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Abstract

Event-related potential studies on second language processing reveal that L1/L2 differ-
ences are due either to proficiency, age of acquisition or grammatical differences between
L1 and L2 (Kotz, 2009). However, the relative impact of these and other factors in sec-
ond language processing is still not well understood. Here we present evidence from be-
havioral and ERP experiments on Basque sentence word order processing by L1Spanish–
L2Basque early bilinguals (Age of Aquisition= 3 years) with very high proficiency in their
L2. Results reveal that these L2 speakers have a preference towards canonical Subject–
Object–Verb word order, which they processed faster and with greater ease than non-
canonical Object–Subject–Verb. This result converges with the processing preferences
shown by natives and reported in Erdocia, Laka, Mestres-Missé & Rodríguez-Fornells
(2009). However, electrophysiological measures associated to canonical (SOV) and non-
canonical (OSV) sentences revealed a different pattern in the non-natives, as compared to
that reported previously for natives. The non-native group elicited a P600 component that
native group did not show when comparing S and O at sentence’s second position. This
pattern of results suggests that, despite high proficiency, non-native language processing
recruits neural resources that are different from those employed in native languages.

Keywords: word order processing, bilingualism VO – OV languages, morphological
processing, ERPs

1. Introduction

Recent studies in bilingual language processing reveal that the level of proficiency at-
tained in the second language (L2), the age at which L2 is learned, and the degree of
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similarity between first (L1) and the second language all have a significant impact on L2
processing (see van Hell & Tokowicz, 2010; Kotz, 2009; McLaughlin, Tanner, Pitkänen,
Inoue, Valentine & Osterhout, 2010, for thorough reviews on L2 processing) . The aim of
the present study is to further explore the impact that grammatical differences between the
L1 and L2 of the bilinguals have on L2 language processing. To this end, we studied how
early and very proficient L1Spanish-L2Basque bilinguals process word order variation in
Basque, given that canonical word order in Spanish declarative sentences is Subject–Verb–
Object (SVO), whereas in Basque it is Subject–Object–Verb (SOV).
Word order types constitute the most well established and frequently cited generaliza-

tion in language typology (originally due to Greenberg, 1963). Basic or canonical word
order tends to fall into two main types: SOV (about 48% of all languages in the world)
or SVO (about 41%) (Dryer, 2011). Several studies have argued for distinct process-
ing strategies as a function of basic word order (Hawkins, 1995, 1999, 2004; Hawkins,
Dryer, Haspelmath, Newmeyer, Polinsky & Primus, 2002; Ueno & Polinsky, 2009; Ya-
mashita & Chang, 2001; Gibson, Piantadosi, Brink, Bergen, Lim & Saxe, 2013; Pastor &
Laka, 2013). These processing differences have been argued to stem from the central role
played by the verb in sentence comprehension. In SVO languages, the number and type
of arguments of the sentence is evaluated at verb position (Garnsey, Pearlmutter, Myers
& Lotocky, 1997; Trueswell, Tanenhaus & Kello, 1993), and the interpretation and in-
tegration of displaced syntactic elements takes place also at the verb (Pickering, 1993;
Pickering & Barry, 1991; Gibson & Hickok, 1993). In SOV languages, waiting for the
verb should delay argument identification, and make these languages slower to process.
There is, however, a well established cross-linguistic typological generalization: SOV lan-
guages generally have case morphology on the Noun Phrases (Greenberg, 1963; Dryer,
2011). The question we address in this paper is how L1 speakers of a VO language pro-
cess word order in a second language of the OV type. To this end, we investigated early
and very proficient L1Spanish–L2Basque bilinguals. Our working hypothesis is that pro-
cessing aspects of a second language that differ fundamentally from the first language will
recruit broader neural resources than those employed by native speakers, even at high lev-
els of proficiency and at early ages of acquisition, particularly when those grammatical
differences directly relate to processing strategies, as has been argued to be the case in
VO versus OV languages. We hypothesize that native/non-native differences can be found
even at high proficiency in the language when a basic typological trait (i.e. a syntactic
parameter) of the L2 grammar is the opposite of the L1 grammar. Spanish–Basque bilin-
gual populations are a good testing ground to investigate how typologically very different
languages are processed by bilinguals. Spanish, like English, is head-initial language with
SVO canonical word order in declarative sentences, while Basque, like Japanese, is a head-
final language, with SOV as canonical order.
In order to explore word order processing preferences in Spanish–Basque bilinguals,

