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ABSTRACT

In this paper, we discuss some recent results from studies of word order (linearization)
processing in Basque that show that despite the apparently unconstrained freedom the
language displays in linearizing major phrasal constituents in the sentence, native
speakers’ processing strategies reveal a clear advantage favouring the linearization that
directly corresponds to minimal syntactic computation. This is reflected in the time
speaker’s employ to read sentences, and also in the electrophysiological signals of
neural processing measured by means of event related potentials (ERPs). Moreover,
when confronted with chains that are syntactically ambiguous regarding two different
linearizations, speakers process them as if they were unambiguous, choosing the
minimal syntactic computation for their grammar, which is the head final, SOV. We
also suggest that the claim that processing preferences universally favour subjects might
need to be revisited under the light of ergativity. We will suggest that accounts of
processing mechanisms and strategies based on notions like “subject of” or “object of”
as explanatory primitives are likely to fail short, and argue that abstracting away from
these descriptive categories, and moving into accounts that take into consideration the
impact of morphological variability in processing might yield a more accurate view of
the interplay of variant and invariant processing mechanisms of language.

1. Introduction: merging theoretical linguistics with experimental methods.

Current linguistics and models of language processing are particularly concerned with
understanding the interplay between universal and language specific aspects of
linguistic form and language processing strategies. Evidence suggests that syntactic
structure is one of the factor that modulates complexity in language processing, though
not the only one: variable morphological properties of languages, conceptual features
like animacy and lexical frequencies also affect the way in which we process linguistic
nput.

During the last two decades, there has been a considerable advancement in the
discovery of the fundamental design and complex nature of human language, and in the
understanding of how language is represented and processed in the brain. There is an
increasing trend to combine the fine-grained knowledge of linguistic form and structure
provided by Theoretical Linguistics, with the strict and heavily constrained
experimental methods of cognitive neuropsychology, in order to reduce the
undeterminacy of explanatory models built on data coming solely from external
linguistic behavior (Marantz, 2005). More and more, we can inquire into the inner
workings of the brain when it performs a linguistic task, and more and more the




questions we can tackle specific issues of computational-combinatorial aspects of
language that have been less amenable to experimental work in the recent past.

Thus, Theoretical Linguistics and experimental methods traditionally used in Cognitive
Neuropsychology can now be combined to gather more evidence about the neural
grammar, and to determine the fundamental underlying properties of language
representation processing, by studying a broad sample of languages and phenomena.
Cross-linguistic studies of this interdisciplinary type reveal that morphological features
can modulate how a language is processed, that is, that linguistic traits and forms have
sometimes an impact on the strategies employed in linguistic processing (Bates,
Devescovi, & D'Amico, 1999; Bates, Devescovi, & Wulfeck, 2001). For this reason,
neurocognitive models of language are becoming increasingly sensitive to the specific
morphosyntactic properties of grammars, in order to determine to what degree does
linguistic variability have and impact in the way in which language is represented and
processed in the human brain (Bornkessel, & Schlesewsky, 2006; Bornkessel-
Schlesewsky, & Schlesewsky 2009).

This paper presents and discusses some results recently obtained by combining findings
from Theoretical Linguistics with experimental methodologies such as reading times
and electrophysiological measurements of brain activity by means of Event Related
Potentials (ERPs). It seeks to contribute to unravel how different languages are
processed in the human brain, because as we know more about similarities and
differences in cross-linguistic processing, we will be able to tell apart common neural
underpinnings from other phenomena that might be dependent on language
specifications.

2. Is there order when processing free word order?

In Linguistics, the issue of whether free word order languages are fundamentally
different in their syntactic structure from fixed word order languages has been
thoroughly discussed an intensively studied. Research in the last decades reveals that,
despite superficial appearances, when free word order languages are studied in depth
evidence for a hierarchical sentence structure emerges, and with it a basic word order
that correlates with the linear arrangement of syntactic constituents that results from the
structure involving the least syntactic operations. Linguistic research has consistently
shown that even grammars with apparently limitless degrees of freedom in surface
constituent order have an underlying, canonical word order (Chomsky, 1981;
Greenberg, 1963), which typically surfaces in a declarative sentence that initiates
discourse, that is, a sentence where no constituent is focalized and where the entire
event constitutes new information. Basque is a genuine example of a language with a
great degree of freedom of word order. As shown in (1), 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
1. gizona gaur ikusi du emakumeak
J. gaur gizona emakumeak ikusi du
q. ikusi du emakumeak gizona gaur

