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We present event-related potential evidence from language com-
prehension that processing con£icts arising from the same linguis-
tic domain and appearing within the same time range do not
interact when they draw upon distinct underlying neural popula-
tions.Thus, a combined violation of twomorphosyntactic informa-
tion types, number-agreement and case, engendered a LAN/
N400-P600 pattern, while the corresponding single violations are

associated with LAN-P600 and N400-P600 responses, respec-
tively.The absence of an interaction between the two negativities
indicates that neuronal resource sharing does not result from a si-
milarity of function, but rather requires an overlap of the under-
lying neuronal populations. NeuroReport 16:875^878 �c 2005
LippincottWilliams &Wilkins.
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INTRODUCTION
One of the central issues in the neurophysiological
investigation of language relates to the question of how
the human language comprehension system deals with
unexpected information encountered during incremental
sentence processing. In particular, the resulting processing
costs and strategies for possible conflict resolution allow
deeper insights into the underlying nature and internal
organization of the language system.
More precisely, it has been shown from a neurophysio-

logical perspective that functionally different types of
processing conflicts are correlated with distinct event-
related potential (ERP) components [1,2]. Moreover, several
experimental findings suggest that information from differ-
ent linguistic domains (e.g. semantics, syntax, or morphol-
ogy) is at least partially organized in a hierarchical manner.
Thus, Hahne and Friederici [3] showed that processing
conflicts arising from violations within clearly different
linguistic domains (syntax vs. semantics) can block one
another if there is a temporal hierarchy between them. In a
combined syntactic/semantic violation as in ‘Der Honig
wurde im ermordet’ (the honey was in-the murdered), an
early syntactic processing conflict leads to a blocking of later
semantic processing. In contrast, Gunter et al. [4] found that
combined processing conflicts originating from violations
within two different linguistic domains (semantics vs.
morphosyntax), which appear in the same time range,
occur simultaneously. Whereas semantic violations elicit a
monophasic N400 [2], morphosyntactic violations have been
shown to engender a biphasic LAN/P600 pattern [5,6].

However, in a sentence like ‘De vuile matten werden door
de hulp koken’ (the dirty doormats were by the house-
keeper cook), which contains a combined semantic-mor-
phosyntactic violation, both negative components (LAN/
N400) emerged simultaneously [4]. In addition, in the
subsequent P600 there was an interaction between semantic
and morphosyntactic processes (to the effect that the P600
tended to be larger for semantically congruent sentences
with a morphosyntactic violation than for combined
violations). Finally, Kutas and Hillyard [7] showed that
combined processing difficulties (expectancy vs. sentential
constraint) within one linguistic domain (semantics) directly
interact within the amplitude of the N400.
Interestingly, a hitherto unexamined scenario is one in

which a single conflict results from two violations that
belong to the same linguistic domain but are associated with
clearly different neurophysiological patterns. In this regard,
two outcomes appear possible. On the basis of Gunter et al.’s
findings [4], one could assume that, independently of the
nature of the conflicting information, different neurophy-
siological patterns occurring in the same time range (LAN
vs. N400) do not interact with each other. In contrast, in the
light of the findings from Kutas and Hillyard [7], one could
also assume that processes within one linguistic domain
always interact independently of their neurophysiological
difference. Under these circumstances, we would assume a
modulation within different ERP components.
To explore this type of conflict, we investigated the

processing of two violation types belonging to the same
(morphosyntactic) domain, which not only occur in the
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same time range but, most crucially, are also known to elicit
distinct ERP component patterns. To this end, we combined
case violations (‘Paul fragt sich, welcher Angler der Jäger
gelobt hat’; Paul asks himself, [which angler] NOM [the
hunter] NOM praised has) with number-agreement viola-
tions (‘Der Mannsg trinkenpl das Bier’; the man drink the
beer). Whereas the former elicits a biphasic N400/P600
pattern in comparison to grammatical sentences [8], the
processing of number-agreement violations leads to a
biphasic LAN/P600 pattern [6,9]. Importantly, both viola-
tions are morphosyntactic violations and therefore belong to
the same linguistic domain.
To investigate the processing of the combined morpholo-

