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Syntactic Comprehension in Parkinson’s Disease:
Investigating Early Automatic and Late Integrational Processes
Using Event-Related Brain Potentials

Angela D. Friederici, Sonja A. Kotz, Katja Werheid, Grit Hein, and D. Yves von Cramon
Max Planck Institute of Cognitive Neuroscience

Parkinson’s disease (PD) has been associated with a general impairment of procedures and
with an impairment of syntactic procedures in particular. The present study investigated
comprehension processes in PD using event-related brain potentials (ERPs). PD patients and
controls listened to sentences that were either correct or syntactically or semantically
incorrect. The language-related ERP component correlated with semantic processes (N400)
was present in both groups. In the syntactic domain, early automatic processes (early
negativity) appeared normal in PD, whereas late integrational processes (P600) were mod-
ulated by this disease. The present findings suggest that the basal ganglia primarily do not
support early automatic syntactic processes during comprehension but rather support pro-
cesses of syntactic integration.

Language is described as consisting of a lexicon containdeclarative memory system is described as being implicated
ing all lexical elements and a grammar providing the rulesin the learning, representation, and use of knowledge about
according to which syntactic structures are built (Chomskyfacts and events, thereby covering semantic and episodic
1965; Pinker, 1994). A neural dissociation of lexical-se-knowledge. This knowledge is consciously recollected, not
mantic and syntactic processing abilities is suggested by mformationally encapsulated, and accessible to multiple
large number of lesion studies. Patients with left temporopamental systems. The procedural system covers procedures
rietal lesions, often diagnosed as Wemicke's aphasia, afat are largely implicit. The system itself is informationally
more likely to reveal a major lexical-semantic deficit, gncapsulated and has little access to other mental systems
whereas patients with left inferior frontal lesions, often yiman, 2001). The functional characteristics of the latter
called Broca’s aphasics, are described as revealing a majQl.stem are those of a modular, automatic system, according
syntactic deficit (for a review, see Friederici, 1999; Good-to the criteria put forward by F’odor (1983). The ﬁeuroana—
glass, 1993). Although these very specific deficits have bee mical description of the two separate systems and their
repor@ed freque_ntly, it appears that the behr_;lvioral patterns qfn fional specification with respect to language, as pro-
Wernicke's patients and Broca’s patients display some variy,qeq 1y Uliman (2001), is based on the finding that pos-
ation depending on the particular brain structures involvedig i aphasics and patients with Alzheimer's disease dem-
For example, Wernicke's patients may also demonstrat® i ate more errors in generating irregular verb forms
syntactic comprehension deficits when the lesion extend o-went), which are assumed to be stored in the lexicon as
peyond Fhe mid. portion of the superior temporal gyrus intoa full Iexi,(:al entry, than in generating regular verb forms
its anterior portion (Dronkers & Larsen, 2001). (cook—cooked), which are taken to be governed by a mor-

Recently, Uliman and colleagues (Uliman, 2001; Ullman, ooy ntactic rule dd—added). Anterior aphasics and Par-
Corkin, etal., 1997) claimed a dissociation of language. Thg;,q s gisease (PD) patients, in contrast, show more er-
lexicon is part of the temporal-parietal/medial-temporal, s \yith regular, rule-governed than with irregular verb
declarative memory system, and grammatical rules are prgq, s The |atter results are taken to support the notion that
cessed by the frontal-basal ganglia procedural system. beerammar is instantiated in the procedural system on the
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man and colleagues (Ullman, 2001; Ullman, Corkin, et al.,
1997). From this review, it will become apparent that the
system called grammar may be multilayered, with the pro-
cedural system just constituting one part.

Aphasics with lesions in the left inferior frontal cortex
(Broca's aphasics) are characterized by deficits in grammat-
ical processing during language production and during com-
prehension when the interpretation relies on syntactic infor-
mation (Berndt & Caramazza, 1980; Goodglass, 1993;
Zurif, Caramazza, & Myerson, 1972). It isinteresting that it
is mainly their procedural grammar that is affected, as
shown in on-line tasks (Friederici, 1985, 1988; Friederici &
Kilborn, 1989; Haarmann & Kolk, 1991), whereas their
declarative grammatical knowledge, as tested in grammati-
cality judgment tasks, can be preserved (Linebarger,
Schwartz, & Saffran, 1983). These findings have led to the
interpretation that Broca's aphasia is due to a procedural
deficit rather than to aloss of grammatical knowledge. The
origin of this procedura deficit has been seen in these
patients' slow rise time of grammatical information (Fried-
erici, 1988; Friederici & Kilborn, 1989), in the informa-
tion's fast decay (Haarmann & Kolk, 1991), and in a non-
exhaustive lexical access (Prather, Shapiro, Zurfi, & Swin-
ney, 1991).

