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Georg Wenker (1852-1911)

Figure: Georg Wenker (1852-1911)
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aktuelle Sprachforschung in Marburg

I Deutscher Sprachatlas, Variationslinguistik und Typologie
I Phonologie
I Psycho- und Neurolinguistik
I und mehr!
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Ist Sprachwandel dem Sprachwissenschaflter sein Ärger?
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Wo befindet sich die Sprache?

Ali war ein armer indischer Junge, so arm wie der Staub auf der
Landstraße.
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Die Herausforderung

I unsegmentierter Lautstrom
I komplexe Bedeutung
I schnell! (mehr dazu später)
I ein Gehirn für so viele Sprachen
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Wortstellung im Deutschen I

Welchen Satz finden Sie besser?

Gestern wurde erzählt, . . .

1. dass Dietmar Tänzerinnen gefallen.

2. dass Dietmar Tänzerinnen gefällt.
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Wortstellung im Deutschen II

Welchen Satz finden Sie besser?

Gestern wurde erzählt, . . .

3. dass Dietmar Tänzerinnen danken.

4. dass Dietmar Tänzerinnen dankt.
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Wortstellung im Deutschen III

Welchen Satz finden Sie am besten? Gestern wurde erzählt, . . .

1. dass Dietmar Tänzerinnen gefallen.

2. dass Dietmar Tänzerinnen gefällt.

3. dass Dietmar Tänzerinnen danken.

4. dass Dietmar Tänzerinnen dankt.
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Auswertung: Akzeptibilität
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Auswertung: Reaktionszeiten
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Was bedeutet das?

I das Gehirn merkt einen Unterschied!
I das Gehirn bearbeitet die Sätze Stück für Stück in Echtzeit

und bevorzugt meine Wortstellungen bzw.
Informationsreihenfolgen.

I Wie unterscheiden sich die zwei Kategorien von Sätzen?

Gestern wurde erzählt, . . .

1. dass Dietmar Tänzerinnen gefallen. (OS-Dat-Exp)

2. dass Dietmar Tänzerinnen gefällt. (SO-Dat-Exp)

3. dass Dietmar Tänzerinnen danken. (OS-Dat-Norm)

4. dass Dietmar Tänzerinnen dankt. (SO-Dat-Norm)
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Zwischenfrage I: Hat jeder korrekte deutsche Satz ein
Subjekt?

Mir wurde erzählt, dass nach meiner Abreise noch stundenlang
gefeiert wurde.

Phillip Alday, MA – AG Neurolinguistik Von Wörtern zu Wellen



Sprachforschung in Marburg
Die Sprachen der Welt

Sprachverstehen

Zwischenfrage I: Hat jeder korrekte deutsche Satz ein
Subjekt?

Mir wurde erzählt, dass nach meiner Abreise noch stundenlang
gefeiert wurde.

Phillip Alday, MA – AG Neurolinguistik Von Wörtern zu Wellen



Sprachforschung in Marburg
Die Sprachen der Welt

Sprachverstehen

Zwischenfrage II: Ist Grammatikalität in einer Sprache
etwas Unabhängiges?

Das sind es.
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Zwischenfrage II: Ist Grammatikalität in einer Sprache
etwas Unabhängiges?

Sind das vierzig Seiten?

Das sind es.
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Reicht die Schulgrammatik aus?

I Mehr als 6000 Sprachen auf der Welt
I Manche haben 16 Geschlechter!
I Manche haben 14 Kasus!
I Sogar im Deutschen sind viele Sätze von der Kasusmarkierung

her ambig!
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Belebtheit

Mein Geld hat die Laura.

My money has Laura.
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eine Alternative zu Subjekt und Objekt: Semantische
Proto-Rollen

I Vielleicht gibt es mehr als die reine Grammatik.
I gefallen vs. mögen

I gibt es etwas gemeinsames, was das Gehirn in beiden Fällen
suchen könnte?

I Handlungsverursacher: Actor
I Handlungserleidender: Undergoer
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der arme Dietmar

Gestern wurde erzählt, . . .

