi
on

 f
or

 t
he

 c
on

te
nt

 
w

or
ds

 i
n 

th
e 

se
nt

en
ce

, 
ac

co
r-

di
ng

 to
 th

e 
En

gl
ish

 L
ex

ico
n 

Pr
o-

je
ct

 d
at

ab
as

e.

Co
m

pa
re

d 
to

 c
on

tro
ls,

 P
D 

pa
tie

nt
s 

ha
d 

hi
gh

er
 

re
ac

tio
n 

tim
es

 fo
r 

ac
tio

n 
ve

rb
s 

bo
th

 in
 li

te
ra

l 
an

d 
fig

ur
at

ive
 s

en
te

nc
es

. 

Ke
m

m
er

er
 e

t a
l. 

(2
01

3)
32

10
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

 
an

d 
10

 h
ea

lth
y 

co
nt

ro
ls.

ON
 a

nd
 O

FF
 s

ta
te

s
Si

m
ila

rit
y 

ju
dg

m
en

t o
f f

ou
r c

la
ss

es
 o

f 
ac

tio
n 

ve
rb

s 
(ru

nn
in

g,
 h

itt
in

g,
 c

ut
tin

g,
 

sp
ea

kin
g)

 a
nd

 tw
o 

cla
ss

es
 o

f n
on

-a
c-

tio
n 

ve
rb

s 
(c

ha
ng

e 
of

 s
ta

te
, e

m
ot

io
na

l 
st

at
es

).

Ve
rb

s 
w

er
e 

sim
ila

r 
in

 fr
eq

ue
nc

y 
an

d 
le

tte
r 

le
ng

th
. 

Ps
yc

h 
ve

rb
s 

(e
m

ot
io

na
l s

ta
te

s)
 h

ad
 m

or
e 

le
t-

te
rs

 th
an

 o
th

er
s.

Pa
tie

nt
s 

an
d 

co
nt

ro
ls 

ha
d 

sim
ila

r 
ac

cu
ra

-
cy

 r
at

es
 b

ut
 h

ig
he

r 
re

ac
tio

n 
tim

es
 u

nd
er

 a
ll  

co
nd

itio
ns

.

Ne
ur

oi
m

ag
in

g 
st

ud
ie

s

Au
th

or
s

Pa
rt

ic
ip

an
ts

M
ed

ic
at

io
n

Ta
sk

s
Ex

pe
rim

en
ta

l d
et

ai
ls

Pr
in

ci
pa

l fi
nd

in
gs

Pé
ra

n 
et

 a
l. 

(2
01

3)
37

8 
PD

 p
at

ie
nt

s 
w

ith
ou

t d
em

en
tia

].
fM

RI
 s

tu
dy

.
ON

 a
nd

 O
FF

 s
ta

te
s

Ex
hi

bi
tio

n 
of

 
pi

ct
ur

es
 

of
 

bi
ol

og
ica

l 
ob

je
ct

s 
an

d 
to

ol
s 

to
: 1

. n
am

e 
ob

je
ct

s 
(o

bj
n)

 2
. N

am
in

g 
of

 a
ct

io
n 

th
at

 c
ou

ld
 

re
su

lt 
fro

m
 th

e 
fig

ur
e 

(G
en

a)
 3

. c
re

a-
tin

g 
ob

je
ct

s 
fo

r a
ct

io
n 

(M
So

A)
.

Pi
ct

ur
es

 
w

er
e 

ex
tra

ct
ed

 
fro

m
 

Sn
od

gr
as

s 
an

d 
Va

nd
er

w
ar

t n
or

-
m

al
ize

d 
da

ta
 s

et
, a

nd
 b

al
an

ce
d 

fo
r f

re
qu

en
cy

 a
nd

 le
ng

th
.

Co
m

pa
re

d 
to

 
ob

jn
: 

Ge
na

 
ge

ne
ra

te
d 

gr
e-

at
er

 a
ct

iva
tio

n 
of

 t
he

 l
ef

t 
pr

ef
ro

nt
al

 c
or

te
x 

an
d 

le
ft 

m
ed

ia
l 

pr
ec

un
eu

s;
 -

 M
So

A 
ge

ne
-

ra
te

d 
gr

ea
te

r 
ac

tiv
at

io
n 

of
 p

re
fro

nt
al

 c
or

te
x 

an
d 

oc
cip

ita
l-p

ar
ie

ta
l 

ju
nc

tio
n 

bi
la

te
ra

lly
.  

St
at

e 
ON

>
 O

FF
: 

(G
en

a)
 -

 p
re

m
ot

or
 a

re
as

  
(M

so
A)

 - 
pr

em
ot

or
 a

re
as

 a
nd

 th
al

am
us

.

Pe
ra

n 
et

 a
l. 

(2
00

9)
38

14
 P

D 
pa

tie
nt

s 
w

ith
ou

t d
em

en
tia

 
in

 O
N 

st
at

e.
fM

RI
 s

tu
dy

.