we used behavioral measures (reading times and error rates) and event-related potentials
(ERPs). In the ERP literature, three main components have been reported in relation to
language processing: left anterior negativity (LAN), N400 and P600. LAN is a nega-
tive deflection of the wave occurring between 300 and 500 ms after the stimulus onset
and distributed over the left and anterior sites of the scalp. It has been interpreted as an
electrophysiological response to morphosyntactic processes that occurs when processing
ungrammatical information (Münte, Heinze & Mangun, 1993) or syntactically complex
structures (Fiebach, Schlesewsky & Friederici, 2002; Rösler, Pechmann, Streb, Röder &
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Hennighausen, 1998). According to other studies, it may also reflect a general index of
working memory load (Kluender & Kutas, 1993). N400 is a negative-going wave occur-
ring between 300 and 500 ms after the stimulus onset and distributed over centro-parietal
sites of the scalp. It has generally been considered a response to semantic and pragmatic vi-
olations (Hagoort, Hald, Bastiaansen&Petersson, 2004; Kutas &Hillyard, 1980) or atyp-
ical thematic hierarchy (Bornkessel-Schlesewsky & Schlesewsky, 2009; Frisch & Schle-
sewsky, 2001). Finally, the P600 (also called syntactic positive shift) is a positive-going
wave distributed over centro-parietal sites of the scalp starting approximately 500 ms af-
ter the stimulus onset and lasting about 300 ms. It is generally attributed to reanalysis or
integration effects taking place when syntactically ungrammatical, ambiguous or complex
information is being parsed (Kaan, Harris, Gibson & Holcomb, 2000; Osterhout & Hol-
comb, 1992; Phillips, Kazanina & Abada, 2005, for semantic P600 see Kim & Osterhout,
2005; Kuperberg, Holcomb, Sitnikova, Greve, Dale & Caplan, 2003). Late positive com-
ponents have been also found over frontal locations and interpreted as processing difficulty
related to revision processes or in non-preferred continuations within ambiguous contexts
(Hagoort & Brown, 2000; Hagoort, Brown & Osterghout, 1999; Friederici, Hahne &
Saddy, 2002, see also Kaan & Swaab 2003 for an overview).
ERPs have been employed to investigate differences between native and non-native

language processing, at different levels of proficiency. Thus, for instance, Tokowicz &
MacWhinney (2005) used ERPs to investigate whether and to what extent linguistic trans-
fer from the native language modulates non-native processing at low levels of proficiency.
They presented adult English speakers at early stages of learning Spanish with grammati-
cal and ungrammatical constructions that were either similar in L1 and L2 (auxiliary verb
omission), different in L1 and L2 (determiner number agreement) or unique for L2 (deter-
miner gender agreement). The ERP signatures revealed a comparable P600 in the case
of auxiliary omission and gender agreement, but no effect for determiner number agree-
ment. The high error rates of these L2 learners (chance level), suggests that the results
are mainly due to low proficiency in L2, though they suggest that L2 speakers are able to
process new grammatical features at early stages of learning.
Ojima, Nakata & Kakigi (2005) investigated nonnative processing at high proficiency

in L2, by considering how Japanese L2 speakers of English (AoA = 12 years) process
subject-verb agreement in English and compared these results to those obtained with na-
tives: a P600 effect was reported for natives, but no similar positive component for the
proficient non-natives. According to the authors, the absence of the P600 component in the
non-native speakers is due to the fact that Japanese lacks verb agreement. Similarly, Chen,
Shu, Liu, Zhao & Li (2007) examined by means of ERPs subject-verb agreement process-
ing in L1 Chinese proficient L2 speakers of English (AoA = 12 years) and contrasted
these results with a control group of native English speakers. The latter group displayed
a biphasic LAN-P600 pattern as a response to violations, whereas the L2 group showed a
late negativity. The authors suggest that the distinct ERP responses are driven by the dif-
ferences between Chinese and English (like Japanese, Chinese has no verb agreement), and
conclude that L1 influences L2 processing. Sabourin & Stowe (2008) also investigated the
effects of L1 on L2 processing in two types of grammatical and ungrammatical construc-
tions: verb morphology and grammatical gender in Dutch. Three groups of participants
took part in the study: native speakers of Dutch, German–Dutch and Romance–Dutch
bilinguals (AoA > 14 years, all of them highly proficient in L2). Dutch native speakers
and L1German–L2Dutch bilinguals showed a P600 component for both ungrammatical
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constructions tested. Romance speakers showed a P600 effect to violations of verb mor-
phology (incorrect participle) but not to violations of grammatical gender. According to
the authors, these findings suggest that given similar rule-governed processing routines
in L1 and L2, as those in verb morphology, similar neural processing is possible for both
languages. Phenomena that are different in L1 (Romance) and L2 (Dutch), however, do
not result in similar processing, as indicated by the presence of the P600 effect in one case
and its absence in another. These results indicate that proficient non-native speakers use
different processing strategies from natives when dealing with linguistic phenomena that
diverge from those in their native language. In a similar vein, Weber & Lavric (2008)
tested whether the presence of comparable morphosyntactic features in L1 and L2 leads
to similar electrophysiological profiles in natives versus non-natives. They measured ERPs
while highly proficient German–English bilinguals (AoA > 10 years) and English natives
read grammatical and ungrammatical sentences (i.e. The door had been locked/*locks.).
Results showed that, in addition to the P600 component, verb morphology violations led to
an enhanced N400 only in non-natives. The authors interpreted the differences between L1
and L2 ERP signatures as suggesting either that non-natives rely more on lexico-semantic
strategies for the resolution of morphosyntactic violations, or that the weaker/slower mor-
phological mechanisms in the non-native language lead to greater sentence wrap-up diffi-
culties. Gillon Dowens, Vergara, Barber & Carreiras (2009) investigated aspects of mor-
phosyntactic processing in L2 learners. They examined how native speakers of Spanish
and highly proficient late English–Spanish bilinguals (AoA > 20 years) processed sen-
tences containing grammatical and ungrammatical number and gender agreement within
phrases (*los suelo ‘theMASC-PL floorMASC-SG’, *la suelo ‘theFEM-SG floorMASC-SG’) and be-
tween phrases (el sueloMASC-SG está *planosMASC-PL /*planaFEM-SG ‘theMASC-SG floorMASC-SG
is flatMASC-PL/FEM-SG’). Natives displayed a LAN-P600 pattern in response to both agree-
ment violations at both positions; late L2 learners showed a similar ERP pattern in the
within-phrase agreement violations, but only a P600 in the between-phrases agreement
violations. Besides, significant amplitude and onset latency differences between the gen-
der and the number violations were found in the non-native group in the between-phrases
condition. As suggested by the authors, these results possibly reflect differences in the
speed and depth of processing of these features by L2 speakers, even at high levels of pro-
ficiency, with number violations processed faster and in more depth than gender violations.
Also, as revealed by the behavioral task, in the between-phrases conditions, L2 speakers
committed more errors in gender than number, suggesting that they have more problems
with the feature absent in their L1 (English).
In a follow-up study, Gillon Dowens, Guo, Guo, Barber & Carreiras (2011) used the

