
Abstract A syntactic and a semantic task were per-
formed by German-speaking healthy subjects and apha-
sics with lesions in the dominant left hemisphere. In both
tasks, pictures of objects were presented that had to be
classified by pressing buttons. The classification was in-
to grammatical gender in the syntactic task (masculine or
feminine gender?) and into semantic category in the se-
mantic task (man- or nature made?). Behavioral data re-
vealed a significant Group by Task interaction, with
aphasics showing most pronounced problems with syn-
tax. Brain event-related potentials 300–600 ms following
picture onset showed different task-dependent laterality
patterns in the two groups. In controls, the syntax task
induced a left-lateralized negative ERP, whereas the se-
mantic task produced more symmetric responses over
the hemispheres. The opposite was the case in the pa-
tients, where, paradoxically, stronger laterality of physio-
logical brain responses emerged in the semantic task
than in the syntactic task. We interpret these data based
on neuro-psycholinguistic models of word processing
and current theories about the roles of the hemispheres in
language recovery.
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Introduction

Language processes are lateralized to the left hemisphere
in most right-handed subjects. However, not all language
processes are lateralized in the same way. According to
current neurocognitive models, language processes are
differentially lateralized (Pulvermüller 1999b; Zaidel
1976) in that the processing of phonology, syntax, or
grammatical function words is lateralized to the domi-
nant hemisphere, whereas processes related to the word
meaning and pragmatic aspects of language involve both
hemispheres. This hypothesis of differential laterality of
semantic and syntactic brain processes was examined in
the present study by two tasks requiring syntactic and se-
mantic processing of word-related linguistic information,
respectively. In addition, it was examined whether focal
damage in the perisylvian regions of the left dominant
hemisphere in aphasics would affect the differential lat-
erality.

It has been suggested that, in right-handers in whom
the left hemisphere is dominant, left-hemispheric dam-
age and rehabilitative efforts in aphasics trigger the re-
cruitment of right-hemispheric resources, including the
homotopic areas of the lesioned regions on the left 
(Zaidel 1998). Such amplification of right hemispheric
activation is assumed to contribute to recovery from
aphasia (Kinsbourne 1998). Recent neuroimaging data
are consistent with this view (Weiller et al. 1995; Weiller
and Rijntjes 1999; Musso et al. 1999; Moore 1984, 1986;
Papanicolaou et al. 1987). Furthermore, the relevance of
right-hemispheric processes for language processing has
been proven by neuropsychological studies. (1) Patients
with almost complete lesion of the left hemisphere and
patients with left-sided hemispherectomy demonstrated
basic language processing (e.g., Zaidel 1983; Pulver-
müller 1995). (2) Patients who had recovered from apha-
sia following a left-hemispheric stroke became aphasic
again after an additional right hemispheric stroke (Lee 
et al. 1984; Cambier et al. 1983; Basso 1989; Cappa 
et al. 1994). (3) Aphasics showed speech arrest follow-
ing right-sided intracarotid Amytal injections (Kinsbourne
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1971; Czopf 1972), whereas healthy subjects normally
show this effect only after left-sided injection. These
findings suggest that the right becomes particularly rele-
vant after lesion of the left-hemispheric language areas.
We will call this the right substitution hypothesis of 
language.

As an alternative, it is possible that areas in the le-
sioned dominant hemisphere itself, rather than those 
in the other hemisphere, are particularly relevant for 
language recovery. This left substitution hypothesis is
supported by more recent data indicating that, although
right-hemispheric activation is observed in many apha-
sics during language tasks, those patients who recover
particularly well from their language deficits show an in-
crease over time of activity levels in the lesioned domi-
nant left hemisphere. This is interpreted as an indication
of reintegration into the functional network (Karbe et al.
1998; Heiss et al. 1997, 1999). Thus, the data available
so far suggest the relevance of both left- and right-hemi-
spheric processes for language recovery.

Nevertheless, restitution processes in the two hemi-
spheres may contribute differentially to different kinds of
linguistic processing. The present syntactic and semantic
tasks were performed with aphasics to shed light on this
issue. Based on the right substitution hypothesis, one
would expect an absence of laterality patterns for all lan-
guage tasks, or even stronger activation on the right than
left hemisphere in right-handed aphasics. In contrast, the
left substitution hypothesis would predict left-lateralized
language-related activity in aphasics. As a third alterna-
tive, it is possible that different linguistic functions
which show differential laterality in normals will change
their laterality patterns in different ways after lesion of
the language areas. This latter proposal implies that, also
in the aphasic population, laterality of brain activity de-
pends on the particular language task. Neurophysiologi-
cal processes reflected in the event-related brain poten-
tial (ERP) were used as the dependent variable.