Wernicke's aphasics, in contrast, clearly demonstrate a
lexical—semantic deficit in production and most off-line
comprehension tasks but show close to normal performance
in on-line semantic priming tasks (Blumstein, Milberg, &
Shrier, 1982; Hagoort, 1993). However, semantic priming
varies as a function of automatic or controlled processing.
Although automatic priming appears to be intact, controlled
semantic priming is impaired in Wernicke's aphasics. It is
interesting that a similar off-line versus on-line dissociation
is observed in the domain of syntax: Whereas Wernicke's
patients show a close to norma performance in on-line
comprehension tasks with respect to syntactic aspects
(Friederici, 1985), they demonstrate clear syntactic deficits
when required to perform off-line comprehension or gram-
maticality judgment tasks (Bates, Friederici, & Wulfeck,
1987).

In view of these findings, Blumstein, Milberg, Dworetzky,
Rosen, and Gershberg (1991) advanced the view that
Broca's aphasia may be due to a deficit in automatic pro-
cesses—whereas Wernicke' s aphasia may be due to adeficit
in controlled processes, independent of the semantic versus
syntax processing domain. However, note that although this
view is orthogonal to the claim put forward by Ullman,
Corkin, et a. (1997) with respect to frontal and posterior
aphasics, the authors' predictions partly overlap. Both views
predict an impairment of automatic syntactic processing in
anterior patients and an impairment of controlled lexical—
semantic processing in posterior patients. This notion seems
to be supported by the literature discussed above.

Thus, the empirical data are comparable with respect to a
subpart of the claim put forward by Uliman, Corkin, et al.
(1997)—namely, the frontal cortical part. Their view, how-
ever, holds that the frontal—basal ganglia system as awhole
represents the procedural system (i.e., the grammar system).

The empirical evidence with respect to the basal ganglia and
their possible involvement in language processing is less
clear.

PD patients who suffer from a degeneration of dopamine
neurons, especialy in the substantia nigra of the basal
ganglia, have been investigated with respect to their lexical—
semantic, syntactic, and prosodic processing abilities during
production and comprehension (M. Lieberman, 2000; P.
Lieberman et al., 1992). Studies testing language abilitiesin
simple verbal and semantic tasks have concluded that PD
patients show relatively preserved language abilities
(Gotham, Brown, & Marsden, 1988; Mortimer, Pirozzolo,
Hansch, & Webster, 1982; Tyler & Mardlen-Wilson, 1986).
Studies investigating PD patients' ability to process emo-
tional prosody consistently report an impairment of this
cognitive function (Breitenstein, Daum, & Ackermann,
1998; Breitenstein, Van Lancker, Daum, & Waters, 2001;
Pell & Leonard, 2001). M. Lieberman (2000) attributed this
impairment to an inability to decode finer temporal supra-
segmental structure in the auditory input. Those studies
examining syntactic comprehension reported that PD pa-
tients consistently experience comprehension difficulties
when faced with syntactically complex sentences (Gross-
man et al., 1991, 1992; Natsopoulos et a., 1993). With
respect to these patients grammatical processing deficit,
Grossman et a. (1993) suggested that it depends on a
deficient attentional system rather than the grammar as such.
A more recent approach views slowed lexical processing in
PD as the cause for grammatical comprehension problems
in these patients (Grossman et a., 2002). In contrast, Ull-
man, Corkin, et a. (1997), investigating morphosyntactic
aspectsin PD patients’ language production, reported intact
generation of irregular past tense verb forms but deficient
generation of regular forms, and they took this finding to
indicate an involvement of the basal gangliain the grammar
system. However, note that another study examining spoken
language production in PD patients found no specific in-
crease of morphological error but only a smaller proportion
of grammatical sentences when PD patients were compared
with controls (Murray, 2000), indicating some minor ater-
ation in sentential output. From the combined data, it is not
clear what might be the underlying functional deficit caus-
ing the observed grammatical processing problems at the
sentential level in PD patients.