Studies in generative grammar in the early eighties investigated and discussed whether
languages like Basque, Japanese, Warlpiri and many others that displayed a great
variability in surface word order might be non-configurational, that is, whether they had
a “flat” sentence structure with no hierarchically defined relations among constituents,
thus allowing for any order permutation of constituents, or rather, whether despite the
surface variation, sentence structure was hierarchically arranged as it is in
configurational languages. The hypothesis that some languages were non-
configurational was due to Hale (1980, 1983), and it was originally expressed in
reference to Japanese and the Australian language Warlpiri, that presented three
characteristics that were thought to cluster in non-configurationality: free word order,
null pronouns and discontinuous constituents. Since the original discussions and
research into the possibility that there are configurational and non-configurational
languages, most work within the Principle and Parameters model in Generative
Linguistics has converged in the conclusion that human languages are configurational,
that is, that sentence structure is hierarchically arranged (Maracz & Muysken 1989).
However, works in other approaches such as Lexical Functional Grammar (Austin &
Bresnan 1996) argue for the view that non-configurationality a possible trait of human
language. Two central issues involved in the configurationality debate are: (a) whether
human languages necessarily employ combinatorial, hierarchical structure and (b)
whether core grammatical functions like subject and object are dependent on a structural
configuration and thus derivative form structure, or whether they are primitives of
language, independents from structure.

At the start of the configurationality debate, some authors argued that Basque was a
prototypical instance of a non-configurational language (Rebuschi, 1989) but
progressively, as more linguists began to study Basque syntax in detail, and more
phenomena were considered, linguistic evidence accumulated in favor of hierarchically
governed phenomena that were not accountable by the non-configurational hypothesis
(Ortiz de Urbina, 1989). Since then, studies on Basque syntax generally agree that SOV
is the canonical, basic sentence constituent order of the language, while all other
sentential word orders (OSV, SVO and OVS) result from linearizing structures that are
derived by means of further syntactic operations (De Rijk 1969, Ortiz de Urbina 1989,
Laka 1994, Artiagoitia 1994, Fernandez 1998, Elordieta 2001 among others).

Language processing studies reveal that word-order variations that correlate with
syntactic complexity can be detected both behaviorally and electrophysiologically.
Canonical, underived sentence word order tends to be processed faster and with
greater ease (see Sekerina 2003 for an overview). However, in the case of studies
involving free word order languages, results do not always converge in finding that
one linearization of constituents is easier and faster to process, and employs less
neural resources. For example, in Japanese, studies measuring the time subjects need



to read a set of experimental sentences do not converge in their findings: some report
no differences between SOV and OSV word orders (Tamaoka, Sakai, Kawahara, &
Miyaoka, 2003; Yamashita, 1997), but others find that OSV imposes higher
processing demands (Mazuka, Itoh, & Kondo, 2002; Miyamoto & Takahashi, 2002).
More recently, in a study that measures the electrophysiological signals generated by
neural processing Hagiwara, Takahiro, Masami, and Imanaka (2007) did not detect
signals to indicate that OSV was costlier to process than SOV. This
electrophysiological measurement of brain activity (Event Related Potentials or ERPs)
has been rather extensively used to investigate word order processing in German
(Bornkessel, Schlesewsky, & Friederici, 2002; Matzke, Mai, Nager, Riisseler, &
Miinte, 2002; Rosler, Pechmann, Streb, Réder, & Hennighausen, 1998; Schlesewsky,
Bornkessel, & Frisch 2003). The studies on German find that object initial sentences
generate greater processing efforts, and assume that they arise due to the displacement
of the object-phrase, which must wait until its canonical position is reached for full
interpretation. This result agrees with previous studies in which differences in word
order using relative or interrogative clauses were explored in this language (Felser,
Clahsen, & Miinte 2003; Fiebach, Schlesewsky, & Friederici 2002; King & Kutas,
1995; Kluender & Kutas, 1993; Miiller, King, & Kutas 1997; Miinte, Heinze, Matzke,
Wieringa, & Johannes, 1998). Thus, it appears that, at least for German, non-canonical
sentences require a larger integration cost and make greater demands on working
memory. These results also converge with linguistic accounts of German syntax,
where object-initial main sentences involve displacing the object from its canonical
position to a higher place in the sentence-structure (Schwartz & Vikner, 1996). To
summarize, evidence from Japanese is not conclusive regarding a processing advantage
for canonical versus non-canonical word order processing in declarative sentences, but
evidence from German reflects a strong preference for canonical orders, showing that
object-initial sentences are costlier to process.

