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ABSTRACT

In this paper, we discuss some recent results tgies of word order (linearization)
processing in Basque that show that despite tharappy unconstrained freedom the
language displays in linearizing major phrasal ttwents in the sentence, native
speakers’ processing strategies reveal a cleamgatya favouring the linearization that
directly corresponds to minimal syntactic compuiati This is reflected in the time
speaker’'s employ to read sentences, and also ireldwtrophysiological signals of
neural processing measured by means of event detaitentials (ERPS). Moreover,
when confronted with chains that are syntacticallybiguous regarding two different
linearizations, speakers process them as if theye wmambiguous, choosing the
minimal syntactic computation for their grammar,iethis the head final, SOV. We
also suggest that the claim that processing preteseuniversally favour subjects might
need to be revisited under the light of ergativiye will suggest that accounts of
processing mechanisms and strategies based om#sidike “subject of” or “object of”
as explanatory primitives are likely to fail shaahd argue that abstracting away from
these descriptive categories, and moving into ausotihat take into consideration the
impact of morphological variability in processingght yield a more accurate view of
the interplay of variant and invariant processirgchmanisms of language.

1. Introduction: merging theoretical linguistics with experimental methods.

Current linguistics and models of language procgsare particularly concerned with

understanding the interplay between universal asmadguage specific aspects of
linguistic form and language processing strategi®sdence suggests that syntactic
structure is one of the factor that modulates cexipl in language processing, though
not the only one: variable morphological propertiddanguages, conceptual features
like animacy and lexical frequencies also affeet wWay in which we process linguistic

input.

During the last two decades, there has been a dmmakle advancement in the
discovery of the fundamental design and complexreadf human language, and in the
understanding of how language is represented amckgsed in the brain. There is an
increasing trend to combine the fine-grained knolgyéeof linguistic form and structure
provided by Theoretical Linguistics, with the stri@and heavily constrained
experimental methods of cognitive neuropsychology, order to reduce the
undeterminacy of explanatory models built on datemiaog solely from external
linguistic behavior (Marantz, 2005). More and monee can inquire into the inner
workings of the brain when it performs a linguistesk, and more and more the



guestions we can tackle specific issues of contipai@-combinatorial aspects of
language that have been less amenable to expeahwenrk in the recent past.

Thus, Theoretical Linguistics and experimental madghtraditionally used in Cognitive
Neuropsychology can now be combined to gather nemidence about the neural
grammar, and to determine the fundamental undeylymmoperties of language
representation processing, by studying a broad aofplanguages and phenomena.
Cross-linguistic studies of this interdisciplinagpe reveal that morphological features
can modulate how a language is processed, thetais|inguistic traits and forms have
sometimes an impact on the strategies employediniguiktic processing (Bates,
Devescovi, & D'Amico, 1999, Bates, Devescovi, & gk, 2001). For this reason,
neurocognitive models of language are becomingeasingly sensitive to the specific
morphosyntactic properties of grammars, in ordedétermine to what degree does
linguistic variability have and impact in the waywhich language is represented and
processed in the human brain (Bornkessel, & SchMasg 2006; Bornkessel-
Schlesewsky, & Schlesewsky 2009).

This paper presents and discusses some resultglyegktained by combining findings

from Theoretical Linguistics with experimental metlologies such as reading times
and electrophysiological measurements of brainviiigtby means of Event Related
Potentials (ERPs). It seeks to contribute to urrdwav different languages are
processed in the human brain, because as we knoke @mifmout similarities and

differences in cross-linguistic processing, we Wil able to tell apart common neural
underpinnings from other phenomena that might beedéent on language
specifications.

2. Is there order when processing free word order?

In Linguistics, the issue of whether free word ordenguages are fundamentally
different in their syntactic structure from fixedowl order languages has been
thoroughly discussed an intensively studied. Rebesr the last decades reveals that,
despite superficial appearances, when free wordrdaehguages are studied in depth
evidence for a hierarchical sentence structure geserand with it a basic word order
that correlates with the linear arrangement ofastint constituents that results from the
structure involving the least syntactic operatidaaguistic research has consistently
shown that even grammars with apparently limitldsgrees of freedom in surface
constituent order have an underlying, canonical dwarder (Chomsky, 1981;
Greenberg, 1963), which typically surfaces in alatative sentence that initiates
discourse, that is, a sentence where no constiiseftticalized and where the entire
event constitutes new information. Basque is a genaxample of a language with a
great degree of freedom of word order. As shown(lijy nearly all constituent
permutations are possible (Laka, 1996):

(1) a. emakume-a-k gaur gizon-a ikusi du
woman-D-erg today man-D seen has
“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
g. ikusi du emakumeak gizona gaur

Studies in generative grammar in the early eightigsstigated and discussed whether
languages like Basque, Japanese, Warlpiri and nadingrs that displayed a great
variability in surface word order might lb@n-configurationalthat is, whether they had
a “flat” sentence structure with no hierarchicadgfined relations among constituents,
thus allowing for any order permutation of congiits, or rather, whether despite the
surface variation, sentence structure was hierealiiii arranged as it is in
configurational languages. The hypothesis that sotaeguages were non-
configurational was due to Hale (1980, 1983), anhdvas originally expressed in
reference to Japanese and the Australian languagdpii/ that presented three
characteristics that were thought to clustenam-configurationality free word order,
null pronouns and discontinuous constituents. Sitlee original discussions and
research into the possibility that there are camfgonal and non-configurational
languages, most work within thBrinciple and Parametersnodel in Generative
Linguistics has converged in the conclusion thah&n languages are configurational,
that is, that sentence structure is hierarchicailganged (Maracz & Muysken 1989).
However, work in other approaches such as Lexicalcional Grammar (Austin &
Bresnan 1996) argue for the view that non-configonality a possible trait of human
language. Two central issues involved in the camégonality debate are: (a) whether
human languages necessarily employ combinatorigkatthical structure and (b)
whether core grammatical functions like subject abjgbct are dependent on a structural
configuration and thus derivative form structure, vehether they are primitives of
language, independents from structure.

