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Abstract

Although extensive work has been conducted in order to study expectancies about semantic information, little effort has been dedicate
to the study of the influence of expectancies in the processing of forthcoming syntactic information. The present study tries to examine the
issue by presenting participants with grammatically correct sentences of two types. In the first type the critical word of the sentence belonge:
to the most expected word category type on the basis of the previous context (an article following a verb). In the second sentence type, th
critical word was an unexpected but correct word category (an article following an adjective) when a verb is highly expected. Event-related
potentials (ERPs) were measured to critical words in both sentence types. Brain waves evoked by the correct but syntactically unexpecte
word revealed the presence of a negativity with a central distribution around 300-500 ms after stimuli onset, an N400, that was absent in th
case of syntactically expected words. No differences were present in previous time windows. These results support models that differentiat
between the processing of expected and unexpected syntactic structures.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Some psycholinguistic models assume that syntactic ex-presenting a verb following an article) resulting in the pres-
pectancy plays an important role during language process-ence of a late posterior positivity, P600, often preceded by an
ing and those grammatical structures that are more expectecearly left anterior negativity (ELAN). Based on these find-
benefit from animproved processif&i]. An alternative the- ings Friederici and coworkers have proposed a serial stage
oretical approach denies any preponderance to the processingiodel of language processiiiig,7]. This model postulates
of expected compared to unexpected grammatical structuresa temporary primacy of syntactic processing. Semantic pro-
[4]. Most of the studies supporting both views are based on cessing would take place during a second stage. During a
off-line measures. The use of event-related potentials, an on-third stage, processes concerning revision and repair of sen-
line measure with a 1-ms temporal resolution might be helpful tence structure would occur. A different approach has dealt
when addressing questions concerning linguistic expectancy.with the processing of temporary ambiguous sentences, the
Although extensive work has been conducted about ex- so-called garden-path sentences. These studies have alter-
pectancies related to the processing of semantic informa-natively reported a central negativity, N4QI®b], or a P600
tion (e.g.,[3,11]) little is known about syntactic expectancy. effect[26] at the point of ambiguity resolution. It remains to
Whenever this issue has been investigated the violation ofbe solved what happens when expectancies about the syn-
syntactic expectancies has mainly been accomplished by pretactic properties of a word are unconfirmed by the presence
senting overt syntactic violations instead of syntactically un- of an alternative syntactically unexpected but correct word
expected but correct structures (e[8,12]; but sed1]). Most category. This constitutes the main goal of this work.
of these studies have dealt with word category errors (e.g., Participants were presented with two types of correct sen-
tences with the purpose of investigating syntactic expectan-
* Corresponding author. Tel.: +34 91 394 32 61; fax: +34 91 394 32 64, Cies based on word category information. The first type had
E-mail addresshinojosa@pluri.ucm.es (J.A. Hinojosa). the following structure: Articlel-noun-verb-article2-noun.
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The second type showed a structure as follows: Articlel- contrast, it is unknown whether the disruption of thematic
noun-adjective-article2-noun. Under the first type of sen- role assignment may be able to impact other semantic-related
tences lies a very frequent structure in Spanish in which every components, such as the RP. Thisissue could not be addressed
word category is highly expected on the basis of the previ- in previous studie$6,9] since the rapid stream stimulation
ous word category. By contrast, for sentences with the secondwas not used.
structure most of the people would expect averb to followthe  Twenty-five Spanish native students (22 female, mean age
adjective instead of an article as we will show later. Therefore, 21.2 years, range 19-27) participated in the experiment. They
article? is the critical word to which event-related potentials all were right handed, with an average handedness score of
were measured. If syntactic expectancy does not play a role+0.82, ranging from +0.57 to +0.100 according to the Edin-
in language processing the pattern of event-related potentialsburgh Handedness Inventof®5]. All participants had nor-
should not show any differences when comparing both kinds mal or corrected-to-normal vision.
of sentences at article2. However, if syntactic expectancy has Sentences were arranged in pairs such that the same crit-
an impact in language processing differences in brain wavesical word (article2) was used across sentence types. A total
should arise. We should take now into consideration the struc-of 30 sentences with an expected syntactic structure were
ture of both types of sentences. Inthe second type, in which anconstructed (Articlel-noun-verb-article2-noun). From each
unexpected article substitutes the expected verb, the absencefthese sentences a second version was made (Article1-noun-
of this verb should be specially noticeable in the disruption adjective-article2-noun). These versions had an unexpected
of some processes such as thematic role assignment that argyntactically correct structure attained by presenting article2
thought to be performed on the basis of semantic cues, asafter the adjective instead of the most highly expected word
several studies have demonstrafe®,10] Assuming such  category item (averb). Nouns, verbs and adjectives were two-
processes are preserved during the processing of sentencew three-syllable frequent words. Verbs were all regular and
with the expected syntactic structure, brainwave differences conjugated in past tense. Sentences were presented in lower
in our study, if any, might be expected to arise most plausibly case letters with the exception of the first letter of the first
over components related to semantic processing. word of each sentence that was presented in upper case. An
Two components have been related to semantic processexample of each sentence type is given below with the critical
ing. The processing of a word that is unrelated (although word in italics (an English translation is provided):
not necessarily incongruent) to a previous semantic context
leads to a negative deflection that peaks around 400 ms af{1) Expected word category: El luchador gael com-
ter the onset of the unexpected word. This response is called  bate/The fighter wothe combat
the N400 component and its amplitude increases as a word(2) Unexpected word category: El luchador ganaslaom-
becomes more semantically unrelaf@@]. It is thought to bate/The winning fightethe combat
index post-lexical integration processes, although some stud-
ies have shown its sensitivity to pre-lexical automatic pro-  Syntactic expectancy of the target article was previously
cesse$§l7,18] A second component, the Recognition Poten- assessed by presenting two versions of a questionnaire to 20
tial (RP), peaks around 250 ms and it has shown sensitivity to subjects other than those participating in the event-related
the semantic content of a word (e.g., abstract versus concretgotentials experiment. The first questionnaire included frag-
words, [23]). It shows larger amplitudes for words that are ments of 15 first type sentences (up to the verb) and 15 sec-
congruent to a previous semantic context and is thought toond type sentences (up to the adjective). The second one
be related to lexical-selection procesgg44]. This compo- included the remaining 15 sentences of both types. Partici-
nent benefits from the application of a paradigm, the rapid pants were instructed to complete sentence fragments. The
stream stimulation, in which a series of unrecognizable stim- syntactic category of the first word that subjects provided af-
uli are inserted between the words that constitute a sentenceter each fragment was considered. Infirst type sentences 67%
Although this way of proceeding increases artificiality, it has were continued with an article, which constituted the most

