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Abstract

The role of the basal ganglia in syntactic language processing was investigated with event-related brain potentials in
fourteen neurologically impaired patients. Seven of these patients had basal ganglia lesions while 7 other patients
primarily had lesions of the left temporo—parietal region excluding the basal ganglia. All patients listened to
sentences that were either correct or included a verb argument structure violation. In previous experiments this type
of violation elicited a biphasic pattern of an N400—P600 complex in young healthy participants. While the N400

may result from incorrect semantic-thematic role assignment, the P600 reflects the fact that verb information does
not license the syntactic structure at present. Results of the patient experiment revealed a double dissociation:
patients with left temporo—parietal lesions only show a P600, whereas patients with lesions of the basal ganglia
showed no P600, but a negativity with extended duration that resembled an N400. The latter pattern not only
confirms previous reports that the basal ganglia modulate the P600 but extends these results by showing that

the N400 as a late semantic—thematic integration process appears partially modulated by the basal ganglia.

(JINS 2003,9, 1053-1060.)
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INTRODUCTION man, 2001). Neuroimaging studies with healthy subjects

While th le of cortical struct il and Parkinson patients (PD), who suffer from a neurodegen-
vvnre the role ot cortical Structures in fanguage processy a4ye disorder of the basal ganglia, have confirmed a cor-
ing has been confirmed by numerous investigations (se

- - ) S€Falation of the basal ganglia function with the perception of
Frle_der|C|, 1999; (_Soodglass, 1993, for reviews), the part'c'_'emotional prosody (e.g., Breitenstein et al., 1998, 2001;
pation of subcortical structures, such as the basal gangli

il is highl i L teular. functi likotz et al., in press; Pell, 2002), as well as with lexical—
In fanguage Is highly controversial. in particular, tunctional oo ) g pjc processes (e.g., Cappa & Abutalebi, 1999; Lieber-
implications of subcortical structures are at stake. Nadeal

than, 2001; wallesch & Papagno, 1988).
and Crosson (1997) and Crosson (1999) postulate that the In addition, the basal ganglia have been linked to lan-

tha]amus rathe.r than the.basal ganglia Is engaged duri age production in general (Alexander et al.,1987; Robin
lexical-semantic processing. This argument is supporte Schienberg, 1990) or to processing of syntactic informa-

by data.that do not reyeal Ilexical—semantic deficits i.n P3%ion in both language production and comprehension (e.g.,
tients with basal ganglia lesions (Gotham et al., 1988; Mor-Grossman etal., 1993; Lieberman et al., 1992). Three gen-

timer etal., 1982; Tyler & Marslen-Wilson, 1986). However, eral cognitive processes have been implicated in syntactic