At the start of the configurationality debate, som#hors argued that Basque was a
prototypical instance of a non-configurational laage (Rebuschi, 1989) but
progressively, as more linguists began to studygBassyntax in detail, and more
phenomena were considered, linguistic evidencenagtaied in favor of hierarchically
governed phenomena that were not accountable bgdheconfigurational hypothesis
(Ortiz de Urbina, 1989). Since then, studies ongBassyntax generally agree that SOV
is the canonical, basic sentence constituent oodethe language, while all other
sentential word orders (OSV, SVO and OVS) reswalinflinearizing structures that are
derived by means of further syntactic operations Ejk 1969, Ortiz de Urbina 1989,
Laka 1994, Artiagoitia 1994, Fernandez 1998, EktalR001 among others).

Language processing studies reveal that word-ovdeiations that correlate with

syntactic complexity can be detected both behaljo@nd electrophysiologically.

Canonical, underived sentence word order tendsetqiocessed faster and with
greater ease (see Sekerina 2003 for an overvieseMer, in the case of studies
involving free word order languages, results do aetays converge in finding that
one linearization of constituents is easier andefago process, and employs less
neural resources. For example, in Japanese, stodiasuring the time subjects need



to read a set of experimental sentences do notergavn their findings: some report
no differences between SOV and OSV word orders @bka, Sakai, Kawahara, &
Miyaoka, 2003; Yamashita, 1997), but others fincattftOSV imposes higher
processing demands (Mazuka, Itoh, & Kondo, 2002yavtioto & Takahashi, 2002).
More recently, in a study that measures the elphysiological signals generated by
neural processing Hagiwara et al. (2007) did redect signals to indicate that OSV
was costlier to process than SOV. This electromhggical measurement of brain
activity (Event Related Potentials or ERPs) hasnbesgher extensively used to
investigate word order processing in German (Bosskk Schlesewsky, & Friederici,
2002; Matzke et al., 2002; Rosler, Pechmann, Steélder, & Hennighausen, 1998;
Schlesewsky et al., 2003). The studies on Germaoh that object initial sentences
generate greater processing efforts, and assurhththaarise due to the displacement
of the object-phrase, which must wait until its @aical position is reached for full
interpretation. This result agrees with previousdss in which differences in word
order using relative or interrogative clauses wexplored in this language (Felser et
al., 2003; Fiebach et al., 2002; King & Kutas, 198fuender & Kutas, 1993; Miller
et al., 1997; Munte, Heinze, Matzke, Wieringa, &dones, 1998). Thus, it appears
that, at least for German, non-canonical senterempsre a larger integration cost and
make greater demands on working memory. These tsesuéo converge with
linguistic accounts of German syntax, where objeitial main sentences involve
displacing the object from its canonical positiana higher place in the sentence-
structure (Schwartz & Vikner, 1996). To summarieeidence from Japanese is not
conclusive regarding a processing advantage fooréeal versus non-canonical word
order processing in declarative sentences, bukaci from German reflects a strong
preference for canonical orders, showing that dhjettal sentences are costlier to
process.

If (a) syntactic complexity can be detected by nseasf reading times and
electrophysiological measures, and if (b) the S@\édrization corresponds to the
syntactically less complex sentence in Basque, akother things equal) a processing
asymmetry should obtain favoring SOV in this larmggias compared to all other word
orders in declarative sentences. This processingrdage should be detected in the
form of shorter reading times for SOV, and elediyggological indexes of processing
complexity should not arise in SOV as comparediemoword orders.

In Erdocia et al. (2009) we investigated this guestto determine whether these effects
obtained in the case of verb final sentences. Tumyscompared the processing of SOV
versus OSV sentences like (2); it also exploredagtiqular case of full syntactic
ambiguity that has not been explored before for Emguage such as the examples
below in (7). A set of experimental sentences waated that could be parsed either as
SOV or as OSV, and thus they provided the oppdstuni determine what the parser
chose to do in the absence of any other informatiortue. That is, it allowed to
determine whether subjects showed a marked preferen one of the two possibilities
in the absence of any other cue that indicated toguarse the sequence; in other words,
it provided a unique window to see what the pad®e#s morphology is blind and
linearized syntactic structure is the only cue lade¢. The results showed that SOV
sentences had a clear processing advantage imgetidies, in electrophysiological
measurements, and in ambiguity resolution, thugalkwvg that linguistic accounts of
Basque syntax regarding word order and syntactropbtexity reflected facts about



neural computation, and also that the minimal Ingdrigal structure of sentences in this
language is detectable by both behavioral and ERtRads.