ON
 s

ta
te

 - 
PD

 M
ed

ica
tio

ns
Pi

ct
ur

es
 o

f b
io

lo
gi

ca
l o

bj
ec

ts
 a

nd
 to

ol
s 

Ex
hi

bi
tio

n 
w

ho
se

 in
te

re
st

 w
as

: 1
. n

a-
m

in
g 

ob
je

ct
s;

 2
. e

le
ct

io
n 

of
 a

ct
io

n 
th

at
 

co
ul

d 
re

su
lt 

fro
m

 p
ict

ur
e.

Pi
ct

ur
es

 
w

er
e 

ex
tra

ct
ed

 
fro

m
 

Sn
od

gr
as

s 
an

d 
Va

nd
er

w
ar

t n
or

-
m

al
ize

d 
da

ta
 s

et
, a

nd
 w

er
e 

ba
-

la
nc

ed
 fo

r f
re

qu
en

cy
 a

nd
 le

ng
th

.

Pr
ef

er
en

tia
l 

in
vo

lve
m

en
t 

of
 

th
e 

pr
e-

fro
nt

al
 

co
rte

x, 
Br

oc
a’

s 
ar

ea
 

an
d 

an
te

-
rio

r 
cin

gu
la

te
 

co
rte

x 
to

 
ge

ne
ra

te
 

ve
rb

s.
 

Th
er

e 
w

as
 n

o 
sp

ec
ifi

c 
ac

tiv
at

io
n 

of
 o

bj
ec

ts
 a

nd
 

ve
rb

s 
as

 th
e 

ca
te

go
ry

. 

Le
tte

r e
t a

l. 
(2

01
2)

47

7 
PD

 p
at

ie
nt

s.
EE

G 
– 

LO
RE

TA
.

ON
 a

nd
 O

FF
 S

ta
te

s
Re

ad
in

g 
of

 3
0 

ac
tio

n 
ve

rb
s 

an
d 

30
 

no
n-

ac
tio

n 
ve

rb
s.

Th
e 

se
rie

s 
co

ns
ist

ed
 o

f 3
0 

ha
nd

 
ac

tio
n 

ve
rb

s 
(e

.g
. 

to
 

se
w,

 
to

 
po

in
t) 

an
d 

30
 n

on
-a

ct
io

n 
ve

rb
s 

(e
.g

. 
to

 l
ea

ve
, 

to
 d

ev
el

op
). 

Al
l 

ve
rb

s 
co

ns
ist

ed
 o

f t
w

o 
sy

lla
bl

es
, 

m
at

ch
ed

 w
ith

 r
es

pe
ct

 t
o 

w
or

d 
fo

rm
 fr

eq
ue

nc
y, 

an
d 

im
ag

ea
bi

lity
.

ON
 s

ta
te

 r
es

ul
te

d 
in

 s
tro

ng
 c

ur
re

nt
s 

to
 a

ll 
ce

re
br

al
 a

re
as

 a
na

lyz
ed

, 
w

ith
 m

os
t 

ob
vio

us
 

di
ffe

re
nc

e 
fo

r O
N 

st
at

e 
in

 th
e 

le
ft 

he
m

isp
he

re
.

PD
: P

ar
kin

so
n’

s 
di

se
as

e;
 D

BS
: D

ee
p 

Br
ai

n 
St

im
ul

at
io

n;
 A

D:
 A

lzh
ei

m
er

’s 
di

se
as

e;
 O

N 
st

at
e:

 c
og

ni
tiv

e 
ev

al
ua

tio
n 

w
as

 u
nd

er
ta

ke
n 

in
 a

 p
at

ie
nt

 u
nd

er
 th

e 
in

flu
en

ce
 o

f m
ed

ica
tio

n;
 O

FF
 s

ta
te

: c
og

ni
tiv

e 
ev

al
ua

tio
n 

w
as

 u
nd

er
ta

ke
n 

in
 a

 p
at

ie
nt

 n
ot

 u
nd

er
 th

e 
in

flu
en

ce
 o

f m
ed

ica
tio

n;
 E

EG
: 

El
ec

tro
en

ce
ph

al
og

ra
ph

y;
 L

or
et

ta
: L

ow
 R

es
ol

ut
io

n 
El

ec
tro

m
ag

ne
tic

 To
m

og
ra

ph
y.



Dement Neuropsychol 2014 March;8(1):3-13

11Silva HS, et al.    Action/verb processing

action verb processing, then patients may present no 
clear deficits when compared to controls, or exhibit time 
but not accuracy differences.32 The latter would not re-
fute the Embodied Cognition claim but would challenge 
the strong form of this theory. Controversies persist 
in this area with some researchers favoring the strong 
version of the theory,40,43 stating that integrity of the 
motor system is necessary to process action verbs even 
when used with figurative meaning whilst others sup-
port (albeit with some reservations) the weak version 
of embodied cognition (motor representations may en-
rich the semantics of verbs but are not necessary for the 
comprehension/production of verbs).32 However, Kem-
merer et al.32 mentioned that if they had considered 
only one type of action verb (the category “cutting”) 
and ignored the other action verbs addressed in their 
study, the findings would support the Embodied Cogni-
tion theory in the sense that patients were less accurate 
on these verbs compared to controls. The results of this 
study raises the question of whether specific (verbs with 
precise and detailed kinetic movements and that usually 
require a tool)46 vs. general verbs have different neural 
representations and whether this question could help 
clarify PD action/verb deficits and cast light on issues 
regarding the Embodied Cognition theory. 

