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Abstract

In natural languages some syntactic structuresiargler than others. Syntactically complex
structures require further computation that is negjuired by syntactically simple structures. In
particular, canonical, basic word order represdhts simplest sentence structure. Natural
languages have different canonical word orders, theg vary in the degree of word order
freedom they allow. In the case of free word ordérether canonical word order plays any role
in processing is still unclear. In this paper, wesent behavioral and electrophysiological
evidence that simpler, canonical word order prefeeeis found even in a free word order

language.

Canonical and derived structures were compardsainself-paced reading and one ERPs
experiment. Non-canonical sentences required furslyatactic computation in Basque, they
showed longer reading times and a modulation oéraort negativities and P600 components
providing evidence that even in free word ordeseemarking grammars, underlying canonical
word order can play a relevant role in sentencegssing. These findings could signal universal
processing mechanisms because similar processittgrmsa are found in typologically very

distant grammars.

We also provide evidence from syntactically fulljnl@guous sequences. Our results on
ambiguity resolution showed that fully ambiguougjusnces were processed as canonical
sentences. Moreover, when fully ambiguous sequemess forced to complex interpretation by
means of the world knowledge of the participantgpatal negativity distinguished simple and
complex ambiguous sequences. Thus the preferencanydle structures is presumably a
universal design property for language processiegpite differences on parametric variation of

a given grammar.



| ntroduction

In recent years, a rapidly growing body of expentak studies using neuroimaging
techniques has explored syntactic processing afralatanguage. As a result, findings from
linguistics and neuroscience are progressivelyhiegcincreasing levels of convergence and
reciprocal relevanceddowever, the vast majority of language neuroimagtugies focus on
rather similar languages, such as English, Italnench, German, Spanish or Dutch. These
languages belong to the Indo-European family, dnadesmany central design properties (Baker,
2001). In linguistics, a significant expansion bétlanguage pool investigated was crucial to
uncover the interplay between universal and vagiabbpects of the language faculty
(Greenberg, 1963; Chomsky, 1981). It is to be etqubctherefore, that the exploration of
language in the brain will also benefit from crdisgpuistic research, so that we can differentiate
language-particular processing strategies from arsal language processing mechanisms. In
order to discriminate between the two, it is neags$o conduct studies and gather evidence
from a wide array of languages pertaining to vasidypological groups (Bates et al., 2001;

Bornkessel and Schlesewsky, 2006).

The present study attempts to broaden the empbiass of experimental studies, and it does
it by presenting and discussing a series of belhalvénd electrophysiological experiments in
Basque, a free word order, case-marking and emddéinguage (Laka, 1996; Hualde and
Ortiz de Urbina, 2003, De Rijk, 2007). From theglaarray of potentially relevant features of
Basque which could be relevant for the emerginlgl fad neurocognition of language, this
paper focuses on two aspects: the relevance ofrlyimdg canonical word order in sentence

processing and its role in sentence-ambiguity cesw.
1. Word order processing

Languages vary with respect to word order freedamme have a very fixed word order, like

English, others allow a greater variation of wordew, like Spanish, and still others allow for



almost all possible combinations of phrases inrdesee, like Basque (Baker 2001). Despite
this variation, it has been argued in linguistibattgrammars have an underlying, canonical
word order (Greenberg 1963, Chomsky 1981), whialiasas in a declarative sentence that
initiates discourse, that is, a sentence whereamsttuent is focalized and where the entire
event constitutes new information (Lambrecht 199Z3nonical word order thus reflects the
simplest phrase sequence generated by the grarvioat.human languages, independently of
the degree of word order freedom, group into twaonntgpes regarding canonical word order
(Greenberg, 1963)Subject-Verb-Objec{SVO) languages, such as English or Spanish, and
Subject-Object-VerlfSOV) languages, such as Japanese or Basque {theswain types are
also known atead-firstandhead-lastlanguages within the Principles and Parametersemod

Chomsky 1981, Baker 2001).

A wide array of experiments have explored the asgines between the subjects and objects
in relative clauses (e.g. King & Kutas, 199iiller et al., 1997 Gibson 1998, Traxler et al.
2002), in interrogative sentences (e.g. Fiebadl. eR002; Felser et al., 2003; Bornkessel et al.,
2004, Ben-Shachar et al., 2004) and in declaratveences (e.g. Rosler et al., 1998; Matzke et
al., 2002; Balhmann et al., 2007; Schelewsky .e2803; Hagiwara et al., 2007). Most of these
researches found thatbject-before-subjecstructures require higher processing effort than
subject-before-objecstructures. For instance, subject relative clau@ése reporter [who
attacked the senator] admitted the efrand subject interrogative claus@h@omas asks himself
[who called the doctol] are easier to process than object relatividse (reporter [who the
senator attacked] admitted the erjaaind object interrogative§ ilomas asks himself [who the
doctor called). These studies have proposed that the largeepsoty effort observed might be
due either to the syntactic complexity of the tfarmmations or to the load in working memory

(see Fiebach et al. 2005).

However, Traxler et al. (2002) showed that the gsstg cost of the object relatives with
respect to the subject relatives could be reducadipulating the semantic properties of the
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subjects and objects. For example, this reductias lbeen accomplished manipulating the
animacy of the subjects and the objects of subgetives and object relatives (Mak et al.,
2006), manipulating the argument structure of ths (Bornkessel et al., 2005; Schlewsky and
Bornkessel, 2006), or comparing pronominal subjactd objects (Schlesewsky et al., 2003).
These results could not be explained by the tramsfon-based framework or by the working
memory framework. Bornkessel et al. (2005) arguet the higher processing effort of the
sentences could be related to the syntactic-sememérface. These authors suggested that the
linearization of the constituents’ thematic roleangiven sentence could vary the processing
effort of the sentences independently or jointly tbé syntactic structure of the sentence

(Bornkessel et al., 2005).

Regarding to the signs of the processing effotialerally, easier processing correlates with
shorter reading times and/or shorter error rates (Sekerina, 2003, for an overview).
Electrophysiological studies, on the other handwatd a variety of results. For instance, Object
interrogative clauses showed a left anterior neggt{(LAN) and P600 pattern compared with
Subject interrogatives (Fiebach et al., 2002; Fadsal., 2003). This pattern has been explained
as the storage and the integration of displacadesis respectively (Fiebach et al., 2002; Felser
et al., 2003). On the other hand, Bornkessel ef2804) showed a sustained negativity in the
Object interrogatives and a N400 in the object-sdcposition of Subject interrogatives. This
N400 effect could be explained appealing to the iMality-driven processing strategy
(Bornkessel & Schlesewsky, 2006) which predictst tha subject-initial sentences are
considered intransitive in German, and processiag unpredictable object then generates a
N400 related to the semantic integration. Thus,same ERP studies the subject/object
asymmetries in non-declarative sentences are amesido be syntactic processes because the
LAN and the P600 components are related to systacticessing (Fiebach et al., 2002; Felser
et al., 2003). In other studies, the N400 componelated the subject/object asymmetries with

the processing of argument structure (Bornkessall,e2004).



In declarative sentences, behavioral studies hapers that sentence processing is sensitive
to word order. In most languages canonical woratiorsl processed faster and with greater ease
(see Sekerina, 2003, for an overview). Howevera iscrambling language like Japanese, the
results of behavioral studies do not converge. @/$dme self-paced reading studies reported no
differences between SOV and OSV word orders indeg@& (Yamashita, 1997; Tamaoka et al.,
2003), other studies showed that OSV word orderpiired higher processing demands

(Miyamoto and Takahashi, 2002; Mazuka et al., 2002)

ERP studies have investigated word order processisgntences in which no interrogative
or relative marker is heading the clause. Mosthafsé studies were carried out in German
(Rosler et al., 1998; Matzke et al.,, 2002; Bornkest al. 2002, Schlesewsky et al., 2003).
German is not a fixed word order language: it aldWO word order as in the sentender”
Mann sah den Jungen(the mansusJecT saw the boysJiecT)but it also allows other word
orders like OVS as in,den Jungen sah der Manrfthe boyesJecTsaw the marsusJeCT) The
ERP studies of Rosler et al. (1998) and Matzkel.e2802) observed a LAN component at
object-first position, which has been attributedthe storage cost of the displaced Object-
phrase. The authors argued that the displaced Qfijgase must wait until its canonical
position is reached for interpretation. This resafirees with previous studies in which
differences in word order using relative or intgaibve clauses were explored. In these studies,
the LAN component has been attributed to syntagbicking memory storage (Kluender and
Kutas, 1993; King and Kutas, 1995; Muller et a@97; Miinte et al., 1998; Fiebach et al., 2002;
Felser et al., 2003). In a recent functional magmetsonance imaging (fMRI) study, and using
the same type of sentences used by Matzke et@)2)2Bahlmann et al. (2007) reported that
non-canonical sentences elicited larger activatiothe left inferior frontal gyrus. This result
confirmed the idea that non-canonical sentencesgine@ larger integration cost and make
greater demands on working memory. These resultaurnim also converge with linguistic

accounts of German syntax, where object-initialrmsentences involve displacing the object



from its canonical position to a higher place ie #entence-structure (Schwartz and Vikner,
1996). On the other hand, comparing sentenceslindiccusative objects and Nominative
Subjects, Bornkessel et al (2002) showed a cemdgativity between 300 and 450 milliseconds,
but comparing sentences initial Dative objects &lmninative subjects no differences were
observed. These results converged with the restilé fMRI study in which verb argument
demands required dative objects (Bornkessel et2805), demonstrating that the syntactic
complexity can be modulated by means of the semambperties of the verbs (active vs.

object-experiencer) and the semantic propertiesahs (animate vs. inanimate).