The first experiment we undertook measured how ld@n¢gpok to read a set of
experimental sentences to a group of 23 nativeksgpgaThe sentences were presented
word by word (each of the words presented was algihrase, since Basque is an
agglutinative language) in a computer screen. &paints pressed the bar once they had
read the phrase and the next phrase appeared¢omiileting the sententeThe lexical
elements used in the experimental sentences weateolted for length and frequency.
Each participant was presented with 16 SOV and $& Gentences that were never
repeated, and mixed with the experimental sentetiteg also read 32 unrelated
sentences that were matched in the number of wardsges in order to distract them
from the experimental condition. The experimen&itences were like those shown in

(2):

(2) a.emakume-a-k gizon-a ikusi du SOV coadit
woman-D-erg man-D seen has
‘the woman has seen the man’

b. gizon-a emakume-a-k ikusi du OSV condition
man-D woman-D-erg seen has
‘the woman has seen the man’

After reading each sentence, the participant regds&no comprehension question on
the screen, to assure attention to the experimeagh) and also to provide indication of
sentence-comprehension. For instance, for the rseggen (2), the question would be
“Is it true that a woman has seen a man?”. We theke responses into consideration,
and also measured how much time it took them teigeoan answer. The results from
this first experiment are shown in (3):

! Details of the participants, materials and procedi Erdocia et al. (2009). Here we only summatiee
most general aspects of the experimental condiimdsfocus on the discussion of the results.



(3) Results from Experiment 1: reading and understan8i@V versus OSV (from Erdocia et al., 2009)
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As shown in (3A), the total time participants reqdi to read the sentences was
significantly longer for OSV sentences and shorfer SOV. (3B) shows that
participants took longer to read and answer congiglbn questions related to OSV as
compared to SOV. (3C) shows that, even though thmeuat of errors in the
comprehension question was very low, it was sigaiftly higher for OSV sentences.
All these measures indicate that processing an Séwence is significantly faster and
easier than processing OSV sentences for nativekepe of Basque, even though all
sentences are equally grammatiddiis result is convergent with the claim made in
Linguistics that OSV sentences are syntacticallyaremmplex than SOV sentences in
this language (De Rijk 2007; Hualde & Ortiz de Wdi2003). Thus, the results from
our first experiment are consistent with the preshamt view in Theoretical Linguistics
regarding word order in Basque, which states SOVcasonical, and all others,
including OSV, as structurally more complex (DekRR{{969; Ortiz de Urbina, 1989).

3. How are subjects processed in an ergative langye?

The diagram in (3D) shows the reading times requioe each phrase in the sentence in
each condition. As can be seen, phrases in thenaahacondition took significantly
shorter that phrases in the derived condition. k@@ one case: participants always
took longer reading the subject DP than they t@@ding the object DHhis result is
novel in processing studies and diverges sharpiy fwhat is usually obtained with the
same method (self-paced reading) in other languagels as Dutch (Kaan, 1997) and
Russian (Sekerina, 1997) where subjects are alwaysessed faster than objects.
Hence, the result merits some discussion, becauss due to a characteristic
morphological property of Basque grammargativity (Dixon 1994). Unlike all
languages previously studied in processing reseandther behaviourally or
electrophysiologically, Basque is not a nomina@eeusative language, and it is
customarily described as falling in teegativeclass (Levin 1983, de Rijk 2007).



In ergative grammars, intransitive subjects ancedj belong in one morphological
class (known aabsolutivé which is unmarked, and transitive subjects arekeshand
belong in a separate morphological class (knowrrgativg. This is shown in (4),
where the transitive subjeetnakumeaKthe woman” in (4a) is marked with ergative
case {k), whereas the objedizona“the man” carries no overt case marker, as the
intransitive subject in (4b).

(4) a. emakume-a-k gizon-a ikusi du
woman-D-erg man-D seen has
“the woman has seen the man”

b. gizon-a etorri da
man-D arrived is
“the man has arrived”

Thus, unlike nominative languages where subjeatd te be unmarked, in ergative
grammars the transitive subject carries more avenphology that the object. This is
probably one of the factors at play in the longesding times for subject DPs obtained
in this experiment. Another factor that must betkepmind, related to ergativity, is
that, when participants encountered the object DEhé experimental sentence (2b)
they could interpret it either as an intransitivedacusative subject or as a sentence-
initial object. If Basque speakers employ a “subfest’ processing strategy (Frazier
and Fodor 1978; Bates et al. 1988, Bornkessel &eSelwsky 2006), a strategy that has
been widely reported in all previous processingliss; then they should interpret that
initial object DP as an intransitive subject, whaduld also contribute to explaining the
faster reading times.

Another factor that might play a role in the peaulieading times obtained for subject
and object DPs in this sentence processing expetim@es not have to do with a
typological trait, but with a specific morphologicambiguity found in Basque. This
ambiguity involves the ak ending on DPs, which we illustrate in (5). The egdis
homophonous to a singular transitive subject mdgmy and a plural object
morphology. In each of the cases, the morphologitaicture of the DP is different,
though the words look alike. Plurality in Basquemsarked solely in the Determiner,
which can be singulag, as shown in (5a), or plurabk as shown in (58) Determiner
Phrases must be marked with ergative case whenaigetransitive subjects, and the
form of the ergative case marker-k A shown in (5c), the result of adding ergative
case to a singular DP yields the sequenak which is homophonous to the plural
determiner in (5b). For completeness, (5d) shovesrésulting form of merging the
plural determiner—ak with the ergative markerk, which is the ending-ek
unambiguously denoting a plural ergative NP.

