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Abstract we compared the processing of verb-medial sentaéncBasque. Syntactic
analysis claims that all word orders other than S& derived in this language; therefore,
verb medial sentences are expected to show sigegntdictic displacement and be equally
complex to process. A self-paced reading task nmmedsprocessing time for each
constituent of the sentences in order to analyeeptiocessing of verb-medial SVO and
OVS structures. Sentences with verb-medial wordeisrddid not show any significant
reading time difference. This result suggests imh SVO and OVS sentences are indeed
syntactically derived from the canonical SOV worder, shown in previous work to be
easiest computationally.

10.1. INTRODUCTION

One important question in the history of Linguistis whether language variation
is unbounded, or whether there are universal piesithat constrain the space for
variation (Robins 1967). Joseph Greenbekdrsversals of Languagél963) and
Chomsky’s Syntactic Structure¢1957) constitute landmarks that changed the
focus and framework for discussion. Greenberg’s kwshowed there are
significant generalizations emerging from variogpexcts of linguistic variation.
Chomsky’s approach successfully argued that théafdaguistics is to find “the
fundamental underlying properties of successfuirgnars. The ultimate outcome
of these investigations should be a theory of listiu structure in which the
descriptive devices utilized in particular grammane presented and studied
abstractly, with no specific reference to particdenguages.” (Chomsky 1957:
11). Since then, it is established that variaticnoss languages is limited to a
rather narrow range, and human languages are agghfollowing the same basic
patterns and mechanisms. Greenberg was the fouofdenodern linguistic
typology; the results of his surveys showed thanynéanguage features are
related, and discarded the idea of limitless vimatsome decades later, in the



eighties, thePrinciples and Parametersnodel articulated by Chomsky (1981)
claimed that those patterns of variation can bdveddrfrom a finite set of

linguistic parameters. Languages can thus be fikbsby these structural

features, oparametersinto a few language types (Baker 2001).

Here, we focus on the implications that arise freaniations in the relative
basic order of the S(ubject), O(bject), and V(drba sentence. What Greenberg
found in his language-survey is that apparentlelated syntactic properties are
strongly correlated: if a language has SOV as atsoaical constituent order in
declarative sentences, then this language will tendave postpositions, relative
clauses will appear before nouns, adverbs beforbsver adjectives, and main
verbs before auxiliary verbs. Following Greenbergisplicational universals,
Basque language has been argued to be of the S@/ (de Rijk, 1969). In
Basque, declarative sentences that initiate a diseq(that is, sentences where all
information is new) display SOV order. Followingetlgreenbergian correlations,
Basque has postpositions (example 1), in declarat@ntences adverbs appear to
the left of verbs and adjectives (examples 3 andaddl auxiliary verbs appear
following the main verb (example 5).

(1) gizon-A-REKIN
man-det-with
‘WITH THE man’

(2) [gizon-a ikusi dUEN] emakume-a
man-det seen has-REL woman-det
“the woman that saw the man”

(3) Mikel BERANDU etorri da
Mikel LATE arrived is
‘Mikel arrived LATE’

(4) Zu-re auto-a OSO polita da
You-GEN car-det VERY beautiful is
‘Your car is VERY beautiful’

(5) Mikel-ek Ana ikusi DU
Mikel-ERG Ana seen HAS
‘Mikel HAS seen Ana’

10.1.1. Word Order

Basque is a free word order language. Constitueats appear in almost any
order. In example (6) which is adapted from Orte drbina (2003: 448), all
sentences generated combining the constituentd arders (in square brackets)
are grammatical:

(6) a. PP-S-10-0-V



brAfaldu ondoren] {yg Mikel-ek] [,ocAna-ri] [opgerriko berria] {..aux0paritu dio]

[diner after] [MikeErRG]  [Ana-DAT] [belt new-det] [given aux]
After dinner, Mikel has given the new belt to Ana
b. O-PP-IO-S-V

[osfGerriko berria] frafaldu ondoren],fAnari] [susMikelek] [v+aux Oparitu dio]
c. S-O-PP-V-IO

[susMikelek] [osgerriko berria] peafaldu ondoren]\J.aux Oparitu dio] [oAnari]
d. 10-V-O-PP-S

[oAnari] [v+auxOparitu dio] pggerriko berria] frafaldu ondoren]d, s Mikelek]
e. ..

Based on this constituent-order freedom in theese®, some linguists (Rebuschi
1987) have argued that sentence structure in Basdlatd and has no hierarchical
arrangement (that is, it is non-configurationalhwéver, most authors agree that
sentence structure is hierarchical in this langu@®e Rijk 1969, 2007; Ortiz de
Urbina, 1989; Laka, 1990; Artiagoitia, 1995; Ferden, 1998; Elordieta 2001,
among many others). In particular, evidence framguistic theory shows that the
Subject constituent is higher than the Object dtuesit. In other words, there is
widespread agreement among linguists that (6d)eisunderived word order of a
sentence, and that other word-orders are derivenh fthis one via syntactic
movement/displacement of constituents.