O”:fr empirical d?jta suggest :Eatt)leX|c|al—serpant|c an<Lj_ ptr)oc'omprehension of sentences: (1) regulation of attention, (2)
sodic processes do engage the basal ganglia (e.g., Lie %’orking memory and (3) speed of information processing.
Several authors investigated syntactic complexity (e.g.,
. . . __subject—object relative clauses) during sentence comprehen-
Reprint requests to: Sonja A. Kotz, Max-Planck-Institute of Cognitive _. inb | l . G I 1991
Neuroscience, PO Box 500355, D-04303 Leipzig, Germany. E-mail:S10N IN basa gang ia patients (e.g., Grossman et al., ’
kotz@cns.mpg.de 1992, 1993; Lieberman et al., 1990, 1992; Natsopoulos et al.,
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1993; Pickett et al., 1998). While Grossman et al. (1993shown that automatic and controlled syntactic processes
initially argued that syntactic comprehension deficits resultcan be separated (Friederici, 1995; Friederici, 2002; Hahne
from attentional rather than syntactic deficits, Lieberman& Friederici, 1999). For example, phrase structure viola-
et al. (1990; 1992) proposed that repeated errors on syntations (e.g., violating the expectancy of a word class as in,
tically complex sentences cannot be attributed to an atter=The fish was in the_ caughather tharThe fish was in the
tion deficit, but to a working memory deficit. Recently, pond caughtliteral German translation) elicit an early an-
Grossman et al. (2002) attributed syntactic comprehensioterior negativity (E(L)AN), followed by a late positivity
deficits in PD patients to slowed lexical access. (P600). Adhering to the sentence processing model de-
Finally, Ullman (2001) and Ullman et al. (1997) pro- scribed above, the early anterior negativity has been corre-
posed that a fronto—striatal network engages in the compuated with automatic syntactic processes, as the component
tation of procedural knowledgewhich reflects the implicit does not vary as a function of manipulations that implicate
rules and operations of syntax. Utilizing a verb participlecontrol. This was shown by manipulating the proportion of
production paradigm that allowed one to separate regulaviolations that do not modulate the E(L)AN component
verb forms (rule-based; e.gualk, -ed) and irregular verb  (Hahne & Friederici, 1999). Furthermore, the E(L)AN is
forms (lexically based; e.gteach taughi), the authors re- not influenced by additional violations of lexical-semantic
ported that patients with anterior lesions and PD patients ahformation (Frisch et al., 2000; Hahne & Friederici, 1999).
a late stage of their disease progression show a selectiv@n the other hand, the P600 has been linked to controlled
deficit for regular verb forms, while patients with posterior syntactic processes (e.g., Frisch et al., 2002; Kaan et al.,
lesions or Alzheimer’s disease cannot produce irregular verB000). Finally, a third component, the N400 with a maxi-
forms. This dissociation of verb-specific deficits was takenmal centro-parietal distribution has been linked to the pro-
as evidence that the whole fronto—striatal loop plays a roleessing of lexical-semantic information. At the sentence
in implicit rule based syntactic processing. level, the N400 is discussed as a component reflecting
In summary, while it is clear from the literature that the controlled, integrative processing of lexical-semantic
basal ganglia are engaged during language processing,igformation.
clear functional specification of the role of the basal gan- In three investigations with patients we explored the role
glia in language remains open. In particular, the claim thabf automaticversuscontrolled syntactic processes in lesion
the basal ganglia play a specific role during syntactic propatients and PD patients. Friederici et al. (1999) reported
cessing is controversial as the mental operations proposetat patients with anterior lesions show no early anterior
to underlie or correlate with syntactic processing are di-negativity, but a P600 elicited by phrase structure viola-
verse. Furthermore, there is no clarity as to whether lexicaltions, while patients with basal ganglia lesions show an
semantic processes engage the basal ganglia or not. Masarly anterior negativity, but a strongly reduced P600. The
authors consider that the deficit arising from basal gangliaauthors take this evidence in support of the hypothesis that
damage is not one that is solely “automatic” in nature (butanterior cortical areas, but not subcortical regions such as
see Ullman et al., 1997). The latter statement can be beshe basal ganglia, are engaged in automatic syntactic pro-
clarified by analogy to the motor control hypothesis intro- cesses, while the basal ganglia seem to modulate controlled
duced by Marsden and Obeso (1994). These authors sugyntactic processes. In a study with early PD patients a
gested that the primary role of the basal ganglia is a controlledimilar pattern emerged: PD patients showed an early ante-
response to changes in cortically regulated automatic beior negativity, but barely any P600 effect (Friederici et al.,
havior. If one applies this proposition to syntactic processe2003). Thus, unilateral focal vascular lesions as well as PD
in language comprehension one could speculate that thegatients with unilateral functional deficits result in a com-
basal ganglia engage in the controlled reordering or alteringarable syntactic deficit as evidenced in the reduction of
of cortically driven automatic syntactic processes. the P600 effect. Furthermore, these data support a func-
This dissociation of automatic and controlled syntactictional as well as a structural separation of the two syntactic
processing is also made explicit in a recent model on audiprocesses. While automatic syntactic processes seem to be
tory sentence processing by Friederici (2002). The modefegulated in anterior cortical regions, controlled late syn-
describes that in a first step, a simple syntactic structure itactic processes appear to be modulated by the basal gan-
built on the basis of word-category information (e.g., noun,glia. One question that these studies left open was to clarify
verb). As will be described below, this first processing phasevhether the P600 reflects late syntactic processes or rather
is highly automatic. In a second phase, which is controlledyaries as a function of attentional demands. This question is
lexical-semantic information is processed to realize thealso reflected in an ongoing debate whether the P600 is
matic role assignment. If initial syntactic information and language-specific or just a P300-like effect, indicating the
lexical-semantic information do not map onto each otherattention driven detection of an unexpected, task-relevant
as in the case of some syntactic violations, the sentendmarget (Coulson et al., 1998; Gunter et al., 1997). To test
structure needs to be reanalyzed in a third phase which igis question, Frisch et al. (2003) tested patients with focal
also a controlled process. vascular basal ganglia lesions and patients without basal
A number of event-related brain potential (ERP) studiegganglia lesions. They were presented with correct and in-
investigating syntactic processes in healthy participants haveorrect sentences that included a morphosyntactic violation
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(e.g., In the house it was often to pairdther thanJn the  For example, an intransitive verb such agytm can only