same materials as in Gillon Dowens et al. (2009) to test number and gender processing in
highly proficient Chinese speakers of Spanish (AoA > 18 years). Results revealed a P600
component as a response to both ungrammatical number and gender structures, followed
by a very late sustained negativity at frontal electrodes. The authors interpreted these
results as proof that features not present in the L1 can be acquired at higher stages of
proficiency and argued that the cognitive manipulation of these features, however, may
not be as automatic as in the case of native speakers, as suggested by the lack of the LAN
component, present in the native group. In another study, Zawiszewski, Gutiérrez, Fer-
nández & Laka (2011) investigated the relationship between grammatical differences and
non-native language processing. To this purpose native speakers of Basque and highly
proficient L1Spanish–L2Basque bilinguals (AoA = 3 years) were tested when process-
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ing verb-agreement (similar in both languages) and case morphology (different in each
language). Regarding verb-agreement, non-natives performed behavioral tasks with sim-
ilar accuracy levels and displayed an equivalent biphasic N400-P600 pattern as response
to the ungrammatical stimuli as natives (see also Zawiszewski & Friederici, 2009; Díaz,
Sebastián-Gallés, Erdocia, Mueller & Laka, 2011). Regarding ergative case morphol-
ogy, specific to Basque, behavioral and ERP measures revealed significant differences be-
tween native and non-native speakers: ungrammaticality elicited a broad negativity in both
groups, but only the native group showed a P600 effect. According to the authors these
results indicate that when L1 and L2 grammars differ with respect to core aspects of the
grammar (i.e. case morphology), native versus non-native differences obtain despite high
proficiency in the language and an early AoA.
More recently, Foucart & Frenck-Mestre (2012) investigated how English late learners

of French who started learning French at secondary school (mean age of start of instruc-
tion: 13.4 years, mean length of formal learning: 8 years) and had been studying at a
French university as Erasmus students for a mean of 3 months process gender agreement
in their L2. To test this, they used noun-adjective (i.e. chaisesFEM vertesFEM /*vertsMASC
‘green chairs’, Experiment 1), adjective-noun (i.e. les anciennesFEM /*anciensMASC mon-
tresFEM ‘old watches’, Experiment 2) and predicative adjective constructions (i.e. les
pommesFEM sont vertesFEM / *vertsMASC ‘apples are green’, Experiment 3 and Experiment
4). Data from noun-adjective processing revealed higher P600 amplitude as response to
gender violations in the native than in the non-native group; processing adjective-noun con-
structions, non-natives displayed an N400 component whereas the native group showed a
P600. The results from the Experiment 3 shows no ERP response to gender violation
in the L2 speakers, while the natives displayed a classical P600 component. Finally, the
results from the Experiment 4 (an eye-tracking study) revealed that both French natives
and English–French learners displayed similar patterns when processing the experimental
stimuli. Overall, these results indicate that although late L2 learners can acquire and pro-
cess features absent in their L1, this is achieved by recruiting neural substrates that are
different from those employed by natives, given that ERPs revealed electrophysiologically
differentiated brain patterns between natives and non-natives.
Summarizing, the experimental data indicate that besides proficiency and AoA, the lin-

guistic differences between L1 and L2 grammars also play a significant role in L2 syntactic
processing. The picture that emerges from the literature (see van Hell & Tokowicz, 2010;
McLaughlin et al., 2010, for thorough reviews) suggests that low proficiency speakers
elicit distinct ERP signatures regardless of whether the syntactic phenomena tested are
present or absent in their native language. At high proficiency, however, native versus non-
native differences obtain when syntactic property tested is either not available or otherwise
specified in the native language of the bilingual speakers.