If (a) syntactic complexity can be detected by means of reading times and
electrophysiological measures, and if (b) the SOV linearization corresponds to the
syntactically less complex sentence in Basque, then (all other things equal) a processing
asymmetry should obtain favoring SOV in this language as compared to all other word
orders in declarative sentences. This processing advantage should be detected in the
form of shorter reading times for SOV, and electrophysiological indexes of processing
complexity should not arise in SOV as compared to other word orders.

In Erdocia et al. (2009) we investigated this question, to determine whether these effects
obtained in the case of verb final sentences. The study compared the processing of SOV
versus OSV sentences like (2); it also explored a particular case of full syntactic
ambiguity that has not been explored before for any language such as the examples
below in (7). A set of experimental sentences was created that could be parsed either as
SOV or as OSV, and thus they provided the opportunity to determine what the parser
chose to do in the absence of any other information or cue. That is, it allowed
determining whether subjects showed a marked preference for one of the two
possibilities in the absence of any other cue that indicated how to parse the sequence; in
other words, it provided a unique window to see what the parser does morphology is
blind and linearized syntactic structure is the only cue available. The results showed that
SOV sentences had a clear processing advantage in reading times, in
electrophysiological measurements, and in ambiguity resolution, thus revealing that
linguistic accounts of Basque syntax regarding word order and syntactic complexity



reflected facts about neural computation, and also that the minimal hierarchical structure
of sentences in this language is detectable by both behavioral and ERP methods.

The first experiment we undertook measured how long it took to read a set of
experimental sentences to a group of 23 native speakers. The sentences were presented
word by word (each of the words presented was also a phrase, since Basque is an
agglutinative language) in a computer screen. Participants pressed the bar once they had
read the phrase and the next phrase appeared until completing the sentence'. The lexical
elements used in the experimental sentences were controlled for length and frequency.
Each participant was presented with 16 SOV and 16 OSV sentences that were never
repeated, and mixed with the experimental sentences they also read 32 unrelated
sentences that were matched in the number of words/phrases in order to distract them
from the experimental condition. The experimental sentences were like those shown in

(2):

(2)  a.emakume-a-k gizon-a ikusi du SOV condition
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 read a yes/no comprehension question on
the screen, to assure attention to the experimental task, and also to provide indication of
sentence-comprehension. For instance, for the sentences in (2), the question would be
“is it true that a woman has seen a man?”. We took these responses into consideration,
and also measured how much time it took them to provide an answer. The results from
this first experiment are shown in (3):

! Details of the participants, materials and procedure in Erdocia et al. (2009). Here we only summarize the
most general aspects of the experimental conditions and focus on the discussion of the results.



(3) Results from Experiment 1: reading and understanding SOV versus OSV (from Erdocia et al., 2009)
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As shown in (3A), the total time participants required to read the sentences was
significantly longer for OSV sentences and shorter for SOV. (3B) shows that
participants took longer to read and answer comprehension questions related to OSV as
compared to SOV. (3C) shows that, even though the amount of errors in the
comprehension question was very low, it was significantly higher for OSV sentences.
All these measures indicate that processing an SOV sentence is significantly faster and
easier than processing OSV sentences for native speakers of Basque, even though all
sentences are equally grammatical. This result is convergent with the claim made in
Linguistics that OSV sentences are syntactically more complex than SOV sentences in
this language (De Rijk 2007; Hualde & Ortiz de Urbina 2003). Thus, the results from
our first experiment are consistent with the predominant view in Theoretical Linguistics
regarding word order in Basque, which states SOV as canonical, and all others,
including OSV, as structurally more complex (De Rijk, 1969; Ortiz de Urbina, 1989).