house it was often paintediteral German translation) as take a subject argument expressing who is doing the grin-

well as in a classic non-linguistic oddball paradigm (e.g.,ning (e.g.,The little boy grind. In contrast to a transitive

counting devianttones in a series of standard tones). The prgerb which allows or demands an object besides the sub-

diction was that patients with basal ganglia lesions shouldect, adding a direct object to a verb such agtio would

show no P600, while patients without basal ganglia lesiongender a sentence ungrammatical as well as semantically

should show a P600. If the basal ganglia indeed modulatanomalous (see,The little boy grins the old manin the

late controlled syntactic processes rather than general atteexperiment, participants listened to grammatical and un-

tional processes, both patient groups should show a P300 eligrammatical sentences. Ungrammatical sentences con-

ited in the non-linguistic oddball paradigm. Both predictionstained violations of the verb-argument structure (see above).

were confirmed. While both patient groups displayed a P300n a number of studies that explored this syntactic violation

in the oddball task, no P600 was elicited by morphosyntacti¢ype a biphasic ERP pattern of a negativity, resembling an

violations in the patients with basal ganglia lesions. N400, followed by a positivity (P600) was reported in
In summary, ERP lesion data and data collected fromhealthy young subjects (Friederici & Frisch, 2000; Frisch

patients with Parkinson’s disease show that the functionaét al., 2000; Osterhout et al., 1994).

significance of the basal ganglia in syntactic language pro-

cessing can be described in the following way: The basal

ganglia do not seem to play a role during automatic syntacMETHODS

tic processing, but during controlled syntactic processing.

What remains to be investigated is whether the latter synResearch Participants

tactic processing deficit can be replicated in other syntactic

paradigms that typically elicit a P600, and whether the bal-ourteen brain damaged patients (4 female, all right-

sal ganglia also engage in lexical-semantic integration pror_landed) in a chronic state participated in the current study

cesses (as reflected by an N400) or not after giving informed consent. Lesions primarily resulted
Following this brief review on syntactic processes inves-f_rom left hemisphere |schem|m(: 12) strokes, but 2 pa-
tigated with ERPs in healthy subjects and patient populayem,S of the basal ganglia group had- S“ff‘?fed a .Ieft-
tions of diverse etiology we would like to specify the hemisphere hel_”norrhage. The average time since lesion in
hypothesis that the basal ganglia are engaged in controlIetéi‘edt,)"jlsﬁI ganglia group W,aﬁ: 2'?)5 yelars (re}!ﬂgle: 2-4 .years)
late syntactic processes that result from the lack of mappingn In the papent group wit Ol{t asalgang Iad eslons 5(57bl
between lexical-semantic and initial syntactic information ears (range: 3-9 years). Lesion sites were determined by

as proposed by Friederici (2002). This hypothesis is not ir{Tl- and T2-weigthed) anatomical MRI datasets from a 3.0
full agreement with the hypothesis proposed by UIImanT sys;em (Bruker 3/100 l\/_ledspec)_ af?d. evaluate_:d by an
etal. (1997) as they claim both cortical and subcortial areagxp_ene_ncgd ne_uroanatom|st. The individual patient infor-
to be involved in the processing of “procedural” knowledge.matlon is listed in Table 1.