Patients With Focal Basal Ganglia Lesions

The direct involvement of the basal ganglia has been
investigated in a number of studies with patients suffering
from focal subcortical lesions. Although some studies deny
a direct role of the basal ganglia in language processing
(Nadeau & Crosson, 1997), other studies assume a direct
relationship, in particular in language production (M. P.
Alexander, Naeser, & Palumbo, 1987; Robin & Schienberg,
1990). A direct test of the possible role of the basal ganglia
during language comprehension was undertaken in a recent
event-related brain potential (ERP) study that compared
patients with left basal ganglia lesions (including the cau-
date nucleus and putamen as well as a focal lesion of the
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globus pallidus in one patient) and patients with cortical
lesions with controls (Friederici, von Cramon, & Kotz,
1999). The ERP pattern of the basal ganglia patients did not
substantially differ from that of controls. Patients with left
frontal cortical lesions revealed a deviant brain activation
pattern for syntactic processes, in particular for automatic,
initial structure-building processes.

Given the data at hand, it is difficult to functionaly
specify the role of the basal ganglia and/or the frontal—basal
ganglia system. Whereas Ullman, Corkin, et a. (1997) held
the view that this system’ s function together with left frontal
cortex isthe procedural grammar, Grossman and colleagues
(Grossman et a., 1991; Grossman, Carvell, Stern, Gollomp,
& Hurtig, 1992) considered the system’s mgjor function to
relate to attentional factors. Friederici et al. (1999), in con-
trast, proposed a possible dissociation between the function
of the subcortical structures (i.e., basal ganglia on the one
hand and the cortical structures on the other, with the latter
supporting procedural syntactic aspects in particular). The
different claims concerning the possible role of the basal
ganglia in grammatical processing, however, are based on
studies using different tasks and even different subject
groups. Whereas Ullman, Corkin, et a. (1997) used word
production tasks and Grossman et al. (1991, 1992) used
comprehension tasks with PD patients, Friederici et al.
(1999) investigated comprehension in patients with focal
lesions of the basal ganglia using the on-line measure of
ERPs.

The goa of the present study is to explore the compre-
hension processes in PD patients as they unfold over time.
We used ERPs, a noninvasive, continuous, on-line measure
of the brain’s electrical activity that is sensitive to specific
language-related processes. We chose this measure because
it allows us to investigate two temporally and functionally
distinct aspects of syntactic processing—namely, early au-
tomatic and late integrational processes.

In the following, we briefly review the available evidence
on neurologically healthy individuals indicating a dissocia-
tion within the domain of syntax into a procedural system,
on the one hand, and a controlled processing system, on the
other hand.

Early Automatic Versus Late Controlled
Syntactic Processes

In psycholinguistic modeling, the distinction has been
made between two stages of syntactic parsing: an early
automatic and a late controlled stage. Frazier (1987) pro-
posed an early stage of syntactic processing, during which
the input is structured on the basis of word category infor-
mation, and a second stage, during which integration of the
different types of information takes place. Friederici and
colleagues (Friederici, 1995; Friederici, Hahne, & Meck-
linger, 1996; Hahne & Friederici, 1999) found neurophys-
iological evidence separating grammatical processing into
an early stage of initid, first-pass parsing correlated with an
early left anterior negativity (ELAN), and a later stage of
secondary processes correlated with a late centroparietal
positivity, the P600. The early and the late stage were found

to be selectively impaired in patients with focal brain le-
sions. The ELAN component was found to be selectively
absent in patients with left frontal cortical lesions (Fried-
erici, Hahne, & von Cramon, 1998; Friederici et al., 1999)
but present in patients with lesions in the basal ganglia
(Friederici et a., 1999) as well as in patients with Wer-
nicke's aphasia (Friederici et a., 1998). The P600 compo-
nent, in contrast, was somewhat reduced in basal ganglia
patients and was present in Broca's aphasia but absent in
Wernicke's aphasia (Friederici et al., 1998, 1999). Func-
tionally, the finding that the P600 but not the ELAN varies
as a function of attentional demands provides further sup-
port for the notion of two functionally separable syntactic
processes (Hahne & Friederici, 1999).