In contrast to these previous ERP studies on Germaecent study in Japanese did not
replicate the presence of a negative component bjectfirst position of non-canonical
declarative sentences (Hagiwara et al., 2007)apadese, canonical word order is SOV as in
the sentencehishoga bengoshio sagasiteirythe secretarguBJECTthe lawyeroBJECT was
looking for). However, it also allows other verlndil word orders, even to a greater degree than
German, as for example in the sentenientjoshio hishoga sagasiteirijthe lawyeroBJecT
the secretarguBJECTWas looking for). Hagiwara et al. (2007) interpeethe lack of LAN in
object-first position sentences, as an indicatioat the non-canonical OSV structure is not
complex enough to elicit an ERP component at Ofgesition (Hagiwara et al., 2007).
Nevertheless, when Object-phrase was displaced &roembedded clause, at a greater distance,

the complexity increased and the LAN component elaserved at object-first position.

Moving along the constituents in the sentence, kgt al. (2002) reported a LAN effect in
subject position of OVS non-canonical German sax@enRdosler et al. (1998), using German
verb-final sentences, also reported a LAN-like conmgnt in sentence second position
comparing the non-canonical Objects @90-V) to canonical Indirect Objects (®-0-V).
Finally, Bornkessel et al. (2002) reported an eadgitivity (in between 300 and 400 ms) at

subject second position in Dative Object initiahts®ces. In Japanese, the S in an OSV sentence



(compared to the O of SOV) showed a Frontal Nedgtia the right hemisphere (Hagiwara et
al., 2007).
2. Some relevant properties of Basque grammar
Basque (or Euskara, as it is known to its speake) isolate language; it does not belong to
any known language family. It is a free word orlZgrguage; nearly all constituent combinations

yield a grammatical sentence, as shown partial(§t)n

(1)a. emakume-a-k gizon-a ikusi du gaur
woman-the-erg man-the seen has today

‘the woman has seen the man today’

b. gizona ikusi du gaur emakumeak
C. gizona ikusi du emakumeak gaur
d. gaur ikusi du emakumeak gizona
e. gaur ikusi du gizona emakumeak
f. emakumeak ikusi du gizona gaur
g. emakumeak ikusi du gaur gizona
h. gizona emakumeak ikusi du gaur
I. gizona gaur ikusi du emakumeak
j. gaur gizona emakumeak ikusi du

K. ikusi du emakumeak gizona gaur

Despite this freedom in sentence word order, Baggamar has been argued to be of the SOV
type (Greenberg 1963, de Rijk 1969), because itrhast correlated properties of this type:

relative clauses and genitives are prenominal lfpat has postpositions and suffixes instead of



prepositions (1, 2b), determiners follow the notj) (2a, b), and inflected auxiliaries follow the

verb (1), (2a):

(2)a. [emakume-a-k ;ekusi du-en] gizon-a
[woman-the-erg ;seen has-rel] man-the

‘the man that the woman has seen’

b. [emakume-a-ren] lagun-a
woman-the-gen friend-the

‘the woman'’s friend’

Given these properties, linguists consider Basquieeta Head-final language (Ortiz de Urbina

1989, Laka 1994, Baker 2001). Basque is a casenmgaldnguage (1), (3), and the verb agrees

with the subject, the object and the dative, iftaored in the sentence (3a, b).

(3)a. ni-k zu-ri  musu-a eman d-i-zu-t
I-erg you-dat kiss-the given it-root-you-me

‘I have given you a kiss’

b. zu-k ni ikusi na-u-zu
you-erg me seen me-root-you

‘you have seen me’

Basque is three-way pro-drop language (Ortiz denarth989, Laka 1996): subjects, objects and

datives can be phonologically unrealized:



(4)a. eman d-i-zu-t
given it-root-you-me

‘| have given it to you

b. ikusi na-u-zu
seen me-root-you

‘you have seen me’

Basque is also an ergative language (Dixon 199¢inLE983), Ortiz de Urbina (1989)); this
means that subjects of intransitive clausestép and objects of transitive clauses (O) are
morphologically identical, and bear no overt casdireg, while agentive subjects of transitive

clauses (S) are morphologically distinct, and cang ergative case marker (5):

(5)a. gizon-a etorri da
man-the arrived is

‘the man arrived’

b. emakume-a-k gizon-a ikusi du
woman-the-erg man-the seen has

‘the woman has seen the man’

Given this combination of grammatical features,the constituentgizona “the man” is
encountered at the beginning of an utterance, dllewfing possibilities arise: (i) it is the
S(ubject) of an SV intransitive sentence like (Ra);it is the O(bject) of an OSV sentence like

(1b,c,h,i); (iii) it is the O of a OV transitive snce where S has been pro-dropped as in (4).

10



Basque Noun-Phrase morphology presents an integestomomorphism that has been
exploited in this study to explore structural amiitig resolution. As shown in (6a, b), the form
of the plural determiner for eithefgs or O is—ak and as shown in (6b) the combination of the
singular determinera plus the ergative markeik yields a sequenceak that is homophonous
with the plural determiner. Consequently, givenftiee word order property, the same sequence
of sounds could be interpreted as a canonical S&Weace (6b) or as a non-canonical OSV

sentence (6¢).

(6) a.gizon-ak etorri dira
men-thgarrived are

“the men arrived”

b. emakume-a-k gizon-ak ikusi ditu
woman-the-erg man-thseen has

“the woman has seen the men”

c. emakume-ak gizon-a-k  ikusi ditu
woman-thg man-the-erg seen have

“the women, the man has seen them”

In the absence of any other means to disambigl&teséntence, both (6b) and (6¢) are

possible parsings.
3. Sentence-ambiguity resolution

Ambiguity is a pervasive phenomenon in all dimensi@f natural language (semantics,

phonology, morphology, syntax), and it has beensmaly explored in language processing at
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least since Bever (1970). Frazier and Fodor (1%&umed that when confronted with a
syntactically ambiguous structure, the simplest ameavored. If true, this predicts that
canonical word order will be the preferred intetpti®n given an ambiguous input. Matzke et
al. (2002) compared temporally ambiguous SVO seeter(e.g.die Frau hatte den Mann
gesehenlit.: the womanameicuous has the mamsJecT seen) to temporally ambiguous OVS
sentences (e.glie Frau hatte der Mann gesehdih: the womanameicuous has the man-
suBJECT seen). Notice that in both sentences the inigatifine noun phrases are compatible
with either asubject-firstor anobject-firstinterpretation due to the morphological ambiguaity
the determiner “die”. The ERP results showed a R&fifiponent at the disambiguation point
only for OVS sentences. The authors interpretesidffect as a reanalysis of syntactic structure
after an initial subject-first interpretation. Mkéz et al. (2002) did not find any difference
between unambiguous and ambiguous SVO sentencekeabeginning of the sentence,
suggesting a general subject-first processing egyatfor German (Bates et al., 1988,
Schlesewsky et al., 2000). However, using similatemals, Frisch et al. (2002) found a P600
component for subject-initial temporally ambiguasentences, which they interpreted as an
indicator of syntactic ambiguity. Similarly, compay unambiguously marked subject-initial
interrogatives with questions starting with an aguoloius marker, Bornkessel et al. (2004) found
that high span participants generated a sustaimdi@r negativity while low span participants

generated a sustained parietal positivity.