10.1.2. Syntactic complexity

According to syntactic studies of Basque grammar Rijk 1969, Ortiz de Urbina
1989, Laka 1990, Artiagoitia 1995, Fernandez 198Ryrdieta 2001, among
others), SOV sentences reflect the canonical waddrpand all other word orders
(OSV, SVO and OVS) are syntactically derived. Asegnrthis to be the correct
analysis of Basque sentence grammar, we hypothiethiaé SOV would be easiest
to process, and all other word orders (OSV, SVO ands) would show a
processing cost due to the extra syntactic opematiovolved.

As shown in the (somewhat simplified) syntacticresgntation in Figure 10.1,
the syntactic structure of the OSV word order cardbrived from the canonical
SOV by means of displacing the object over theetbj



A. vP B XP
DP v T > DP vP
DP \% DP VP
Emakumeak gizona ikusi du DP v
‘the woman has seen the man’ ‘
|
Gizona; emakumeak t; ikusi du

‘the woman has seen the man’

Fig. 10.1: In these syntactic representations terepresents the transitive sentence where
the Determiner Phrases (DP) are the subject andathiect of the verb (V). A: Syntactic
structure of the canonical SOV word order in Basqliee object (gizona ‘man’) is
generated in the Verb Phrase (VP), preceding tiie (). B: Starting from the basic SOV
order, OSV is generated displacing the object alibeesubject to the specifier position of
a higher projection (XP).

Recently obtained psycholinguistic and neurolintitiisvidence supports the
linguists’ claim that Basque language’s SOV wordesris syntactically simpler
than OSV word order (Erdocia et al., 2009): readinges showed that canonical
SOV is processed faster than OSV word order bywaaipeakers of this language.
In the OSV condition, reading the Subject after tBéject required extra
processing effort comparing with reading the Subjeefore the Object in the
SOV condition. The derived OSV word order triggemahtactic reanalysis in

second DI13 position probably due to the fact that particigaptocessed the first
DP as the Subject of an intransitive sentenceKpel0.2).

! Throughout the paper, we will use the label DPt¢brainer Phrase), which is
more accurate than NP (Noun Phrase) for the syatattel of the Subject and
Object constituents involved.
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Fig. 10.2: Word-by-word mean reading times of canonical SOW derived OSV word
orders. The y-axis features reaction times in g@lfonds; in x-axis the different
constituents of each sentence are depicted (DP terbener Phrase; Vb = Verb; Aux =
Auxiliary verb) (adapted from Erdocia et al., 2009)

In addition to reading times, ERPs provided evidenfavoring the
interpretation that OSV is syntactically derived3\Dsentences showed increasing
negativities in both Subject and Object DP posgi@fig. 10.3). These negativities
at DP positions suggested that Subjects and Obijemts processed differently. A
P600 effect was observed in the Verb position wbempared to the canonical
SOV word order; this P600 effect reflects the higlwcessing cost of the derived
OSV word order.

First DP Position Second DP Position Verb Position

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

Fig. 10.3: ERP comparison of SOV and OSV word orders in Badqufirst and second
DP positions, the negativities indicated that Satgeand Objects were differently
processed. At verb position, the late P600 effeptasents the higher processing cost of
derived words orders (adapted from Erdocia et 2009).



Here we report results obtained from experimenssgied to investigate how
verb-medial sentences (SVO/OVS) are processed tiyenspeakers of Basque.
Verb-medial word orders are taken to be derivedhfizanonical SOV structures
(Etxepare and Ortiz de Urbina 2003). The syntaaresentations below (Fig.
10.4) illustrate schematically how the verb-meditiuctures are derived from
SOV structure.

A. XP B. XP
b DP < e > Dp Xp
»»»»»»» >V vP »V vP
DP /VP\ DP }P\

DP A% DP A%
| H :
Emakumeak; ikusi du; t; gizona t Gizona; ikusi du; emakumeak t; tj

‘the woman has seen the man’ ‘the woman has seen the man’

Fig. 10.4: A: Syntactic representation of the derived SVOdworder in Basque. The
subject (emakumeak ‘woman’) and the verb (ikusihéis ‘'seen’) are displaced above the
object. B: The OVS is derived displacing the obgext verb above the subject.

10.1.3. Pro-Drop and Ergativity in Basque

Basque has a pluripersonal verb-agreement system,cansequence of which it
is a three-way pro-drop language (Ortiz de Urbif89 Laka 1993, 1996); this
means that subjects, objects and datives can beofggically unrealized:

(7) a. Praus; praoc  praos; eman  d-i-zu-t
() (you) (it) given it-root-you-me
‘I have given it to yGu
b. prasue; prapg; ikusi  na-u-zu

(you) (me) seen me-root-you
‘you have seen e

Basque is also an ergative language (Levin 198%al2006): subjects of
intransitive clauses and objects of transitive sémuare morphologically identical,
and bear no case ending (8a, b), while subjectdrarisitive clauses are
morphologically marked by an ergative case mar&ey: (



(8) a.Gizon-a etorri da (subject of intransitive sentence)
man-det arrived is
‘The man arrived
b. Emakume-a-k gizon-a ikusi du (object of transitive sentence)
woman-detRG man-det seen has

‘The woman has seen the rhan

c.Gizon-a-k emakume-a ikusi du (subject of transitive sergg¢nc
man-deERG woman-det seen has
‘The man saw the woman’

Given this combination of grammatical featureshé DP constituergizon-a“the
man” is encountered at the beginning of an utteatite following possibilities
arise:

(i) itisthe Subject of an SV intransitive serderike (8a);

(ii) itis the Object of an OSV sentence like (8b)

(i) itis the Object of an OV transitive sentemwhere S has been omitted as
in (7a,b).