3. How are subjects processed in an ergative language?

The diagram in (3D) shows the reading times required for each phrase in the sentence in
each condition. As can be seen, phrases in the canonical condition took significantly
shorter that phrases in the derived condition. Except in one case: participants always
took longer to read the subject DP than they took to read the object DP. This result is
novel in processing studies and diverges sharply from what is usually obtained with the
same method (self-paced reading) in other languages such as Dutch (Kaan, 1997) and
Russian (Sekerina, 1997) where subjects are always processed faster than objects.
Hence, the result merits some discussion, because it is due to a characteristic
morphological property of Basque grammar: ergativity (Dixon, 1994). Unlike all
languages previously studied in processing research wither behaviourally or
electrophysiologically, Basque is not a nominative-accusative language, and it is
customarily described as falling in the ergative class (Levin 1983, De Rijk 2007).



In ergative grammars, intransitive subjects and objects belong in one morphological
class (known as absolutive) which is unmarked, and transitive subjects are marked and
belong in a separate morphological class (known as ergative). This is shown in (4),
where the transitive subject emakumeak “the woman” in (4a) is marked with ergative
case (-k), whereas the object gizona “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 subjects tend to be unmarked, in ergative
grammars the transitive subject carries more overt morphology that the object. This is
probably one of the factors at play in the longer reading times for subject DPs obtained
in this experiment. Another factor that must be kept in mind, related to ergativity, is
that, when participants encountered the object DP in the experimental sentence (2b)
they could interpret it either as an intransitive/unaccusative subject or as a sentence-
initial object. If Basque speakers employ a “subject-first” processing strategy (Frazier
and Fodor 1978; Bates, Friederici, & Juarez 1988; Bornkessel & Schlesewsky 2006), a
strategy that has been widely reported in all previous processing studies, then they
should interpret that initial object DP as an intransitive subject, which could also
contribute to explaining the faster reading times.

Another factor that might play a role in the peculiar reading times obtained for subject
and object DPs in this sentence processing experiment does not have to do with a
typological trait, but with a specific morphological ambiguity found in Basque. This
ambiguity involves the —ak ending on DPs, which we illustrate in (5). The ending is
homophonous to a singular transitive subject morphology and a plural object
morphology. In each of the cases, the morphological structure of the DP is different,
though the words look alike. Plurality in Basque is marked solely in the Determiner,
which can be singular -, as shown in (5a), or plural —ak, as shown in (5b)*. Determiner
Phrases must be marked with ergative case when they are transitive subjects, and the
form of the ergative case marker is —k. A shown in (5c), the result of adding ergative
case to a singular DP yields the sequence —ak, which is homophonous to the plural
determiner in (5b). For completeness, (5d) shows the resulting form of merging the
plural determiner —ak with the ergative marker —k, which is the ending —ek,
unambiguously denoting a plural ergative NP.

2 We leave aside other elements pertaining to the Determiner category, such as demonstratives, which are
not relevant to this discussion. The Determiner —a, -ak is not always translationally equivalent to English
the. For further details on the determiner system and the structure of the DP in Basque see Artiagoitia
(20006).



(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-Dy woman-Dyterg
(13 2 (13 : 2
the women the women (ergative case)

Hence, upon encountering as input something like emakumeak, two possible
interpretations are compatible with Basque grammar: interpreting it as a singular
ergative meaning “the woman”, or interpreting it as a plural absolutive meaning “the
women”. If we now turn to the examples of experimental sentences shown in (2), we
see that when participants encountered the sentence initial subject DP in (2a), they could
in principle process it in three different ways:

(1) as a transitive singular subject,
(1) as an intransitive plural subject,
(ii1) as a sentence initial plural object.

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

(1) a transitive singular subject of the main clause,
(i1) an intransitive plural subject of an embedded sentence,
(i11) a plural object of an embedded clause.