Therefore, the goal of the current ERP study was to ad-
dress syntactic comprehension in the same two patient groupgsterials
as tested in Frisch et al. (2003). Here we were interested in
investigating the temporal and functional dissociation ofAll sentences were German passive constructions. In con-
two controlled processes, the N400 which can reflect lexical+rast to English, German allows passivization of intransi-
semantic information processing relevant for thematic roldive verbs (such aarbeiteryto work). In this case, however,
assignment and the P600 within one syntactic structure, thine sentence initial position can only be filled with an ex-
verb—argument structure, which adheres to both syntactipletive (such aggthere), a prepositional phrase (such as
and semantic—thematic restrictions of the verb. Previousm Zimmeyin the roon) or an adverb (such agestern
evidence from healthy young participants revealed a biyesterday. Filling the initial position with a subject
phasic pattern of an N400 followed by a P600 elicited byargument (such aslas Zimmefthe roon) creates an
verb—argument structure violations with a centro-parietabrgument-structure violation since the subject can neither
distribution (Friederici & Frisch, 2000; Frisch et al., 2000; be syntactically nor semantically integrated. Thus, we real-
Osterhout et al., 1994). We predicted that patients with foized an argument-structure violation by using sentences with
cal basal ganglia lesions should show an N400 but no P60@&n intransitive verb and a subject NBgs Zimmer wurde
while patients with primarily temporo—parietal lesions shouldgearbeitetThe room was worked In the correct condi-
potentially show a P600 but no N400. tions, the sentence initial element was a prepositional phrase
(Im Zimmer wurde gearbeitdn the room it was workex
EXPERIMENT This _allowed us to keep the _critical word (\(e_rb participle)

identical across correct and incorrect conditions.

It is central for language processing research that verbs can In order to exclude possible confounds with a sentence
be classified with respect to the number and type of constitfinal wrap up effect (e.qg., Friederici & Frisch, 2000; Oster-
uents that they take as (syntactic and semantic) argumentsout, 1997), the critical verb participle was always fol-
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Table 1. Patient history: Descriptions of lesions determined by MRI scans for each individual patient in both
groups (abbreviations: caud caudatum, put putamen, palk globus pallidus). The severity of the language
comprehension disorder is indicated by the number of mistakes in the Tokem@astry mild disorde(0—6);

mild (7—23);moderate(24—-39);severe(>>40). In addition, the auditory comprehension scores of the Aachen
Aphasia Test (AAT) are listed for each patient (only patients with a Token Test score greater than zero were
tested with the AAT). The degree of the comprehension disorder is evaluated based on a total of 60 points.

Patient Lesion sitg Age Token AAT test scores
group left hemisphere Classification (years) Sex Test (AUD)
Patients with basal ganglia lesions
1 Fronto—lateral, insula, caud, put Broca 55 F 5 /607
2 Fronto—lateral, insula, caud, put Amnesic 38 F 21 /643
3 Fronto—lateral, insula, caud, put Residual 62 M 6 /680
4 Caud, put Amnesic 50 M 27 460
5 Caud, put Amnesic 45 M 1 360
6 Put Residual 60 M 0 550
7 Pall Non-aphasic 57 M — —
Patients without basal ganglia lesions
8 Multiple (bilateral), white matter Non-aphasic 51 F 0 —
9 Parieto—lateral Non-aphasic 50 F 0 —
10 Temporo—parietal-lateral Amnesic 61 M 15 /60
11 Temporo—parietal-lateral Residual 39 M 0 /60
12 Temporo—parietal-lateral Non-aphasic 61 M 0 —
13 Fronto—lateral, insula Residual 43 M 3 /6P
14 Fronto—lateral, insula thalamus (bilateral) Non-aphasic 41 M 0 —