2 \We leave aside other elements pertaining to therbener category, such as demonstratives, whieh ar
not relevant to this discussion. The Determirgr-ak is not always translationally equivalent to Enlglis
the For further details on the determiner system tmedstructure of the DP in Basque see Artiagoitia
(2006).



(5) a.emakume-a c. emakume-a-k

woman-D woman-D-erg

“the woman” “the woman (ergative case)”
b. emakume-ak d. emakume-ek

woman-[ woman-[+erg

“the women” “the women (ergative case)”

Hence, upon encountering as input something l&kmakumeak two possible
interpretations are compatible with Basque gramniaterpreting it as a singular
ergative meaning “the woman”, or interpreting itaplural absolutive meaning “the
women”. If we now turn to the examples of experitaéisentences shown in (2), we
see that when participants encountered the senieitieésubject DP in (2a), they could
in principle process it in three different ways:

() as a transitive singular subject,
(ii) as an intransitive plural subject,
(i) as a sentence initial plural object.

Similarly, and given the head-final setting of Basgwhen they encountered the
subject DP as the second phrase in (2b), they dotdcpret it as:

() a transitive singular subject of the main clkaus
(i) an intransitive plural subject of an embeddedtence,
(iii) a plural object of an embedded clause.

At this point, we cannot yet determine which ondhwfse factors, and to what degree,
are behind the longer reading times obtained fdmjestis in transitive sentences in
Basque. But as we will see, this divergent and hpatern in subject/object processing
costs will remain constant across different expenital conditions.

4. Further investigating linearization and subjectpreference.

Given these initial results, we designed a secomperément in order to (a) see whether
the advantage for SOV sentences would also be anagat for sentences were both DPs
were plural, (b) explore what the processing peafees of participants would be when
confronted with sentences that could be equallggzhias either SOV or as OSV. In
order to do this, we created transitive sentenkegtose shown in (6):

(6) a.emakume-ek  gizon-ak ikusi dituzte
women-R/erg man-[ seen have
“The women have seen the men”

b. gizon-ak emakume-ek ikusi dituzte
man-0; women-Qy/erg seen have
“The women have seen the men”



Note that, unlike the initial DP in (6a), the initiDP in the OSV sentence in (6b) is
temporally ambiguous due to the morphological amibygof the -ak ending. That is,
whereas the initial DP in (6a) can only be intetgeas a plural ergative subject, the
initial DP in (6b) can be either a singular ergatsubject or a plural object. However,
upon reading the second DP, which is a plural argathe only possible interpretation
for the first DP of (6b) is plural object, and ftre second DP plural subject of the
transitive sentence. Such a temporal ambiguity doéarise in (6a).

Mixed with those plural sentences, participant® &lscountered sentences like (7) that
are syntactically ambiguous and can be interpreitb@ér as SOV or as OVS sentences:

(7)  a. emakume-a-k gizon-ak ikusi ditu SOV
woman-D-erg manyPseen has
“The woman has seen the men”

b. emakume-ak gizon-a-k ikusi ditu osv
woman-p man-D-erg seen has
“The man has seen the women”

Given the morphological form of these sentences,aitmbiguity is complete until the

end, nothing disambiguates the roles of the DRl@&entence. If participants reveal a
processing preference for one syntactic structwer ahe other, this can only be

attributed to a choice guided by the participamsgernal grammar, since there is no
other source for disambiguation. In this secondeerment, 23 native Basque speaker
undergraduate students from the University of tlesdBie Country took part. Each
participant read 16 sentences for each conditiamgpSOV (6a), plural OSV (6b) and

fully ambiguous sentences (7)), up to a total of sé®itences, mixed with 48 filler

unrelated sentences. The procedure of this secquatiment was the same as the first
one. The results are shown in (8):



(8) Results from Experiment 2: reading and understangiaral SOV, plural OSV and Ambiguous
sentences (from Erdocia et al 2009).

A Reading Times of Word Orders B Erros of Comprehension Task

5500 14

5000

Time (ms)
Percentage

4500

4000

sov osv AMB sov osv AMB
Sentence Type Sentence Type

1700 4
1600 -
1500 -
1400 -

1300 -

Time (ms)

1200 -

1100 4

1000 -

900

DP1 DP2 Verb Aux

Sentence Element

Let us consider the reading times for the senterstesvn in (8A): participants took the

same time to read the SOV sentences as they toakatb the fully ambiguous ones.

This indicates that they were not treating the gubius sentences any different from
the unambiguously SOV ones, that is, the bias tdsvgrocessing fully ambiguous

sentences resorting to the simplest syntactic ctatipn, namely SOV is so strong that
they were not even aware of the ambiguity. In @msttto this, the OSV sentences took
considerably longer to read, indicating an increaggocessing difficulty.