The present study was designed to investigate water effects and ambiguity resolution in
Basque, using behavioral (self-paced reading) #&xtrephysiological techniques (ERPs). We
carried out three different experiments: The puepokExperiment 1 was to measure reading
time patterns for SOV versus OSV sentences (seke Tahn order to determine the canonical
processing strategy of Basque speakers. In Expetithere aimed at determining whether fully

ambiguous sentences (see Table 1) are processetednys of a default subject-first strategy
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(Bates et al., 1988). Finally, Experiment 3 aimedxtend and to evaluate the previous word

order effects and the world knowledge guided amtygesolution effects using ERPs.
Experiment 1

The main objective of this experiment was to fing whether native speakers of Basque
process SOV and OSV sentences differently. Accgrdinthe majority of syntactic analyses,
(Hualde and Ortiz de Urbina, 2003, de Rijk 2007VI®the canonical word order, and OSV is
derived (see examples of Experiment 1 in TableUging a self-paced reading paradigm,
reading times to each word and the whole sentenae wtudied. We expected sentences

featuring an OSV word order to require longer ragdimes than SOV sentences.
METHOD
Participants

Thirty-three native speakers of Basque volunte&rddke part in the experiment, all of them
students at the University of the Basque Countri?\(IEHU). The data obtained from 10
participants who made more than 37.5% of errorhécomprehension task were discarded.
Thus, data from 23 participants (mean age 25 +dssyel3 women and 10 men) were used for

statistical analysis. All participants had normiatorrected to normal vision.
Materials

In this first experiment, stimuli consisted of 3®©¥ sentences plus a second set of OSV
sentences derived from the original 32 SOV samfileble 1). Two lists were generated in
order to prevent participants from reading bothswmrs of the sentence; that is, if one
participant read a SOV sentence, then this paatntiglid not read the corresponding OSV
sentence. Thus, the material was counterbalancedsaparticipants. The lexical material of the
sentences was controlled in length and frequencgnésgns ofE-Hitz (Perea et al., 2006), the

Basque version of the N-Watch (Davis, 2005). Theameord length and frequency for the
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nouns used as Objects in the present experimerd @é&rletters and 70.9 (per million). For
Subjects, word length was 6.8 and the mean frequB&c7. No significant differences were
encountered when comparing word length and meguudérecy between objects and subjects (in

both caseg,< 1).

Every participant read 16 SOV sentences and 16 @8$. In addition, 32 sentences were
also included in each list as fillers. Fillers wahe same in both sentence-lists. They were
matched with the sentences in the experimental itond in the number of words they
contained (e.g., “Manu futbolari bikaina ddManu soccer-player excellent )s’ The
experimental session was preceded by 9 warm uptiggatrials (3 sentences from each

condition and 3 fillers) to ensure that particiganbhderstood the dynamics of the experiment.
Procedure

Reading times were obtained by presenting the mégdo the participants usingself paced
readingtask (Just et al., 1982) in an adapted versioth@fEXPE v.6 software (Pallier et al.,
1997). Determiners and other grammatical elemertsittached at the end of the word in Basque
(it is an agglutinative, head final language), lsat tin our materials each word of the sentence
constituted a syntactic phrase (i.e. the word “amaa’ is woman-thg We presented the
sentences word by word (not morpheme by morphema)dans of anoving windoviechnique
(Just et al., 1982; Kennedy and Murray, 1984).his thanner, participants read the words as
they would normally read them in a written textohder to move from one word of the sentence
to the next, participants had to press the spaceflthe computer keyboard recording the time
they needed to read each word. The reading timéseoparticipants were measured after the
presentation of each word in every sentence. Trenmeading time of the whole sentence was

computed simply by adding the reading times of ewaid.

Participants were instructed to read at a norn@hfortable pace and in a way that would

enable them to understand the sentences. Eaclhégah with a series of asterisks marking the
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length and position of the phrases in the sentefores asterisk for each letter). Sentences were
presented on the computer screen. No punctuatioksnveere presented throughout the trial.
The first pressing of the space bar replaced tisedsterisks with the first word of the sentence.
As participants pressed the space bar, asterisks mwplaced by the next word, while the
preceding word was again replaced by asterisks.nWiagticipants read the entire sentence, a
comprehension question appeared on the screertimi@e participant spent reading each word

was recorded as time between key-presses.

The comprehension task allowed us to ensure théitipants had understood the sentences
they read. The task consisted in answering a yagieetion after each sentence. The answer to
half of the questions of each condition was “yesd ¢ghe other half was “no”. For example, the
guestion corresponding to the test items of Expeninl (examples 7a and 7b in Table 1) was:
“egia al da emakume batek gizon bat ikusi duelat true that a woman has seen a manf’
this case the correct answer was “bggs’ To answer the question participants had to phress
button corresponding to 1 or 2 on the keyboardtiéjaants did not receive feedback on their
answers. We also recorded reaction times to corepebn questions. The comprehension task

was performed also after the filler sentences wead, but filler data were not analyzed.
RESULTS

Comparing the reading times of the sentences (sgere-1A and Table 2), the first
experiment revealed that SOV sentences were pmratesgnificantly faster than OSV
sentences. As it is shown in Table 2, the meanmgdanme of SOV sentences was significantly
faster than for OSV sentences (3755 ms vs. 4151 maspectively). Moreover, the
comprehension task revealed that answering a guestiout an OSV sentence was harder than
answering a question about a SOV sentence, asneaddy a significant longer reaction times

to provide an answer (see Figure 1B) and a sigmifidarger percentage of errors produced
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(Figure 1C and Table 2)Thus, at least under this experimental situattbe, processing of

OSV sentences was harder than the processing ofse@¢nces.

Regarding the word by word reading time analysee (Bigure 1D and Table 2), the results
showed significant differences across experimeontalditions. When we consider sentence
initial words, Subjects (S) required longer readiimges than Objects (O) (847 ms vs. 789 ms,
respectively); that is, the O of an OSV sentence mwad faster than the S of a SOV sentence
(first words of examples 7a and 7b in Table 1).&dimg the second word of the sentence, the
second position (S) also required a significangnprocessing time (1114 ms) than second
position O (989 ms). Therefore, Subjects requitedyér reading times than Objects regardless
of their position in the sentence (first or secontihe statistical analysis revealed also a
significant interaction between sentence type &edfitst two words of the condition&((,22)

=12.9;P <.002).

At the Verb (V) position, reading times increasedoth conditions, but they were larger in
the OSV than in the SOV sentence (see table 2, @ ms and OSV 1241 ms). Finally, at
the auxiliary verb reading times decreased in kmmthditions, possibly because grammatical
information and argument structure was already gseed given the case morphology on the
noun phrases. However, the difference between #snmeading time of auxiliary of the SOV
condition (873 ms) and the reading time of the kamy of the OSV (1007 ms) remained

statistically significant.
Discussion

The first experiment revealed that for native Basgpeakers, sentences with SOV word
order were easier and faster to process than dgotveentences with OSV word order. This
result is convergent with the claim in linguistitgeat OSV sentences are syntactically more
complex than SOV sentences in this language (Huaidk Ortiz de Urbina, 2003; De RIijk,

2007). Thus, the results from our first experimarg consistent with the predominant view in
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linguistics regarding word order in Basque, whitcates SOV as canonical, and all others,
including OSV, as structurally more complexes (Dgk,RL969; Ortiz de Urbina, 1989; Arreqi,

2002; Elordieta, 2004).

Secondly, word-by-word analysis showed that Subjeequired longer reading times than
Objects regardless of their relative position ia sientence (first or second). This result diverges
sharply from what is usually obtained with the samethod (self-paced reading) in other
languages such as Dutch (Kaan, 1997) and Russ&keriSa, 1997) where Subjects are always
processed faster than Objects. This divergent resulld be due to one language-particular
property: Basque is a@rgativelanguage, whereby O and non-agentive S belongecsame
morphological class, whereas transitive/agentiv@lSinstances of S in our experiment are
transitive/agentive subjects) carries an extra imemge {k in the case of Basque). This extra
morpheme on transitive/agentive S could causertrease in processing time (see examples in
5a and 5b). Alternatively or jointly, and givengtproperty of the language, when confronted
with sentence initial O sentences participants @dylpothesize that they were reading a non-
agentive S (example 5a), and project a simplensttize structure where S and V would be the
only elements of the structure, and which couldum vyield faster processing of the word.
Longer reading times on second position S couldathebuted to the fact that this element
appears always after an initial O in our materidlghe previous explanation for faster reading
times on sentence-initial O is correct, then pgrdints would realize upon reading the second
position S that their initial parsing hypothesis swarong, and reanalysis would ensue,
increasing reading times on second position S @®rsequence. So, after processing the
sentence initial word, if participants have hypaihed that this is a simple intransitive structure,
processing S in second position should cause alyesis of the structure of the sentence from
the intransitive one to the transitive structureevehS, O and V would be elements of the new

structure. It is precisely the class oérgative languages that has called into question the
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universality of the class dfubjects which is well-defined for nominative languagesxan,

1994).
Experiment 2

Given our previous results, suggesting that thegssing cost of OSV sentences is greater
than the one observed in SOV sentences, we waatédther explore the processing of fully
ambiguous sentences. In particular, we wanted tiermiéne whether fully ambiguous sentences
were processed resorting to a defauwlbject-firststrategy, a processing strategy that has been

thoroughly reported in the literature for many laages (Bates et al., 1988).