10.1.4. Ambiguities

We also investigated how syntactically ambiguougusaces are processed.
Basque has a morphologically ambiguous form shaw{®), where both subject
and object constituents present the same endikg

9) Emakumea-k gizonak ikusi d-it-u
woman-de§-ERG man-dej; seen pFhas-3;4
"The woman has seen the men’

In (9), the singular transitive subject of the s@ice emakumeakthe woman
(erg)” carries two morphemes: the singular deteemmorpheme-a we have seen
in previous examples (8a, b), followed by the dwgatcase markerk also
illustrated before (8c). The plural object of tlemtencegizonak“‘the men” carries
only one morpheme, the plural determineak which happens to be
homophonous with the subject’'s morphological seqaeMoreover, given that in
Basque objects can appear at the beginning ofdehgeisce, it turns out that the
sentence in (9), if prosodic information is notded and it is only presented
visually, could also be interpreted as an OSV seadike (10):

(20) Emakumeak gizona-k ikusi  d-it-u
woman- det man- defyERG seen  Fhas-3
“the man has seen the women’



By measuring the reading times of fully ambiguousrbv final declarative
sentences (e.g., sentences like 9 and 10) we Hawensin a previous study
(Erdocia et al., 2009) that they are straightfodisaprocessed as SOV canonical
sentences by native speakers. We interpret thes#tgeas showing that the first
DP constituent is processed as a singular ergatigect (NPa-k), and hence the
second DP constituent is processed as plural ofidetak). Hence, verb final
word orders seem to reveal a strasubject firstprocessing strategy in Basque
(Bates et al., 1988, see also Kretzschmar et dlLamers in this volume).
Furthermore, as shown in (11), a sentence can bégaous with respect to its
initial constituent, and be morphosyntactically agiibiguated by a subsequent
constituent. That is, we can start a sentence mgitkie first DP constituent with
the ambiguous-ak ending, so that temporarily it could either be emgative
singular Subject or a plural Object, but if the @®t constituent is
morphologically unambiguous, the structure is ingyadisambiguated.

(12) Emakumeak  gizonek ikusi d-it-uzte
woman- dgf  man-de§-ERG seen 3-pl-hass;3
“the men saw the women’

Example (11) starts ambiguously (the first constitucould be the Subject or the
Object of the sentence) but it is disambiguatethatsecond constituent position
by means of the unambiguougk plural ergative subject marker. This plural
ergative—ekending results from the merging of the plural detaer—ak and the
ergative case markerk via morphophonological processes of epenthesis and
deletion that we do not detail here (see de RijR70Thus, once the second
constituent is processed, the first constituenukhaecessarily be interpreted as
the Object of the sentence. In our previous stugyshowed that these temporally
ambiguous sequences (e.g., sentence type 11) samlniguated syntactically at
the second constituent position (Erdocia et al920Comparing the canonical
SOV sentences and these temporarily ambiguous GfWterces, the reading
times increased significantly at sentence seconsitipo of the temporally
ambiguous sentences (Fig. 10.5).
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Fig. 10.5: Syntactic Disambiguation effect at second DP pwsivbf OSV derived sentences
(adapted from Erdocia et al., 2009).

Thus, the result of temporally ambiguous sentescggests that participants
initially processed the first ambiguous constituastthe subject of the sentence,
but upon finding the unambiguous plural subjedaitence second position, they
were forced to reanalyze their initial processiygdthesis, changing treubject-
before-objectinterpretation to the derivesbject-before-subjednterpretation. In
an ERP experiment, (Erdocia et al., 2009, exp. 8)ao observed a specific
modulation of a negative frontal-posterior compdregrithe disambiguation point
of temporally ambiguous sentences which were disgualbed by means of the
world knowledge at the verb constituent. The frbptasterior negativity spread
from 500 until 1000 ms after the disambiguationnpoiWe interpreted this
modulation as an index related to working memorgt€dnduced by syntactic
reinterpretation analysis (changing the default Sérpretation to OSV in
ambiguous sentences).

In the present study we took advantage of thesplmatogically ambiguous
ak markers to explore the syntactic disambiguatiofecefin verb medial
structures: SVO and OVS. Furthermore, we explorédther these syntactically
derived (non-canonical) structures are equallyifferéntly processed in terms of
reading times.
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10.2. COMPARING DERIVED SVO AND OVSWORD
ORDERS

The aim of the present study was to measure theadym complexity and the
ambiguity resolution processes that word orderatiam generates. By usirsglf-
paced reading(Just et al. 1982) and eomprehension taskwe studied the
processing of sentences with SVO and OVS word sriteBasque, in order to
measure differences between gbject-before-objecand object-before-subject
effects.