Given these data, we reconsidered the grammatical im-
pairment observed in PD patients. So far, no study has
approached this issue using ERPs. However, PD is well
described with respect to its neural basis and with respect to
its nonlanguage cognitive function. PD patients are known
to suffer from a degeneration of dopamine-synthesizing
neurons in the substantia nigra, which leads to a lack of
dopamine in the basal ganglia and its projections to the
frontal cortex. This could explain the observed frontal pro-
file of these patients in standard behavioral neuropsycho-
logical tests (Catagirone, Bendetti, & Gainotti, 1985;
Freedman & Oscar-Berman, 1986). PD patients are found to
be deficient in a Stroop test, in particular, when the second-
ary task is resource demanding, as compared with a less
demanding secondary task (Brown & Marsden, 1991).
Some researchers have proposed that PD patients may suf-
fer not from a preattentive deficit in automatic processing
but rather from a selectional attention deficit hampering
integration processes (Grossman et a., 1993). This differ-
entiation between automatic, preattentive processes and
processes of integration makes an interesting prediction
with respect to syntactic processes during language com-
prehension in PD patients. If the deficit observed in PD isto
be located at the level of integration rather than at the
preattentive level, these patients should demonstrate a pre-
served ELAN component, reflecting early automatic syntac-
tic processes, whereas the P600 component, reflecting late
integrational syntactic processes, might be attenuated.

The present study investigates the auditory processing of
syntactic and semantic information in patients with PD and
in age-matched controls. To differentiate early and late
processes, we took electrophysiological measures while
subjects listened to sentences that were either correct or
semantically or syntactically incorrect. In this investigation,
we focused on three language-related ERP components pre-
viously established in the literature: the N400, a negativity
peaking around 400 ms, correlated with lexical—-semantic
processes (e.g., Kutas & Hillyard, 1984); the ELAN, corre-
lated with automatic first-pass parsing processes (e.g.,
Friederici, Pfeifer, & Hahne, 1993); and the P600, first
observed in correlation with syntactic processes (Hagoort,
Brown, & Groothusen, 1993; Osterhout & Holcomb, 1992)
and later interpreted to reflect processes of syntactic inte-
gration (e.g., Kaan, Harris, Gibson, & Holcomb, 2000).
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Method
Subjects

A group of 8 PD patients and a group of 8 age-matched controls
participated in the study. The individual patients histories are
displayed in Table 1, including information about age, gender,
handedness, and clinical status at the time of testing. Clinica
diagnosis and disease severity were assessed by an experienced
neurologist. All patients were medicated at the time of testing.
None of them showed any signs of dementia or depression.

The control group consisted of 8 subjects (3 women) with a
mean age of 57 years (ranging from 50 to 71 years of age). There
was no statistically significant difference in mean age between
patients and age-matched controls (p > .05). All subjects gave
informed consent to participate in the study and were paid for their
participation.

Material

The language material was similar to that used in earlier studies
(Friederici et al., 1998; Hahne & Friederici, 2001; Grol3 et al.,
1998). The auditory materia was first recorded on analogue tape
and then digitized (20 kHz, 12 bit resolution). The recording of the
sentences was controlled for pronunciation, prosody, and loudness.
To ensure that listeners did not perceive any prosodic or acoustic
cues prior to the critical word in the syntactically incorrect sen-
tences, we recorded correct sentences of Types C and D (see
examples below). By means of an editing tool, nouns following the
preposition were then spliced out from the digitized correct sen-
tence. Only nouns with the same phonologica transitions from
preposition offset to noun onset and from noun offset to participle
onset were used to control for coarticulation. Mean loudness and
splicing quality were assessed by an expert. No significant differ-
ence in loudness between the spliced and the unspliced conditions
was observed.

Subjects listened to 192 sentences spoken by a trained female
speaker. Fifty percent of these sentences were correct, 25% were
semantically incorrect, and 25% were syntactically incorrect. The
semantic violation was due to a selectional restriction error (Sen-
tence A: Das Gewitter wurde gebligelt/The thunderstorm was
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ironed), and the syntactic violation resulted from a word category
error (Sentence B: Die Hose wurde am gebiigelt/The pants was on
ironed; literal translation). A preposition such as am or on must be
followed by a noun phrase. Therefore, a verb form following a
preposition violates German phrase structure rules. Note that be-
cause German is a verb-second language, the passive construction
requires the verb in the sentence ending position. For example, a
semantically correct form of Sentence A is Das Hemd wurde
gebligelt/The shirt was ironed (Sentence C). The correct counter-
part of syntactically incorrect Sentence B is Die Bluse wurde am
Freitag gebligelt/The blouse was on Friday ironed (Sentence D;
literal trandlation). The critical word (i.e., the sentence final verb)
was the same in al conditions.

Procedures

Subjects were seated in a comfortable chair and listened to the
stimuli through loudspeaker boxes. While listening to the sen-
tences, subjects were instructed to fixate on a small star in the
middle of acomputer screen in front of them and to avoid blinking
during the presentation of the star. The star occurred 500 ms prior
to the auditory sentence presentation and remained on the screen
until 3,000 ms after the offset of a sentence. The next trial started
after an interstimulus interval of 1,000 ms. To avoid possible
interferences between language processing and motor demands
due to patients’ motor impairments, we collected ERPs passively,
and no overt response was required.