1. dass Dietmar Tänzerinnen gefallen. (AU-Dat-Exp)

2. dass Dietmar Tänzerinnen gefällt. (UA-Dat-Exp)

3. dass Dietmar Tänzerinnen danken. (UA-Dat-Norm)

4. dass Dietmar Tänzerinnen dankt. (AU-Dat-Norm)

Wie entsprechen die Kasus den Proto-Rollen?
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Von Schallwellen zu Gehirnwellen: EEG

oben: das erste EEG eines Menschen (1924)

unten: 10 Hz Taktungssignal
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Hans Berger (1873-1941)
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Live-Messung

Figure: unser neues System
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EEG in der Praxis: Ereigniskorrilierte Potentiale (EKPs)

reason, single participant ERPs typically cannot be interpreted with
respect to psycholinguistic manipulations (though strong eVects are
sometimes visible in single participant averages). Rather, once
averaging has been accomplished for each participant, a ‘‘grand
average’’ is computed over these individual averages, which then forms
the basis for a functional interpretation. The setup of the ERP method is
illustrated schematically in Figure 2.1.
As is evident from Figure 2.1, ERPs consist of a series of negative

and positive potential changes relative to critical stimulus onset. They
provide a multidimensional measure of electrical brain activity in
that they can be classiWed with respect to a number of parameters:
latency, polarity, topography and amplitude. These diVerent dimen-
sions are described in detail in Table 2.1. A typical electrode setup (the
so-called ‘‘extended 10–20 system’’) is shown in Figure 2.2.

Figure 2.1 Schematic illustration of the physiological basis of the EEG signal (left
panel) and the extraction of event-related brain potentials (ERPs) from the back-
ground EEG (right panel). The right panel depicts the conventional way of presenting
ERPs, namely as voltage changes (y-axis) as a function of time (x-axis). By conven-
tion, negative potential changes are plotted upward. ERP components (see text)
are often labeled with the letters ‘‘N’’ and ‘‘P’’ for ‘‘negativity’’ and ‘‘positivity’’,
respectively.
Source: Adapted from Martin (1991) and Köster (2004).

Bornkessle/Processing Syntax 2-BornKessel-chap-02 Revise Proof page 6 1.4.2009 12:20am

6 processing syntax and morphology
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Ein klassischer Befund: die N400

Reading Senseless Sentences: Brain
Potentials Reflect Semantic Incongruity

Abstract. In a sentence reading task, words that occurred out of context were
associated with specific types of event-related brain potentials. Words that were
physically aberrant (larger than normal) elicited a late positive series ofpotentials,
whereas semantically inappropriate words elicited a late negative wave (N400). The
N400 wave may be an electrophysiological sign of the "reprocessing" of semanti-
cally anomalous information.

Language comprehension has often
been characterized as a continual testing
and updating of hypotheses about the
words that are likely to occur next in a
text or conversation (1). For example,
most people familiar with English would
complete the sentence "I take coffee
with cream and __" with the word
"sugar," although reasonable alterna-
tives exist. In general, words that are ex-
pected in a given context are recognized,
remembered, and verbalized more rapid-
ly and accurately than the same stimuli
presented alone or in a semantically in-
appropriate context (2).
We have investigated event-related

brain potentials (ERP's) that occur when
an inappropriate word occurs unexpect-
edly at the end of a sentence. This ap-
proach stemmed from extensive human
research showing that certain com-
ponents recorded from the scalp are sen-
sitive to a person's expectations. In par-
ticular, unexpected or surprising stimuli
are typically followed after some 300 to
600 msec by a positive ERP component
known as the P300 (3). We now report,
however, that an occasional semantic
deviation of a word in a sentence is fol-
lowed by a negative brain wave (N400)
that is quite distinct from the P300 and
associated waves (4).