Materials and methods

Subjects

Eighteen patients and 23 normal controls participated in the study.
Patients were recruited from the local rehabilitation center
(Schmieder Kliniken Allensbach). The study was approved by the
local ethics committee. All subjects successfully completed both
the syntactic and the semantic tasks above chance level and pro-
vided the minimum number of artifact free ERP data sets. The
mean age of the patients (6 females, 12 males) was 49±11 years,
and their mean level of education 11±2 years. Sixteen of the 18
patients had suffered from a left hemispheric cerebrovascular in-
sult. One patient suffered from aphasia following a cerebral trau-
ma including subdural bleeding in the temporal-parietal area and
compression of the left lateral ventricle; one had suffered from 
a left-temporal skull fracture. The time interval since the insult
varied between 1 and 62 months around a mean of 21±20 months.
The presence of aphasia and the aphasia subtypes were based 
on clinical criteria and confirmed in each case by the Aachener
Aphasie Test [AAT (Huber et al. 1983); see also Table 1 for neuro-
psychological information]. According to AAT guidelines, the di-
agnosis of an aphasic syndrome was given with a probability

>70% in all patients, eight of them being classified as Broca’s,
five as Wernicke’s and five as amnestic aphasics.

Of the 23 control subjects (13 females, 10 females; mean age
49±10 years, mean level of education 11±2 years), 14 were heal-
thy controls and 9 were neurological patients with disorders not
affecting the brain (e.g., prolapsed intervertebral disks), who were
treated in the same rehabilitation center as the aphasics. The pa-
tient and normal control groups did not significantly differ in their
age or levels of education. All subjects were right handed as veri-
fied by a modified version of the Edinburgh Handedness Ques-
tionnaire (Oldfield 1971).

Materials

Fifty-four line drawings of concrete objects were selected from the
Snodgrass and Vanderwart (1980) picture series. All selected ob-
jects had been proven to elicit highly consistent naming responses.
The object’s names were all frequent German nouns (word fre-
quencies: mean token lemma frequencies: 56/million). Fifty per-
cent of the objects were nature-made, and the other 50% were
man-made. The object names also fell into different syntactic
groups, half of them having masculine grammatical gender and the
other half feminine nouns (see task below). The same set of draw-
ings was presented in both the syntactic and the semantic tasks to
exclude stimulus-related differences.

Tasks

A syntactic and a semantic task were designed, similar to a task
used by Jescheniak and Levelt (1994). The syntactic task took ad-
vantage of the fact that, in German, nouns have a grammatical
gender which is overtly represented by the definite articles that
frequently accompany a noun in its noun phrase. The chosen arti-
cles indicating grammatical gender were ‘‘der’’ for masculine
nouns and ‘‘die’’ for feminine nouns. For competent speakers of
German, it is an easy task to determine for each noun its respec-
tive definite article. Subjects were asked to indicate by pressing
one out of two buttons whether the grammatical gender of an ob-
ject name was masculine (‘‘der’’) or feminine (‘‘die’’). In the se-
mantic classification task, the same stimuli were presented and
subjects were asked to decide whether the presented object was
man-made or naturally made. The sequence of tasks (syntactic vs
semantic) was balanced across subjects. Different randomized se-
quences of the 54 pictorial stimuli were assembled for each block.
Stimuli were presented using the STIM system (NEUROSCAN)
and presented on a 14-inch monitor, placed at a distance of about
1.50 m in front of the subject (visual angle of stimuli about 8.6°).
The response buttons were easily manageable microswitches inte-
grated into a response pad that was mounted on the left armrest of
the subject’s chair.

The subjects responded with their left hand, because of the
high probability of right-sided paralysis in aphasic patients. In the
gender decision task, subjects had to respond with the left index
finger to masculine gender and with the left middle finger to femi-
nine gender. In the semantic classification task, subjects had to re-
spond with the left index finger to man-made and with the left
middle finger to naturally made objects. Stimulus presentation
lasted until the button press. The subsequent trial started after a re-
sponse stimulus interval (RSI) of 3 s. Practice trials ensured that
instructions were adequately understood. Response times and 
accuracy of responses were recorded by a pentium computer. 
Differences between groups and tasks in these measures were
evaluated by an analysis of variance with the between-subjects
factor Group (comparing aphasics and controls) and the within-
subjects factor Task (comparing the syntactic and the semantic
task). Performance differences between aphasics with fluent speech
(Wernicke’s and amnestic aphasia, N=10) and non-fluent (Broca’s
aphasia, N=8) were evaluated by an additional ANOVA compris-
ing the between-subjects factor Syndrome.
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EEG recordings

The EEG was recorded with a DC amplifier (MES, Munich) using
an electrode cap (Electrocap Inc.) that included the positions Fz,
Cz, Pz, Fp1, C3, F3, F7, T3, T5, P3, O1, Fp2, C4, F4, F8, T4, T6,
P4, O2, M1, and M2 (left and right mastoid). The vertical and the
horizontal EOG was recorded for correction of movement artifacts
in the ERPs with two electrodes placed about 1 cm below the eyes
(VE1, VE2), two electrodes on the outer canthi (HE1, HE2) and
one on the forehead between the eyes. Bandwidth ranged from DC
to 30 Hz (6 dB/octave). Electrode impedance was kept below 5 kΩ
by cleaning the skin below the electrode with Omniprep and rub-
bing in electrolyte. Data were digitized at 1 bin/µV, 16-bit A/D, and
sampled at 100 Hz with filter settings DC–30 Hz. Data were re-
corded continuously and stored for offline analysis. Prior to the ex-
periment a run of standardized vertical and horizontal eye move-
ments and of blinks was carried out to develop a template for later
eye movement correction of the event-related potentials. Following
the recording, electrode positions and the four reference points na-
sion, inion, and left and right preauricular points were digitized in
three dimensions using a 3D digitizer (Polhemus Inc.).