The present study
In the present study, we focus on an aspect of L2 processing that has not received much

attention, namely L2 OV word order processing by L1 speakers of a VO language. To
this end, we studied early and proficient Spanish–Basque bilinguals. Spanish and Basque
differ along similar dimension as do English and Japanese: Spanish and English are both
VO languages with no overt case morphology, while Japanese and Basque are both OV
languages with case morphology (see examples in 1).
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1. a. Emakume-a-k gizon-a ikusi du. BASQUE

woman-det-erg man-det seen has

‘The woman saw the man’

b. Josei-wa otoko-o mita. JAPANESE

woman-top man-acc see

‘The woman saw the man’

c. La mujer vio al hombre. SPANISH

Det woman saw det man

‘The woman saw the man’

d. The woman saw the man. ENGLISH

Regarding argument alignment, Basque is an ergative language (unlike Spanish, Japanese
and English which are all nominative-accusative). In ergative languages subjects of in-
transitive clauses and objects of transitive clauses are grouped together in the same mor-
phological class, and usually bear no overt case ending. Subjects of transitive clauses are
grouped in a distinct morphological class, bearing an ergative case marker (Dixon, 1994;
Johns, Massam & Ndayiragije, 2006, see examples in 2).

2. a. gizon-a etorri da

man-det arrived is

‘the man arrived’

b. emakume-a-k gizon-a ikusi du

woman-det-erg man-det seen has

‘the woman saw the man’

In the present study we explore structural ambiguity resolution taking advantage of a ho-
mophony that occurs in Basque Noun-Phrase morphology. The form of the plural deter-
miner is the morpheme -ak, and the combination of the singular determiner (morpheme-a)
and the ergative case morpheme (-k) yields the same -ak segment sequence. Consequently,
and given free word order, an ambiguity arises whereby sequences like (3a) and (3b), which
are homophonous can be interpreted as a canonical SOV sentence (3a) or as a non-canonical
OSV sentence (3b):

3. a. Emakume-a-k gizon-ak ikusi ditu

woman-det(sg)-erg man-det(pl) seen has

‘the woman saw the men’

b. Emakume-ak gizon-a-k ikusi ditu

woman-det(pl) man-det(sg)-erg seen has

‘the man saw the women’
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In a previous study, Erdocia et al. (2009) investigated sentence word order processing by
native speakers of Basque in a series of behavioral (self-paced reading times) experiments
and found that processing canonical SOV word order is faster and easier than process-
ing the non-canonical OSV word order for these speakers. ERP data corroborated these
findings: OSV sentences showed increasing negativities at both subject and object posi-
tions and a P600 effect at verb position. These results were interpreted as signaling a
higher processing cost for OSV in comparison with the canonical SOV word order. Addi-
tionally, morphologically ambiguous sequences that could be interpreted either as OSV or
SOV showed that native speakers apply a default strategy and process them as canonical
SOV sentences, ignoring the OSV possibility. Only when the ambiguous sequences were
disambiguated favoring an OSV interpretation, a long lasting negative effect was found at
disambiguation point.
Taking the results from Erdocia et al. (2009) as background, the aim of the current

study is to investigate the extent to which the basic word order and lack of case morphology
in L1 (Spanish) influences L2 (Basque) processing in very proficient and early bilingual
speakers. Here, we report the results of behavioral and ERP experiments, involving on-
line reading of canonical (SOV) and non-canonical (OSV) sentences in Basque. Further,
we report the processing preferences of these speakers when they confront ambiguous
sentences with subject-first and object-first interpretations.
According to results from previous studies on L2 processing, our hypothesis is that

native versus non-native differences will obtain when processing aspects of L2 absent in
their L1 (case morphology, ergativity, OV word order), even at high proficiency and early
AoA. We expect highly proficient L2 speakers of Basque to display different ERP pat-
terns in comparison to the native group, reflecting a different neural recruitment in each
group. In particular, if our hypothesis is correct L1Spanish speakers of Basque will require
more processing resources revealed by ERP components that signal revision processes like
P600.