In this experiment we presented three types ofeseets. The first two conditions involved
SOV and OSV sentences as in Experiment 1, but nown rphrases were plural instead of
singular (examples 8a and 8b in Table 1). Noticat thhe OSV sentence (example 8b) is
temporally ambiguous due to the morphological amibygof the -ak ending: it can be either
singular Subject or plural Object (see also exam@e However, after reading the second
unambiguous word, the only possible choice forfttet word of the sentence is Object. The
reason is that this second wordk in Basque, is unambiguously a plural Subject.nTlifethe
first word of the sentence had been analyzed asgd, reanalysis ensues. The mean word
length and frequency for the nouns used as Objedise present experiment were 6.6 letters
and 51.2 (per million). For Subjects, word lengthsw6.5 and the mean frequency 43.1. No
significant differences were encountered when caoimgaword length and mean frequency

between objects and subjects conditions (in batesa< 1).

In the third condition we presentéaly ambiguoussentences (example 8c in Table 1, 6a and
6b). In this type of sentences, both noun phraaey the ambiguous endingk, and therefore,
either of them could be subject (singular) or objgdural). In this condition, nothing in the
morphology of the noun phrases or the verb disauabes the respective roles of both

constituents of the sentence. If participants shmference for one interpretation over the other,
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this can only be attributed to a default processmgghanism, since there is no other source for

disambiguation.
METHOD
Participants

In this experiment 35 native Basque speakers t@wk as volunteers. All participants who
made more than 37.5% of errors in the comprehensisk were eliminated from statistical
analysis. In total, data from 23 participants waalgzed (3 men and 20 women; mean age 20.4

+ 2.5 years).
Materials and Procedure

We generated 48 sentences. In order to countedmaldre material across participants,
sentences were distributed in three lists. Evesy hiad 16 sentences for each condition.
Furthermore we created 48 filler sentences, thees&wn every list. All procedures and

techniques were the same as in Experimént 1.
RESULTS

The results obtained in experiment 2 clearly showed fully ambiguous sentences were
processed as having a SOV word order (see Tabhel F@gure 2). In order to evaluate if there
were significant differences across conditions, pegformed a repeated measures ANOVA
introducing the three conditions (SOV, OSV, AMBI§ analysis showed a main effect of
condition §(2,44) = 13.9P < 0.001). In Figure 2a, it can be observed thatglobal mean
reading time for unambiguous SOV sentences (exa®len Table 1) and fully ambiguous
sentences (example 8c in Table 1) was equival&#3(4ns vs. 4635 ms, respectively). On the
other hand, comparing these two conditions (fultybauous and unambiguous SOV) to the
OSV condition (example 8b in Table 1), we found tih@ reading time was significantly longer

for the latter condition (mean reading time was54is). Thus, the comparison of the whole
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sentence’s mean reading times showed that nateaksps processed fully ambiguous sentences
as SOV, suggesting that they employed a defaulesea processing strategy that resorts to
canonical word order, that is, they assumed thagéeHully ambiguous sentences had a SOV

order.

The results corresponding to the comprehension (sek Table 3 and Figure 2B), showed
that the answers to unambiguous SOV sentences ajedefewer errors (5.7 %) than the
answers to the OSV (8.6 %) and the fully ambiguseistences (12.8 %)The results of the
corresponding repeated measures ANOVA showed afisagit main effect of condition
(F(2,44) = 5.8P < 0.006). Besides, a significant linear trend whserved (1,22) = 13.8P <
0.001) showing that the percentage of errors isg@dinearly across the three conditions (SVO,

OSV and AMB; see Table 3, for the pairwise commanss.

In the word-by-word comparison, when we comparédvVSand OSV conditions, the
ambiguously marked Object required shorter readimgs than the unambiguously marked
Subject regardless of the sentences initial or reeqaosition (Figure 2C). At sentence initial
position the ambiguous O of the OSV condition reggiia significantly shorter reaction time
(Table 3) than the unambiguous S of the SOV camlitAt sentence second position, the S
required again a significant longer reading timantithe O (1471 ms vs. 1269 ms). At the Verb
position and at the auxiliary position the readinge increased significantly in the OSV
condition (see Table 3 and Figure 2C). FinallyinaBxperiment 1, results showed an interaction

between first both elements of the sentences andahtence typé-(1,22) = 17,137P < .001).

Turning now to the word-by-word comparison of fullynbiguous sentences (Table 3) and
the unambiguous SOV condition, the ambiguously mamdement was processed significantly
faster (940 ms) than the unambiguously marked $810s) in sentence initial position (Figure
2C). At second position, constituents of both ctods did not differ, meaning that in both

cases they were processed like plural objectsTabke 3). The same result was obtained at verb
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position (see Table 3). But at auxiliary positiome observed that the auxiliary in fully
ambiguous sentences required statistically longading times than the auxiliary in the SOV
condition (1351 ms vs. 1166 ms), even though thendéo was shorterd{tu) than the later

(dituztg. Finally, the statistical analysis did not shomy asignificant interaction between the

SOV and the fully-AMB conditions.
Discussion

The results of this experiment converge with prasistudies in which a processing cost has
been observed associated to temporally ambiguausrsms like example 8b in Table 1 (Kaan,
1997). The results also showed that the syntadcsi@nubiguation occurred at sentence second
position where unambiguously marked Subject forme®analysis of the syntactic structure

changing the initial Subject-then-Object interptietato the O-then-S interpretation.

On the other hand, using fully ambiguous senterfegample 8c in Table 1), which had
never been used before in previous experimentaliestyour experiment showed that fully-
ambiguous sentences were systematically processednanical SOV sentences. Although we
observed differences in initial positions when wampared fully-ambiguous sentences and
canonical SOV sentences, the statistical analydi©iot show any significant interaction when
considering the reading times for both the firad #me second constituents. This result could be
explained if we bear in mind that, unlike the caéhe OSV condition, no syntactic reanalysis
is required for the fully-ambiguous condition ifig processed as a SOV sentence. In other
words, since speakers were not forced to break dinerstructure they were building, they
could construct the syntactic structure just asy tread the sentence without resorting to
reanalysis. This result supports the defasiibject-first processing mechanism for fully

ambiguous sentences.
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Experiment 3

Using ERPs we aimed to obtain electrophysiologaatience of the syntactic complexity
observed in previously presented behavioral exmartsn 1 and 2. On the one hand, we
investigated whether the Object of non-canonicaVGs&ntences, in comparison with the
Subject of canonical SOV sentences (respectivelmgle 9b and 9a in Table 1) generated any
electrophysiological response as it has been puslyiambserved in German (Rdésler et al., 1998,

Matzke et al., 2002) or not, as in Japanese (Hagiegal., 2007).

On the other hand, our ERP experiment sought tdysfrocessing mechanisms for
syntactically fully-ambiguous sentences (examplesu®d 9d, in Table 1). In order to obtain a
reanalysis effect in fully ambiguous sentences, stietences could be disambiguated at Verb
position by means of world knowledge. That is, ipgrants were forced to apply their
knowledge of the world in order to choose a pldesiinterpretation for the syntactically
ambiguous sentences. As far as we know this ifitetime that syntactically fully-ambiguous

sentences are analyzed using ERPs.
METHOD
Participants

Twenty-six native speakers of Basque gave infornoetisent to participate in the
experiment. None of the participants had previoasarological history and had normal or
corrected-to-normal vision. The participants wele right handed (Edinburgh Handedness
inventory: Oldfield 1971). All participants were igafor their participation. Two participants
were excluded from all statistical exploration; ahee to excessive eye movement artifacts and
another one because his native language was Spastsd of Basque. We thus analyzed the
data from 24 subjects (mean age 26 + 4.7 years;aksn A bilingual Basque-Spanish
guestionnaire was administered to all participéatgpted from Weber-Fox and Neville, 1996).

This questionnaire showed that all participantsllBasque more often than Spanish.
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Material

Using SOV and OSV sentences, and making use drtiieguousak morpheme, we created
an array of ambiguous sentences. As we have showeiexperiment 2, when confronted with
two constituents featuring the ambigueak ending, speakers processed the first as the Subject
and the second as the Object but not the otheran@ynd. In the present experiment, there were
two conditions where both constituents again featuhe ambiguousak ending. Even though
these sentences were syntactically ambiguous, @mmyof the two possible interpretations was
consistent with our world knowledge. When patrticifsa applied thesubject-objectorder,
sometimes they got a sentences corresponding tm@ogtion consistent with their world
knowledge, as in example 9c in Table 1, but in oigtances, as in example 9d in Table 1, they

got a sentence corresponding to a propositionishait consistent with world-knowledge.