At this point, we cannot yet determine which one of these factors, and to what degree,
are behind the longer reading times obtained for subjects in transitive sentences in
Basque. But as we will see, this divergent and novel pattern in subject/object processing
costs will remain constant across different experimental conditions.

4. Further investigating linearization and subject preference.

Given these initial results, we designed a second experiment in order to (a) see whether
the advantage for SOV sentences would also be maintained for sentences were both DPs
were plural, (b) explore what the processing preferences of participants would be when
confronted with sentences that could be equally parsed as either SOV or as OSV. In
order to do this, we created transitive sentences like those shown in (6):

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

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



Note that, unlike the initial DP in (6a), the initial DP in the OSV sentence in (6b) is
temporally ambiguous due to the morphological ambiguity of the -ak ending. That is,
whereas the initial DP in (6a) can only be interpreted as a plural ergative subject, the
initial DP in (6b) can be either a singular ergative subject or a plural object. However,
upon reading the second DP, which is a plural ergative, the only possible interpretation
for the first DP of (6b) is plural object, and for the second DP plural subject of the
transitive sentence. Such a temporal ambiguity does not arise in (6a).

Mixed with those plural sentences, participants also encountered sentences like (7) that
are syntactically ambiguous and can be interpreted either as SOV or as OVS sentences:

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

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

Given the morphological form of these sentences, the ambiguity is complete until the
end, nothing disambiguates the roles of the DPs of the sentence. If participants reveal a
processing preference for one syntactic structure over the other, this can only be
attributed to a choice guided by the participants’ internal grammar, since there is no
other source for disambiguation. In this second experiment, 23 native Basque speaker
undergraduate students from the University of the Basque Country took part. Each
participant read 16 sentences for each condition (plural SOV (6a), plural OSV (6b) and
fully ambiguous sentences (7)), up to a total of 48 sentences, mixed with 48 filler
unrelated sentences. The procedure of this second experiment was the same as the first
one. The results are shown in (8):



(8) Results from Experiment 2: reading and understanding plural SOV, plural OSV and Ambiguous
sentences (from Erdocia et al 2009).
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Let us consider the reading times for the sentences, shown in (8A): participants took the
same time to read the SOV sentences as they took to read the fully ambiguous ones.
This indicates that they were not treating the ambiguous sentences any different from
the unambiguously SOV ones, that is, the bias towards processing fully ambiguous
sentences resorting to the simplest syntactic computation, namely SOV is so strong that
they were not even aware of the ambiguity. In contrast to this, the OSV sentences took
considerably longer to read, indicating an increase in processing difficulty.

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

Consider now the times employed to read each constituent in experiment 2, and in
particular let us consider the relative reading times of the initial DPs of the sentences
(see 8C). The SOV condition, depicted with the solid line, is the one where participants
initially encountered an unambiguous plural ergative/subject DP like emakumeek “the
women”. Interestingly, despite it being unambiguously a subject, it takes longer to read
than the other two cases, where the first DP encountered had the form emakumeak,
which is ambiguous between a singular ergative (subject) “the woman” or a plural
absolutive (intransitive subject or object) “the women”. Even in the face of this
ambiguity, participants are faster processing this DP than they are processing the plural
transitive subject. Given the strictly incremental nature of language processing, this
indicates that speakers are not initially aware of the ambiguity and make a rapid choice
between the two possibilities.



On the other hand, the phrase-by-phrase reading times for the SOV sentences and the
ambiguous ones is practically identical, strongly suggesting that participants are not
aware of the ambiguity while reading the sentences, a result that converges with the
total reading times of SOV and ambiguous sentences. That is, both types of sentences,
ambiguous and unambiguous, are processed as if they were the same.

This in turn means that the initial DP in the ambiguous condition is interpreted as a
singular ergative out of the two possible choices, and therefore, it also means that
speakers are not entertaining the possibility that the ambiguous DP is a plural
absolutive. However, an absolutive form is a viable subject in an ergative language like
Basque. In fact, the simplest, syntactically most economical subject in an ergative
language is the absolutive, for this is the morphological form associated to unaccusative
predicates, that is, to truly monoargumental predicates. It therefore appears that subject
preference in Basque is biased towards an agent preference, which is the ergative (Laka
2006) rather than being biased to the syntactically most economical subject, which is
the absolutive/theme subject of unaccusatives (Levin 1983).