2. Experiment 1

In order to test how early and proficient L1Spanish–L2Basque bilinguals process canon-
ical and non-canonical word orders in Basque, we first ran a behavioral self-paced read-
ing experiment. In addition, this experiment sought to investigate the processing of fully
ambiguous sentences in Basque in order to determine whether early proficient Spanish–
Basque bilinguals would display the same bias towards SOV sentences as natives do.

Participants
Twenty-one early proficient Spanish-Basque bilinguals (mean age 21.2, SD ± 3.1; 16

female; AoA = 3 y.o. ± 0.5) took part in the study. All of them were undergraduate
students at the University of the Basque Country (UPV/EHU) and were paid for their
participation. All participants had obtained the highest proficiency certificate in Basque
(equivalent to C1 level in the Common European Framework) by the time of testing (see
Table 1 for details). All participants had normal or corrected to normal vision.
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Table 1: Language history and self assessed proficiency for participants in Experiment 1
L2 speakers of Basque (n = 21)

Age 21.2 (3.1)
AoA of Basque 3 (0.5)
Sex (no. of males) 5

Relative use of language
Before primary school (0–3 years) 6.2 (1.1)
Primary school (4–12 years)
Home 6.2 (1.2)
School 2.7 (1.6)
Others 5.4 (1.2)
Secondary school (12–18 years)
Home 6.2 (1.3)
School 2.8 (1.6)
Others 5.1 (1.2)
At time of testing
Home 5.9 (1.7)
University/work 3.0 (1.7)
Others 4.6 (1.4)
Self-rated proficiency Basque Spanish
Comprehension 1.14 (0.4) 1 (0)
Speaking 1.42 (0.5) 1.09 (0.3)
Reading 1.14 (0.4) 1.09 (0.3)
Writing 1.33 (0.6) 1.33 (0.6)

The following seven-point scale was applied for measuring the relative use
of language: 1 = I speak only Basque, 2 = I speak mostly Basque, 3 =
I speak Basque 75 % of the time, 4 = I speak Basque and Spanish with
similar frequency, 5 = I speak Spanish 75 % of the time, 6 = I speak
mostly Spanish, 7 = only Spanish. Proficiency level was determined by
using the following four-point scale: 1 = native-like proficiency, 2 = full
proficiency, 3 = working proficiency, 4 = limited proficiency. SDs values
are in parentheses.

Methods and Materials
The experimental stimuli consisted of Basque sentences with subject, object and verb

in two different orders: SOV and OSV. In order to investigate processing preferences in
more detail, we took advantage of a morphological ambiguity of Basque and generated fully
ambiguous sequences. In Basque, Noun Phrases ending in -ak are ambiguous between a
singular subject or a plural object reading.
All in all, we systematically generated 100 SOV and 100 OSV sentences where S and

O were singular, 100 SOV and 100 OSV sentences where S and O were plural, and 100
fully ambiguous sentences that could be interpreted either as SOV or OSV (see Table 2).
In Basque, ambiguously marked elements could be interpreted as singular S or as plural O;
hence, the plural conditions were introduced in the experiment in order to compare them
with the ambiguous condition. The lexical material in the sentences was controlled for
length and frequency by means of the Basque Frequency Dictionary (Landa, Sarasola &
Salaburu, 2011, freely available at http://www.ehu.es/ehg/ehme/). The comparison be-
tween the mean length of the lexical material used as Subject and Object was not significant
[S = 6.9 letters ±1.9; O = 7 ± 2.1 (t = -0.4)]. The mean frequency for the nouns used
as S in the experiment was 23.12 (per million), and for O, the frequency was 34.48 (per
million). No significant differences were found when comparing word frequency between
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Subjects and Objects (t= -1.86, P > .05).
Recall that 4a, 4d and 4e are ambiguous at first DP position. Sentences 4a and 4d are

disambiguated at second determiner phrase (DP) position. In the case of 4a the resulting
structure is SOV and in the case of 4d the resulting structure is OSV. Only sentences like 4e
are fully ambiguous between an SOV or OSV interpretation because both DP constituents
carry the ambiguous -ak ending.
We created 100 filler sentences, which were also presented in the experiment. Half

of the fillers were intransitive sentences, and the remaining 50 fillers were ditransitive
sentences where the subject was omitted and O and indirect Object were manifest (varying
in their sequential order). Stimuli were divided into five lists. Sentences were randomized
(Latin Square) and one version of each item was assigned to one of the five lists. Each
list contained 20 sentences from each experimental condition plus 100 filler sentences.
The stimuli in the lists were randomized and the lists were balanced across participants.
The experimental items were presented along with 16 practice trials (two sentences of
each condition and six fillers) to verify that participants understood the instructions of the
experiment. All experimental sentences and fillers were four words long.