The continuously recorded data were first corrected for slow
DC shifts by polynomial correction over the whole recording. 
Epochs starting 1 s before stimulus onset and ending 2 s after stim-
ulus onset were determined. Data from each epoch were referred to
a 500-ms pre-stimulus baseline. Data were transformed to average
reference. Epochs were corrected for eye movement and blink arti-
facts following the method by Berg and Scherg (1994) that allows
the electrodes to be used around the eyes also as EEG electrodes.
This method distinguishes between ocular and brain activity and
corrects for ocular artifacts. After the automatic correction each tri-
al was visually inspected and excluded if there were remaining arti-
facts of any kind (muscle potentials, large drifts, etc.).

The mean number of artifact-free trials with correct responses
(out of the total of 54) were: for aphasics: gender decision: 28±9;
semantic classification: 29±7; for controls: gender decision: 37±9;
semantic classification: 34±8. For these trials, the distribution of
the average amplitude was determined for the time segment for
300–600 ms after stimulus onset. This interval was determined
from visual inspection of the grand average curves and indicated
evidence of a prominent asymmetry between left- and right-hemi-
spheric recordings, as well as group- and task-related differences
(Fig. 1). Several ERP components can contribute to the potential
recorded in this time range, including late parts of the Left Anteri-
or Negativity associated with syntactic violations and function
word processing (Neville et al. 1992), the N400 associated with
the integration of semantic meaning into context (Kutas and 
Hillyard 1984), and the Slow Wave associated with stimulus en-
coding, conceptual processes and verbal working memory (Rösler
et al. 1998; Ruchkin et al. 1997, 1988). For the present report, the
component was labeled Slow Wave (SW).

Since the present study focussed on topographies of event-
related potentials, the comparison of the SW topographies be-
tween groups did not consider the differences in the overall ampli-
tude of brain responses. Therefore, data were normalized as sug-
gested by Picton et al. (2000). For each subject and task, the am-
plitude obtained at each electrode was divided by the respective
standard deviation across electrodes. Differences in the topogra-
phy of the ERP component between groups were evaluated by an-
alyses of variance with the between-subject factors Group (apha-
sics vs controls) and the within-subject factors Task (syntax vs se-
mantics), Gradient (anterior vs posterior areas) and Hemisphere
(left vs right hemisphere). The latter comparisons were based on
amplitudes averaged across five electrodes from each of the fol-
lowing four regions: left anterior: HE1, Fp1, F7, F3, C3; right an-
terior: HE2, Fp2, F8, F4, C4; left posterior: P3, T3, T5, M1, O1;
and right posterior: P4, T4, T6, M2, O2. Differences in the ERP
distributions between aphasics with fluent and non-fluent speech
were examined by additional ANOVAs with the between-subject
factor Syndrome.

The relationship between performance and SW was examined
by assigning subjects of each group and for each task to a group of
“good performers” and “bad performers” (above or below median

of latencies). On each task the SW pattern of “good” and “bad”
performers was compared in an ANOVA. In addition, the aphasics
were assigned to a group of “early” (below median of elapsed
months since lesion) and “late” (above median of elapsed months
since lesion) aphasics. Pearson correlations were calculated for
months since lesion and performance (number of errors, laten-
cies), as well as correlations between response latencies and SW
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Fig. 1a, b Event-related potentials for both tasks and groups. ERP
waveforms during 500 ms pre-stimulus and 1 s poststimulus are
superimposed for selected recordings for left- (blue) and right-
(red) hemispheric recordings averaged separately for the control
group (left) and the aphasic group (right). Negativity up, average
reference, DC to 5 Hz



in the four regions. Only response latencies of correct trials were
chosen, and trials with incorrect responses were excluded from the
ERP analysis.

Results

In both tasks, the aphasics made more errors and re-
sponded more slowly than the controls (Group, errors:
F(1,39)=7.2; P<0.01; latencies: F(1,39)=37.7; P<0.01; see
Table 2 for mean values). The main effect Task indicated
that both groups were less accurate (F(1,39)=4.1; P<0.05)
and slower (F(1,39)=39.5; P<0.01) in the syntax task com-
pared to semantic classification. A significant interaction
Task × Group was explained by particular slowing of re-
sponses of aphasics in the syntactic task (F(1,39)=23.7;
P<0.01). This effect appeared as a trend for number of
errors (F(1,39)=3.0; P<0.1). Aphasics with fluent and non-
fluent speech did not differ in performance.