lowed by a conjunctiondnd and a second verb participle =~ ERPs were recorded from 19 scalp sites by means of
which was transitive and therefore always correct. FortyAg/AgCl electrodes with a NEUOSCAN 4.1 amplifier. C2
sentences per condition, resulting in 80 critical sentenceserved as ground electrode. Recordings were referenced to
were created on the basis of 80 noun-(intransitive) vertihe left mastoid and were re-referenced to linked mastoids
sets. In addition, 80 filler sentences (half of them ungram-off-line. Electrode impedances were kept below ®. kn
matical) with a similar sentence structure were created. order to control for eye movement artifacts, a horizontal
A female native speaker of German spoke the sentenceand a vertical electro-oculogram (EOG) were recorded. Eye
at a normal speech rate. The sentences were recorded orgdtifact control measures were applied to the raw data of
digital audio tape and digitized at a sampling rate of 44.1leach patient to increase the number of critical trials in each
KHz. In order to ensure a precise time locking of the ERP incondition (Pfeifer et al., 1995). Then individual EEG re-
each individual sentence, the onset of the critical word wagordings were scanned for additional artifacts on the basis
marked by way of a careful visual and auditory inspectionof visual inspection. The average percentage of trials re-
of the auditory speech signal. jected due to behavioral performance and additional arti-
facts was 24.9%.

Procedure

, ) Data analysis
Patients listened to all 160 sentences that were presented

via loudspeakers in a pseudorandomized order. Avisual cuAccuracy in the behavioral task was calculated as the per-
on the center of a computer screen indicated the onset afentage of incorrectly performed trials in one condition rel-
each sentence. 800 ms after the offset of the sentence, sudttive to all trials in that condition. An ANOVA withesion
jects judged whether the sentence was acceptable or not lag a between-subjects factor agndmmaticalityas a within-
pressing one of two response buttons. The next trial startesubjects factor was conducted. ERPs were computed for
1000 ms after the subject’s button press. In the noneach of the critical conditions for each electrode and each
linguistic task patients heard standard tones (600 Hz) with gubject. All ERP averages were aligned to a 200 ms base-
probability of .8 and deviants (660 Hz), with a probability line relative to the onset of the auxiliary verb preceding the
of .2. The two-tone block contained a total of 500 auditorycritical verb. Only trials with correct responses and without
stimuli. All stimuli had a duration of 200 ms (including movement and amplifier saturation artefacts entered the av-
10-ms rise and 40-ms fall time; sound pressure level (SPLgrages. Separate repeated-measures ANOVAs were con-
75 dB) and were presented with a constant offset-to-onsatucted separately for midline electrodes (FZ, CZ, PZ), for
interval of 600 ms. anterior lateral electrodes (FZ8 F3/4, F7/8) and for pos-
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terior lateral electrodes (P8, P78, O1/0O2) in order to RESULTS
capture potential distributional differences. The ANOVA
for the midline analysis includetksion as the between-
subjects factor (lesionmcluding vs. excludinghe basal
ganglia) and two within-subjects factoggammaticality \yie found a main effect ofesion[F(1,12) = 13.55,p <
(grammatical vs. ungrammaticpandelectrodg(FZ vs. CZ 1] due to more errors made by the basal ganglia group
vs. P2. The ANOV_A for_ the two lateral regions of interest (33.2%) as compared to the group without a basal ganglia
were calculated withesionas the between-subjects factor, |ggion (16.6%) and ajrammaticality{ F (1,12)= 8.76,p <

and with two within-subjects factorgrammaticality and 5] showing that on average patients made more errors in
hemisphergleft vs. righ), respectively. The statistical analy- ine violation condition (35.0%SD = 17.88) than in the

ses were computed in two time windows relative to the.qrect condition (14.8%SD= 9.64). There was ngram-
critical word (verb), selected on the basis of visual i”SpeC'maticalityx lesioninteraction @ > .1).

tion: 300 to 700 ms for the N400 and 800 to 1200 for the

P600. Main effects oframmaticalityin the respective time

windows will reflect a N40O effect and a P600 effect, re- ERPs

spectively. Results will be reported as statistically signifi-

cant forp values .05 or less. Furthermore, to ensure thafigure 1 displays the ERP patterns from the onset of the
any modulation of the patient data was of linguistic nature critical verb up to 1500 ms for each of the two lesion groups
the P300 oddball paradigm was applied as a non-linguistiat selected electrode-sites. It is apparent that the patients
test. The statistical analyses followed the same ANOVAwithout basal ganglia lesions show a clear P600 effect for
design as presented for the linguistic experiment with averb-argument violations, but no apparent N400 effect (B).
within-subjects factomprobability (rare vs. oftef) and a  On the other hand, patients with basal ganglia lesions do
between-subjects factdesion on the averages in a time not show a P600 effect, but an extended negativity resem-
window between 300 and 600 ms. bling an N400 (A).