10.2.1. Material

The experimental material consisted of 100 sentelike (12a). Starting from this
type of sentence, we generated the rest of conditity means of changing the
order and the number of constituents. Thus we H&@ sentences of singular
SOV structure (12a), 100 sentences of singular @82b), 100 sentences of
ambiguous structure (12c¢), 100 sentences of pl8@YV structure (12d), and
finally 100 sentences of plural OSV (12e). Altogatthere were 500 stimuli.

(12) a. Gizon-a-k ikusi  du emakume-a s;[gV-Osing]

Man-defyERG see has woman-dgt
‘The man has seen the woman’

b. Emakume-a ikusi  du gizon-a-k  g[-V-Ssing]
Woman-de},  see has man-dgERG
‘The man has seen the woman’

C. Gizon-ak ikusi  ditu emakume-ak[AMB-V-AMB]
manAMB see has WOmaaviB

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

d. Gizon-ek ikusi  dituzte emakume-ak p 8-Op]
men-dgj-ERG  see have  women-get
‘The men have seen the women’

e. Emakume-ak  ikusi  dituzte gizon-ek [Cp1-V-Sp(]
women-dej see have  men-geERG

‘The men have seen the women’

Recall that the constituents carrying the morphemkeare ambiguous. Therefore,
sentences (12a), (12c) and (12e) are ambiguousrsat cbnstituent position.

Sentences (12a) and (12e) are disambiguated dtaayposition. In the case of
(12a) the resulting structure is SVO and in theeazg(12¢€) the resulting structure
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is OVS. Only sentences like (12c) are fully ambigsitbecause both constituents

carry the-ak endingz.

Stimuli were divided in five lists. Sentences weaadomized (Latin-square),
and one version of each item was assigned to onkeofive lists. This method
allowed every participant to read only once eadfsige of a sentence. The five
lists were balanced across participants ensuriafy ttie material was correctly
rotated across conditions and participants. Thisexd that each version of each
sentence was read equally number of times acragsipants. The experimental
items were presented along with 16 practice tif2lsentences of each condition
and 6 fillers) to verify that participants undersio the instructions of the
experiment.

We created 100 filler sentences which were alssemed in the experiment.
Half of the fillers were intransitive sentenceshnihe absolutive subject realized
(see example 13). The remaining 50 fillers wereadgitive sentences where the
ergative subject was dropped. The absolutive disb@tct and the dative indirect
object were realized in the sentence and they dani¢he position they occupied
in the sentences (see examples 14a and 14b)

(13) Mutiko-a aizto-a-z ebaki da
Boy-detg knife-detgwith cut is
‘The boy has cut himself with the knife’
(14) a.pro etorkin-a-ri hil d-i-o-te ume-a
(theyerG) immigrant-defyDAT  kill  3sghave-3,-3,  child-detg
‘They have killed the immigrant’s child’
b.pro idazle-a aurkeztu d-i-o-te itzultzaile-a-ri
(theyERG) writer-dety introduce 3yhave-3,-3, translator-det-DAT
‘They have introduced the writer to the translator’

The same fillers were used in the five lists. Likehe experimental conditions,
fillers were four words long.

10.2.2. Method

The experimental data were obtained by presenting materials to the
participants using Self Paced Reading Moving Winddwst et al. 1982) and
performing the Comprehension Task. We measuredrehding times of the
participants, which is the time required for regdemach word in every sentence.
Then we added the reading time of each word, ierotal obtain the reading time
of the whole sentence. We could determine whetherpiarticipants understood

2 Although conditions (12a), (12c) and (12e) stanbayuously we decided to label
only the constituents of the fully ambiguous coiadit(12¢) with theAMB gloss.
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the sentences correctly through the comprehenailg and we also measured the
reaction time of the comprehension task itself.

Different methods could be chosen for stimuli gergation using the self-
paced reading technique (Just et al. 1982; KenaedyMurray 1984). Due to the
agglutinative morphology of Basque language wedktito present the sentences
word by word. In this manner participants readwheds as they would normally
read them in a written text. The moving window t&igiue used here (Just et al.
1982) requires that sentences are presented wowdhy, and once a word has
been read it turned into a string of asterisks. Wparticipants finished reading
the sentence this way, a comprehension questiopaapg on the screen. In order
to answer the question of the comprehension taaiticpants had to press the
button corresponding to 1 and 2 in the keyboardtiddzants did not receive
feedback about their answers. The amount of tineeptirticipant spent reading
each word was recorded as the time between keggses

The comprehension task ensured that the partiiphad understood the
sentences they read. In the case of fully ambigeouslitions, the comprehension
task allowed us to know the preferred interpretatad the participants when
confronting fully ambiguous sentences. That is, chenprehension task showed
whether a participant interpreted an ambiguousncaaiSVO or as OVS. The task
consisted in a yes-or-no question after each seaterhe answer to half of the
guestions of each word order was “yes” and therdib# was “no”. Example (15)
would be the question corresponding to the tesh itd (12a); in this case the
answer would be positive:

(15) egi-a al da emakume bat-ek ikusi du-ela izomgbat?
true o] is woman one-erg seen has-comp man one
‘is it true that one woman has seen a man?’