(Planned comparisons confirmed the group differ-
ences in the gender decision task for latencies:
F(1,39)=32.0; P<0.01, and number of errors: F(1,39)=9.2;
P<0.01, and in semantic classification for latencies:
F(1,39)=28.3; P<0.01, but not for number of errors:
F(1,39)=0.8; NS. Planned comparisons also confirmed 
the task differences for controls (latencies: F(1,22)=39.6;
P<0.01, number of errors F(1,22)=0.05; NS), and apha-
sics (latencies: F(1,17)=24.6; P<0.01; number of errors:
F(1,17)=4.9; P<0.05).

Figure 2 illustrates the scalp distribution for both
tasks separately in controls and in non-fluent and fluent
aphasics. In both tasks and subject groups, the SW was

more negative over the left than the right hemisphere
(Hemisphere: F(1,39)=19.7, P<0.01). This interhemispher-
ic difference varied as a function of group and task
(Group × Task × Hemisphere: F(1,39)=9.7; P<0.01). Con-
trols exhibited a left hemispheric asymmetry in the gen-
der decision task (Hemisphere: F(1,22)=21.9; P<0.01), but
a more bilateral distribution of negativity in the semantic
task (Hemisphere: F(1,22)=2.8, NS). In contrast, aphasics
showed the opposite pattern, a pronounced lateralization
in the semantic task (Hemisphere: F(1,17)=14.1, P<0.01),
but no significant lateralization in the syntactic task
(Hemisphere: F(1,17)=2.6, NS). When the left-hemispher-
ic SW of aphasics was compared between tasks, the
main effect Task fell short of significance (F(1,17)=3.8;
P<0.07), indicating a more pronounced negativity in the
semantic task. For the right-hemispheric SW the Task ef-
fect was not significant (F(1,17)=0.6, NS). It seems inter-
esting that the noticeable negativity in the semantic task
was primarily pronounced in “late” compared to “early”
aphasics, as indicated by the interaction Group (“ear-
ly”–“late aphasics) × Task (F(1,16)=6.2, P<0.05) and the
post hoc ANOVAs revealing a significant effect Task on-
ly in the late aphasics (F(1,8)=8.5, P<0.05; for early apha-
sics F(1,8)<1).

In both groups, the gender decision task evoked more
anterior, the semantic task more posterior negativity
(Task × Gradient: F(1,39)=4.7, P<0.05), and the negative-
going SW was larger in the semantic than in the gender
decision task (Task: F(1,39)=9.0, P<0.01).

Independent of the task, aphasics displayed the 
more pronounced left anterior negativity than controls
(Group × Hemisphere × Gradient: F(1,39)=6.9, P<0.01;
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Table 2 Mean % number of 
errors (± SD) and mean of me-
dian response latencies (s) 
(± SD) averaged separately for
groups and tasks

Gender decision Semantic classification

Response latency Mean of % errors Response latency Mean of % errors

Aphasics 2.7±1.5 13.8±15.3 1.1±0.3 6.0±7.1
Controls 0.9±0.3 3.8±3.8 0.7±0.2 3.2±11.1

Fig. 2 Scalp distribution of the
ERP between 300 and 600 ms
following stimulus onset (Slow
Wave) averaged separately for
both tasks and the three groups
(left controls, middle non-fluent
aphasics, right fluent aphasics).
Shades of blue indicate nega-
tive amplitudes of the SW,
shades of red color positive
amplitudes (relative to base-
line, average reference). Each
line and step in color, respec-
tively, corresponds to 0.5 µV.
Distributions are based on non-
normalized data



Gradient × Hemisphere for aphasics: F(1,17)=4.0, P<0.07;
for controls: F(1,22)=2.5, NS). Within the group of apha-
sics this pattern tended to be more prominent in non-
fluent than in fluent aphasics (Syndrome × Gradient ×
Hemisphere: F(1,16)=3.8, P<0.07; Gradient × Hemisphere
for non-fluent aphasics: F(1,8)=22.3, P<0.01, for fluent
aphasics NS).

When the relationship of performance level and
evoked response was evaluated, the ANOVAs comparing
good and bad performers did not show any significant
results for the semantic task and the syntactic task, nei-
ther for aphasics nor for controls. There were also no
significant correlations between response latencies and
evoked responses over the four regions.

Neither in the syntactic nor in the semantic task did
the SW differ significantly between “good” and “bad”
performers. There were also no significant correlations
between response latencies and evoked responses over
the four regions. Further, no correlation was found be-
tween months post onset of the disease and performance.
Also the grouping of aphasics according to their syntac-
tic functioning in spontaneous speech (as measured by
the AAT) did not reveal any significant results.

Discussion

As expected, aphasics exhibited better performance on a
semantic than on a syntactic task. Although overall per-
formance was reduced in aphasics compared to controls,
aphasics showed particularly attenuated responses when
making gender decisions on concrete German nouns, but
only moderately impaired performance on a semantic
classification task involving the same nouns. Also the
pattern of event-related brain responses differed between
groups. The expected pattern of laterality with more pro-
nounced laterality during syntactic than during semantic
processing was displayed by controls, whereas aphasics
exhibited the more pronounced laterality during the se-
mantic task. Nonetheless, a relationship between perfor-
mance and SW pattern was not supported by correlations
or by comparing “good” and “poor” performers within
each group.