ERP Recordings

The electroencephalograph (EEG) was recorded with tin elec-
trodes secured in an elastic cap. Nineteen electrodes were placed
according to the International 10—20 system with the following
locations: Fz, Cz, Pz, F7, F3, ATL, BL, WL, P7, P3, O1, F8, F4,
ATR, BR, WR, P4, P8, and O2 (cf. Sharbrough, 1991). Each EEG
channel was amplified with a bandpass from DC to 40 Hz. The
EEG was recorded continuously and stored for later analysis at a
sampling rate of 250 Hz. The impedance was reduced to below 5
kQ). Separate ERPs were averaged (100 ms poststimulus baseline)
for each subject at each electrode site. All electrodes were reref-

Table 1
Patient History

PD  Age
group (years) Gender Handedness MMSE GDS H & Y UPDRSHII Medication
P501 70 M 1 29 9 15 29 L-dopa, cabergoline
P502 54 W 1 26 5 15 18 Budipine

P503 47 W 2 28 30 45 L-dopa, ropinirole,

amantadine

P504 52 W 1 27 6 20 19 Cabergoline, budipine
P505 56 M 2 28 25 30 L-dopa, ropinirole
P506 63 M 1 30 10 1.0 20 Pergolide

P507 67 M 1 27 6 3.0 33 L-dopa, ropinirole
P508 61 M 1 30 20 43 L-dopa, entacapone

Note. P503, P505, and P508 completed the Beck Depression Inventory (Beck & Steer, 1987), with
scores of 2, 3, and 4, respectively. For handedness, 1 = right and 2 = left. PD = Parkinson's
disease; MM SE = Mini-Mental State Examination; GDS = Geriatric Depression Scale (Brink et al.,
1982; Yesavage et a., 1983); H & Y = disease severity as assessed by the Hoehn and Y ahr (1967)
rating scale, ranging from the initial disease stage (Stage I; unilateral symptoms, no or minimal
impairment of daily living) to the final disease stage (Stage V; fully developed motor symptoms,

patient is severely disabled and confined to bed); UPDRSHII

motor score of the Unified

Parkinson’s Disease Rating Scale (Fahn & Elton, 1987), quantifying tremor, hypokinesia, and
rigidity (maximal score: 88); P = participant; M = man; W = woman.
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erenced to linked mastoids. Both the vertical and the horizontal
electrooculogram were recorded from electrodes placed above and
below the right eye and the outer canthus of each eye, respectively.
We removed trials with eye blinks or horizontal eye movements
and other artifacts from the raw data prior to averaging the data.
The ERPs were time locked to the onset of the critical word in each
sentence and then calculated from the onset of the critical word
until 1,500 ms poststimulus onset.

Data Analysis

ERP data for the control group and the patient group for correct
and incorrect sentences were analyzed using standard analyses of
variance (ANOVAs). Huynh—Feldt corrections (Huynh & Feldt,
1970) were applied for inappropriate degrees of freedom due to
violations of the sphericity assumption. For each violation type
(syntactic and semantic), an ANOVA was calculated separately,
including the between-subjects factor group (patient vs. control),
the within-subject factor condition (correct vs. incorrect), and the
within-subject factor region of interest (ROI; anterior vs. poste-
rior). Electrode sites included in the two ROIs were as follows:
anterior (F7, F3, ATL, BL, F8, F4, ATR, BR) and posterior (WL,
P7, P3, O1, WR, P8, P4, 02). Analyses for midline sites (Fz, Cz,
Pz) were calculated separately. Critical components observed in
the experiment for the patient and the control group were an early
anterior negativity, a centroparietal positivity (P600), and a cen-
troparietal negativity (N400). Prior to measuring the mean ampli-
tude of each respective component, we defined time windows by

visual inspection of the wave forms in both the patient and the
control group and then matched between groups for statistical
analyses. The time windows for the respective statistical analyses
of the components were asfollows: early anterior negativity (100—
200 ms), P600 (300—700 ms), and N400 (300-500 ms). Signifi-
cant interactions that included the factor electrode site were nor-
malized with the McCarthy and Wood (1985) procedure. If this
procedure was applied, only normalized data are reported.

Results

ERPs are presented as average wave forms at selected
electrode sites for the patient group and the controls. Figure
1 presents the grand average wave form of the ERPs for
correct and incorrect targets in the syntactic condition for
the patient and control group for the early anterior negativ-
ity and for the P600 as well as for targets in the semantic
condition for the N400.