gical violations we contrasted both violation conditions
(cf. Table 1, condition b and c) with a grammatical control
condition (cf. Table 1, condition a).
From the perspective of online processing, the incremen-

tal interpretation of the initial accusative case-marked
(object) argument and the finite verb leads to the prediction
of a subsequent argument that should be both nominative
marked (a subject) and plural. The two violation conditions
differ with respect to the degree to which they fulfil this
prediction. Whereas, in the number-agreement violation
(Table 1, condition b), the singular pronoun fulfils the
prediction in terms of case marking, but not with regard to
number, the combined violation (Table 1, condition c) falls
short of both. On the basis of previous findings [6,9], a
biphasic LAN/P600 is expected in response to the proces-
sing of number-agreement violations. In contrast, combined
number–case violations should elicit two components (N400
and LAN) in the early time window [4]. In line with Kutas
and Hillyard’s results [7], however, if both processing
conflicts tap the same resources within their common
domain, an interaction is expected either between the two
early components (N400/LAN) or in the P600. If there is no
such interaction in either time window, this would point to
the existence of distinct processing resources for both
violation types. Note that, in the context of the findings
from Gunter et al. [4], an interaction between both violation
types in the P600 seems to be predicted. However, because
the present experiment involves two violations from the
same domain, it is not entirely clear whether one should
expect the same mechanisms to become operative.

MATERIALS AND METHODS
Nineteen undergraduate students from the Philipps Uni-
versity Marburg participated in the experiment (13 women,

mean age 22 years, range 20–26 years). All participants were
right-handed (as assessed by an adapted and modified
German version of the Edinburgh Handedness Inventory
[10]), monolingual native speakers of German and had
normal or corrected-to-normal vision. Each study partici-
pant read a total of 190 critical sentences (at least 30 in each
of the critical conditions, see Table 1) in a randomized order.
All sentences began with an unambiguously marked
accusative object. Eighty of the critical sentences contained
a number-agreement violation, thirty critical sentences
included a combined number and case violation and eighty
grammatical sentences served as the control condition. The
critical sentences were randomly intermixed with 210
similar filler sentences (90 of which were ungrammatical)
in order to avoid predictabilities. Sentences were presented
visually in the centre of a computer screen, with the initial
noun phrase presented in a single frame and the rest of the
sentence in a word-by-word manner. Each trial began with
the presentation of an asterisk (1000ms), followed by an
interstimulus interval of 200ms, in order to fixate partici-
pants’ eyes at the centre of the screen and to alert them to
the upcoming presentation of the sentence. The noun phrase
was presented for 500ms, single words were presented for
450ms with an interstimulus interval of 150ms each. After
the presentation of a sentence, participants were required to
complete a grammaticality judgement task (signalled by the
presentation of a question mark). Participants had to
respond by pressing the left or right mouse button for
‘yes’ or ‘no’. Half of the sentences contained a grammatical
violation. The response time for the button press was
restricted to 3000ms. After the button press, there was an
intertrial interval of 2100ms before the next trial started.

The electroencephalogram (EEG) was recorded by means
of 27 sintered Ag–AgCl electrodes fixed at the scalp by
means of an elastic cap (Easy Cap). The ground electrode
was positioned at C2. Recordings were referenced to the left
mastoid, but re-referenced to linked mastoids offline. The
electrooculogram (EOG) was monitored by means of
electrodes placed at the outer canthus of each eye for the
horizontal EOG and above and below the participant’s left
eye for the vertical EOG (impedances o5 kO). All EEG and
EOG channels were amplified using a BrainVision Brain-
Amp amplifier (time constant 0.9 s, high cutoff 50Hz) and
recorded continuously with a digitization rate of 250Hz.
The plots of grand average ERPs were smoothed offline
with a 10Hz low-pass filter to improve readability, but all
statistical analyses were computed on unfiltered data.