Interestingly, the left-anterior negativity obtained in
both tasks was more prominent in patients than in con-
trols, particularly in non-fluent aphasics. Within the
group of aphasics, those with a longer time elapsed since
the lesion exhibited the larger negativity over all areas in
the semantic task.

The data from healthy control subjects provide another
piece of evidence for differential laterality of language
processing: left-lateralized activation was seen in a task
requiring syntactic processing, contrasting with less lat-
eralized activation elicited by a task requiring semantic
processing. We can only speculate which psycholinguis-
tic subprocesses are reflected in the present differential
laterality pattern: According to the psycholinguistic
model put forward by Levelt et al. (1999), gender deci-
sion on names of depicted objects requires: (1) access to

the semantic representation of the object name and (2)
access to its grammatical information (so-called lemma),
while a semantic decision requires (1) but not (2). Thus,
the more pronounced laterality to the left of brain re-
sponses in the syntactic task may tentatively be related to
the access to lemmas, which may be housed in the left-
perisylvian areas (Pulvermüller 1999a). As an alterna-
tive, a neurobiological approach to language proposed by
Pulvermüller (1999b) suggests a different explanation:
Since gender decision requires the activation of the neu-
ronal memory traces of both a noun and an article, later-
ality of brain responses during this task can thus be relat-
ed to the left-anterior negativity observed for articles and
other grammatical function words placed in and out of
sentence contexts (Neville et al. 1992; Pulvermüller et
al. 1995). In contrast, the semantic classification task re-
quires simultaneous activation of the memory traces of a
concrete noun and its attribute, and there is no indication
that these item’s representations are strongly lateralized.
Thus, the present pattern of differential lateralization in a
semantic and syntactic task has two possible explana-
tions: First, it can be related to subprocesses of lexical
access, in particular lemma access. Second, an explana-
tion is possible based on the word class membership of
the words involved in the tasks and the laterality degree
of these words’ neuronal memory traces, in particular the
strongly lateralized memory traces for function words.

It is tempting to interpret the left-anterior negative
SW observed in the gender decision task with the Left-
Anterior Negativity (LAN) reported in different tasks
that require the processing word-category information in
phrasal context (for overview see Friederici 1995). The
LAN has been found as early as 120 ms in response to
reading a word-category error (Neville et al. 1991), but
also with peak latency between 300 and 500 ms in tasks
including syntactic violations, the processing of a verb’s
subcategory information, or verb agreement information
(Friederici et al. 1996). The presently observed left-ante-
rior negative SW 300–600 ms following the presentation
of an object picture to which the noun gender had to be
assigned may have activated syntactic processes similar
to processes involved in the generation of the LAN. Sur-
face negative ERPs are supposed to reflect cortical excit-
ability and excitation in the respective networks, as they
represent depolarization in underlying apical dendrites of
cortical pyramidal cells (Elbert and Rockstroh 1987).
Accordingly, we may relate the left-anterior negative SW
to excitability and excitation in the underlying areas, pre-
sumably the perisylvian language cortices. From this
perspective, left-anterior negativity may indicate the ac-
tivation of different networks all involved in syntactic
processing and activated by different tasks or syntactic
requirements.

In one study the absence of the early LAN in aphasics
was reported (Friederici et al. 1999). This study, howev-
er, involved a language comprehension task while in the
present study processes of language production were in-
vestigated. Furthermore, the critical time window was
earlier (150–300 ms) and in the present study the apha-
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sics were more impaired as measured by the Token 
Test. These arguments make it hard to compare the two
studies directly, but these are issues that should be ad-
dressed in future investigations.

Taken together, the present pattern of differential lat-
eralization in a semantic and a syntactic task can be re-
lated either to subprocesses of lexical access, in particu-
lar lemma access, or to the major lexical categories of
the words involved in the tasks and the laterality degree
of their neuronal memory traces, in particular strongly
lateralized memory traces for function words and less
lateralized cell assemblies for content words.

The behavioral results suggest that syntactic processes
are more impaired in aphasics than semantic processes.
Both tasks seemed to be of similar complexity because
(1) they involved the same lexical items, (2) the task in-
structions were of similar complexity (does it go with
der/die? does it belong to living/non-living things?), and
(3) control subjects made an equal number of errors in
both tasks. We may assume that different linguistic pro-
cesses related to semantic and syntactic knowledge are
differentially affected in aphasia. The present data, how-
ever, do not justify this conclusion. First, the present
study only dealt with aphasia of mild to moderate de-
gree. Severely affected aphasic patients were excluded in
order to achieve a high level of accuracy in performance
of the linguistic tasks. Second, the syntactic and seman-
tic tasks may reflect special forms of syntactic and se-
mantic processing. A comparison with other syntactic
tasks would substantiate the conclusion. Third, it might
have been possible to solve the semantic task without
knowledge about lexical concepts but only based on so-
called world knowledge, that is, episodic memories from
one’s own experiences. Thus, we may conclude that the
present results suggest that syntactic and semantic
knowledge access are differentially affected in mild to
moderate aphasia, with syntactic processes being much
more vulnerable.