shown to be the best way of obtaining a remarkabld Fp. expected word category. In second type sentences only 1%
Moreover, it has proved to have no impact in other language of fragments were continued with an article (most fragments,
related components, such as the N{2gJ. 77%, were continued with a verb). This data confirmed that

Predictions regarding our experimental manipulation may second type sentences showed an unexpected word category
further be specified as follows. If syntactic expectancies in- item at the point of article2.
deed play a role during language processing by compro- As noticed in the introduction, words on each sentence
mising thematic role assignment, a relatively larger N400 were visually presented embedded in a stream of unrecog-
response might be expected in response to sentences in whichizable stimuli. These stimuli were made by cutting verbs,
the syntactic expectancy of a thematic role assigner (a verb)nouns and adjectives of the experimental sentencespof-
is not matched. In this regard, previous studies violating the tions (=number of letters that formed a given word minus
number of arguments associated to a transitive y&}lor one). These portions were repositioned so that they formed a
providing with two arguments competing for the same the- pattern of unrecognizable stimuli including also unrecogniz-
matic role within a given claus@] elicit N40O0 effects. By able letters.
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. . . pdacrame Juchador priacrond fnenteris encedor frorndci . . . pected and unexpected word categories. Amplitude was mea-
nr w nr r nr w nr sured as the mean amplitude of a particular time interval.
i ‘ \ To avoid loss of statistical power when repeated-measures
Time ... 750 1,000 1250 1800 1750 2000..ms ANOVAs are used to quantify large number of electro@d$