For experiment 3 we created 240 sentences leadii®9g@ sentences overall from the four
different variations to fit the four necessary citiods as in examples 9a, 9b, 9c, and 9d in
Table 1. In order to visualize the ERP effectsdyette introduced a Postpositional Phrase (PP)
between the two constituents in every sentence PFh@asertion has at least two objectives: (a)
on the one hand, we prevent possible ERP effectsgonation across constituents; that is, we
avoid effects of the first constituents carryingepvo the second constituent; and (b) on the
other hand, the PP insertion prevents list inteégpiens where constituents could be considered
as coordinated elements. A sample sentence of iexg@r 3 where the PP is put in italics is
provided: OtsoekGorbeia mendiko larretamrdiak jan dituzte” that meant‘the meadow of

Gorbeia mountairthe wolves have eaten sheep (pl)'.

Concerning to the frequency and the length of tla¢enmals in experiment 3 no differences
were observed due to the frequency of subjectsobietts (Subjects 78.3 + 163 (SD); Objects

83.9 + 151;t < 1). However, a significant difference was obsérbetween the length of the
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subjects and objects € 6.6,P < 0.05). The mean length of subjects was 7.1 H&tt2rs, and

the mean length of objects was 5.9 + 1.7.
Procedure

With the materials we created 4 lists. Every |t 1240 different sentences divided in blocks
of eight sentences (30 blocks for list). In evetgpck there were two sentences for each

condition. The sentences of each block were miaadamly every experimental session.

Each ERP session lasted about 45-50 minutes. ipartts were told that the main purpose of
the experiment was to read carefully the senteqmresented and to answer correctly the
guestions related to the sentences. Experimemnddd tregan with a green asterisk in the middle
of the blue screen. The words (in yellow) appeaed disappeared automatically in the middle
of the screen until the sentence finished (worctiom, 250 ms; stimulus onset asynchrony, 500
ms). Once the first sentence finished participavdse allowed to blink (during 3000 ms) and
the green asterisk appeared again (for 1500 mgaiilg that a new sentence started. Every 8
sentences a sentence fragment was presented im ketiers and the participants’ task was to
decide whether or not the fragment had been predeint the any of the preceding eight
sentences. This question remained on the scredrauesponse was given. This task was used

in order to control the attention of the particifgaduring the experiment.
ElectrophysiologicaRecording

The ERPs were recorded from the scalp using tictreldes mounted in an electrocap
(Electro-Cap International) and located at 29 saath@ositions (Fpl/2, Fz, F7/8, F3/4, Fcl/2
Fcb5/6, Cz, C3/4, T3/4, Cpl/2, Cp5/6, Pz, P3/4, TBt1/2, O1/2). EEG data was rereferenced
off-line to the mean of the activity at the two rnoag processes. Vertical eye movements were
monitored with an electrode at the infraorbitapedof the right eye. Electrode impedances were

kept below 5 kOhm.
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The electrophysiological signals were filtered watlvandpass of 0.01-50 Hz (half-amplitude
cutoffs) and digitized at a rate of 250 Hz. Trialgh base-to-peak electro-oculogram (EOG)
amplitude of more than 50 pV, amplifier saturationa baseline shift exceeding 200 pV/s were

automatically rejected off-line. Percentage offacti rejection was 6.7%.
Data analysis

Stimulus-locked ERPs were averaged for epochs @# Iis starting 100 ms prior to the
stimulus. First, two omnibus repeated measures AN©Were conducted for the initial
evaluation of the stimulus-locked ERP activity wotlocations: at Parasagittal locations (PS,
which included 5 levels for anterior/posterior factFpl/Fp2, F3/F4, C3/C4, P3/P4, 01/02) and
at Temporal locations (TE, 3 levels for anteriosfeoior, F7/F8, T3/T4, T5/T6). The ANOVAs
included Sentence Type (4 levels, canonical SOW-cemonical OSV, ambiguous SOV,
ambiguous OSV), Anterior-Posterior factor (5 levieis PS Anova and 3 levels for TE Anova)
and Hemisphere (2 levels). Based on the predictioede considering the previous experiments
in the literature (Rosler et al., 1998; Matzke let2002; Bornkessel et al. 2002, Schlesewsky et
al., 2003; Hagiwara et al., 2007) we chose initifdlur time-windows of exploration: (i) 300-
500 ms in the First determiner Phrase, where th&l lcdmponent was predicted for OSV
sentences; (ii) 700-900 ms, at the verb positi@sed on the prediction that disambiguation
should take place at the verb location in OSV amnbig conditions; (iii and iv) 300-500 ms and
700-900 ms at the auxiliary position. These last time-windows were included because visual
inspection of the corresponding grand-averages stictat the effects elicited at the verb
position continued until the end of the sentencei(gry word). The results of these ANOVAs
are summarized at Table 4. All statistical testamased mean amplitudes for the different time

windows specified in the corresponding contrast.

In order to decompose the interactions encountgrée omnibus analysis and to have a

finer-grained analysis, further pairwise ANOVAs weconducted directly comparing (i)
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unambiguous sentences: SOV vs. OSV, (ii) ambigusergences, SOV vs. OSV and (iii)
ambiguous vs. unambiguous sentences. These paiAME®/As were carried out also at PS
and TE locations including the corresponding AmiéRosterior and Hemisphere factors. When
the ANOVA was applied to midline locations (MD, FZz, Pz) only the Anterior/Posterior

factor was included in the design.

For all statistical effects involving two or moregiees of freedom in the numerator, the
Hynh-Feldt epsilon was used to correct for possiations of the sphericity assumption. The
exactP-value after the correction will be reported bellodi. ERP waveforms displayed in the
corresponding figures were digitally filtered usiadpw-pass filter with a 12 Hz half-power cut

off.
RESULTS

Behavioral data showed that participants perfornted experiment very well. The

comprehension task showed a mean percentage ettoesponses of 91 % + 7.8.

The results of the omnibus ANOVAs including all tlexperimental conditions are
summarized at Table 4. There were significant atgons between sentence type, brain
hemisphere and anterior/posterior localizationsach of the time-windows explored which
indicated that the different types of sentencesewmocessed differently. These interactions
were therefore followed up by separate pairwise AMR® performed at PS, TE and MD
locations and for all sentence’s elements (inclgddP?2) in order to study separately the effects

of word order and ambiguity.
Unambiguous sentences

The direct comparison between SOV and OSV unambgsentences showed three main
ERP effects (see Figure 3-5). At sentence initaifon, an increased negativity between 300
and 500 ms distinguished Subjects (S) from ObjgjgFigure 3). The onset of this component

was approximately at 300 milliseconds after init@ sentences, and lasted until 500
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milliseconds. This effect showed a wide spreadibigtion, being maximally at left frontal and
extending to more central and posterior locatidefs parietal and occipital), as the interactions
between sentence type (ST) hemisphere (H) andiempasterior (AP) factors showed (300-
500 ms, TE: Sentence type x Hemisphere x Anterostétior,F(2,46) = 8.68P < 0.005). The
decomposition of this interaction in each Antefwgterior locations (frontal, central and
posterior sides), showed that the crucial ST x tdraction was only significant at the frontal
locations F(1,23) = 12.9P < 0.002; central location&, = 1.5,P < 0.23; posterior one§, < 1).
This interaction reflects that while at F7 locasoa negative increase is observed for OSV
sentences, this effect showed inverted polarithatright frontal locations, being this condition

more positive (F8 location).

At the second DP position (see Figure 4), a firarrged pairwise analysis revealed a second
left negativity between 400 and 550 millisecondgidguishing SOV and OSV sentences (400-
550 ms, TE: Sentence type x Hemisph&(&,23) = 5.01P < 0.035). The decomposition of this
interaction, showed that Sentence type effect wassagnificant at the left hemispherig((,23)
= 6.54,P < 0.017), but not at the right hemisphedfe<(1). In the topographical maps of Figure
4 it is shown that distribution of this componest left lateralized extending to temporal

locations.

Finally, at the verb position (Figure 5), a P60@ponent in the OSV sentences signaled the
increased syntactic computation required to prodess condition. This P600 effect was
observed between 700 and 900 milliseconds afteappearance of the verb (PS: Sentence type
X Anterior/Posteriorf(4,92) = 7.92P < 0.0014). The decomposition of this interactibnwed
that Sentence type effect was only significant aigtal locations (P3-P4(1,23) = 4.7,P <
0.05). This effect reflects the standard postedatribution of the P600 component (see

topographical maps at Figure 5).