Moreover, if the Embodied Cognition theory is cor-
rect, neuroimaging studies with PD should point to 
somatotopic organization of action verbs related to 
specific body parts or different patterns of activation 
for action verbs compared to other verbs. However, 
no studies addressing the question in this population 
are available. Only two studies used fMRI techniques 
to study action verb processing in PD.37,38 Their results 
confirmed the hypothesis of a relationship between mo-
tor striatofrontal dysfunction and impairment of verb 
processing, either due to higher level of difficulty with 
action verbs compared to nouns37 or to the observation 
of a relationship between increased activation during a 
verb generation task and increased motor-frontal dys-
function in different brain regions.38 One study em-
ployed EEG techniques47 and suggested that dopamine 
(patients in ON state) had elevated differences in coher-
ent neural activity when processing action compared 
to non-action verbs. Taken together, the findings with 
neuroimaging techniques are difficult to relate directly 
to the Embodied Cognition Theory. 

Finally, a common challenge in these types of studies 
is to address the influence of psycholinguistic variables 
known to have an impact on language performance 
such as frequency, familiarity, imageability, extension, 
visual complexity and age of acquisition, when com-

paring different categories of verbs. If these factors, or 
at least most of them, are not taken into account then 
differences between verbs cannot be explained without 
limitations. Studies often report frequency and exten-
sion but overlook other aspects. 

In summary, few studies were appropriate to verify 
the Embodied Cognition theory in the context of PD, 
especially using neuroimaging techniques. These limita-
tions show that there is much to investigate on the se-
mantic representation of action verbs. Considering the 
hypotheses mentioned in the introduction, the studies 
conducted so far have been able to show a disadvantage 
for verbs compared to motionless objects (nouns) in PD. 
However, evidence of a causal relationship between mo-
tor processing and action semantics can be derived from 
only two studies40,43 and requires further investigation. 

CONCLUSIONS AND FINAL CONSIDERATIONS
Our review about neural representations in verb pro-
cessing has shown that: [1] the debate between Em-
bodied Cognition and Lexical models continues. It has 
resulted in a great number of neuroimaging studies and 
their results are interpreted following the authors’ posi-
tions in most of the experiments; [2] control of stimuli 
and of the cognitive processing elicited by the tasks has 
been improving over recent years, but in general, tasks 
requiring more semantic processing amplify the differ-
ences between the two grammatical classes (nouns and 
verbs), resulting in greater activation in more areas for 
verbs compared to nouns, consistent with the higher 
semantic complexity of verbs; [3] when the researchers 
focused on the body parts performing the movement, 
similar neurophysiological activation with the coun-
terpart motor representation was readily found for leg 
and mouth actions, but not for arm actions. Hand/Arm 
movements in human beings comprise a large variety of 
actions, thus semantic classification needs to be taken 
into account, such as the use of instruments and the de-
gree of specificity. 

Based on these findings, we examined research into 
verb processing of PD patients. Studies are recent and 
scarce. We noted that: [1] difficulties in patients with 
PD did not show a clear advantage for any one model 
of semantic representation; [2] neuroimaging studies 
with PD patients are rare, and only one had verified 
the effects of deep brain stimulation in patients with 
PD aiming at studying the possible contribution of the 
subthalamic nucleus connections to verb semantics; [3] 
most of the research focused on the greater difficulty for 
verbs compared to nouns, but only a few investigated 
processing differences between distinct types of verbs. 
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Finally, some questions remain open in the lit-
erature, such as: [1] the possible differences in neural 
representation of verbs of different parts of the body; 
[2] the processing of action verbs in literal and figura-
tive language;40 [3] comparisons between action and 
non-action verbs, specific and generic verbs and verbs 
which evoke emotional responses (“to feel lonely”, “to 
love”), visual processing (“to color”, “to dye”) and oth-
ers (“to rain”); [4] associations between the degree of 
severity of PD and the loss of semantic characteristics 
of the verbs, such as specificity, concreteness, force of 
movement, etc.; and [5] The impact of executive func-
tions and working memory on motor representation of 

semantics. With regard to this last question, dissocia-
tions between verbs and objects seem to be related with 
poorer performance on tasks of visuospatial and verbal 
memory34 as well as executive functions.48

In sum, much more work must be carried out to 
understand how the brain represents the complex se-
mantics of verbs and to ascertain which semantic strat-
egies can help patients with specific difficulties in verb  
processing.

Support. This study had support of CNPq (n.), FAPESP, 
CAPES and the PROPES UFABC.
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