Table 2: Sentence types used in the self paced reading experiment
EXPERIMENT 1

CANONICAL SSG-OSG-V NON-CANONICAL OSG-SSG-V

Singular 4a. Emakume-ak gizon-a ikusi du 4b. Gizon-a emakume-ak ikusi du.
arguments Woman-the(S) man-the(O) seen has(V) Man-the(O) woman-the(S) seen has(V)

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

CANONICAL SPL-OPL-V NON-CANONICAL OPL-SPL-V

Plural 4c. Emakume-ek gizon-ak ikusi dituzte 4d. Gizon-ak emakume-ek ikusi dituzte
arguments Women-the(S) men-the(O) seen have(V) Men-the(O) women-the(S) seen have(V)

‘The women have seen the men’ ‘The women have seen the men’

FULLY AMBIGUOUS

4e. Gizon-ak emakume-ak ikusi ditu
Ambiguous Man-the(S/O) woman-the(S/O) seen has(V)

‘The man has seen the women’ or ‘The woman has seen the men’
Two sentence types arrange the elements of the sentences in SOV word order, two sentences were
OSV and one was fully ambiguous meaning that without any prosodic cue SOV and OSV interpre-
tation were equally plausible.
S subject, O object, V verb, SG singular, PL plural.

Procedure
Reading times were obtained by presenting the materials to the participants using the

Self-Paced Readingmovingwindow paradigm (Just, Carpenter &Wooley, 1982) bymeans
of EXPE program (Pallier, Dupoux & Jeannin, 1997). Participants read the sentences
word by word in a computer screen. In order to move from one word to the next, par-
ticipants had to press the space bar of the computer keyboard. The time they needed to
read each word was recorded. When participants read the entire sentence, a comprehen-
sion question appeared on the screen. The task, which consisted in answering a yes/no
question, allowed us to ensure that participants had understood the sentences they read.
For instance, for the sentences in Table 2, the question would be is it true that a woman

9



has seen a man?. The word order of the comprehension question was SOV and was kept
constant across the experiment. Participants answered the questions using numbers 1 and
2 of the keyboard (balanced across participants) and they did not receive feedback. In the
case of fully ambiguous sentences like 1e the comprehension task allowed us to investigate
whether the participants had a preference to interpret fully ambiguous sentences as SOV.
Although there was no wrong answer to the ambiguous comprehension question, for the
purpose of analysis we gave the value 1 (correct) to the SOV interpretation and the value
0 (incorrect) to OSV interpretation, even though both interpretations are allowed. We
measured the reading time of every constituent of the sentences, the errors and the time
required to perform the comprehension task.

Results
The overall ANOVA comparing the global reading times (RT) and the comprehension

tasks following sentences (CT) revealed significant differences between conditions (RT:
F1(4, 80) = 7.09, P(HF) < .001; F2(4, 396) = 49.42, P(HF) < .001 and CT: F1(4,
80) = 12.5, P(HF) < .001; F2(4, 396) = 338.04, P(HF) < .001). Further pair-wise
comparisons revealed that SOV sentences were read significantly faster than OSV sen-
tences (see Table 3 for details). No differences were observed when comparing the global
reading times of ambiguous sentences with global reading times of plural canonical and
non-canonical sentence types.
In addition to the global RT and CT analyses, the word-by-word comparison of SOV and

OSV sentence word orders showed that objects were read faster than subjects at first and at
second position in both singular and plural conditions (see Table 3; Fig. 1bc). Subsequent
analyses showed significant interactions between DP1 and DP2, revealing that parsing
the Subject after the Object increases reading time (singular arguments: F1(1, 20) =
18.549, P(HF) < .001, F2(1, 99) = 8.37, P(HF) < .005 plural arguments: F1(1, 20)
= 14.595, P(HF) < .001, F2(1, 99) = 5.24, P(HF) < .03). Word-by-word differences
remained significant until the last word of the sentence in the singular conditions and until
the verb position in the plural conditions. As for the fully ambiguous sentences, they were
systematically processed as SOV sentences; no interaction was observed between SOV and
ambiguous conditions when comparing DP1 and DP2. On the other hand, when comparing
DP1 and DP2 of ambiguous condition and DP1 and DP2 of unambiguous non-canonical
OSV condition, the resulting interaction was significant (F1(1, 20) = 11.535; P(HF) <
.004, F2(1, 99) = 4.07, P(HF) < .05), indicating that reading the subject after the object
increased reading time in the unambiguous but not in the ambiguous condition.
Concerning error rates, non-native participants made more errors when answering the

questions about OSV sentences than d answering questions about SOV sentences, both in
the singular and the plural conditions (see Table 3 for details).