The laterality pattern in the aphasics seems intriguing,
as it was opposite to that of controls. The laterality dur-
ing semantic processing is consistent with the left hemi-
sphere substitution hypothesis that supposes left-hemi-
spheric circuits are important for the recovery of lan-
guage functions. Performance data support this view, as
the task accompanied by left-lateralized brain responses
yielded better behavioral performance. Compared to
controls, aphasics were only moderately impaired on the
semantic task. It is tempting to relate the SW laterality
during this task to this behavioral success, although this
hypothesis is not substantiated by correlation between
ERP and performance. Compensatory effort may also be
deduced from the more pronounced overall negativity in
“late” aphasics in the semantic task, although such a hy-
pothesis certainly requires more specific examination.

In contrast, the negligible laterality during syntactic
processing suggests an equal involvement of the hemi-
spheres in this task and, thus, a relatively stronger right-
hemispheric recruitment of circuits in aphasics than in
controls. However, the bihemispheric activation did not

facilitate performance on a genuinely syntactic task. This
is in line with other findings suggesting that right hemi-
spheric activation in aphasia is not efficient in improving
certain linguistic processes (Heiss et al. 1999). Again,
the pronounced left-anterior negativity seen in the pa-
tients during both tasks suggests an increased – compen-
satory? – effort or activation. Such negativity, which has
been interpreted as an index of the recruitment of left-
perisylvian language cortices (Neville et al. 1992), was
most pronounced in the non-fluent patients, who are
known to have particular difficulties with syntax and
function words. The left anterior activity focus may be
an indicator of enhanced processes in the remains of the
language processing areas on the left which likely helped
to achieve the above-chance performance in our patients.
Thus, while the pattern of laterality with more pro-
nounced left-anterior negativity in the semantic task may
have indicated substitution enabling adequate perfor-
mance, the pronounced anterior negativity over both
hemispheres in the syntactic tasks may have indicated
compensatory effort, which, however, involved inade-
quate brain areas or was insufficient to improve perfor-
mance. Alternative explanations have to be considered:
Verbal working memory has been associated with the ac-
tivation of left-anterior brain regions, and aphasic pa-
tients have been reported to perform poorly on verbal
working memory tasks, but also on other short term
memory tasks (Caspari et al. 1998; Meier et al. 1990;
Ostergaard and Meudell 1984). Although a non-linguis-
tic control task might have allowed to clarify the contri-
bution of working memory deficits to the present results
in aphasics, it may be argued that the present semantic
task was indeed a non-linguistic task involving only a se-
mantic categorization and no access to lexical concepts.

To what extent might the ERP-pattern indicate neuro-
physiological consequences of the lesion? On the one
hand, evidence indicates that the periacute, mostly cyto-
toxic edema is resolved within 2 weeks (O’Brien 1995).
Longer lasting extracellular edema, due to disturbance of
the blood-brain barrier (O’Brien et al. 1974), seems to
have little effect on electric activity and evoked respons-
es (Sutton et al. 1980). Thus, a major impact of the le-
sion on the present pattern of ERP laterality does not
seem likely. In addition, such an influence should have
resulted in different patterns in early and late aphasics in
the present tasks, which were not found. On the other
hand, an impact of the lesion on ERP amplitudes has
been demonstrated, for instance, by Yamaguchi and
Knight (1991). The authors reported smaller P300 ampli-
tudes following temporal-parietal lesions. Note, howev-
er, that we found increased amplitudes over the damaged
hemisphere and that Swick and Knight (1999) demon-
strated unaltered ERPs in patients with dorsolateral pre-
frontal regions. The latter implies that a lesion per se is
not a sufficient condition to result in altered brain topog-
raphies. Nevertheless, it is difficult to distinguish wheth-
er a reduction in amplitude is the consequence of a le-
sion precisely in the area of sources of the specific ERP
component, or whether a reduction in ERP amplitude is a
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non-specific phenomenon following brain damage per
se. The same holds for the present results: (1) the topo-
graphical pattern of the early anterior lateralized SW
may be attributed to the left hemispheric lesion, and (2)
due to rigorous and functionally highly specific effort,
aphasic patients may show an increased left prefrontal
activation during tasks and trials they were able to han-
dle efficiently. Also an increase in ERP amplitudes over
the right hemisphere in aphasics might be difficult to ex-
plain: Syntactic impairment resulting from the left hemi-
spheric lesion might be compensated by secondary ca-
pacities of the right hemisphere. However, the effort of
aphasics to solve the task might have led to a generalized
activation, which may only be seen over the right hemi-
sphere given the left-hemispheric lesion.

However, the relocation of semantic/syntactic pro-
cesses discussed within the framework of a language-
related model might circumvent this problem of distinc-
tion between a functional change as a consequence of
language deficit and a general change as a function of
brain damage, because a non-specific consequence of
brain-damage should not be expected to contribute to
this relocation of processes and laterality of ERPs, i.e., it
should not be reflected task dependently.