Ambiguous Sentences
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In our experiment, syntactically fully-ambiguousisnces (examples 9¢ and 9d in Table 1)
were disambiguated at the verb position. At thisiggan, participants relied in their world
knowledge in order to choose a plausible interpigaiefor the ambiguous sentence. Recall that
the Determiner Phrases in these conditions cathedak ending, which are ambiguous and
could be interpreted as a singular Subject or piii@l Object (see Table 1, examples 9c¢ and
9d). Participants could not establish the syntdatiction of the constituents (S or O) even upon
reading the verb, where they had to resort to wkmnlolwledge to choose one of the two possible
readings of the sentence: as shown in exampleP@dtance, the sentence “otso-ak ardi-ak jan
ditu” can mean eithethe wolf has eaten the sheep (plurat)the sheep has eaten the wolves
with world-knowledge clearly favoring the formenenpretation over the latter. Thus, as we
expected, the ERPs did not show any difference dmtwDPs in these fully ambiguous

conditions.

As it is shown in Figures 6 and 7, at sentencel fowsition we observed a long lasting
negativity with an onset approximately at 500 mterathe appearance of the verb (time-
window, 500-1000 ms, TE: Sentence type x Anteriosterior,F(2,46) = 5.72P < 0.006; PS:
Sentence type x Hemispherg(4,96) = 4.33,P < 0.008). At temporal locations (TE) the
decomposition of the Sentence type x Anterior/Rasténteraction showed that the effect of ST
was significant only at frontal locations (F7-A8(1,23) = 5.6,P < 0.002; lateral central and
posterior ones, in both casés< 1). At parasagittal sides, the decompositiothefinteraction
Sentence type x Hemisphere, showed that ST was sighjficant at the right hemisphere
(F(1,23) = 4.94P < 0.036), but not at the left hemisphef€l(23) = 3.11P < 0.0913). In sum,
this negative component was right frontally digitdad in verb position and auxiliary positions

(see topographical maps at Figure 6).

At Figure 7, we also plotted the unambiguous SON@mn for the sake of comparison with
the ambiguous SOV and OSV conditions at verb positNotice that an increase of positivity
(P600) is observed for ambiguous SOV conditionsrwtmmpared to the unambiguous ones. A
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pairwise comparison between both SOV conditionsaifumguous vs, ambiguous) (time
window 700-900 ms after verb onset) showed a st difference between them in the P600
component (e.g., at Po2, Pz, P3 locations, inaaiég-(1,23) > 4.8P < 0.03).
Discussion

In the last ERP experiment we investigated thetedphysiological correlates of canonical
(SOV) and non-canonical word orders (OSV) in ambigu and unambiguous syntactic
contexts. The main results confirmed the evidenokbtined in the previous behavioral
experiments with regard to the higher processingt aerived from the higher syntactic
complexity of non-canonical Object-first sentend&xperiment 1), and with regard to the
existence of default subject-first processing maim observed in Basque, which is also
applied in the case of fully ambiguous sentencepéEment 2). In the following sections we
discuss the main ERP findings obtained and therpmetation considering the different

positions at the sentence in which they were elicit
Sentence initial position

Regarding the initial position in the unambiguoentences (SOV and OSV), the ERPs
showed an increased negativity at object positleigure 3), being this effect visible at left
anterior locations and inverting the polarity a tight frontal locations (increased positivity for
object particles). Because the spread distributibthis component and the time-window in
which it is observed (300-500) it is not possilesort out if this component is reflecting the
overlap between a left anterior negativity and &@M4omponents, or it is exclusively a N400
effect. However, as in the case of object-firstteeoes in German (Ro6sler et al., 1998, Matzke
et al., 2002, Felser et al., 2003), we can conclilte syntactically fronted/displaced
constituents generate electrophysiological diffeesnbecause the structure of the sentences

with displaced constituents is more complex andireg further processing operations.
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In Japanese, when the object appeared before bpecsut did not generate any significant
ERP component at a sentence initial object positiomparing with sentence initial subjects
(Hagiwara et al., 2007). These results are in alzoare with some behavioral studies using self-
paced reading in Japanese where no differencesememintered between SOV and OSV word
orders (Yamashita, 1997; Tamaoka et al., 2003),tlhey do not converge with some other
studies using self-paced reading (Miyamoto and faghi, 2002) or combining self-paced

reading and eye-tracking measures (Mazuka et@)2)2

In the Japanese ERP experiment (Hagiwara et d@2)2When the object was extracted out
of the embedded clause so that the subject of thie alause appeared in between the object and
the subject of the embedded clause, the LAN computoras observed, presumably due to the
increase in syntactic complexity. Even if the cabht@here the LAN component appeared in
Japanese does not seem exactly the same contth ase in which our negative LAN/N400
component was observed, its topographical disiohuis somehow similar, showing a left-
frontal-occipital distribution (see figure 3). Hagira et al. (2007) suggest that this distribution
is related to the fact that in Japanese Case nsasgkerattached at the end of words (in Japanese,
kenga; as in Basque, emakurag), and therefore the parser might first have acteeise noun
information and then (or simultaneously) to gramoatinformation. In contrast, in languages
like German, grammatical Case is marked beforembrels they are related to (e.der Mann)
and thus the parser can initially begin to prosggactic information. Hagiwara et al. (2007)
reasoned that the occipito-temporal distributiontlld LAN component might reflect the
differential initial access to the semantic infotima in both types of languages, which is
assumed to be processed at the left-temporal llobthis regard, the similarity of the scalp
distribution of our negative component with the LANmMponent reported by Hagiwara et al.
(2007) provides further evidence for the relevamiethe head-parameter, reflecting the
modulation of parametric differences between heddl (English, German, etc.) and head final

languages (Japanese, Basque, etc.).
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Second position words

At second position, in all conditions, all consgitiis had the sameak ending (examples 9 in
Table 1). In the unambiguous conditions, the prexediord (S in the SOV condition and O in
the OSV condition) determined whether the seconddweas plural O or singular S. When
comparing the second position of the unambiguousditon, a left negative component
(temporal-posterior scalp distribution, see Figdiyavas observed in the case of S. In German,
comparing canonical and non-canonical word orddegzke et al. (2002) observed a LAN-like
component at S position when this constituent wasgssed after O. Unlike our materials,
sentences in Matzke et al. (2002) had the Verhktéacam between S and O (SVO and OVS word
orders). The authors interpreted this second LAMmanent at S position of OVS sentences as
an indicator of the retrieval of verbal materialamon-canonical position. But using Verb-final
sentences, Rosler et al. (1998) also found a LAN-Bomponent in second Object position
(non-canonical in German embedded clause®-16-V) compared to canonical Indirect
Objects (canonical in German embedded clausd€©-S-V). Following the ERP literature
about the sentence initial LAN component (Kluended Kutas, 1993; King and Kutas, 1995;
Muller et al., 1997; Munte et al., 1998), Rosleraét (1998) suggested that this LAN-effect
indicates an extra load on working memory, unti tborresponding noun phrase can be
interpreted in its canonical position. We can edttns interpretation to the negative component

showed in second argument position of non-canomicambiguous OSV condition in Basque.

Regarding the left temporal-posterior distributimnour LAN-like effect, it is important to
remark the variable topography of the LAN componienthe literature. Some studies have
reported a clear left frontal distribution (Nevié¢ al., 1991; King and Kutas, 1995; Osterhout &
Holcomb, 1992; Rosler et al., 1993), other studégmrted a frontocentral distribution (Coulson
et al., 1998; Minte and Heinze, 1994; Minte etl8197), bilateral (e.g., Friederici et al., 1999),
in the right hemisphere (Osterhout and Nicol, 1994y. 2; Linares et al., 2006) and still others
report a left posterior temporal distribution (Rigdez-Fornells et al., 2001; Newman et al.,
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2007). The scalp distribution of all these anterioegativities could depend on the
superimposition of other components, the utilizatiof different types of stimuli, different
languages, indirect tasks or individual differencésr example, in Japanese, the S of OSV
(compared to the O of SOV) showed a frontal neggtitut in the right hemisphere (Hagiwara
et al., 2007). According to the authors, this comgra was related to the fact that Japanese
participants expected a transitive verb after thea@l not the S. Moreover, in more complex
sentences with long displacement of the O (O-Top)r&-left lateralized P600 component was
found at S position. The authors interpreted tHe pesitivity as reflecting the cost of the

structural integration of long-displaced O in Sipoas.