In these experiments, each subject
read 160 different seven-word sentences
presented one word at a time. Subjects
were instructed to read silently, "in or-
der to answer quegstions about the con-
tents of the sentences at the end of the
experiment." In the first two experi-
ments, a random 25 percent of the sen-
tences ended in a semantically in-
appropriate (but syntactically correct)
word. The degree of semantic in-
congruity was "moderate" in experi-
ment 1 (for example, "He took a sip
from the waterfall") and "strong" in ex-
periment 2 ("He took a sip from the
transmitter") (5). In experiment 3, all
sentences ended with semantically ap-
propriate words, but a random 25 per-
cent of these were larger in letter size
than the preceding words (6). Different
subjects were used in each experiment
(7).
The timing of stimulus presentation is

SCIENCE, VOL. 207, 11 JANUARY 1980

indicated in Fig. IA. Each sentence was
forewarned with a slide containing
XXXXX and followed by a 2-second in-
terval. Slides containing the words were
flashed for 100 msec at a rate of one per
second. After ten practice sentences
were exposed, 16 experimental blocks of
ten sentences each were administered
while the subject reclined in an easy
chair.

Scalp electrical activity was recorded
using nonpolarizable electrodes from
frontal (Fz), central (Cz), and parietal
(Pz) locations, all referred to linked
mastoids and amplified with a band-pass
of 0 to 40 Hz. Eye movements and blinks
were monitored by an electrode below

the right eye and a bipolar supraorbital to
external canthal montage. Trials contam-
inated with eye movements or blinks
were excluded from the average ERP's.
Data from all channels were stored on
FM tape for off-line signal averaging with
a PDP-1 1/45 computer.
The ERP averaged across the entire

seven-word sentence (Fig. lA) consisted
of a sustained negative potential (CNV)
upon which were superimposed the
phasic ERP's to the individual words.
The terminal words were followed by a
combination of the positive-going "reso-
lution" of the CNV and the specific
ERP's associated with deviant words.
The physically deviant, "large" seventh
words typically elicited a late positive
complex of waves (P560), which was ab-
sent following the smaller seventh
words. In contrast, the semantici-lly
deviant seventh words were followed by
a negative component (N400) beginning
at about 250 msec and peaking at about
400 msec (8) after stimulus onset (dashed
waveform).
The grand average ERP's (across all

subjects) to the seventh words showed

A

-f

Fig. 1. (A) The timing of word
presentations for three sample
sentences and typical ERP wave-
forms recorded over the entire
seven-word sentence, averaged
over three subjects in experiment
2 (dashed and solid lines) and
three subjects in experiment 3
(dotted line). (B-D) Data from ex-
periments 1, 2, and 3, respective-
ly. In each comparison, the grand
average ERP's (over all subjects)
from Pz for the normal (solid line)
and deviant (semantic, dashed
line; physical, dotted line) sev-
enth words are superimposed.
The 300-msec region used for
quantitative analyses of these
data is indicated by shading. The
means and standard errors of this
"difference area," formed by sub-
tracting the normal seventh word
ERP's from the deviant seventh
word ERP's, are depicted in the
bar graphs to the right of the cor-
responding ERP's.
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Die N400 scheint mit Erwartungen und Integrationsschwierigkeiten
zusammen zu hangen . . .
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whereas semantically inappropriate words elicited a late negative wave (N400). The
N400 wave may be an electrophysiological sign of the "reprocessing" of semanti-
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Language comprehension has often
been characterized as a continual testing
and updating of hypotheses about the
words that are likely to occur next in a
text or conversation (1). For example,
most people familiar with English would
complete the sentence "I take coffee
with cream and __" with the word
"sugar," although reasonable alterna-
tives exist. In general, words that are ex-
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research showing that certain com-
ponents recorded from the scalp are sen-
sitive to a person's expectations. In par-
ticular, unexpected or surprising stimuli
are typically followed after some 300 to
600 msec by a positive ERP component
known as the P300 (3). We now report,
however, that an occasional semantic
deviation of a word in a sentence is fol-
lowed by a negative brain wave (N400)
that is quite distinct from the P300 and
associated waves (4).