analyses on amplitude were conducted on a selected sample
of 38 electrodes: Fp1, Fpz, Fp2, AF3, AF4, F5,F1,Fz, F2, F6,
FC5, FC1, FCz, FC2, FC6, C5, C1, Cz, C2, C6, CP5, CP1,
CPz, CP2, CP6, P5, P1, Pz, P2, P6, PO7, PO1, POz, PO2,
Participants were tested in a single experimental session.PO8, O1, Oz, and O2. These ANOVAs included two factors:
They were presented with the 60 sentences in a word by wordword type (2 levels: syntactically expected/syntactically un-
fashion, together with the proportional amount of non-word expected) and electrode (38 levels). The Geisser-Greenhouse
stimuli. They were instructed to read sentences for compre- correction was always applied. Finally, pair wise compar-
hension and to answer to probe questions when required. Aisons on amplitude were further performed, over the elec-
practice block was allowed to participants before the exper- trodes showing the highest amplitude for the Recognition
imental session begun. None of the sentences used in thd?otential and the N400 components separately.
training session were experimental sentences. Stimuli were  On average, participants responded correctly to 98.1% of
presented according to the rapid stream stimulation procedurehe comprehension probe questions (range 83—-100%). Over-
[13,27]with a stimulus onset asynchrony (SOA) of 250 ms. all performance seems to be excellent, indicating that subjects
After six or seven non-recognizable stimuli (this number were attending to the experimental stimuli and processing
randomized) the first word of the sentence appeared. The rethem for meaning.
maining words came up consecutively after avariable number  Visual inspection of the grand-averaged ERPs suggested
of non-recognizable stimuli (2 to 4, this number randomized) the presence of RP as well as N400 effects {&ge2).
until the completion of the sentence. Again, six or sevennon- RP peaked about 234 ms after stimulus onset for both
recognizable stimuli were presented between the last word ofsyntactically expected and unexpected critical words. Sta-
a sentence and the first word of the new sentence. Every 4 to &istical analyses on amplitude measurements were conducted
sentences participants were presented with a comprehensioon the 206 to 262 ms time window (mean latesc28 ms)
probe guestion about the contents of the immediately pre-revealing significant main effects of word typé;(b4=7.9;
ceding sentence. Half of them had an affirmative responsep=0.01) and electrodd-g7 ggs= 20.6;p < 0.0001). Pair wise
whereas the remainders had a negative one. Participants gaveomparisons were applied at PO7 electrode that shows the
yes—no answers and were allowed to blink. After doing so, largest RP amplitude. The analysis revealed lack of dif-
they had to press a button in order to keep on with stimuli ferences between syntactically expected and unexpected
presentationFig. 1 exemplifies the stimulation procedure.  words F1,24=0.4; p=0.5). Actually, the amplitude was
The electroencephalogram (EEG) was recorded with 59 fairly identical, approximately 8V, in both cases. The to-
tin electrodes embedded in an electrode cap (electroCap In{pographic maps in the 206—262 ms interval are shown in
ternational). Scalp locations were: Fpl, Fpz, Fp2, AF3, AF4, Fig. 3.
F7, F5, F3, F1, Fz, F2, F4, F6, F8, FC5, FC3, FC1, FCz, N400 effects were noticeable between 300 and 500 ms
FC2, FC4, FC6, T7, C5, C3, C1, Cz, C2, C4, C6, T8, TP7, after stimuli onset, especially at central electrodes. An
CP5, CP3, CP1, CPz, CP2, CP4, CP6, TP8, P7, P5, P3ANOVA applied at this time interval revealed significant
P1, Pz, P2, P4, P6, P8, PO7, PO3, PO1, POz, PO2, PO4effects of word type K124=17.2; p<0.0001) and elec-
P08, 01, Oz, O2 and left mastoid, all referenced to the right trode F3z7,83s=19.8;p<0.0001). Pair wise comparisons at
mastoid. Bipolar horizontal and vertical electrooculograms Cz electrode confirmed the significant difference between
(EOG) were recorded for artifact rejection purposes. Elec- syntactically expected and unexpected worfeisg= 14.9;
trode impedances were kept under @KThe signals were  p=0.001).Fig. 4shows the topographic distribution of N400
recorded continuously with a bandpass from 0.01 to 50 Hz after subtracting the activity evoked by syntactically expected
and a digitization sampling rate of 250 Hz. words from that evoked by unexpected words. A centrally
The continuous recording was divided into 1224 ms distributed negativity with a slight left-lateralization can be
epochs, beginning 200 ms before every critical word (ar- observed.
ticle2). Visual inspection of data was carried out in order Data reported in the present experiment clearly indicate
to delete artifacts and noticeable eye movements or blinks.the existence of some differences in the processing of ex-
Offline correction of smaller eye movement artifacts was pected and correct but unexpected word category informa-
also made, using the method described by Semlitsch et al.tion. Such differences are noticeable by the presence of a
[28]. In all electrodes, originally M2-referenced data were negativity around 300-500 ms after the onset of the article2
re-referenced offline to the average of the mastoids. ERP av-in those sentences in which a verb was expected instead (e.g.,
erages were aligned to-a200 ms pre-stimulus baseline. “The winning fighterthecombat”). This effect was absentin
Repeated-measures Analyses of Variance (ANOVAS) sentences in which participants expected an article2 to follow
were performed for amplitude comparisons between ex- the verb (e.g., “The fighter wotihhe combat”).