Our left temporal-negative component in sentenceors® position of unambiguous
conditions (examples 9a and 9b in Table 1) conwevgth the interpretation given by Résler et
al. (1998). That is, the LAN component expressesstbrage of displaced elements in working
memory (Gibson, 1998; Felser et al., 2003) or riadtively, it expresses that the Subjects and

the Objects are processed differently regardlesiseio position.
Sentence final position

The Verb heads the Verb Phrase, and therefore, thieceerb is processed, the structure of
the Verb Phrase is established. When processimganecal structure, no extra processing cost
is required at V position. But when a Verb Phraseoives elements displaced from their
canonical positions, then the processing cost asa® at verb position in order to recover the
required syntactic information. Our electrophysgt@al results revealed a P600 component at
the V position in the unambiguous OSV conditionaf@ple 9b in Table 1) signaling the higher
syntactic complexity of these non-canonical wordess. This interpretation converges with the
hypothesis that the P600 component is related tm@ease in processing load at V position,

for example when comparing Subject vs. Object indagentences and questions (Kluender and
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Kutas, 1993; King and Kutas, 1995; Miiller et aB97; Kluender and Munte, 1998; Phillips et

al., 2001; Fiebach et al., 2002; Felser et al. 3200

Regarding ambiguous sentences (see examples atdd@dain Table 1), disambiguation
occurred at sentence final position, driven by ddthowledge. When participants read the
verb, they chose the most plausible interpretatiocording to their knowledge of the world
(semantic processing). In the case of the ambig&@M condition (example 9c in Table 1) the
interpretation of the sentence did not require apgtactic reanalysis. But in the other case
(example 9d in Table 1), once the two ambiguousd#/orere read, participants applied a
default processing mechanism that drove them towtth a Subject-then-Object interpretation.
However, when they read the verb, the most plagsiiterpretation required them to change

from the canonical S-O preference to the non-car@i®-S order.

In previous studies combining syntactic and seroavitlations, ERPs showed N400 and
P600 components (Hahne and Friederici 2002; Hag26€3) or an early negativity and P600
(Hahne and Friederici, 2002). However, in our expent, ERPs showed a large right frontal
negativity that stayed significant to the end of gentence. As far as we know, there are no
experimental investigations where a semantic disgmation causes a syntactic reanalysis. A
previous ERP experiment with double violations (aefit and syntactic) obtained a right
anterior negativity when compared to the singlelation conditions (Osterhout and Nicol,
1999). In a similar vein, Linares et al. (2006)abéd a similar right anterior negativity in a
double violation condition in which an incorrectffsuand stem violation in irregular Spanish

verbs were presented.

These anterior negative components could be relatdatde amount of effort required for
processing double violations irrespective of whetlibey are semantic, syntactic, or
morphological violations. Bearing this in mind, \wgpothesize that in the case of a syntactic

reanalysis forced by world-knowledge, this frontedgative component observed at verb
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position could reflect the increased level of dffor cognitive control required to integrate the
meaning of the sentence in the hypothesized watdroBecause cognitive control recruits the
frontal executive system (Braver and Ruge, 20065 teural network might explain the

bilateral frontal topography of the negative comgrobserved at the disambiguation point.

Besides, the present slow negativity potentialtstoinponent at the end of the sentence is
also reminiscent of previous slow sentence compsnéirat have been reported in previous
studies (King and Kutas, 1995; Minte et al., 1998jler et al., 1998; Vos et al., 2001). The
functional role attributed to this type of negatisemponents (some of them frontal or left-
frontally distributed) is the increased load in Wwog memory required to syntactic processing.
For example, Mlnte et al. (1998) encountered a slegativity that was present for sentences
beginning with the word “before” relative to thobeginning with the word “after”. These
authors argued that increased semantic load wasigren “before” type sentences because the
temporal order of events had to be rearranged whepared to the canonical temporal order in
“after” type sentences. Because of that, the fiest of the sentence had to be maintained in
working memory until it could be integrated int@tborrect order. The presence of this frontal
negative component in our study at the end of t8& @mbiguous sentences might similarly
reflect the memory load associated to syntactimabais. In this type of sentences the
participant might need to rearrange the constigienécause the initial default SOV

interpretation.
Conclusions

Our study shows that certain previous findings RPS language-processing studies observed
in head initial, nominative and relatively fixed mwloorder languages, are also observed in a head
final, ergative, free word order and highly infledtand ergative language like Basque. This
strongly suggests that these findings signal usaleprocessing mechanisms, independent on

parametric specifications of the grammar. We hdse found strong evidence for a canonical
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word order processing advantage: even though pédigtiall phrase-permutations are possible
in Basque, SOV word order, argued by linguistséac@nonical is processed significantly faster
and with greater ease. Ambiguity resolution furth@pports this conclusion, because it favors a
canonical SOV word order processing. Our resulésetiore provide evidence for the overall

validity of neuroimaging measures of syntactic cteripy across language types, and moreover
they provide independent supporting evidence tkiah danguages displaying free word order

have an underlying canonical order, correspondirthé least complex sentence-structure.

Word order in human languages reflects syntactiacgire, so that some sequences of
phrases in a sentence correspond to simpler stesctuhereas other sequences correspond to
more complex structures. The word order resultimgnf the simplest sentence structure is
referred to acanonicalin linguistics, and all others are usually refdrte asderivedword
orders, because they involve further syntactic agatppn. We have shown that canonical order
is processed faster and with greater ease, presyipetause it involves a simpler computation
than derived ones. We have shown that even in yiglfilected and free-word order languages
like Basque, there is clear behavioral and elebysiplogical evidence for a canonical, easier
and faster to process sequence of phrases in ansentThus, this appears to be a universal
design property of language, despite differencecase marking, verb agreement and other

variable specifications of a given grammar.
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Table 1. Experimental materials for Experiment An#l 3 (S: Subject, O: Object, V: Verb;

SOV: Subject-Object-Verb; OSV: Object-Subject-Verb)

EXPERIMENT 1

CANONICAL SOV NON-CANONICAL OSV
7a. Emakume-ak gizon-a ikusi du 7b. Gizon-a emakume-ak ikusi du
Woman-the(S) man-the(O) seen has(V) Man-the(O) woman-the(S) seen has(V)
‘The woman has seen the man’ ‘The woman has seen the man’
EXPERIMENT 2
CANONICAL soVv NON-CANONICAL OSV
8a. Emakume-ek gizon-ak ikusi dituzte 8b. Gizon-ak emakume-ek ikusi dituzte
Women-the(S) men-the(O) seen have(V) Men-the(O) women-the(S) seen have(V)
‘The women have seen the men’ ‘The women have seen the men’

FULLY AMBIGUOUS

8c. Gizon-ak emakume-ak ikusi ditu
Man-the(S/O) woman-the(S/O) seen has(V)

‘The man has seen the women*The woman has seen the men’

EXPERIMENT 3
CANONICAL SOV NON-CANONICAL OSV

9a. Otso-ek ardi-ak jan dituzte 9b. Ardi-a otso-ak jan du
Unambiguous Wolf-the(S) sheep-the(O) eat have(V)  Sheep-the(O) wolf-the(S) eat has(V)

‘The wolves have eaten the sheep’ ‘The wolf has eaten the sheep’
9c. Otso-ak ardi-ak jan ditu 9d. Ardi-ak otso-ak jan ditu
Temporally  Wolf-the(S/O)sheep-the(S/O) eat has(V)Sheep-the(S/O) wolf-the(S/O) eat has(V)
ambiguous
‘The wolf has eaten the sheep’ ‘The wolf has eaten the sheep’
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Table 2. Mean self-paced reading times (+ standawihation) in Experiment 1

DP (ms) DP (ms) V (ms) Aux (ms)  Total (ms) %errors CT (ms)

SOV 847 £1: 98917 10461t 873 ¢ 3755+%4¢ 4.3 2457 + 2
osv 789 £1: 1114 +2. 1241 +2. 1007 +4 4151 +5¢ 15.¢ 2698 + 3(
SOV_OSV * * *%k * *% *kk *%

Notes DP: Determiner Phrase (subject or object depgndmthe condition), V: Verb, Aux:
Auxiliary, CT: Comprehension Task; SOV: Subject-&itVerb word order, OSV: Object-
Subject-Verb word order. SOV-OSV: statistical conmgaan of two conditionst{test),P <

05=*P<.01=*;P<.001 =***
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Table 3. Mean self-paced reading times * standavihtlon in Experiment 2

DP (ms) DP (ms) V (ms) Aux (ms) Total (ms) % errors

Sov 1018 £+1° 1269 +2€ 1069 +2C 1166 + 2! 4523 + 8( 5.7
osv 937 +1f 1471 +2° 1349+ 2t 1653 +4! 5412 + 10 8.7
AMB 940 £1¢ 1210+2! 1132+2° 1351+2. 46357 12.¢

SOV-0SV * * Kk K*kk Kk
SOV-AMB ** * Kkk
OSV-AMB *kk * *k

Notes DP: Determiner Phrase (subject or object dependmthe condition), V: Verb, Aux:
Auxiliary, CT: Comprehension Task; SOV: Subject-&itVerb word order, OSV: Object-
Subject-Verb word order, AMB: fully ambiguous segoes, SOV-OSV, SOV-AMB, and
OSV-AMB: statistical two-by-two comparison of theperimental conditiongest),P < .05

=*;P<.01=*;P<.001= "
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Table 4. Main ERP statistical results of the geh&fdOVAs conducted at Parasagittal and

Temporal locations, at different positions of teatence and at different time windows.