2.1. Interim discussion
Behavioral results reveal that non-native highly proficient speakers of Basque process

SOV sentences faster and easier than OSV sentences. They also processed SOV/OSV
ambiguous sentences as SOV. These results indicate that L1Spanish–L2Basque bilin-
guals display the same SOV-preference shown by native speakers in Erdocia et al. (2009).
Though the experimental materials and design used in the present study were similar to
those in Erdocia et al. (2009), we avoided direct comparison between both data sets be-
cause of certain differences between experimental designs: In the present experiment five
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Table 3: Results of the Experiment 1 comparing SOV, OSV and ambiguous sentences.
DP1 DP2 VERB AUX TOTAL ERRORS

SSG-OSG-V 868 (±268) 976 (±246) 726 (±209) 656 (±198) 3126 (±815) 3.4 (±2.3)
OSG-SSG-V 816 (±259) 1026 (±378) 816 (±238) 874 (±426) 3633 (±1081) 7.7 (±5.1)

(A) SPL-OPL-V 927 (±299) 992 (±365) 742 (±218) 757 (±285) 3419 (±989) 2.8 (±2)
OPL-SPL-V 872 (±302) 1096 (±401) 738 (±270) 857 (±373) 3609 (±1215) 5.2 (±4.4)
AMB 886 (±296) 973 (±341) 770 (±254) 965 (±441) 3595 (±1143) 4.5 (±2.2)

(B) SSG-OSG-V vs. OSG-SSG-V t=2.3.* t=-3.5,** t=-3.7, ** t=-3.7, *** t=-4.4, *** t=-5.3, ***
SPL-OPL-V vs. OPL-SPL-V t=2.14,* t= -2.79, * t=-1.45, NS t=-2.53, * t=-2.23, * t=-3.42, **

BY SPL-OPL-V vs. AMB t=-1.44, NS t=-0.58, NS t=-0.86, NS t=3.33, ** t=1.70, NS t=3.83,**
SUBJECT OPL-SPL-V vs. AMB t=0.56, NS t=-2.91, ** t=-0.50, NS t=1,66, NS t=-0.12, NS t=0.67, NS
(C) SSG-OSG-V vs. OSG-SSG-V t=1.87, NS t=-3.62,*** t=2.59, * t=-5,79,*** t=-3,62, *** t=-11,47, ***

SPL-OPL-V vs. OPL-SPL-V t=1.40, NS t=-2.60, * t=-1.42, NS t=-2.81, ** t=-1.91, NS t=-6,74, ***
BY SPL-OPL-V vs. AMB t=1.45, NS t=0.57, NS t=-1.02, NS t=-4.30, *** t=-1.25, NS t=-3.26, **
ITEM OPL-SPL-V vs. AMB t=0.26, NS t=2.83, ** t=0.33, NS t=-1.71, NS t=0.68, NS t=2.80, **

We summarized the mean reaction times for every word of every sentence type, and the significances
of the pairwise comparison (t-test). In the upper part of the table (A), the averages of reading times
in milliseconds and the standard deviation in parenthesis are shown for the first Determiner Phrase
(DP1), for the second DP (DP2), for the verb, for the auxiliary (AUX) and for the whole sentence
(Total). Mean errors are out of 20 (sentences per condition). In the middle and lower part, the
comparison between conditions is presented (B: by subject, C: by item).
SSG = Singular subject; SPL = Plural subject; OSG = Singular object; OPL = Plural object;V=
Verb; AMB = Ambiguous condition; NS = No significiant; p < .05 = * , p < .01 = ** , p < .001
= ***.

conditions were tested, while Erdocia et al. (2009) ran two separate experiments (two
conditions in Experiment 1 and three conditions in Experiment 2). The behavioral results
reveal similar preferences for native and highly proficient non-native speakers of Basque.
The finding that L1 and proficient L2 speakers have the same word order preferences

does not necessarily imply that L1 and L2 processing recruit the same neural resources; as
is well known in the ERP literature, electrophysiological measures of language processing
often reveal affects that are not detectable by behavioral measures. Thus, in order to
investigate L2 word order processing in more detail, we conducted an ERP experiment.

3. Experiment 2

On top of the behavioral experiment, an ERP experiment was carried out in order to
measure the electrophysiological responses of non-native speakers of Basque while reading
SOV and OSV sentences in Basque.

Participants
Twenty-three early proficient Spanish–Basque bilinguals who did not participate in

Experiment 1 took part in this experiment. Data from one participant were excluded from
analysis due to the excessive eye-movements; thus data of 22 participants were submitted to
statistical analyses (15 female; mean age 21.4, SD±4.2, AoA of L2= 3 years, SD±0.4).
As in Experiment 1, all participants were undergraduate students at the University of the
Basque Country (UPV/EHU) and were paid for their participation. They were highly
proficient speakers of Basque and they had obtained the highest proficiency certificate in
Basque (equivalent to C1 level in the Common European Framework) by the time of testing.
All participants were right handed (Edinburgh Handedness Inventory; Oldfield, 1971) and
they had normal or corrected to normal vision. Participants filled out the questionnaire
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Figure 1: Results of the Experiment 1. (a) The overall reading times of each sentence
type are depicted. (b) The word by word reading time of SSG -OSG -V and OSG -SSG -V
conditions are plotted. (c) Word by word reading time of SPL -OPL -V, OPL -SPL -V, and
fully ambiguous sentences are shown

about their linguistic habits and their self-confidence in L1 and L2 (see Table 4 for details).