Taken together, the present results suggest the rele-
vance of left-hemispheric circuits in language recovery
in aphasia. Stronger left-anterior activity than in controls
was found in patients who were able to perform well on
a syntactic and a semantic task, the task with the better
performance being accompanied by the more pro-
nounced laterality of electrocortical correlates of cogni-
tive and language processing. However, the reversed pat-
tern of laterality across tasks in aphasic patients cannot
be explained sufficiently by the left hemispheric substi-
tution hypothesis of language. A more complex interac-
tion between the hemispheres may have been the basis of
the lack of laterality during syntactic processing.

Acknowledgements The authors want to thank two anonymous
reviewers for their helpful comments. The research was supported
by the Deutsche Forschungsgemeinschaft (Ro 805/8).

References

Basso A (1989) Spontaneous recovery and language rehabilitation.
In: Seron X, Deloche G (eds) Cognitive approaches in neuro-
psychological rehabilitation. Lawrence Erlbaum, Hillsdale,
NJ, pp 17–37

Berg P, Scherg M (1994) A multiple source approach to the cor-
rection of eye artefacts. Electroencephalogr Clin Neurophysiol
90:229–241

Cambier J, Elghozi D, Signoret JL, Henin (1983) Contribution de
l’hemisphère droit au langage des aphasiques: disparition de
ce langage après lésion droite. Rev Neurol 139:55–63

Cappa SF, Miozzo A, Frugoni M (1994) Glossolalic jargon after a
right hemisphere stroke in a patient with Wernicke’s aphasia.
Aphasiology 8:83–87

Caspari I, Parkinson SR, LaPointe LL, Katz RC (1998) Working
memory and aphasia. Brain Cogn 37:205–223

Czopf J (1972) Über die Rolle der nicht dominanten Hemisphäre in
der Restitution der Sprache der Aphasischen. Arch Psychiatr
Nervenkr 216:162–171

Elbert T, Rockstroh B (1987) Threshold regulation – a key to the
understanding of the combined dynamics of EEG and event
related potentials. J Psychophysiol 4:317–333

Friederici AD (1995) The time course of syntactic activation dur-
ing language processing – a model based on neuropsychologi-
cal and neurophysiological data. Brain Lang 50:259–281

Friederici AD, Hahne A, Mecklinger A (1996) Temporal structure
of syntactic parsing: early and late event-related brain poten-
tial effects. J Exp Psychol Learn 22:1219–1248

Friederici AD, von Cramon DY, Kotz SA (1999) Language related
brain potentials in patients with cortical and subcortical left
hemisphere lesions. Brain 122:1033–1047

Heiss WD, Karbe H, Weber-Luxenburger G, Herholz K, Kessler J,
Pietrzyk U, Pawlik G (1997) Speech-induced cerebral meta-
bolic activation reflects recovery from aphasia. J Neurol Sci
145:213–217

Heiss WD, Kessler J, Thiel A, Ghaemi M, Karbe H (1999) Differ-
ential capacity of left and right hemispheric areas for compen-
sation of poststroke aphasia. Ann Neurol 45:430–438

Holcomb PJ, Neville HJ (1990) Auditory and visual semantic
priming in lexical decision: a comparison using event-related
brain potentials. Lang Cog Proc 5:281–312

Huber W, Pöck K, Weniger D, Willmes K (1983) Aachener 
Aphasie Test. Verlag für Psychologie, Göttingen, Dr. C.J. 
Hogrefe

Jescheniak JD, Levelt WJM (1994) Word frequency effects in
speech production: retrieval of syntactic information and of
phonological form. J Exp Psychol Learn Mem Cogn 20:824–
843

Karbe H, Thiel A, Weber-Luxenburger G, Herholz K, Kessler J,
Heiss WD (1998) Brain plasticity in poststroke aphasia: what
is the contribution of the right hemisphere? Brain Lang 64:
215–230

Kinsbourne M (1971) The minor hemisphere as a source of apha-
sic speech. Arch Neurol 25:303–306

Kinsbourne M (1998) The right hemisphere and recovery from
aphasia. In: Stemmer B, Whitaker HA (eds) Handbook of neu-
rolinguistics. Academic Press, San Diego, pp 386–393

Kutas M, Hillyard SA (1984) Brain potentials during reading re-
flect word expectancy and semantic association. Nature 307:
161–163

Lee H, Nakada T, Deal JL, Lynn S, Kwee IL (1984) Transfer of
language dominance. Ann Neurol 15:304–307

Levelt WJM, Praamstra P, Meyer AS, Helenius P, Salmelin R
(1998) An MEG study of picture naming. J Cogn Neurosci
10:553–567

Levelt WJM, Roelofs A, Meyer AS (1999) A theory of lexical 
access in speech production. Behav Brain Sci 22:1–75

Meier E, Cohen R, Koemeda-Lutz M (1990) Short-term memory
of aphasics in comparing token stimuli. Brain Cogn 12:161–
181