Fig. 1. The stimulation procedure is exemplified. “W” refers to words,
whereas “Nr” refers to non-recognizable stimuli.
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Fig. 2. Grand-average ERPs corresponding to syntactically expected and unexpected words at a sample of electrodes after the applicatiosn @CHa-pas
digital filter. A Recognition Potential is noticeable for both types of stimulus at parieto-occipital electrodes. Also, the comparison betmaeakyekpected
and unexpected words yields a clear N400 effect.

As noticed in the introduction, we hypothesized that if an has previously been shown that increasing word presentation
effect of expectancy exists, it should affect semantic-related rate causes N400 to display a rather frontal distribufij.
components because the absence of the expected verb wouldlternatively, some authors have shown that with increasing
preclude thematic roles assignment, a process that is essersOA the N400 shifts towards more anterior electrode loca-
tial in order to understand a sentence. The disruption of suchtions[18].
processes has shown to elicit comparable N400 effects to the Relevant to our results, prior studies have shown N400-
one reported here in at least three previous studies. Guntellike effects to close class words (articles in Spanish) when
and Friederici10] found an N400 response with a centro- they mismatched the grammatical gender of a noun highly
parietal distribution elicited by a word category violation that expected on the basis of previous semantic cofgx80].
was obtained by replacing the obligatory noun in a preposi- It is interesting to notice that expected and unexpected
tional phrase by a verb form. On the basis of their data, Gunterwords did not differ by the time the Recognition Potential
and Friederici speculated that this effect could be explained peaks. This component has shown to be influenced by seman-
by appealing to the fact that prepositions are thematic role tic variableg22,23] Our current view on the RP is that it re-
assigners, so the N400 response they found would be reflectflects lexical selection processes, although other researchers
ing semantic expectation for the assignment of a particular postulate that the RP reflects the stage of lexical access re-
role. In a different study, Friederici and Frisi@j reported an lated to the processing of word forf2]. A null effect such
N400 component with a central bilateral distribution. Thisre- as the one reported here should always be taken with caution.
sponse was elicited by violations in the number of arguments In our opinion the absence of an effect in our study does not
of transitive verbs, which disrupts processes at the thematicchallenge either view on the functional significance of the
role level. Finally, Frisch and SchlesewdRy found an N400 RP. It would be interesting for future research to investigate
with a central distribution elicited by violations of the the- whether the RP is sensitive to overt syntactic violations or
matic relations between arguments in a sentence. Despite thaot. This could be helpful in order to disentangle issues such
existence of some differences in the topography of the N400 as the moduld#] or interactivg21] nature of early language
in these studies, it seems that these effects all have a closgrocessing stages.
functional significance. The rather atypical more anteriorto-  The relationship between RP and thematic role processing
pographic distribution of the N40O reported in our study could remained to be explored. Our data might suggest that such
be explained by the rapid stimuli presentation rate. In fact, it processes take place at later stages than those reflected by
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stage of processing, when post-lexical integration processes
are taken into account, that syntactic expectancy exerts influ-
ence in language processing.