For each variable (DP1, DP2, V, Aux, Total Readliges, Reaction Time and
Amount of Errors in the CT), an omnibus Anova as@ywas carried out,
introducing Condition as a general factor (5 lexeM/hen this effect was
significant, we computed pairwise comparisons betwthe different conditions.
We used Bonferroni correction in order to preveaisd positive results (for 10
pairwise comparisons in each variable, we only refiltose effects with a p <
0.005).

10.2.3. Participants

Twenty nine native speakers of Basque participatedthe experiment as
volunteers, all of them undergraduate students k& Faculty of Letters
(University of the Basque Country UPV/EHU) All paipants who made more

® The interrogative particlel is used in yes-no questions.
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than 7 mistakes out of 20 sentences of each condivere rejected from
statistical analysis. However, in the case of ambis sentences we included the
participants who made more than 7 mistakes foissital analysis since in any
case their answers could not be taken as incorfdictn all, we analyzed data
from 24 subjects (2 men and 22 worhanean age 20, SD + 3.21).

The participants filled a Basque-Spanish bilingumal questionnaire (adapted
from Weber-Fox and Neville 1996). The results @& ttuestionnaire showed that
participants use the Basque language more oftenSpanish More specifically
the results for Basque obtained 1.9 + 0.3 (SD)tsdma 1 to 7 point scale where
1 corresponded only to Basque use and 7 only Sparfibjects had to rate
themselves in comprehension, in reading, in spga&imd in writing. In a 4-point
scale where 4 was ‘very good’ and 1 was ‘bad’, ii@an values for the present
sample were 3.94 + 0.2 for Basque and 3.5 + 0.6Sfmainish. They were also
asked in which language they felt more comfortaisi@referred (in general); six
participants answered they felt equally comfortable both languages, one
preferred Spanish, and the rest of the participi@itsnore comfortable in Basque.
In sum, the present sample is very fluent in Basanet is the language which is
usually used in their environment.

10.2.4. Recording

Participants were instructed to read at a norn@hfortable pace and in a way
that would enable them to understand the senter@m#tences were presented
using a standard Personal Computer and runningEXiE6 (Pallier et al. 1997)

program. The computer recorded the time intervalesa word was first displayed

until the next press of the space bar. The choiogram recorded the reaction
times and the answers of the participants. Moreiipally the program recorded:

(i) the required time to read each word of the eaece, (ii) the required time to

read and answer the question of the comprehenasly aind (iii) whether the

answer to the question was correct or not.

4 In previous literature, no differences betweenesand females have been
found in language processing. Given this, we didpaaticularly seek to keep
equal numbers of males and females in the groups.

® One of the participants, who was from Hendaye¥entin the French side of the
Basque Country), filled the bilingualism questiordobr French-Basque.
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10.3. RESULTS

An omnibus ANOVA analysis was carried out involvitige factor Condition (5
levels, one per condition). The omnibus ANOVA as#&ywas carried out for each
variable and only when the main effect of Conditreached a significant value,
pairwise comparisons between conditions were coatput

10.3.1. Whole sentence processing and comprehension task

The omnibus ANOVA for the variabl&otal Reading Timedor the five
Conditionsshowed a significant effecE(4,92) = 16.6p < 0.001). The pairwise
comparisons split the conditions into two group& singular conditions and the
plural conditions (see Fig. 10.6A). The comparibetween Gne-V-Osine (3210
ms) and Qe V-Ssing (3163 ms) both singular conditions was not sigatfit
(t(23) = 0.6,p > 0.1). The pairwise comparison between both plooaditions
(Spi-V-Op. = 3643ms; @-V-Spp = 3669 ms) did not show any statistical
difference {(23) = -0.3,p < 0.7). On the other hand, the direct comparisiribe
singular conditions with the plural counterpartsreveery significant (§yc-V-
Osing VS. $1-V-Op. t(23) = '5.9,p < 0.001; Qne-V-Ssing VS. O -V-Spi t(23) = -
5.8,p < 0.001). Besides, the mean reading time for titlg &mbiguous condition
(AMB-V-AMB = 3661 ms) behaved like the plural sentes (§ncV-Osing VS.
AMB-V-AMB t(23) = -4.7,p < 0.001; Qne-V-Ssing VS. AMB-V-AMB t(23) = -
4.1, p< 0.001; $,-V-Op_ vs. AMB-V-AMB t(23) = 02,p < 0.8; Q-V-Sp, vs.
AMB-V-AMB t(23) =-0.1p<0.9).
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Global Reading Times and Comprehension
Task of Derived Word Orders
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Fig. 10.6: A: Mean reading times of the five verb-medialided conditions. B: Means of
the performance of the Comprehension Task. EEror rates (out of 20) of the
Comprehension Task of the five experimental comditio