5. What does the subject-preference strategy prefen an ergative language?

Consider now the times employed to read each ¢aasti in experiment 2, and in
particular let us consider the relative readingesnof the initial DPs of the sentences
(see 8C). The SOV condition, depicted with thedsblie, is the one where participants
initially encountered an unambiguous plural ergaBubject DP likeemakumeeKthe
women”. Interestingly, despite it being unambigugwassubject, it takes longer to read
than the other two cases, where the first DP erteoexh had the fornemakumegk
which is ambiguous between a singular ergative jéstip “the woman” or a plural
absolutive (intransitive subject or object) “the men”. Even in the face of this
ambiguity, participants are faster processing Bi*sthan they are processing the plural
transitive subject. Given the strictly incrementature of language processing, this
indicates that speakers are not initially awaréhefambiguity and make a rapid choice
between the two possibilities.



On the other hand, the phrase-by-phrase readingstiior the SOV sentences and the
ambiguous ones is practically identical, stronglggesting that participants are not
aware of the ambiguity while reading the senteneesgsult that converges with the
total reading times of SOV and ambiguous sentendest is, both types of sentences,
ambiguous and unambiguous, are processed as iWdeythe same.

This in turn means that the initial DP in the anoloigs condition is interpreted as a
singular ergativeout of the two possible choices, and thereforeglsb means that
speakers are not entertaining the possibility tthet ambiguous DP is a plural
absolutive. However, an absolutive form is a viatlbject in an ergative language like
Basque. In fact, the simplest, syntactically mosbr®mical subject in an ergative
language is the absolutive, for this is the morpgmal form associated to unaccusative
predicates, that is, to truly monoargumental prateés. It therefore appears that subject
preference in Basque is biased towardagentpreference, which is the ergative (Laka
2006) rather than being biased to the syntactiqalhst economical subject, which is
the absolutive/theme subject of unaccusatives (L&9B3).

6. Electrophysiological correlates of linearizatiorand subject preferences.

In a third experiment, Erdocia et al. (2009) sougttobtain electrophysiological

evidence of the effects observed in the self paeaeding experiments 1 and 2. We
studied data from 24 native speakers of Basquetdtiwit part in the experiment. The
experimental materials consisted of two groupsewitences. In the first group, there
were sentences like (9):

(9) a.otso-ek ardi-ak jan dituzte b. ardi-a otso-a-k jan du
wolf-Derg pi Sheep-[p eaten have sheep-D-erg wolf-D-erg eaten h
“The wolves have eaten the sheep” “The wolf has eaten the sheep”

This experimental condition was aimed at deterngmimether the comparison between
the initial DPs of these sentences, generated Btyr@physiological response of the
type that has been previously observed in Germavdiyke et al. (2002), and Rdosler et
al. (1998) or not, as reported for Japanese bytag et al. (2007). That is, we wanted
to find out whether comparing the electrophysiatagi correlates elicited at the
processing time of those sentence-initial argumehes Object of non-canonical OSV
sentences, versus the Subject of canonical SOVersegs (examples 9b and 9a
respectively) revealed signs of processing compienrr the initial DP in (9b), of the
type that has been reported in the literature yatagctically displaced constituents.

The second group of experimental sentences codstesyntactically ambiguous
sentences where the DPs were marked witk formally similar to (7), but in this
occasion, both readings of the sentences wereamopatible with the speaker’s world
knowledge. Examples of these sentences are proinddd):



(10) a.otso-a-k ardi-ak jan ditu tsmak ardi-a-k jan ditu

wolf-D-erg sheep-fpeaten has wolf- Jpsheep-D-erg eaten has

“the wolf has eaten the sheep” “the shHempeaten the wolves”
b. ardi-ak otso-a-k jan ditu d. ardi-a-k ot$ofan ditu

sheep-R wolf-D-erg eaten has sheep-D-erg wolfr &€ten has

“the wolf has eaten the sheep” “the phess eaten the wolves”

The externalized forms corresponding to sentend@s,lf) are the same, and the
externalized forms corresponding to sentences @1@ce also the same. In this sense,
the syntactic ambiguity of these examples is eydbik same as the one illustrated in
(7). However, unlike the set of sentences emplapedxperiment 2, where the both
grammatically possible interpretations were equplfwsible, the sentences in this third
experiment had a different quality: one of the nptetations was plausible, like for
instance (10a) and (10b), but the other one washsatause it goes against our world
knowledge, like (10c) and (10d). Participants weresented with an equal number of
sentences that were plausible in the SOV interpostabut not in the OSV
interpretation, and vice-versa, sentences that wkasible in the OSV interpretation
but not in the SOV interpretation.

Thus, using sentences like (9a,b) and (10a,b) wergeed 240 different sentences in
order to conduct an ERP experiment. Twenty-fouiveaspeakers of Basque gave
informed consent to participate in the ERP expentmBlone of the participants had
previous neurological history and all had normalcorrected-to-normal vision. The
participants were all right handed according to Boinburg Handedness inventory
(Oldfield, 1971). All participants read 60 sentenoé each experimental condition (9a,b
and 10a,b). Sentences were presented word by wdle imiddle of a computer screen.
Each word lasted 250 milliseconds on the screentlamdnterval between words was
250 milliseconds. Participants had to keep theieseppen until the end of each
sentences, then they had 3000 milliseconds forbéip&ing. After that, following a
fixation point which remained for 1500 milliseconaext sentence began. Every eight
sentences participants had to provide an answarsimple question related to one of
the previous eight sentences. This task was useatdar ensure participants were
paying attention to the sentences. Each ERP rewpsiéission lasted about 45-50 min;
participants were told that the main purpose ofetkigeriment was to read carefully the
sentences presented and to answer correctly titigue related to the sentences.