6. Electrophysiological correlates of linearization and subject preferences.

In a third experiment, Erdocia et al. (2009) sought to obtain electrophysiological
evidence of the effects observed in the self paced reading experiments 1 and 2. We
studied data from 24 native speakers of Basque that took part in the experiment. The
experimental materials consisted of two groups of sentences. 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-Der, i sheep-Dy; eaten have sheep-D-erg wolf-D-erg eaten has
“The wolves have eaten the sheep” “The wolf has eaten the sheep”

This experimental condition was aimed at determining whether the comparison between
the initial DPs of these sentences, generated any electrophysiological response of the
type that has been previously observed in German by Matzke et al. (2002), and Rosler et
al. (1998) or not, as reported for Japanese by Hagiwara et al. (2007). That is, we wanted
to find out whether comparing the electrophysiological correlates elicited at the
processing time of those sentence-initial arguments, the Object of non-canonical OSV
sentences, versus the Subject of canonical SOV sentences (examples 9b and 9a
respectively) revealed signs of processing complexity for the initial DP in (9b), of the
type that has been reported in the literature for syntactically displaced constituents.

The second group of experimental sentences consisted of syntactically ambiguous
sentences where the DPs were marked with —ak, formally similar to (7), but in this
occasion, both readings of the sentences were not compatible with the speaker’s world
knowledge. Examples of these sentences are provided in (10):



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

wolf-D-erg sheep-Dy,; eaten has wolf- Dy sheep-D-erg eaten has
“the wolf has eaten the sheep” “the sheep has eaten the wolves”
b. ardi-ak otso-a-k jan ditu d. ardi-a-k otso-ak jan ditu
sheep-Dy wolf-D-erg eaten has sheep-D-erg wolf- D, eaten has
“the wolf has eaten the sheep” “the sheep has eaten the wolves”

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

Thus, using sentences like (9a,b) and (10a,b) we generated 240 different sentences in
order to conduct an ERP experiment. Twenty-four native speakers of Basque gave
informed consent to participate in the ERP experiment. None of the participants had
previous neurological history and all had normal or corrected-to-normal vision. The
participants were all right handed according to the Edinburg Handedness inventory
(Oldfield, 1971). All participants read 60 sentences of each experimental condition (9a,b
and 10a,b). Sentences were presented word by word in the middle of a computer screen.
Each word lasted 250 milliseconds on the screen and the interval between words was
250 milliseconds. Participants had to keep their eyes open until the end of each
sentences, then they had 3000 milliseconds for eye blinking. After that, following a
fixation point which remained for 1500 milliseconds, next sentence began. Every eight
sentences participants had to provide an answer to a simple question related to one of
the previous eight sentences. This task was used in order ensure participants were
paying attention to the sentences. Each ERP recording session lasted about 45—50 min;
participants were told that the main purpose of the experiment was to read carefully the
sentences presented and to answer correctly the questions related to the sentences.

ERPs were recorded from 29 positions in the scalp using tin electrodes mounted in an
electrocap. EEG data was rereferenced off-line to the mean of the activity at the two
mastoid processes. Vertical and horizontal eye movements were monitored with an
electrode at the infraorbital ridge and another electrode at the outer canthus of the right
eye. Electrode impedances were kept below 5 kQ. The electrophysiological signals were
filtered and digitized. Trials with base-to-peak electro-oculogram (EOG) amplitude of
more than 50 pV, amplifier saturation, or a baseline shift exceeding 200 uV/s were
automatically rejected off-line. Percentage of artifact rejection was 6.7%. Stimulus-
locked ERPs were averaged for epochs of 1024 ms starting 100 ms prior to the stimulus.
First, two omnibus repeated measures ANOVAs were conducted for the initial
evaluation of the stimulus-locked ERP activity in two locations. In order to decompose
the interactions encountered in the omnibus analysis and to have a finer-grained



analysis, further pairwise ANOVAs were conducted. For all statistical effects involving
two or more degrees of freedom in the numerator, the Hynh—Feldt epsilon was used to
correct for possible violations of the sphericity assumption (for more details about EEG
recording and data analysis, see Erdocia et al., 2009).