DP1 Verb Auxiliary
300-500ms 700-900ms 300-500ms 700-900ms
d. f. F= p(HF) F = p(HF) F = p(HF) F = p(HF)
Parasagittal.
ST 3,69 7.83 *k
ST x AP 12, 276 2.18 * 3.75 il
Temporal
ST 3,69 11.07 ok
ST x AP 6, 138 3.63 i 2.37 *
ST x H x AP 6, 138 2.34 *

Notes ST: Sentence type (4 levels); AP: Anterior-Pastdactor; H: Hemisphere; DP1.: first

Determiner Phrase; d. f. : degrees of freed@n;.05 = *;p < .01 = ** ; p <.001 = ***
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Figures:

Reading Times of Word Orders Reaction Times of Comprehension Task
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Figure 1

Figure 1 Results from the self-paced reading ExperimerA.1Mean reading times to whole
sentences in both experimental conditions (SOV bj&tObject-Verb word order; OSV =
Object-Subject-Verb word order). Notice that OS\Wdition required longer reading time than
SOV condition. B. Mean reading time required by pheticipants to read and answer the
guestions correctly in both SOV and OSV conditioBs.Mean percentage of errors in the
comprehension task for both experimental conditiihswWord-by-word mean reading times in
each condition. The y-axis features reaction tinresmilliseconds; in x-axis the different
constituents of each sentence are depicted (DP termer Phrase; Vb = Verb; Aux =
Auxiliary verb). The DPs are the subjects and thgds of the transitive verbs. In the SOV
condition the first DP corresponds to the subjdcthe sentence and the second one to the

object, and vice versa in the OSV condition.
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Figure 2 Results from self-paced reading Experiment 2.Mean reading times to whole
sentences in both experimental conditions (SOV bjé&ut-Object-Verb word order; OSV =
Object-Subject-Verb word order; AMB = fully ambigu® sequences). As in the first
experiment, the OSV condition required longer regditimes. B. Error rate in the
comprehension task. C. Comparison of SOV, OSV aliB Aonditions word-by-word. The y-
axis features reaction times in milliseconds; iaxxs the different constituents of each sentence
are depicted (DP = Determiner Phrase; Vb = Verbx AuAuxiliary verb). The DPs are the

subject and the object of the transitive verb.
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First DP Position

Unambiguous Sentences: SOV vs. OSV

-
-4.0 pv
1 : |

600 ms 375-425 ms  NEG

o1

Figure 3 Results from the event related potentials Expenin3. Unambiguous Subject-Object-
Verb (SOV) and Object-Subject-Verb (OSV) sentenddé® y-axis features the microvolt (the
negative values are plotted up) and the x-axisufeatthe time in milliseconds. Depicted the
sentence first position (subject or object, So¥swK) at different scalp positions. An increased
negativity was observed in object sentences inouarielectrode positions at 300-500 ms. The

isovoltage topographical map showed the distribbutibthis negative component, obtained from

a7



the subtraction of the object and the subject betm&/5 and 425 milliseconds after stimulus

presentation.

Second DP Position

Unambiguous Sentences: SOV vs. OSV

0 800 ms 500-580 ms NEG

Figure 4 ERP comparison between unambiguous Subject-GWertt (SOV) and Object-
Subject-Verb (OSV) sentences at sentence seconpoBion (subjects or objects). A second

left negative component was observed in subjecitipnsof the non-canonical OSV condition
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(oSv vs. sOv; notice that the capital letter signile trigger of the averaging process). The
topographical map showed that this component wealifed in left middle temporal locations

between 400 and 550 milliseconds.

Verb Position

Unambiguous Sentences: SOV vs. OSV

0 1000 ms 800-900 ms NEG

Figure 5 ERP comparison between unambiguous Subject-OWgrtt (SOV) and Object-

Subject-Verb (OSV) sentences at the verb posi#toclear P600 component was observed in
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between 700 and 900 ms (comparing osV vs. soV see$¢. The scalp distribution of this
component showed the standard posterior parietdtilalition (subtraction of verb position

components of canonical SOV condition and non-cexa®SV conditions).

Verb Position

Ambiguous Sentences: SOV vs. OSV

POS

H ........ AMB-soV

L1 1 ;4.{“\/ {ml H — AMB-osv

1600 ms 500-600 ms 800-900 ms NEG

o
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Figure 6. ERP comparison between ambiguous conditions di pesition (AMB-soV and
AMB-0sV). As it is shown, after 400 ms, a negato@nponent was observed at frontal and
posterior sides for the osV condition, speciallytla¢ period in which the auxiliary was
processed. Notice that the time-window depictethenelectrodes is 1600 ms, which comprises

the processing of the verb and the auxiliary.

Verb Position

Fp%& EOG :
Fz ﬁ % Fc2

Pz a Cp2
................................................. r
. Po2 76 "“i“v
(o)
— AMB-osV
— AMB-soV
- soV

Figure 7. ERP results comparing ambiguous (AMB-osV and AMBAs and unambiguous

(soV) conditions at verb position. The ambiguousvS¢andition showed a P600 component
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when compared to the unambiguous SOV condition. ddwen part of the Figure reflects the
average of the sentences as a whole. We plottezt@nds epoch in Po2 electrode from the
beginning to the end of both ambiguous conditicAMB-SOV and AMB-OSV) and the
unambiguous canonical (SOV).

Footnotes:

! The discarded 10 participants produce more eimdtge comprehension task of non-canonical
OSV condition (OSV = 67%; SOV =12.5%)

% In this experiment we were unable to compare tiselte of the comprehension task for the
different conditions. The reason was that we inioedl one extra word in the questions for the
comprehension task of fully ambiguous sentenceg;hwtould directly affect the mean reaction time of
this task Recall that there were no errors in the comprabartssk of fully ambiguous sentences, both
answers (yes ando) were correct; however, because of experimetgalgn reasons, we considered
errors the OSV interpretation of fully ambiguousteaces.

% Taking together the 35 participants, OSV conditiganerated the most errors in the
comprehension task (27.7%), followed by the amhigucondition (15.4%) and by the SOV condition
(6.9%).

* Assuming that the length of subjects and objeittsxdt match in experiment 3, we investigated
in which degree the ERP differences observed irfiteeDPs could be due to this differences. Firfst
all, the length difference between Subjects anc@bjwas only 1.2 letters, which might suggest tiinat
influence on the ERP morphology should not be toong. In this regard, it has been shown that high-
frequency words (which was the case in the premgmeriment) of different lengths were processea at
comparable speed (i.e., no word length effect),rede low-frequency words showed word length effects
(Weekes, 1997; see also Mohr et al., 1994). Thasedb on the existing psycholinguistic literatubes t
expected effect of a 1.2 letter difference showddsinall, specially compared to other effects lilardv
frequency, which in the present case was well nemtciihe ERP literature about the effects of word
length is less clear and more inconsistent (seerfmit et al., 1997; Van Petten and Kutas, 1990ywBr
et al., 1999). For example, Osterhout et al. (19@pprted a correlation of the latency of an early
negativity and the mean normative frequency andnnteagth of the words regardless of word class.
Other authors have described very early word leedfigrcts (see Assadollahi and Pulvermdiller, 2001;
Hauk and Pulvermdiller, 2004). Interestingly, onetloé clearest studies in which word length was
investigated (Exp 2, from Van Petten and Kutas,0198he authors reported two effects related to the
increase in word length: (i) a negative enhancemeeaking at 200 ms at parietal midline location
(quantified as 150-225 ms time window at postesides), and (ii) a symmetrical broad positivity @i
appeared after 250 ms and continued for severalrbdnms (mean voltage value in between 250-600
ms). However, the last effect appeared only inctiraparison between the longest words (8 letter) wi
the shorter bins (3, 4-5, 6-7 letters). No differes in the second component were observed witlein th
last bins. Following this study, we measure botmponents at midline locations (Fz, Cz, Pz) (Van
Petten and Kutas, 1990). The first component (witbeak at 200 ms) showed a small increase in
negativity for the Subjects vs. Objects, which actfit should be expected considering van Petteh an
Kutas (1990). However, the corresponding ANOVA rfatlline location, Fz, Cz, Pz) showed that this
difference was not significant (ConditioR(1,23) < 0.5). No significant interaction betweean@ition
and Electrode was encountered. Regarding the semmmgonent observed in Van Petten and Kutas
(1990), the corresponding ANOVAs (250-600 ms) alsowed no effect of ConditioriF(1,23) < 1) or
the corresponding interaction between Conditionlecttode F < 1). Considering these analyses we
believe that the effects reported in the presardysmight not be influenced by the length differesc
between objects and subjects. However, it is notptetely possible to rule out this possibility.
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