The omnibus ANOVAS carried out for ti@mprehension Tagkeaction time
and amount of errors) showed main effectsCaindition in both cases (mean
reaction time comprehension tas§4,92) = 15.2p < 0.001; Amount of errors in
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the CTF(4,92) = 43.6p < 0.001). Fig. 10.6B depicts the mean reactioretim
the comprehension task for the different conditidifse questions about{e-V-
Osing condition were faster than any other experimetsaldition (Sine-V-Osing
vS. GsingV-Ssing 1(23) = -4.1,p < 0.001; §neV-Osing VS. S1-V-Op 1(23) = -
6.3,p < 0.001; ng-V-Osing VS. O 1-V-Spy t(23) = -6.7,p < 0.001; Sne-V-Osing
vs. AMB-V-AMB t(23) = -6.7,p < 0.001). Comparing §\c-V-Ssing t0 Op-V-
Sq. the difference was also significaif23) = -3.0,p < 0.007). The difference
between Qng-V-Ssing @and S -V- Op. was not significan(t(23) = -1.9,p >
0.07). Finally, comparing §\s-V-Ssing t0 the ambiguous condition (AMB-V-
AMB) the difference in reading and answering of doenprehension task did not
reach a significant level (considering the Bonfarroorrected p-valueft(23) = -
2.8,p > 0.009).

For the analysis of the amount of errors in the maihension task, SVO and
OVS conditions showed a statistical difference whbkae constituents of the
sentences were singulars(@;-V-Oging VS. O5ing-V-Ssing 1(23) = 3.1,p = 0.005).
Nevertheless, when the constituents were plurakether rate did not show any
significance ($.-V-Opp VS O -V-Sp 1(23) = 0.2,p > 0.8). The rest of pairwise
comparisons between SVO and OVS conditions weresigaificant. In the fully
ambiguous condition, recall that the error rate tbé comprehension task
corresponded to the SVO or OVS interpretation @& #&mbiguous chain. The
results of the comprehension task of fully ambiguoandition did not show any
preference for SVO nor OVS interpretation (AMB-V-AMV= 42.5%, see Fig.
10.6C).

Summarizing, we have seen that Basque speakersegsed sentences
containing singular constituents faster, but ndedénce was found between the
SVO and OVS word orders. On the other hand, thepcehension task showed
that ambiguous chains did not showed any preferdacering SVO or OVS
interpretation. In order to shed further light twe differences we observed across
these conditions, we carried out in the next sacievord by word comparison for
each constituent.

10.3.2. Word-by-word analysis

At sentence initial positionDP1), the omnibus ANOVA was significant
(F(4,92) = 6.2p = 0.001). Comparing word by word;gs-V-Osing and Qne-V-
Sqing conditions, the difference did not survive the f&wroni correction at the
first word position(t(23) = 2.4,p < 0.026), although a trend is observed that points
out that the singular absolutives; was processed faster than the ambiguously
marked g (see Fig. 10.7A). Notice that this difference hs® been reported in
previous studies (see Fig. 10.3, and Erdocia et2@09), which could be
considered a replication of the previous findinthaligh the marginal level of
significance. When comparing theg(@; with the first constituents of the other
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conditions the difference was significants( vs. $. t(23) = -4.0,p < 0.001;
6
Osing VS. O 1(23) = -3.7,p < 0.001; Qg VS. AMB t(23) = -2.8,p = 0.009).
At sentence second position (Mhe omnibus ANOVA did not show any
significance F(4,92) = 0.5,p < 0.7). Thus, no furthered pairwise comparisons
were carried out.

Word by Word Reading Times of the Derived Word Orders

A. Word by Word: singular conditions B. Word by Word: plural conditions

1500 1500

1300

ms)

< 1100

Reaction Timg

%0

700

500 500
oP v Aux oP oP v Aux P

Fig. 10.7: Word by word comparison of SVO and OVS. A: Meadinggtimes of every
words in singular conditions. B: Means of every wandplural and fully ambiguous
conditions.

At the auxiliary positionthe omnibus ANOVA showed a significant effect
(F(4,92) = 18.8p < 0.001). As Fig. 10.7 shows, the fastest auxili@as du’ in
Ssing-V-Osing (568 ms) and €neV-Ssing (578 ms), then the auxiliary of the
fully ambiguous conditionditu’ (635 ms), and finally the auxiliary with plural
agreement with subject and objedittzté in Sp; -V- Op_ (701 ms) and & -V-

S (708 ms). The pairwise comparisons revealed timtifferences between the
conditions with the same auxiliary were not sigrafit ($ne-V-Osing VS. Osine
V'SS|NG t(23) = 06,p > 05, $|_'V'Op|_ VS. (}’L'V'SPL t(23) = 03,p > 0,8)
However, the difference between singulaisSV-Osne and Qne-V-Ssing)
auxiliary and AMB auxiliary was significant( vs. ditu t(23) = -3.3,p < 0.003),
the difference between singular auxiliary and gl&,-V-Op. and Q.-V-Sp|)
auxiliary was significantdu vs. dituzte {23) = -5.5P < 0.001) and the difference
between AMB and plural conditions SV-Op. and @Q.-V-Sp) was also
significant @itu vs. dituzte {23) = -3.6,p < 0.002). It could be argued that these
differences between auxiliaries could be due tar tiéerences in letter length or
to their differences in morphological complexity.