Responses to the questions asked showed that participants performed the experiment
very well. The comprehension task showed a mean percentage of correct responses of
91%. The main ERP results confirmed the evidences obtained in the previous
behavioral experiments with regard to the higher processing cost derived from the
higher syntactic complexity of non-canonical Object-first sentences (Experiment 1), and
with regard to the existence of a default preference for an SOV linear order of
constituents in the sentence observed in Basque, which is also applied in the case of
fully ambiguous sentences (Experiment 2). Regarding the initial position in the
unambiguous sentences (SOV vs. OSV), the ERPs showed an increased negativity at
object position. Similar negative result was found at sentence second position for the
subject of OSV when comparing with the object of SOV. Finally, when comparing
unambiguous sentences at verb position, a clear P600 component was observed:

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

First DP Position Second DP Position Verb Position

ta )

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

As in the case of object-first sentences in German (Felser et al., 2003; Matzke et al.,
2002; Rosler et al., 1998), we can conclude that syntactically fronted/displaced
constituents generate electrophysiological differences because the structure of the
sentences with displaced constituents is more complex and requires further processing
operations.

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



Our electrophysiological results provide evidence from neuroimaging measures
supporting that even languages displaying free word order have an underlying canonical
order, corresponding to the least complex sentence-structure.

7. Subject preference vanishes in verb medial, non-canonical sentences

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

(12) a. emakume-a-k ikusi du gizon-a b. emakume-ek ikusi dituzte gizon-ak
woman-D-erg. seen has man-D woman-De, 1. seen have man-Dy,;
‘the woman has seen the man’ ‘the women have seen the men’
c. gizon-a ikusi du emakume-a-k d. gizon-ak ikusi dituzte emakume-ek
man-D seen has woman-D-erg. man-Dy,. seen has woman-Dy ero.
‘the woman has seen the man ’ ‘the women have seen the men’

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

(13) a. emakume-a-k ikusi ditu gizon-ak b. emakume-ak ikusi ditu gizon-a-k
woman-D-erg. seen has man-Dy,; woman-Dp, seen has man-D-erg.
‘the woman has seen the man’ ‘the man has seen the woman’

Recall that DP constituents carrying the morpheme -ak are ambiguous. Therefore,
sentences (12a,d) and (13) are ambiguous at first DP constituent position. Sentences
(12a) and (12d) are disambiguated when the inflected auxiliary is reached. In the case of
(12a) the sentence unfolds as SVO and in the case of (12d) the resulting structure is
OVS. Only sentences like (13) are fully ambiguous because both constituents carry the -
ak ending (see also examples in 5).

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

The results from twenty four native speakers of Basque who participated in the
experiment are shown in (14):



(14) Results from Experiment 4: Reading and understanding verb-medial sentences in Basque (from
Erdocia et al., in press).
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Comparing the plural and the ambiguous conditions, a significant difference was
observed at auxiliary position in (14C). That difference could be due to fact that
ambiguous auxiliary was shorter in length or less complex morphologically (d-it-u
“3"person/object-plural-root™) than plural auxiliary (d-it-u-zte “3™person/object-plural-
root-plural/3rdperson/subject”). Whatever the factors responsible for the differences

between auxiliaries, syntactic structure is not one of them.

The results revealed that verb-medial SVO and OVS sentences do not display a
processing asymmetry. As it is shown in (14A), the only significant differences
obtained in the comparison between singular and plural conditions. Those differences
were arguably due to conceptual and/or morphological complexity, but clearly not to
syntactic structure. Considering the word by word reading times of singular conditions
shown in (14B), we replicated the previous finding of experiment 1 where absolutive
constituents were read faster than ergative constituents. However, the rest of the
sentence was processed equally in both SVO and OVS conditions.