Accuracy

Patients without B
basal ganglia lesions

A Patients with
basal ganglia lesions

Negativity
T
P600
—— correct oo incorrect

Fig. 1. ERP effects for patients with basal ganglia lesions (A) and patients without basal ganglia lesions (B) at selected
electrode-sites. Marked on a schematic head are the electrodes that are graphically displayed showing anterior (e.g., F3,
FZ, F4), central (e.g., C3, CZ, C4) and posterior (e.g., P3, PZ, P4) regions. For orientatiftlsites, M= midline

sites and R= right sites. The correct condition is displayed in a solid line, the incorrect condition in a dotted line.
Negativity is plotted upwards and each tick on the x-axis indicates 500 ms. ERPs from the onset of the critical verb
(onset at zero mysertical bar) up to 1500 ms show that patients with basal ganglia lesions display an extended
N400-like negativity effect, but no P600 effect, while patients without basal ganglia lesions show no N400-like
negativity effect, but a clear P600 effect.
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N400-like Negativity The data show that patients with basal ganglia lesions
The global ANOVA for the N40O-like negativity in the se- show no P600 effect following the preceding extended N400-

lected time window (300—700 ms) at midline sites reveale4Ike negativity effect, while patients without basal ganglia

no main effects of lesion nor grammaticality (&l < 1) esions show only a P60 effect.
: . . 9 caiity g Statistical analyses of repeated-measures ANOVA on the
but a marginal interaction oframmaticality X lesion

[F(1,12)= 3.98,p — .07]. Follow-up analyses by lesion P300 effect did not reveal any significant differences as a

’ , - C . function oflesion but a main effect oprobability indicat-
group did not confirm a statistically significant N400-like . .
negativity in either patient group at midline sitdss(< 1). Ing that patients of both groups showed a normal P300

Anal f lateral sites sh d ianificant effects f effect. Detailed data analyses of the P300 effect were re-
nalyses of lateral sites showed no significant effects for_ .+ 1 covnere (Erisch et al., 2003).

. s . ) . 0
lesion, grammaticality, hemisphere nor an interaction of an;?

! . ) In summary, while patients with unilateral basal ganglia
ofthe 'Fhree faptors (affs < 1) m_the ant(_arlor region. !n the lesions show an extended negativity comparable to an N400
posterior region we found an interaction gfammatical-

ity X lesion[F(1,12)= 7.77,p < .01], but no main effects effect at posterior electrode sites, but no P600 effect as a

of lesion nor arammaticality. Follow-un analvses b Iesionresult of verb—argument violations, patients without lesions

group revealegd that patientg.with basa?gangﬁalesigns sho@f the basal ganglia show no N400-like negativity effect,
. - . . P ff hi f violation. Th results ar

a N400-like negativity at posterior electrode site¢1,6)= ut a P00 effect to this type of violatio ese results are

. . . in contrast to the biphasic pattern of an N40O0 followed by a
7_.37,p = -05], but the patients without basal ganglia le- P600 in younger healthy participants (see Frisch et al.,
sions did not p > .1).

1
Analyses of the N400-like negativity preceding the P6002000)'
time window resulting from verb—argument structure vio-
lations indicate that patients with unilateral basal gangliap|scusSsION
lesions show a bilaterally distributed extended N400-like
negativity effect at posterior sites, while patients without Taken together, the data from the current experiment fur-
basal ganglia lesions do not show such an N400-like negdher support the role of the basal ganglia in controlled syn-

tivity effect. tactic processing by replicating the lack of a P600 effect in
patients with focal unilateral basal ganglia lesions (Friederici
P600 et al., 1999; Frisch et al., 2003) and extending it by re-

porting evidence on the role of the basal ganglia in a sec-
ond controlled process that relates to semantic—thematic
processing.