Finally, at_sentence final position (DR2he omnibus ANOVA analysis was
significant (4,92) = 10.2,p < 0.001). The pairwise comparison revealed that
second DP of §ueV-Osne and Qune-V-Ssing conditions had similar mean
reading timest(23) = -0.4,p > 0.7), as well as for thesS-V- Op. and Q@ -V- Sp.

6 The comparison between theg, and the AMB did not survive the Bonferroni
correction procedure.



18

conditions {(23) = 0.1,p > 0.95). Fully ambiguous condition and conditiavith
plural constituents also showed similar readingen{$.-V-Op, vs. AMB-V-
AMB t(23) = 1.3,p > 0.2; Q-V-Sp_ vs. AMB-V-AMB t(23) = 1.1,p > 0.3). The
pairswise comparisons ofc-V-Osing condition with $.-V-Op condition €(23)

= -4.6,p < 0.001), @,-V-Sp. condition ((23) = -4.4,p < 0.001), and AMB-V-
AMB condition ¢(23) = -4.7,p < 0.001) were significant. Similarly, the
comparisons of Eye-V-Ssing With S-V-Op condition §(23) = -3.6,p < 0.002),
Op. -V- S condition ¢(23) = -3.7,p < 0.001), and AMB-V-AMB condition
(t(23) = -3.6,p < 0.001) were significant.

10.4. DISCUSSION

10.4.1. Whole sentence processing

The present study revealed that verb-medial SVOQ@¥8 sentences in Basque,
do not display a processing asymmetry; in particue did not find an advantage
for the Subject initial order (SVO) as comparedte Object initial order (OVS).
These results converge with claims made in Basquguistics that all word
orders other than SOV are derived via syntactipldcement. However, studies of
word order processing in German, another SOV laggueeport an advantage of
Subject initial (SVO) versus Obiject initial (OVSYders. In German, where
canonical order is SOV, and V2 applies in main eecgs, Bader and Meng
(1999) showed that participants were consistentirdgn-pathed in OSV
temporally ambiguous structures and favored the $®rpretation. Using ERPs,
Rosler et al. (1998) showed that sentences whosd waler deviates from the
SOV canonical structure were more difficult to pres (see also Bornkessel et al.,
2002, Schlesewsky et al., 2003 among others). th weedial sentences, ERPs
differentiated between SVO and OVS structures ima (Matzke et al., 2002).
In Basque, behavioral and ERP measurements difjeifisantly for canonical
SOV and derived OSV word orders (Erdocia et alQ@0reading times showed
longer reading times and syntactic reanalysis efféar OSV structures (see also
Fig. 10.2), and ERPs showed negativities in botls BRd P600 at verb position
suggesting that derived OSV word order requireth&rcomputational resources
(Erdocia et al., 2009; Fig. 10.3 in this chapt@tus, while German and Basque
reveal a similar processing advantage for SOV @8V, an advantage that has

also been reported for Japanese, also 7SQ)Y,’ocessing of verb-medial word

7 In Japanese whose structure is always verb-foraksbehavioral studies found
differences between SOV and OSV structures (Miyarn8oT akahashi, 2002;
Mazuka et al., 2002), but some others did not &ing difference (Yamashita
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orders yields diverging results: in German, a Sethjgtial advantage has been
reported, whereas in Basque both Subject-initial @tject-initial orders reveal
equivalent measures of processing complexity. Abfyyahis difference might be
due to the fact that German is a V2 language, vaseiasque is not. In V2
languages, main sentences have the inflected anyxitir verb always in second
position in the sentence, and the most frequersgtiaent preceding the inflected
verb is the Subject; this entails that SVO is ict farather frequent word order for
a V2, main sentence in German, whereas this istheotcase for Basque. This
explanation is consistent with the results from r@am, showing a preference of
SOV versus OVS, and then a preference for SVO ge@®uS, whereas Basque
displays a preference for SOV versus OVS, but méepence in the case of SVO
and OVS.

The differences we found between singular and pkoaditions were argua-
bly due to conceptual and/or morphological compigxut clearly not to syntac-
tic structure. From a syntactic standpoint, sergsribat differ only in having sin-
gular or plural subjects are identical, and theeefn were the e-V-Osne and
Sp-V-Op, sentences in our Basque materials. Hence, théngeéiche differences
must be due to something other than the processirgyntactic structure. Two
candidates for the asymmetry encountered are tmeepdual representation,
which is more complex for plural entities and marjolgy, given that plural mor-
phology is marked both phonologically and sematjicin Basque, like in many
languages, plural forms carry extra morphemes. dtmasrphemes increase the
complexity of morphological processing and the tbngf the words. Finally, fill-
ers could also have had an impact in the differefetween singular and plural
conditions. As it is shown in examples (13-14) @PF-constituents of the filler
sentences were singular.