In these experiments, each subject
read 160 different seven-word sentences
presented one word at a time. Subjects
were instructed to read silently, "in or-
der to answer quegstions about the con-
tents of the sentences at the end of the
experiment." In the first two experi-
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tences ended in a semantically in-
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periment 2 ("He took a sip from the
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sentences ended with semantically ap-
propriate words, but a random 25 per-
cent of these were larger in letter size
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(7).
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Scalp electrical activity was recorded
using nonpolarizable electrodes from
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mastoids and amplified with a band-pass
of 0 to 40 Hz. Eye movements and blinks
were monitored by an electrode below
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were excluded from the average ERP's.
Data from all channels were stored on
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a PDP-1 1/45 computer.
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upon which were superimposed the
phasic ERP's to the individual words.
The terminal words were followed by a
combination of the positive-going "reso-
lution" of the CNV and the specific
ERP's associated with deviant words.
The physically deviant, "large" seventh
words typically elicited a late positive
complex of waves (P560), which was ab-
sent following the smaller seventh
words. In contrast, the semantici-lly
deviant seventh words were followed by
a negative component (N400) beginning
at about 250 msec and peaking at about
400 msec (8) after stimulus onset (dashed
waveform).
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Fig. 1. (A) The timing of word
presentations for three sample
sentences and typical ERP wave-
forms recorded over the entire
seven-word sentence, averaged
over three subjects in experiment
2 (dashed and solid lines) and
three subjects in experiment 3
(dotted line). (B-D) Data from ex-
periments 1, 2, and 3, respective-
ly. In each comparison, the grand
average ERP's (over all subjects)
from Pz for the normal (solid line)
and deviant (semantic, dashed
line; physical, dotted line) sev-
enth words are superimposed.
The 300-msec region used for
quantitative analyses of these
data is indicated by shading. The
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"difference area," formed by sub-
tracting the normal seventh word
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word ERP's, are depicted in the
bar graphs to the right of the cor-
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Die N400 scheint mit Erwartungen und Integrationsschwierigkeiten
zusammen zu hangen . . .
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be seen in Fig. 2, this is not the case: although both elicit
larger N400s than expected endings, those to within category
violations (e.g. pines) are significantly smaller than those to
between category violations (e.g. tulips). This pattern of data
shows that the physical, functional, and perhaps situational
similarity between two members of a semantic category affect
language processing, even when these relationships do not
alter the items’ subjective plausibility in the sentence.

Semantic memory in on-line processing
It seems, then, that both the immediate language context
held in working memory and the context-independent
relationships between items in long-term semantic memory
affect the neural processes reflected in the N400. It is of course
not surprising that memory is used during sentence processing,
for how could it be otherwise? What may be surprising to at
least some readers, however, is first that information cur-
rently active in working memory (fit to local context) and
information accessed from long-term memory exert their
influence at about the same time and also apparently act on
the same neural processes, those reflected in the N400.
Second, these results show that it is not just the contents but
also the organization of long-term semantic memory that
affects language processing on-line. Moreover, this orga-
nization does not become relevant just when other cues are
less available – for example, when the local sentence context

is fairly weak. Instead, we found that the impact of semantic
memory organization is actually more pronounced when
contextual constraint is strong. That is, the N400 amplitude
reduction to within relative to between category violations is
bigger in high than in low constraint contexts, as illustrated in
Fig. 3. Note that this pattern goes in the opposite direction
from the rated plausibility of these items and the opposite
direction from patterns in behavioral measures (in similar
materials) collected at the sentence end32,33. By offering a
window into neural activity not directly reflected in behav-
ioral measures, ERPs thus reveal that aspects of the brain’s
processing of a given word are affected by more than just its
fit to the current representation of preceding context held in
working memory. Instead, N400 amplitudes to the within
category violations seem largely to be a function of the plau-
sibility of the (not actually presented) expected exemplars,
suggesting a strong functional link between them.