These results converge with claims made in Basque Linguistics that all word orders
other than SOV are derived via syntactic displacement. However, studies of word order
processing in German, another SOV language, report an advantage of Subject initial
(SVO) versus Object initial (OVS) orders. In German, where canonical order is SOV,
and V2 applies in main sentences, Bader and Meng (1999) showed that participants
entered a garden-path in OSV temporally ambiguous structures and favored the SOV




interpretation. Using ERPs, Rosler et al. (1998) showed that sentences whose word
order deviates from the SOV canonical structure were more difficult to process (see also
Bornkessel et al., 2002, Schlesewsky et al., 2003 among others). In verb medial
sentences, ERPs differentiated between SVO and OVS structures in German (Matzke et
al., 2002). In Basque, behavioral and ERP measurements differ significantly for
canonical SOV and derived OSV word orders (Erdocia et al., 2009): reading times
showed longer reading times and syntactic reanalysis effects for OSV structures (see
also Fig. 10.2), and ERPs showed negativities in both DPs and P600 at verb position
suggesting that derived OSV word order required further computational resources
(Erdocia et al., 2009; Fig. 10.3 in this chapter). Thus, while German and Basque reveal
a similar processing advantage for SOV versus OSV, an advantage that has also been
reported for Japanese, also SOV”, processing of verb-medial word orders yields
diverging results: in German, a Subject-initial advantage has been reported, whereas in
Basque both Subject-initial and Object-initial orders reveal equivalent measures of
processing complexity. Arguably, this difference might be due to the fact that German is
a V2 language, whereas Basque is not. In V2 languages, main sentences have the
inflected auxiliary or verb always in second position in the sentence, and the most
frequent constituent preceding the inflected verb is the Subject; this entails that SVO is
in fact a rather frequent word order for a V2, main sentence in German, whereas this is
not the case for Basque. This explanation is consistent with the results from German,
showing a preference of SOV versus OSV, and then a preference for SVO versus OVS,
whereas Basque displays a preference for SOV versus OSV, but no preference in the
case of SVO and OVS.

We did not find any signs of a processing advantage for the Subject initial order (SVO)
as compared to the Object initial order (OVS). The experiment 4 suggests that both
derived word orders required similar computational resources, with no advantage for the
subject-first sequences. On the other hand, our data did not indicate any ambiguity
resolution process reading temporally ambiguous sentences and fully ambiguous chains.

8. Concluding discussion.

In this paper we have discussed the consequences of some recent findings from ERP
studies on sentence processing in Basque. One central issue we have addressed is the
relationship between syntactic complexity and processing complexity, in particular
whether there is evidence for a processing mechanism that favours a choice for the word
order corresponding to the least complex syntactic structure in a heavily inflected and
free word order language. Another central issue is to determine whether there is
evidence for the the so-called “subject-preference” processing strategy in an ergative
language like Basque, where the class of subjects is not identified in morphology like it
1s in nominative languages.

It is well established by now that some aspects of processing complexity do not derive
from syntactic complexity, such as the contrast between nested and non nested
structures, for instance. However, syntactic complexity has a significant impact in

3 In Japanese whose structure is always verb-final some found differences between SOV and OSV
structures (Miyamoto & Takahashi, 2002; Mazuka et al., 2002; Wolff, Schlesewsky, Hirotani, Bornkessel-
Schlesewsky 2008), but some others did not find any difference (Yamashita 1997; Tamaoka et al., 2003;
Hagiwara et al., 2007).



processing, and hence diverging processing effects obtain depending on the syntactic
representation processed. This was found to be true also in Basque, as shown by the
increasing processing costs ensued by various linear orders of syntactic constituents in
sentences that departed from canonical SOV order. That is, favoring the processing
route towards minimal syntactic structure, we find that canonical, basic word order is
processed faster and with greater ease, presumably because it involves the simplest
neural computation. Therefore, even in highly inflected, free-word order languages like
Basque, where other processing cues could be thought to take precedence over syntactic
structure, experimental evidence indicates that (a) the canonical constituent linear order
of the sentence that results from minimal syntactic computation is the easiest and
preferred choice for the parser, and (b) processing relies strongly on syntactic structure
in sentence comprehension even when other cues such as case and verbal inflection are
available. Given similar finding