Approximately 8% of the trials were rejected because of
eye blinks, horizontal eye movement, or amplifier blocking
in the control group. Eye artifact control measures were
applied to the raw data of each patient to increase the
number of critical trialsin each condition (Pfeifer, Novagk,
& Maess, 1995). The early N1 and P2 components are not
visible because the critical word was presented in a contin-
uous speech stream rather than in a word-by-word presen-
tation mode.

Patients (n = 8)

Controls (n = 8)

syntactic

)
T | A Cz ATR ATL e C2] ATR[ e,
7 N400 N400
»
wL Pzl % wR . wL ) Pz / WR
)—,@W '_r&w M I LA o] sﬁb | A
i —— correct
s
02 02 06 10 T incorrect

Figure 1. Average event-related brain potentials for the syntactic and semantic conditions at
selected electrode sites. The solid line represents the correct sentence condition; the dotted line
represents the incorrect sentence conditions. The vertical linesindicate the onset of the critical word.

ELAN = early left anterior negativity.
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The omnibus ANOV A of repeated measures for the early
anterior negativity resulted in a main effect of condition,
F(1, 14) = 2440, p < .001, and a Condition X ROI
interaction, F(1, 14) = 26.87, p < .001, but no main effect
of group (p > .10). Dissolving the interaction revealed a
main effect of condition at anterior electrode sites, F(1,
14) = 40.46, p < .001, and posterior electrode sites, F(1,
14) = 6.08, p < .027. An effect of condition was also found
at midline electrode sites, F(1, 14) = 15.37, p < .001. As
thereisastrong hypothesisin the literature that there should
be group differences related to automatic syntactic pro-
cesses, we looked at the main effects and interaction for
each group separately. For the age-matched controls, we
found a main effect of condition, F(1, 7) = 5.54, p < .050,
and a Condition X ROI interaction, F(1, 7) = 19.91, p <
.002. In afollow-up analysis of ROI, there was an anterior
condition effect, F(1, 7) = 13.62, p < .007, but no posterior
condition effect (p > .10) for the controls. A similar pattern
emerged for the PD patients. There was a condition effect,
F(1, 7) = 24.21, p < .001, and a Condition X ROI inter-
action, F(1, 7) = 7.90, p < .026. PD patients did show a
large condition effect at anterior electrode sites, F(1,
7) = 31.08, p < .001, but they aso showed a small condi-
tion effect at posterior electrode sites, F(1, 7) = 10.51, p <
.014. At midline electrode sites, controls did not show an
early negativity (p > .10), but PD patients did, F(1,
7) = 17.30, p < .004.

The ANOVA for the P600 component displayed no main
effect (al ps > .10) but showed a significant Condition X
ROI interaction, F(1, 14) = 31.30, p < .001. Separate
analyses by ROI showed a main effect of condition at
posterior electrode sites, F(1, 14) = 10.06, p < .006.
Furthermore, there was a significant Condition X Electrode
Site X Group interaction, F(7, 98) = 2.41, p < .042. On the
basis of our initial hypothesis on the possible modulations
of the P600, we dissolved the three-way interaction. Anal-
yses by group revealed a Condition X Electrode Site effect
in the age-matched controls that approached significance,
F(7,49) = 2.34, p < .064, but not in PD patients (p > .10).
To explore subtle group differences, we further analyzed the
Condition X ROI interaction observed in the omnibus
ANOVA for both groups. Whereas age-matched controls
showed a Condition X ROI interaction, F(1, 7) = 17.62,
p < .004, and a dissolved condition effect at posterior
electrode sites, F(1, 7) = 15.19, p < .005, PD patients
showed a Condition X ROI interaction, F(1, 7) = 14.07,
p < .007, that was not significant at posterior electrode sites
(p > .10). At midline sites, the main effect of condition
only approached significance, F(1, 14) = 4.13, p < .061,
and no other main effect or interaction was significant (all
ps > .10).

In summary, whereas early syntactic processes reflected
in the early anterior negativity occurred for both PD patients
(but extended to posterior electrode sites and midline sites)
and age-matched controls, PD patients showed a reduced
PG00 effect for late controlled syntactic processes, as com-
pared with their matched controls. With respect to the N400
component, the ANOV A showed amain effect of condition,
F(1, 14) = 12.17, p < .003, but no main effect of ROI or

group nor an interaction (al ps > .10). This was also true
for the analysis of midline sites, F(1, 14) = 12.52, p < .003.
Thus, the processing of correct and incorrect semantic in-
formation in PD patients and age-matched controls is
comparable.