ERPs were recorded from 29 positions in the scaipgutin electrodes mounted in an
electrocap. EEG data was rereferenced off-linentorhean of the activity at the two
mastoid processes. Vertical and horizontal eye mewvis were monitored with an
electrode at the infraorbital ridge and anothectetele at the outer canthus of the right
eye. Electrode impedances were kept belo5The electrophysiological signals were
filtered and digitized. Trials with base-to-peakato-oculogram (EOG) amplitude of
more than 5QuV, amplifier saturation, or a baseline shift exaagd200 uV/s were
automatically rejected off-line. Percentage offacti rejection was 6.7%. Stimulus-
locked ERPs were averaged for epochs of 1024 msgtd 00 ms prior to the stimulus.
First, two omnibus repeated measures ANOVAs weradgcted for the initial
evaluation of the stimulus-locked ERP activity wotlocations. In order to decompose
the interactions encountered in the omnibus armlgsid to have a finer-grained



analysis, further pairwise ANOVAs were conductedr &ll statistical effects involving
two or more degrees of freedom in the numerater Hijnh—Feldt epsilon was used to
correct for possible violations of the sphericissamption (for more details about EEG
recording and data analysis, see Erdocia et @9)20

Responses to the questions asked showed thatipante performed the experiment
very well. The comprehension task showed a meateptge of correct responses of
91%. The main ERP results confirmed the evidencetimed in the previous
behavioral experiments with regard to the highescpssing cost derived from the
higher syntactic complexity of non-canonical Objist sentences (Experiment 1), and
with regard to the existence of a default prefeeefiar an SOV linear order of
constituents in the sentence observed in Basquehwh also applied in the case of
fully ambiguous sentences (Experiment 2). Regardimg initial position in the
unambiguous sentences (SOV vs. OSV), the ERPs shaweancreased negativity at
object position. Similar negative result were fowatdsentence second position for the
subject of OSV when comparing with the object of\S@inally, when comparing
unambiguous sentences at verb position, a clead B@&@dponent was observed:

(11) Results from Experiment 3: ERP signals of the usignous SOV and OSV sentences (adapted
from Erdocia et al. 2009).

First DP Position Second DP Position Verb Position

375-425ms  NEG 500-580 ms NEG 800-900 ms  NEG

As in the case of object-first sentences in Geriffaatser et al., 2003; Matzke et al.,
2002; Rosler et al.,, 1998), we can conclude thattasyically fronted/displaced
constituents generate electrophysiological diffeesn because the structure of the
sentences with displaced constituents is more cexnghd requires further processing
operations.

Regarding the processing of syntactically ambiguserstences (10a,b) no significant
differences were found when comparing subjects abjbcts at first and second
sentence positions, suggesting that the senteitzd ambiguous DP was interpreted as
the ergative singular subject of the sentence, ted second ambiguous DP was
interpreted as the absolutive plural object. Thresalts converge with the results from
experiment 2 in which we used fully ambiguous secds. Interestingly, at verb
position of sentences in which we forced a reimeggtion of first two arguments from
Subject-Object to Object-Subject alignment by meahshe world knowledge of
participants (10b), we observed a long lasting tiegyareflecting the working memory
load associated to syntactic reanalysis.



Our electrophysiological results provide evidenaenf neuroimaging measures
supporting that even languages displaying free voodér have an underlying canonical
order, corresponding to the least complex sentstrceture.

7. Subject preference vanishes in verb medial, notenonical sentences

Regarding verb final sentences, canonical ordprasessed faster and with greater ease
even in a highly inflected and free word order laage like Basque; we now focus on
verb medial SVO and OVS sentences in order to skether there is a default
processing mechanism favouring subject-first segeer{Erdocia et al. in press). For
that purpose, we designed a behavioral experimamparing verb medial subject-first
sentences like (12a,c) with object-first senteriées(12b,d).

(12) a. emakume-a-k ikusi du gizon-a rbakume-ek ikusi dituzte gizon-ak
woman-D-erg. seen has man-D webay p.seen have mangp
‘the woman has seen the man’ ‘the womerels@en the men’
C. gizon-a ikusi du emakume-a-k d. giasrikusi dituzte emakume-ek
man-D seen has woman-D-erg. man$een has womanslyg.
‘the woman has seen the man’’ ‘the womerels@en the men’

Further, we also included fully ambiguous sententks (13) which could be
interpreted either as SVO or OVS sentences:

(13) a. emakume-a-k ikusi ditu gizon-ak b. emakwakékusi ditu gizon-a-k
woman-D-erg. seen has map-D woman-0B. seen has man-D-erg.
‘the woman has seen the man’ ‘the marskas the woman’

Recall that DP constituents carrying the morphesde are ambiguous. Therefore,

sentences (12a,d) and (13) are ambiguous at filsc@nstituent position. Sentences
(12a) and (12d) are disambiguated when the infieateiliary is reached. In the case of
(12a) the sentence unfolds as SVO and in the ch§k2d) the resulting structure is

OVS. Only sentences like (13) are fully ambiguoasause both constituents carry the

ak ending (see also examples in 5).