4.2. Word by word reading times

The word by word analysis we carried out informbdwt the sources of the dif-
ferences between conditions. In first word posititie reading times showed that
the fastest processed element was singular Olffegic] (see also Erdocia et al.,
2009; and Fig. 10.3 in this chapter). This resivedyes sharply from what is usu-
ally obtained with the same self-paced reading oeth other languages such as
Dutch (Kaan, 1997) and Russian (Sekerina, 1997hdse languages Subjects are
always processed faster than Objects. This divéngeult could be due to one
language-particular property: Basque is an ergatvguage, whereby Objects
and intransitive Subjects belong in the same mdogfical class, whereas transi-
tive Subjects carry an extra morpherme,(and constitute a class on their own.
This extra morpheme on transitive Subjects couldhieecause of the increase in

1997; Tamaoka et al., 2003). Using ERPs, the diffees between canonical SOV
and derived OSV arose in Japanese (Hagiwara 04l7; Wolff et al., 2008).
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processing time for §ae/Sp. and the ambiguous condition that could be inter-
preted either as a singular Subject or a plurae€@bMoreover, given ergativity, a
sentence initial Qug can be hypothesized to be an intransitive Subfeas par-
ticipants can postulate a simple intransitive saceestructure, and which would
in turn yield faster processing.

At auxiliary position (third position), the morpluglically most complex
auxiliary  (d-it-u-zte  “3"person/object-plural-root-pluralferson/subject”)
required longest reading time, and the morpholdlgicsimplest auxiliary ¢-u
“3"person/object-root'%erson/subject”’) required the shortest reading time
regardless of the word order (SVO or OVS) of thadition (Fig. 10.7). The
auxiliary of the ambiguous condition fell in-betvme¢he most and the less
complex auxiliaries. These differences betweereatéid auxiliaries could be also
accounted for in terms of word length, which copmwds with morphological
complexity: the shortest auxiliaries were processaster, and the longest
auxiliaries were processed slowest. Whatever tltoifa responsible for the
differences between auxiliaries, syntactic strueiamot one of them.

At sentence-final position reading times increasanhilarly in all five
conditions. The pro-drop property of Basque (seet.SE0.1.3 in this chapter)
could be one factor behind such increase in redifimes: since both Subjects and
Objects can be omitted in Basque, once participeedd the auxiliary verb of a
sentence, they could assume that the sentenceimisisefl, and that one of the
“missing” arguments had been pro-dropped. Leavsideathis overall increase of
reading times, the differences that result amongditions at sentence final
position, generally replicate the relative differes found at auxiliary position,
and they are arguably due to the same reasonsptoabked reading time
differences at auxiliary position: plural auxiliesi take longer to read than singular
ones. However, the longer reading time obtainedeabnd DP position of the
AMB-V-AMB condition cannot be the result of the dliary taking longer to
read; on the contrary, the auxiliary in the AMB daion (ditu plural-O/singular-
S) was simpler and faster than the auxiliary g-\%-Op, condition (ituzte
plural-O/plural-S). The longer reading time thataibs at sentence final position
of ambiguous sentences is arguably due to thecjtits’ realizing at that point
that they were reading a fully ambiguous sentenEkis interpretation is
reinforced by the participants’ performance in twenprehension task discussed
below. Unfortunately no significant interactionssuét between condition and
word when comparing ambiguous sentences apd/$p, sentences at auxiliary
and second DP positionsy(8/-Op, vs. AMB-V-AMB, F(1,23) = 3.6p = 0.071).

4.3. Comprehension Task

The mean reaction time in the comprehension taskaled that the singular
Subject-first condition (Sus-V-Osing) required shorter reading times. The task
was performed faster in singular Subject-first dbad than in any other
condition. Unfortunately, this result could haveebéiased by the SVO structure
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of the comprehension questions. The SVO order e$aghquestions could have
facilitated the task for SVO experimental sentenddss explanation, however,
seems doubtful for it does not carry to the plgalject-first condition (S-V-
OpL), which should also show a facilitation effect koes not, despite the fact that
the questions of the comprehension task also fedaime SVO word order.

Regarding errors in the comprehension task, oyctimparison between,S
V-Oging and Qne-V-Spr showed a significant advantage for the subjediaini
condition. Interestingly, the responses to the a@mension task in the fully
ambiguous condition did not show any preferenceSf/é© or OVS interpretation.
Participants performing the comprehension task wm@bably aware of the
ambiguous character of these sentences. In a stooiyt Japanese (Tamaoka et
al., 2003) participants did not show any reactionet difference reading SOV
versus OSV structures, but in a comprehension@®¥ sentences were harder to
judge as correct than canonical sentences. Itssiple that speakers realized that
they confronted ambiguous sentences while perfagritie comprehension task,
and not before, while reading the sentences.

10.5. CONCLUSION

The aim of the present study was to measure theadym complexity and the
ambiguity resolution processes that word order afmm generates in two
syntactically derived structures: verb-medial S\Mi@ ®VS. By usingself-paced
reading and comprehension taslour data showed that both verb-medial word
orders were equally processed by native Basquéepedr his result suggests that
both derived word orders required similar compotsl resources, with no
advantage for the subject-before-object sequenneh® other hand, our data did
not indicate any ambiguity resolution process negdiemporally ambiguous
sentences and fully ambiguous chains.
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