) ) X As it was hypothesized, a P600 effect due to verb—

lesion[F(1,12)= 9.99,p < .01] as well as an interaction 5.4 ment structure violations was only found in patients

of grammaticality X lesion X electrode[F(2,24) = 3.91,  ithoyt basal ganglia lesions. However, these patients
p < .03] can be reported. These interactions resulted fromy,qyeq an extended N400-like negativity effect preceding
the fact that patients without basal ganglia Ies!ons dls_play #he P600 time window which resembles the N400 effect in

P600 effect F(1,6) = 15.24,p < .001] and an interaction v, nq healthy participants (see Frisch et al., 2000), while

of_gr_ammaticalityx eI_ectrode_[F(Z, 12)= 5.39,p <_'05] at atients without basal ganglia lesions did not show such an
midline sites, but patients with basal ganglia lesions do nof400_jike negativity effect. Furthermore, a P300 effect in

show comparable effects (all effects:< 1). Grammatical-  eqnonse to rarely occurring auditory stimuli was shown in

ity was significant at all three electrode sites for patientsy i, groups of patients and was comparable to healthy con-
without basal ganglia lesions: FzF(1,6) = 6.67, s (see Frisch et al., 2003).
p < .05]; Cz [F(1,6) = 15.24,p < .001]; Pz F(1,6) = With respect to our hypothesis that the basal ganglia only
24.63',p.< -0_01]- _regulate controlled syntactic processes, the current results
Asimilar p|cture_eme_rged for the analys_es of lateral S'tessupport the fact that the basal ganglia play a necessary role
Analyses of anterior sites showed no main effects nor any,, the mediation of the P600 effect. Thus. the present re-
critical interactions for any factor (aHts < 1). Analyses of g its are in agreement with recent findings that the P600
posterior sites displayed a main effect of grammaticalitygtrect is strongly reduced in Parkinson patients (Friederici

[F(1,12)=8.00,p < .01], but not of lesionf < 1). How- &t 51 2003) and in patients with unilateral lesions of the
ever, a significant interaction aframmaticality X lesion  pocq ganglia (Friederici et al., 1999; Frisch et al., 2003;
[F(1,12)= 12.82,p < .001] was found. Follow-up analy- ki, & Friederici 2003).

ses by patient group revealed that patients without |esions e question of whether there is a functional correlation

of the basal ganglia showed a P600 effect at posterior sites; ihe pasal ganglia and lexical-semantic processes can be

[F(_1,6)= 14.66,p < .001], but not at ante_rior sitef (< 1). partially answered. The fact the basal ganglia group show
This effect was not qualified by hemispherg & 1).

Patients with basal ganglia lesions showed no main effect , , _
In a pilot study with a sample of 14 age-, gender- and education-

of grammat'ca“ty nor any interaction at either anterior or matched controls for the patients tested in the current experiment we also
posterior electrode sites (dfls < 1). found a biphasic pattern of an N400 followed by a P600.

Analyses of the midline sites revealed a main effect of gram
maticality [F(1,12) = 4.42,p < .05], but not oflesion
(F < 1). However, an interaction oframmaticality X
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an N400-like negativity effect, but with an extended dura-Breitenstein, C., Daum, |., & Ackermann, H. (1998). Emotional
tion points to the modulatory role of the basal ganglia in  processing following cortical and subcortical brain damage:
lexical-semantic processing such as thematic role assign- Contribution of the fronto—striatal circuitrehavioural Neu-
ment. This extended N400-like negativity adds to contro-  fology, 11, 29-42.

versial previous evidence as the data imply that speed d#reitenstein, C., van Lancker, D., Daum, I., & Waters, C. (2001).
information processing affecting lexical-semantic informa- Impaired perception of vocal emotions in Parkinson’s disease:
tion might be modulated by the basal ganglia (e.g., Cros- Influence of speech time processing and executive function-

ing. Brain and Cognition45, 277-314.
son, 1999; Nadeau & Crosson, 1997; but see Cappa . . :
. , S.F. & Abutalebi, J. (1999). Subcortical aph .In F. Fab-
Abutalebi, 1999; Wallesch & Papagno, 1988). %appa S butalebi, J. (1999). Subcortical aphasia. In F. Fab