The experimental materials consisted of 100 differgentences like (12a). Starting
from this type of sentence, we generated the festraditions by means of changing the
order and the number of the constituents. The @xgetal material was randomly
mixed with 100 of filler sentences. For this expent we used the same method used
in experiments 1 and 2.

The results from twenty four native speakers of gB&swho participated in the
experiment are shown in (14):



(14) Results from Experiment 4: Reading and understangerb-medial sentences in Basque (from
Erdocia et al., in press).
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Comparing the plural and the ambiguous conditiamssignificant difference was
observed at auxiliary position in (14C). That difiece could be due to fact that
ambiguous auxiliary was shorter in length or lessglex morphologically d-it-u
“3"person/object-plural-root”) than plural auxiliarg-it-u-zte “3™person/object-plural-
root-plural/3°person/subject”). Whatever the factors responsfblethe differences
between auxiliaries, syntactic structure is not ohiem.

The results revealed that verb-medial SVO and O¥Btemces do not display a
processing asymmetry. As it is shown in (14A), thely significant differences
obtained in the comparison between singular andapkonditions. Those differences
were arguably due to conceptual and/or morpholbgiomplexity, but clearly not to
syntactic structure. Considering the word by wadding times of singular conditions
shown in (14B), we replicated the previous findofgexperiment 1 where absolutive
constituents were read faster than ergative comestis. However, the rest of the
sentence was processed equally in both SVO and coW&itions.

These results converge with claims made in Basdoguistics that all word orders
other than SOV are derived via syntactic displacgemdowever, studies of word order
processing in German, another SOV language, repordvantage of Subject initial
(SVO) versus Object initial (OVS) orders. In Gemmahere canonical order is SOV,
and V2 applies in main sentences, Bader and Mef§9)lshowed that participants
entered a garden-path in OSV temporally ambigudugtsires and favored the SOV




interpretation. Using ERPs, Rdsler et al. (1998)wad that sentences whose word
order deviates from the SOV canonical structureeweore difficult to process (see also
Bornkessel et al., 2002, Schlesewsky et al., 200®ng others). In verb medial
sentences, ERPs differentiated between SVO and €dStures in German (Matzke et
al., 2002). In Basque, behavioral and ERP measuresmeiffer significantly for
canonical SOV and derived OSV word orders (Erdatial., 2009): reading times
showed longer reading times and syntactic rearsalg8ects for OSV structures (see
also Fig. 10.2), and ERPs showed negativities i lPs and P600 at verb position
suggesting that derived OSV word order requiredh&mr computational resources
(Erdocia et al., 2009; Fig. 10.3 in this chapt&hus, while German and Basque reveal
a similar processing advantage for SOV versus G8Vadvantage that has also been
reported for Japanese, also SD\processing of verb-medial word orders yields
diverging results: in German, a Subject-initial adtage has been reported, whereas in
Basque both Subject-initial and Object-initial axlgeveal equivalent measures of
processing complexity. Arguably, this differenceghtibe due to the fact that German is
a V2 language, whereas Basque is not. In V2 larggjagain sentences have the
inflected auxiliary or verb always in second pasitiin the sentence, and the most
frequent constituent preceding the inflected verthe Subject; this entails that SVO is
in fact a rather frequent word order for a V2, msemtence in German, whereas this is
not the case for Basque. This explanation is ctergisvith the results from German,
showing a preference of SOV versus OSV, and tharef@rence for SVO versus OVS,
whereas Basque displays a preference for SOV véS8)$ but no preference in the
case of SVO and OVS.

We did not find any signs of a processing advantag¢éhe Subject initial order (SVO)
as compared to the Object initial order (OVS). Hxperiment 4 suggests that both
derived word orders required similar computatiaeaburces, with no advantage for the
subject-first sequences. On the other hand, oux dat not indicate any ambiguity
resolution process reading temporally ambiguougesers and fully ambiguous chains.

8. Concluding discussion.

In this paper we have discussed the consequencssnté recent findings from ERP
studies on sentence processing in Basque. Oneat&gue we have addressed is the
relationship between syntactic complexity and psstoegy complexity, in particular
whether there is evidence for a processing mechmattigt favours a choice for the
word order corresponding to the least complex symtstructure in a heavily inflected
and free word order language. Another central issue determine whether there is
evidence for the the so-called “subject-preferenmeicessing strategy in an ergative
language like Basque, where the class of subjsatstiidentified in morphology like it
is in nominative languages.

It is well established by now that some aspectgrofessing complexity do not derive
from syntactic complexity, such as the contrastwbenh nested and non nested
structures, for instance. However, syntactic coxiplehas a significant impact in

processing, and hence diverging processing effgatain depending on the syntactic

% In Japanese whose structure is always verb-finatesfound differences between SOV and OSV
structures (Miyamoto & Takahashi, 2002; Mazukalgt2002; Wolff et al., 2008), but some others did
not find any difference (Yamashita 1997; Tamaokal ¢2003; Hagiwara et al., 2007).



representation processed. This was found to beaise in Basque, as shown by the
increasing processing costs ensued by variousrliorelers of syntactic constituents in

sentences that departed from canonical SOV ordeat &, favoring the processing

route towards minimal syntactic structure, we fthdt canonical, basic word order is

processed faster and with greater ease, presunb&sljuse it involves the simplest

neural computation. Therefore, even in highly ictikel, free-word order languages like
Basque, where other processing cues could be thémgdke precedence over syntactic
structure, experimental evidence indicates thath@)canonical constituent linear order
of the sentence that results from minimal syntactenputation is the easiest and
preferred choice for the parser, and (b) procgsshes strongly on syntactic structure
in sentence comprehension even when other cuesasucase and verbal inflection are
available. Given similar findings in other languad&nglish, German, Japanese, etc)
this appears to be a universal design propertamguage, regardless of morphological
differences and other variable specifications mjuiistic form in a given grammar.