Results as those provided in present research might be
taken into account when formulating general language pro-
cessing models. Current proposals are mainly based on the
processing of overt syntactic violations, such as the serial
stage model by Friederici and coworké®s7]. In our view
such proposals should also consider findings on the process-
ing of correct grammatical structures. However, this kind of
studies is still scarce. Therefore, it seems still premature to
draw strong conclusions on this issue and further research is
needed.

In sum, data from this experiment provide support to those
psycholinguistic theoretical approaches that assume that ex-
pected syntactic information is easier to process than syntac-
tic information that is unexpected on the basis of the previous
structure of the senten¢21].

References

[1] I. Bornkessel, M. Schlesewsky, A.D. Friederici, Grammar overrides
frequency: evidence from the online processing of flexible word or-

EXPECTED UNEXPECTED der, Cognition 85 (2002) B21-B30.
WORDS WORDS [2] J. Dien, G.A. Frishkoff, A. Cerbone, D.M. Tucker, Parametric anal-
ysis of event-related potentials in semantic comprehension: evidence
Fig. 3. Topography of the Recognition Potential evoked by syntactically ex- for parallel brain mechanisms, Cogn. Brain Res. 15 (2003) 137-153.
pected and unexpected words across the total array of 58 cephalic electrodes.[3] K.D. Federmeier, M. Kutas, Right words and left words: electro-
Maps represent mean values for the 206-262 ms time interval. physiological evidence for hemispheric differences in meaning pro-

cessing, Cogn. Brain Res. 8 (1999) 373-392.
[4] L. Frazier, C. Clifton Jr., Construal, MIT Press, Cambridge, MA,
the RP. Also, on the basis of our data we could speculate  1996.
with the possibility that expectancies about word category [5] A.D. Friederici, Towards a neural basis of auditory sentence pro-
information do not influence those early stages reflected by __ cessing, Trends Cogn. Sci. 6 (2002) 78-84.

. . . [6] A.D. Friederici, S. Frisch, Verb argument structure processing: the
RP during language processing. It would not be until a later role of verb-specific and argument-specific information, J. Mem.

Lang. 43 (2000) 476-507.
[7] A.D. Friederici, A. Hahne, A. Mecklinger, Temporal structure of syn-
tactic parsing: early and late event-related potentials, J. Exp. Psychol.

+1uv Learn. Mem. Cogn. 22 (1996) 1219-1248.
[8] A.D. Friederici, A. Mecklinger, Syntactic parsing as revealed by
! brain responses: first-pass and second-pass parsing processes, J. Psy-
cholinguistic Res. 25 (1996) 476-507.
= [9] S. Frisch, M. Schlesewsky, The N400 reflects problems of thematic
hierarchizing, Neuroreport 12 (2001) 3391-3394.
250V [10] T.C. Gunter, A.D. Friederici, Concerning the automaticity of syntac-

tic processing, Psychophysiology 36 (1999) 126-137.

[11] P. Hagoort, C.M. Brown, ERP effects of listening to speech: semantic
ERP effects, Neuropsychologia 38 (2000) 1518-1530.

[12] P. Hagoort, M. Wassenaar, C.M. Brown, Syntax-related ERP-effects
in Dutch, Cogn. Brain Res. 16 (2003) 38-50.