. ; . ) bro (Ed.), The concise encyclopedia of language pathology
In particular, it needs to be noted that in comparison to (pp. 319-327). Oxford, UK: Pergamon Press

the N400 seen in younger and older healthy participantgoyison s., King J., & Kutas M. (1998a). Expect the unexpected:
(e.g., Frisch et al., 2000) the duration of the N400-like neg-  Event-related brain response to morphosyntactic violatioars.
ativity effect in the basal ganglia patients differs. While the  guage and Cognitive Processds, 21-58.

negativity in the patients shows a similar onset to the onecrosson, B. (1999). Subcortical mechanisms in language: Lexical—
seen in healthy controls, the duration of the N400-like neg- semantic mechanisms and the thalanrain and Cognition
ativity effect in this study extends up to 700 ms post- 40, 414-438.

stimulus onset in the patients. We would like to argue thafriederici, A.D. (1995). The time course of syntactic activation
this effect is due to global cognitive slowing that impairs ~ during language processing: A model based on neuropsycho-
lexical-semantic processing during language comprehen- 0gical and neurophysiological datérain and Languageso,
sion. As this duration difference only occurred for the N400- ,25972,81' i

like negativity effect that reflects semantic—thematic role™"1€derici. A.D. (1999). The neurobiology of language compre-

. . . . L hension. In A.D. Friederici (Ed.},anguage comprehension: A
assignment, but was not visible in the non-linguistic P300 .~ ~ - : I
. biological perspectiv€2nd ed., pp. 265-304). Berlin: Springer.
effect (see Frisch et al., 2003), gicatpersp @ PP ) pring

. . ; itis p!au§|ble that the rate of:riederici, A.D. (2002). Towards a neural basis of auditory sen-
lexical-semantic information processing in the broader sense ance processingirends in Cognitive Sciences, 78—84.

is changed as a result of unilateral basal Qang“a |es'°.”5- |Briederici, A.D. & Frisch S. (2000). Verb-argument structure pro-
a recent paper, Grossman et al. (2002) discussed evidence cessing: The role of verb-specific and argument-specific infor-
that the striatum may play a critical role in information  mation.Journal of Memory and Languagé3, 476-507.
processing speed (see also Rao et al., 2001; Schubotz et @riederici, A.D., Kotz, S.A., Werheid, K., Hein, G., & von Cra-
2000). In accordance, it appears that while the time course mon, D.Y. (2003). Syntactic comprehension in Parkinson’s dis-
of semantic—thematic processing is hampered by basal gan- ease: Investigating early and late integrational processes using
glia lesions, the process is still realized in an extended time ERPs.Neuropsychologyl7, 133-142.
window. This is clearly not the case for controlled syntacticFriederici, A.D., von Cramon, D.Y., & Kotz, S.A. (1999). Lan-
processes reflected in the P600 effect which is absent in the 9uage related brain potentials in patients with cortical and sub-
basal ganglia patients. _cortlcal left hemlspherg Iespr?Braln, 122 1033—1047.

In conclusion, our study demonstrates that patients wittf1SCh: S- Hahne, A., & Friederici, A.D. (2000). ERP evidence for
focal lesions of the basal ganglia show a selective deficit of the priority Of.phr".ise structure |nforma_t|on over argument struc-
controlled syntactic processes as reflected in the P600 ef- ture information in sentence processidguirnal of Cognitive

. ) ; Neurosciencg¢Suppl. 12) 51.
fect, while controlled semantic—thematic processes as "&risch, S., Kotz, S.A. ., FriedericiA.D., & von Cramon, D.Y. (2003).

flected in a preceding N400-like negativity effect are present \yhy the P600 is not just a P30Blectroencephalography and
but its duration was extended. These results show that the cjinical Neurophysiology114, 336-340.

basal ganglia play a mediating role in controlled syntacticrrisch, S., Schlesewsky, M., Saddy, D., & Alpermann, A. (2002).
processes during comprehension and may also play a role The P600 as an indicator of syntactic ambiguiBognition

in the rate of controlled semantic processes. 85, B83-B92.
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