The functional link between these two categorically
related items suggests that the organization of sensory, motor
and higher-order features in the brain built up of years of
experience with the world (i.e. semantic memory) has an in-
evitable impact on the neural processes by which brains make
sense of language in real time; it determines how brains interpret
sensory inputs. So, although baseball is neither expected nor
very plausible in a sentence wherein the expected exemplar is
football (as in Fig. 3), it is still a more understandable mistake
than a board game (monopoly). Like football, baseball is a pro-
fessional team sport with a ball, played with religious fervor in
the USA, characterized by personalities with astronomical
salaries. Home runs and touchdowns are alignable features of
the two games, both important for scoring, for statistics, for
getting the crowd to cheer, etc. The fact that these items share
many such features in common in the world makes them easier
to process in language when one unexpectedly replaces the
other. Moreover, this pattern of effects suggests that the brain
uses sentence context information to predict (i.e. to anticipate
and prepare for) the perceptual and semantic features of items
likely to appear, in order to comprehend the intended meaning
of a sentence at the fast speed with which it usually comes. The
featural overlap between a sentence-final within category vio-
lation (e.g. pines) and the item expected in the context
(e.g. palms) could affect processing only if the features of the
expected item are already activated in the mind of the com-
prehender, as this expected item is never actually presented.
Thus the very words that determine sentential constraint also
determine the strength and precision with which the features
of the expected exemplar can be pre-activated in semantic
memory before any sentence ending is presented.

Recent work by Van Petten et al., using an auditory sen-
tence comprehension task, further supports this idea34. They
observed ERP differences between congruent and incongruent
sentence completions within 200 ms after word onset, before
the auditory signal was sufficient to uniquely identify the words
(as determined by a gating study). Furthermore, the N400 to
incongruent words that shared initial phonemes with the
expected completions (e.g. captive when captain was expected)
deviated from that to the expected item significantly later than
did the N400 to incongruent words which did not share initial
phonemes. On a purely plausibility-based integration account,
semantic processing cannot begin at least until a word is

Fig. 2. The influence of plausibility and memory organization on the N400 response to
words in sentences. EEG was recorded from 26 scalp electrodes (see head icon) as 18 partici-

pants read sentences, like the example shown here, for comprehension. Sentence-final target

words included: (1) expected exemplars, the highest cloze probability completions for the sen-

tence contexts (e.g. palms); (2) within-category violations, unexpected (cloze probability �0.05)

and implausible (as assessed by plausibility ratings) completions that came from the same basic-

level semantic category as the expected exemplars (e.g. pines); and (3) between-category viola-

tions, unexpected and implausible completions that came from a different (but related)

semantic category (e.g. tulips). Across the experiment all items appeared in all target conditions,

although a given participant saw each only once. Data from a representative site over the right,

medio-central part of the head is shown (indicated by the filled circle on the iconic head). All

unexpected items elicited increased negativity between 250–500 ms post-stimulus onset (N400)

relative to the expected exemplars (solid line). However, despite equivalent cloze probabilities

and plausibility ratings, the N400 response to the two unexpected items differed as a function

of their semantic similarity to the expected completions. Within-category violation (dashed

line), which shared many semantic features in common with the expected exemplars, elicited

smaller N400s than did between-category violations (dotted line), which had less semantic feature

overlap. The results suggest that plausibility alone does not determine the amplitude of the

N400 response to words in sentences; semantic memory organization also plays an important

role in determining the facility with which the brain processes meaning information on-line.

. . . und zeigt auch den Grad der Verletzung bzw. Enttäuschung!
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schöne Theorie, aber macht das was aus?

Welchen Satz finden Sie besser?

Klaus fragte sich, . . .

1. welchen Gärtner der Abt besucht hat.

2. welchen Angler der Zweig gestreift hat.
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dem Gehirn schon!
N400 für den unbelebten Actor im Vergleich zum Belebten!
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Vielen Dank für Ihre Aufmerksamkeit!

Gibt es Fragen?

Vielen Dank an meine Doktormutter Ina Bornkessel-Schlesewsky
und weitere Kollegen: * Jona Sassenhagen * Sarah Tune *

Alexander Dröge * Fiona Weiß * Laura Maffongelli * Matthias
Schlesewsky * die lieben Assistenten heute - Miriam Burk - Greta

Frank - Pia Schoknecht * das Laborpersonal in Marburg und
Mainz - Sarah Munde - Anika - Brita Rietdorf - Fritzi Milde * und

viele andere!
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