Only trials with correct answers in the judgement task
and without artefacts entered the ERP analysis. Single-
participant averages were calculated per condition per
participant from 200ms prior to the onset of the critical
stimulus item to 1000ms after onset, before grand averages
were computed over all participants. Separate statistical
analyses were performed for lateral and midline electrodes
in two time windows (defined on the basis of previously
observed LAN/N400 and P600 effects): 250–500ms for the
negativities and 550–700ms for the P600 effects. ERP effects
were statistically evaluated using a repeated-measures
ANOVA with one condition factor (congruent control vs.
number/combined incongruency) and the topographical
factors electrode (with the four electrodes FZ, CZ, PZ and
OZ as levels) and region of interest (ROI; with four levels)
for the midline and the lateral electrodes, respectively. The
four lateral ROIs comprised the following three electrodes

Table1. Example stimuli in each of the three experimental conditions.

Condition Example

(A) GRAM Den | Auftrag | bearbeiten | sie | dennoch | nicht.
[the order]ACC, sg [execute]pl [they]NOM, pl yet not

(B) NUMB *Den | Auftrag | bearbeiten | er | dennoch | nicht.
[the order]ACC, sg [execute]pl [he] NOM, sg yet not

(C) COMB *Den |Wecker | entdecken | ihn | aber | bestimmt.
[the alarm]ACC, sg [detect]pl [him]ACC, sg yet not

Abbreviations: GRAM (‘grammatical control’),NUMB (‘number-agreement
violations) and COMB (‘combined case/number violations’). All measures
reported are relative to the second argument (underlined).The segmenta-
tion of the sentences for stimulus presentation is indicated with vertical
bars (ungrammaticality is indicatedby an asterisk).
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each: left-frontal: F7 F3, FC5; right-frontal: F8, F4, FC6; left-
posterior: P7, P3, CP5; right-posterior: P8, P4, CP6.

RESULTS
ERP patterns from the onset of the critical item (pronoun,
onset at 0) up to 1000ms thereafter are displayed in Fig. 1.
As can be seen from the figure, ERPs in both incorrect

conditions show a biphasic pattern of a negativity (LAN/
N400) followed by a pronounced late positivity (P600) in
comparison to the control condition. The global ANOVA in
the time window of the negativities (250–500ms) for midline
and lateral sites revealed main effects of congruency
[midline: F(1,18)¼5.41, po0.04; lateral: F(1,18)¼5.06,
po0.04] due to a more negative going waveform for the
two violation conditions than for the correct condition.
To investigate more precisely whether there were differ-

ences in the time course of the two violation conditions, we
subdivided the first time window (for the negativities) into
an earlier (250–376ms) and a later (376–500ms) time
window. For the earlier time window (250–376ms), despite
the main effect of congruency, no significant difference was
observed between the two types of incongruencies [midline:

F(1,18)¼2.18, p¼0.16; lateral: F(1,18)¼2.23, p¼0.153]. How-
ever, in the later time window (376–500ms), a significant
difference between the two violation conditions (number vs.
case/number violations) was observed for both midline
[F(1,18)¼6.91, po0.02] and lateral electrode sites
[F(1,18)¼5.59, po0.03] due to a more negative wave for
the combined condition. In addition, as one can see from
Fig. 2, the negativities in both time windows have a clearly
distinct topographical distribution.
The global ANOVA in the P600 time window (550–

700ms) revealed main effects of congruency for both the
midline [F(1,18)¼45.94, po0.001] and the lateral
[F(1,18)¼36.54, po0.001] electrodes and also interaction
congruency by electrode/region [midline: F(3,54)¼11.79,
po0.001; lateral: F(3,54)¼7.33, po0.001]. The main effects
were due to a more positive waveform for both violation
conditions than for the control condition. A resolution of the
significant interactions revealed that the positivity for the
incongruent conditions was significantly more pronounced
at centro-parietal electrode sites than for the congruent
control condition [left-frontal: F(1,18)¼5.83, po0.03; right-
frontal: F(1,18)¼25.63, po0.01; left-posterior: F(1,18)¼44.94,
po0.01; right-posterior: F(1,18)¼29.00, po0.01].