Discussion

The goal of this article was to investigate early and late
syntactic processes in addition to semantic processes in
patients with PD. The central question was whether the
degeneration of the dopaminergic neurons in the basal gan-
glia and its impact on the frontal cortical areas influence
early automatic and late integrational processes in the syn-
tactic domain differently. The results demonstrate that early
automatic syntactic processes are spared in PD patients
comprehension but that late syntactic integration processes
are partially affected. Semantic processes, as expected, are
similar to those of contrals. In the following, wefirst discuss
the possible influence of medication on ERPs and then
discuss the ERP pattern for the semantic processes and the
syntactic processes in more detail.

The Possible Influence of Medication

The argument could be raised that the medical treatment
of the patients in this study could have affected the ERP
pattern. However, if this were the case, the late syntactic
component should not have been affected selectively; the
early syntactic component and the N400 would also have
been affected. As one can see from the data, thisis clearly
not the case, as we observed only a modulation in the
amplitude of the P600. Furthermore, there is no report of
either a selective or ageneral effect on the ERPS' amplitude
as a function of the medical treatment used here.

Studies investigating the effect of L-dopa therapy on
ERPs in PD patients report only modulations in the ERPS
latency. A prolonged P300 latency before treatment was
shown to be reduced after treatment, however, with no
effect on the amplitude (Oishi, Mochizuki, Hara, Du, &
Takasu, 1996; Sohn, Kim, Huh, & Kim, 1998). The appli-
cation of bromocriptine in healthy adults caused a pro-
longed P300 latency but, again, no effect on its amplitude
(Nishimura, Ogura, & Ohta, 1995). Thus, these findings
suggest that the amplitude of a late positivity (i.e., the P300
component) is not affected by the type of medication at
issue. This allows us to discuss the observed ERP effects
independently of the medical treatment.

Semantic Processes

Control subjects revealed an N400 component in corre-
lation with the processing of semantically incorrect sen-
tences. The amplitude of the N400 effect for these age-
matched controls was somewhat smaller than that usually
observed in young adults. However, the time course and the
distribution were comparable to the N400 effects found for
auditory sentence processing in previous studies (Friederici
et a., 1993, 1998; Holcomb & Neville, 1991).
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PD patients demonstrated an N400 that was similar to
that of their age-matched controls, suggesting that semantic
processing, as tested in the passive sentences of the present
study, isintact. Thisfinding isin linewith earlier behavioral
studies reporting norma performance for PD patients on
semantic tasks (Levin, Llabre, & Weiner, 1989; Tyler &
Marslen-Wilson, 1986) and on tasks relying on lexical
knowledge (Ullman, Corkin, et al., 1997).

Syntactic Processes

Early and late syntactic processes measured by the lis-
tener’s brain reaction to phrase structure violation are dif-
ferentially affected by PD. The early anterior negativity is
present in PD patients, reflecting early automatic processes,
whereas the P600, reflecting late processes of syntactic
integration, is reduced and not significant in PD patients.
The early anterior negativity has a somewhat different dis-
tribution in PD patients, as compared with controls.
Wheresas it is restricted to frontal lateral electrodes in con-
trols, it extends to temporal and midline electrodes in PD
patients. So far, we can only speculate on the possible cause
of the more extended distribution of the early negativity in
PD. It may be a reflection of the degeneration of dopami-
nergic neurons of the substantia nigra that leads, in a cas-
cade of processes in various subcortical structures, to a
disinhibition (G. E. Alexander & Crutcher, 1990; Baldini,
Nappi, Tassorelli, & Martignoni, 2000; Graybiel, 1990).
The resulting hyperactivity may be responsible for the more
diffuse distribution of this particular ERP component,
which has been explained by two generators—namely, one
in the left inferior frontal and onein the left temporal cortex
(Friederici, Wang, Herrmann, Maess, & Oertel, 2000). An-
other possibility is that the relative strength of the frontal
and the tempora generators is dlightly different in PD
patients and in controls (Friederici et al., 2000). Independent
of this distributional issue, the present early anterior nega-
tivity observed in PD demonstrates that the processes of
early structure building do not rely directly on the intact
function of the basal ganglia