EXPECTED [13] J.A. Hinojosa, M. Maiin-Loeches, P. Casado, F. Koz, M.A. Pozo,
MINUS C. Ferrandez-Fas, Studying semantics in the brain: the rapid stream

UNEXPECTED stimulation paradigm, Brain Res. Protocols 8 (2001) 199-207.
WORDS [14] J.A. Hinojosa, M. Maiih-Loeches, F.J. Rubia, Event-related poten-

tials and semantics: an overview and an integrative processing, Brain
Fig. 4. Topographic map corresponding to N400 effects after subtracting Lang. 78 (2001) 128-139.
activity evoked by syntactically expected words from activity evoked by [15] J.M. Hopf, J. Bayer, M. Bader, M. Meng, Event-related brain po-
syntactically unexpected words in the mean values for the 300500 ms time tentials and case information in syntactic ambiguities, J. Cogn. Neu-
window. rosci. 10 (1998) 264—-280.



J.A. Hinojosa et al. / Neuroscience Letters 378 (2005) 34-39 39

[16] A. Iglesias, M. Marin-Loeches, J.A. Hinojosa, P. Casado, F.fdg, [23] M. Martin-Loeches, J.A. Hinojosa, C. Fenmdez-Fias, F.J. Rubia,

C. Ferrandez-Fias, The recognition potential during sentence pre- Functional differences in the semantic processing of concrete and
sentation: stimulus probability, background stimuli, and SOA, Int. J. abstract words, Neuropsychologia 39 (2001) 1086—1096.
Psychophysiol. 52 (2004) 169-186. [24] B.S. Oken, K.H. Chiappa, Statistical issues concerning computer-

[17] M. Kiefer, The N400 is modulated by unconsciously perceived ized analysis of brainwave topography, Ann. Neurol. 19 (1986) 493—
masked words: further evidence for an automatic spreading acti- 494,
vation account of N400 priming effects, Cogn. Brain Res. 13 (2002) [25] R.C. Oldfield, The assessment and analysis of handedness: the Ed-
27-39. inburgh inventory, Neuropsychologia 9 (1971) 97-113.

[18] M. Kiefer, M. Spitzer, Time course of conscious and unconscious [26] L. Osterhout, P.J. Holcomb, D.A. Swinney, Brain potentials elicited
semantic brain activation, Neuroreport 11 (2000) 2401-2407. by garden-path sentences: evidence of the application of verb in-

[19] M. Kutas, Event-related brain potentials (ERPs) elicited during rapid formation during parsing, J. Exp. Psychol. Learn. Mem. Cogn. 20
serial visual presentation of congruous and incongruous sentences, (1994) 786-803.
in: R. Johnson, et al. (Eds.), Current Trends in Event-Related Po- [27] A.P. Rudell, Rapid stream stimulation and the recognition potential,
tentials Research, 1987, pp. 406-411. Electroencephalogr. Clin. Neurophysiol. 83 (1992) 77-82.

[20] M. Kutas, K. Federmeier, Electrophysiology reveals semantic mem- [28] H.V. Semlitsch, P. Anderer, P. Schuster, O. Preelich, A solution for
ory use in language comprehension, Trends Cogn. Sci. 4 (2000) reliable and valid reduction of ocular artefacts, applied to the P300
463-470. ERP, Psychophysiology 23 (1986) 695-703.

[21] M.C. MacDonald, Distributional information in language compre- [29] N.Y.Y. Wicha, E.A. Bates, E.M. Moreno, M. Kutas, Potato not Pope:
hension, production and acquisition: three puzzles and a moral, in: human brain potentials to gender expectation and agreement in Span-
B. MacWhinney (Ed.), The Emergence of Language, Lawrence Erl- ish spoken sentences, Neurosci. Lett. 346 (2003) 165-168.
baum, Mahwah, NJ, 1999, pp. 177-196. [30] N.Y.Y. Wicha, E.M. Moreno, M. Kutas, Expecting gender: an event-

[22] M. Martin-Loeches, J.A. Hinojosa, P. Casado, F. fidm, C. related brain potential study on the role of grammatical gender in
Ferrandez-Fas, Electrophysiological evidence of an early effect of comprehending a line drawing within a written sentence in Spanish,

sentence context in reading, Biol. Psychol. 65 (2004) 265-280. Cortex 39 (2003) 483-508.