Regarding the subject preference strategy for pgiog, these results we have
discussed are novel and diverge sharply from whatsually obtained with the same
method (self-paced reading) in other languages asdbutch (Kaan, 1997) and Russian
(Sekerina, 1997), where Subjects are always predefsster than Objects, and in the
face of ambiguity subject preference prefers irdtare subjects (Cf. Turkish
Bornkessel-Schlesewsky 2007). In the word ordecgssing studies reported here for
Basque, we observe that Subject DPs always talgetaiman Object DPs to process
(and it is subjects rather than objects that geedrantal negativities in ERPS), a result
that has not been reported in the literature s Warere nominative/accusative
languages were studied exclusively.

Let us further consider the findings in the lighttbe subject-preference hypothesis.
Given an ambiguous D&k of the kind shown in examples (5b,c), which can be
interpreted either as a singular ergative DP aa gtural absolutive DP, note that both
choices of parsing would reflect a “subject-prefeed’ in an ergative language, because
both interpretations yield a possible agentive ectbjn the case of the ergative, and an
unaccusative, thematic subject in the case of tisolative. Put it differently, any
available interpretation of an initial ergative absolutive DP is consistent with a
subject preference in an ergative language likegBasHowever, our data reveal a
strong preference for one of the two choices, tbata specifictype of subject-
preference, in the sense that speakers preferse gze initial DP as asgentivesubject
(transitive or unergative), but not as a thematlgject (unaccusative).

In the processing literature, the subject prefezestcategy has been found to strongly
determine speakers’ processing choices in sevangubhges. The subject preference is
revealed for instance in a preference to parsenamgaious first DP as subject. It is
generally assumed that this strategy is one péatioexample of the more general
“‘minimal effort” nature of the parser (Frazier & dkr, 1978; Gorrell, 1995de
Vincenzi, 1991). Notions like “minimality” or “€onomy” play a central role in
contemporary linguistics, and have been arguedkta Oriving force in the architecture
of language (Chomsky 1989, 1995; Rizzi, 1990).He processing literature, the idea
that economy of efforts favours minimal construstalso found early on (Miller 1962;
Miller & Chomsky, 1963; Miller & McKean, 1964), angervades the literature. One
recent formulation of this minimal effort nature tbe parser is found in Bornkessel &
Schlesewsky, 2006, who state it as follows:



Minimality: In the absence of explicit information to the canyt, the
human language comprehension system assigns mirgtnattures.This
entails that only required dependencies and relatiwe created.

(Bornkessel & Schlesewsky, 2006:790)

This formulation, like any other whose driving fereés to minimise the syntactic

complexity expected for a given linguistic inputedarding the subject-preference
processing mechanism, minimalist accounts make ptiegliction that unaccusative

subjects should be favored over unergative or itimasubjects in language processing,
all other things being equal. Put differently, miai effort principles require that in the

absence of explicit information to the contrarye thuman language comprehension
system favor an unaccusative subject reading ovearsitive or unergative subject

reading.

However, the processing data obtained from Baseemsto run contrary to this
prediction. Instead, what we find is that speakgmefer to interpret the
ergative/absolutive ambiguous DP as ergative,ifhas a transitive/unergative subject,
rather than entertaining the possibility that iais absolutive DP, which is the form of
unaccusative subjects. In other words, there apfdedne an “agent-preference” rather
than a “subject-preference”, such that is overritéeschoice of an unaccusative subject
when both an agentive and a thematic reading o$tigect are possible. Whether this
is the right interpretation for this processingfprence must be confirmed by future
research.

Cross-linguistic investigations are crucial to diger the ultimate source of processing
asymmetries, and to differentiate between univepsatessing mechanisms and the
impact of grammatical properties of the languageglay. Therefore, in order to
understand the nature of complexity in languagegssing, a broad sample of different
grammars must be studied, so that the resultsi®tthss-linguistic research reveal the
mechanisms at play in language processing at aguatke level of abstraction. In this
vein, the results from these investigations intocpssing phenomena in Basque show
that certain previous findings in ERPs languagesg@ssing studies observed in head
initial, nominative and relatively fixed word ord&anguages, are also observed in a
head final, ergative, free word order and highlffeicted and ergative language like
Basque, which strongly suggests that these findisigmal universal processing
mechanisms, independent of parametric specificatioh the grammars at stake.
However, accounts of processing mechanisms antegiea based on notions like
“subject” or “object” as universal primitives ofriguage might not properly account for
the fine-grained nature of results from cross-lisga studies in language processing.
Abstracting away from these descriptive categonelsich have been argued to be
derivative in generative grammar since Chomsky $)19&nd moving into more
sophisticated and detailed linguistic analysis widusibly yield a more accurate view
of what the invariant, underlying processing med$ras of language might be.
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