Moore WH (1984) The role of right hemispheric information pro-
cessing strategies in language recovery in aphasia: an electro-
encephalographic investigation of hemispheric alpha asymme-
tries in normal and aphasic subjects. Cortex 20:193–205

Moore WH (1986) Hemispheric alpha asymmetries and behavioral
responses of aphasic and normal subjects for the recall and
recognition of active, passive, and negative sentences. Brain
Lang 29:286–300

Musso M, Weiller C, Kiebel S, Müller SP, Bulau P, Rijntjes M
(1999) Training-induced brain plasticity in aphasia. Brain 122:
1781–1790

Neville HJ, Nicol JL, Barss A, Forster KI, Garrett MF (1991) Syn-
tactically based sentence processing classes – evidence from
event-related brain potentials, J Cog Neurosci 3:151–165

Neville HJ, Mills DL, Lawson DS (1992) Fractionating language:
different neural subsystems with different sensitive periods.
Cereb Cortex 2:244–258

O’Brien MD (1995) Ischemic cerebral edema. In: Caplan LR (ed)
Brain ischemia: basic concepts and clinical relevance. Springer-
Verlag, New York, pp 43–50

O’Brien MD, Waltz AG, Jordan MM (1974) Ischemic cerebral
edema. Arch Neurol 30:456–465

84



Oldfield RC (1971) The assessment and analysis of handedness:
The Edinburgh Inventory. Neuropsychologia 9:157–200

Ostergaard AL, Meudell PR (1984) Immediate memory span, 
recognition memory for subspan of series of words, and serial
position effects in recognition memory for subspan series of
verbal and nonverbal items in Broca and Wernickes aphasia.
Brain Lang 22:1–13

Papanicolaou AC, Moore BD, Levin HS, Eisenberg HM (1987)
Evoked potential correlates of right hemisphere involvement
in language recovery following stroke. Arch Neurol 44:521–
524

Picton TW, Bentin S, Berg P, Donchin E, Hillyard SA, Johnson R
Jr, Miller GA, Ritter W, Ruchkin DS, Rugg MD, Taylor MJ
(2000) Guidelines for using human event-related potentials to
study cognition: recording standards and publication criteria.
Psychophysiology 37:127–152

Pulvermüller F, Schönle PW (1993) Behavioral and neuronal
changes during treatment of mixed-transcortical aphasia: a
case study. Cognition 48:139–161

Pulvermüller F, Lutzenberger W, Birbaumer N (1995) Electrocor-
tical distinction of vocabulary types. Electroencephalogr Clin
Neurophysiol 94:357–370

Pulvermüller F (1999a) Lexical access as a brain mechanism. 
Behav Brain Sci 22:50–52

Pulvermüller F (1999b) Words in the brain’s language. Behav
Brain Sci 22:253–336

Rösler F, Pechmann T, Streb J, Röder B, Hennighausen E (1998)
Parsing of sentences in a language with varying word order:
word-by-word variations of processing demands are revealed
by event-related potentials. J Mem Lang 38:150–176

Ruchkin DS, Johnson R, Maheffey D, Sutton S (1988) Toward 
a functional categorization of slow waves. Psychophysiology
25:339–353

Ruchkin DS, Johnson R Jr, Grafman J, Canoune H, Ritter W
(1997) Multiple visuospatial working memory buffers: evi-
dence from spatiotemporal patterns of brain activity. Neuro-
psychologia 35:195–209

Snodgrass JG, Vanderwart M (1980) A standardized set of 260
pictures: norms for name agreement, image agreement, famil-
iarity, and visual complexity. J Exp Psychol Hum Learn 6:
174–215

Sutton LN, Bruce DA, Welsh FA, Jaggi JL (1980) Metabolic and
electrophysiological consequences of vasogenic edema. Adv
Neurol 28:241–254

Swick D, Knight RT (1999) Contributions of prefrontal cortex to
recognition memory: electrophysiological and behavioral evi-
dence. Neuropsychology 13:155–170

Weiller C, Rijntjes M (1999) Learning, plasticity, and recovery in
the central nervous system. Exp Brain Res 128:134–138

Weiller C, Isensee C, Rijntjes M, Huber W, Müller S, Bier D, 
Dutschka K, Woods RP, North J, Diener HC (1995) Recovery
from Wernicke’s aphasia: a positron emission tomography
study. Ann Neurol 37:723–732

Yamaguchi S, Knight RT (1991) Anterior and posterior associa-
tion cortex contributions to the somatosensory-P300. J Neuro-
sci 11:2039–2054

Zaidel E (1976) Auditory vocabulary of the right hemisphere fol-
lowing brain bisection or hemidecortication. Cortex 12:191–
211

Zaidel E (1983) On multiple representations of the lexicon in the
brain. In: Studdert-Kennedy M (ed) Psychobiology of lan-
guage. MIT Press, Cambridge, MA, pp 105–125

Zaidel E (1998) Language in the right hemisphere following cal-
losal disconnection. In: Stemmer B, Whitaker HA (eds) Hand-
book of neurolinguistics. Academic Press, San Diego, pp 369–
383

85