The dissociation between the early and the late syntactic
processes provides some interesting insights into the func-
tion of the basal ganglia during syntactic processes. The
present data suggest that functiona deficits of the basal
ganglia affect late integrational rather than early automatic
syntactic processes during comprehension. The alteration of
the late syntactic integration processes may be responsible
for the comprehension deficits observed in PD patients
(Grossman et al., 1993). The present finding appearsto bein
disagreement with the claim that PD (and, thereby, a basal
ganglia dysfunction) has a mgjor impact on the procedural
grammatical knowledge (Ullman, Corkin, et al., 1997). UlI-
man et al. based their argument (a) on the definition of the
frontal—basal ganglia circuit as the procedural system and
(b) on the findings that patients with PD perform weakly on
generating regular verb forms as compared with irregular
verb forms. The present and earlier (Friederici et al., 1999)
ERP findings as well as the functional magnetic reso-
nance imaging (fMRI) results from Ullman, Bergida, and

O’ Craven (1997) challenge the view that the basal ganglia
play a crucia role in the use of syntactic procedures. Ull-
man, Bergida, and O'Craven (1997) found basal ganglia
activation for both regular and irregular verbs, with even
stronger activation for irregular verbs.

Positron emission tomography and fMRI studies investi-
gating syntactic processes during sentence comprehension
are not univocal with respect to a possible involvement of
the basal ganglia: Whereas some report an involvement of
the structure (Moro et a., 2001), others do not (Friederici et
al., 2000; Indefrey, Hagoort, Herzog, Seitz, & Brown, 2001;
Inui et al., 1998; Just, Carpenter, Keller, Eddy, & Thulborn,
1996; Stromswold, Caplan, Alpert, & Rauch, 1996).

A unified interpretation of PD’s language behavior in the
present on-line electrophysiological comprehension study
and in anumber of off-line syntactic tasksin comprehension
(Grossman et al., 1993; Natsopoulos et al., 1993) and during
production (Ullman, Corkin, et al., 1997) may lie in the
distinction between early automatic structure-building syn-
tactic processes and more conscious syntactic processes,
such as the generation of different verb forms (Uliman,
Corkin, et a., 1997), sentence-judgment and question-an-
swering tasks (Grossman et a., 1991, 1993), and the com-
prehension of sentences demanding syntactic working
memory resources (Natsopoulos et al., 1993). Let us con-
sider this interpretation in the light of studies investigating
language and other cognitive functions in PD patients.

Researchers seem to agree on the notion that PD patients
provide a behavioral pattern in neuropsychological tests
seen in frontal patients (Caltagirone et al., 1985; Grossman
et a., 1993; Phillips & Carr, 1987; Tyler & Marden-
Wilson, 1986) showing a decrement in performing the Wis-
consin Card Sorting Test (Heaton, 1981) and related tests
requiring executive control. They disagree, however, on the
description of the underlying deficit and thereby on the
functional description of the basal ganglia.

Some researchers claim that the underlying deficit in PD
patients is best described as a deficit in procedural knowl-
edge, be it in a genera sense (Phillips & Carr, 1987) or in
a more specific way (Ullman, Corkin, et al., 1997). This
view does not easily hold up given the finding that PD
patients are shown to achieve procedural knowledge (al-
though they required alarge number of repetitions; Pascual-
Leone et a., 1993) and given the present ERP data demon-
strating that PD patients are comparable with their matched
controls with regard to automatic structure-building syntac-
tic processes during comprehension.

Other researchers have proposed that the deficit underly-
ing PD patients' behavior may be located not at the preat-
tentive level but rather at alevel in which effort-demanding
selective attention that allows the anticipation and integra-
tion of processing requirement isin order (Grossman et al.,
1993) This notion is supported by a recent ERP experiment
using a standard odd-ball task that showed that the compo-
nent reflecting automatic processes (NA) was less impaired
than the one reflecting attention-controlled processes
(Tachibana, Aragane, Miyata, & Sugita, 1997). To the ex-
tent that this general distinction can be mapped onto the
distinction between early automatic and late integrational
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syntactic processes, the present results are in agreement
with this proposal. PD patients’ automatic syntactic pro-
cesses are preserved, whereas late processes of syntactic
integration are modulated.

Conclusion

The present ERP findings from PD patients together with
earlier ERP studies on patients with subcortical and cortical
left frontal legions (Friederici et al., 1999) suggest a differ-
ent functional role for the basal ganglia and the frontal
cortex within the basal ganglia—cortical circuit—at least
during sentence comprehension. The main function of the
left frontal cortex appears to support automatic structure-
building processes, whereas the basal gangliado not seem to
be critically involved in these early syntactic processes.
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