GRAM: Den Auftrag bearbeiten sie  ...

NUMB: Den Auftrag bearbeiten er ...
COMB: Den Wecker entdecken ihn ...
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Fig.1. Grand-average event-relatedpotentials (n¼19) at nine electrodes for the three conditions described inTable1.Thevertical bar corresponds to the
onset of the critical second argument (cf.Table1) and negativity is plotted upwards.
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DISCUSSION
The present data provide evidence that number-agreement
and case violations are processed independently of each
other, despite the fact that both violations stem from the
same domain.
As predicted on the basis of Gunter et al.’s findings [4],

combined violations elicited both a LAN and an N400
overlapping within the same time range, followed by a P600.
This result shows that the human language processing system
is able to dissociate distinct morphological information types,
which are encoded in a single morphological realization. The
appearance of two topographically distinct negativities (LAN,
N400) strongly supports the view that the processing of case
and number-agreement information relies on different neuro-
nal populations (i.e. different brain regions), although both
information types belong to the same (morphosyntactic)
domain [11]. In other words, the human language processing
system is able to identify the multidimensional nature of a
conflict induced by a single (one word) morphological unit.
Even more strikingly, despite the fact that the different conflict
sources stem from a single linguistic domain and are
processed in the same time range, the obvious autonomy of
the specific underlying neurophysiological realizations indi-
cates that the two processes draw upon independent
resources. With regard to cognitive behaviour more generally,
the data suggest that interactions within and across functional
cognitive domains result from shared underlying neuronal
populations, rather than from overlapping functions.
With respect to the late positivity (P600), no difference

was observed between number-agreement and combined
violations. Regarding the functional significance of the P600,
it has been argued that this component reflects processes
associated with conflict resolution and a global evaluation of
the well-formedness of the incrementally processed utter-
ance [12,13]. Considering this, the present finding suggests
that both number-agreement and combined violations
involve the same degree of processing effort, independently
of their inherent complexity. This appears plausible under

the assumption that sentences that are already ill-formed
cannot, strictly, be more ill-formed. Such a perspective is
supported by findings from Frisch and Schlesewsky [8].
These authors showed that the amplitude and latency of the
late positivity is independent of whether a sentence is
interpretable, thereby reflecting the autonomy of well-
formedness from interpretability.

In view of these considerations, the reduced P600 for
combined violations in the Gunter et al. study [4] cannot be
straightforwardly derived. A possible, although somewhat
speculative, source for this reduction may lie in the fact that
the Gunter et al. study examined the interaction between
two distinct overarching linguistic domains, namely syntac-
tic well-formedness and semantic plausibility. In the present
study, however, both violations were in the well-formedness
domain, thereby giving rise to a unified ‘ill-formedness’
response irrespective of the number of violations (i.e. once a
sentence is already ungrammatical, it cannot, strictly
speaking, be rendered even more ungrammatical by an
additional violation).

CONCLUSION
In the present study we have shown that, in comparison to a
control condition, the processing of combined morphosyn-
tactic violations (number-agreement and case) leads to a
complex biphasic LAN/N400-P600 pattern, whereas pure
number-agreement violations only elicited a LAN-P600.
These results indicate that the processing of case and
number-agreement information relies on different neural
populations, even though both information types belong to
the same morphosyntactic domain.
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Fig. 2. Topographical distribution of the LAN (voltage di¡erence be-
tween conditions B andA) and theN400 (voltage di¡erencebetween con-
ditions C and B).
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