Methods and Materials
A total of 704 sentences were generated. 176 sentences were unambiguous and had

the canonical SOV word order, 176 had the non-canonical OSV order, 176 sentences were
temporally ambiguous with SOV order and 176 sentences were temporally ambiguous and
had OSVword order. Four lists were generated so that every participant read 44 sentences
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Table 4: Language history and self assessed proficiency for participants in Experiment 2
L2 speakers of Basque (n = 22)

Age 21.4 (4.2)
AoA of Basque 3 (0.4)
Sex (no. of males) 8

Relative use of language
Before primary school (0–3 years) 6.8 (0.6)
Primary school (4–12 years)
Home 6.6 (0.6)
School 3.2 (1.9)
Others 5.4 (1)
Secondary school (12–18 years)
Home 5.8 (1.6)
School 3.2 (1.8)
Others 4.9 (1)
At time of testing
Home 5.8 (1.5)
University/work 3 (1.7)
Others 4.7 (1)
Self-rated proficiency Basque Spanish
Comprehension 1.04 (0.2) 1 (0)
Speaking 1.6 (0.5) 1.17 (0.4)
Reading 1.13 (0.3) 1.04 (0.2)
Writing 1.6 (0.5) 1.3 (0.4)

The following seven-point scale was applied for measuring the relative use
of language: 1 = I speak only Basque, 2 = I speak mostly Basque, 3 =
I speak Basque 75 % of the time, 4 = I speak Basque and Spanish with
similar frequency, 5 = I speak Spanish 75 % of the time, 6 = I speak
mostly Spanish, 7 = only Spanish. Proficiency level was determined by
using the following four-point scale: 1 = native-like proficiency, 2 = full
proficiency, 3 = working proficiency, 4 = limited proficiency. SDs values
are in parentheses.

of each experimental condition. As in the previous experiment, we used the ambiguous -ak
ending in Basque in order to construct fully ambiguous sequences that could be interpreted
either as SOV or OSV. However, and unlike in Experiment 1, the sentences were dis-
ambiguated at verb position by world knowledge, so that 176 ambiguous sentences were
disambiguated as SOV and 176 ambiguous sentences were disambiguated as OSV (see
Table 5). In order to better visualize the ERP effects, we introduced a postpositional
phrase (PP) between the two DP constituents in every sentence, which prevented possi-
ble ERP effects contamination across constituents and avoided list interpretations where
constituents could be considered as coordinated elements. The PPs preceding the Objects
in the SOV condition and preceding the Subjects in the OSV condition were the same, as
in the sentence “Otsoek mendian ardiak jan dituzte’’ meaning ‘In the mountain the wolves
have eaten sheep’. The lexical material of the sentences was controlled in length and fre-
quency (Basque Frequency Dictionary). The difference of the mean length of the nouns
used as S and O was not significant (S = 6.7 letters, O = 6.3 letters; t = 1.8). As for
the frequency, no significant differences were observed when comparing the nouns used as
subject and object (S = 61.5 per million, O = 69.3 per million, t= -0.47).
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Table 5: Sample of materials used in the Experiment 2.
EXPERIMENT 2

CANONICAL SOV NON-CANONICAL OSV

5a. Otso-ek ardi-ak jan dituzte 5b. Ardi-a otso-ak jan du
Unambiguous Wolf-the(S) sheep-the(O) eat have(V) Sheep-the(O) wolf-the(S) eat has(V)

‘The wolves have eaten the sheep’ ‘The wolf has eaten the sheep’

5c. Otso-ak ardi-ak jan ditu 5d. Ardi-ak otso-ak jan ditu
Temporally Wolf-the(S/O)sheep-the(S/O) eat has(V) Sheep-the(S/O) wolf-the(S/O) eat has(V)
ambiguous ‘The wolf has eaten the sheep’ Men-the(O) women-the(S) seen have(V)

‘The women have seen the men’ ‘The wolf has eaten the sheep’

ERP procedure
We registered ERPs (30–35 min each session) while participants read sentences word-

by-word. Participants were told that the task was to carefully read the sentences presented
and to correctly answer the comprehension questions concerning the sentences they had
read. The words appeared automatically in the middle of the screen until the sentence fin-
ished (word duration = 250 ms; inter stimulus interval = 250 ms). In order to control the
attention of the participants during the experiment, every eight sentence a sentence frag-
ment was displayed in the middle of the screen. Participants’ task was to decide whether
or not the fragment had been presented in any of the preceding eight sentences. This
fragment remained on the screen until participants pressed one of the response buttons.
The EEG signal was recorded using a BrainAmp amplifier and the Brain Vision recorder

software (Brain Products GmbH, Munich, Germany). ERPs were recorded from the scalp
using tin electrodes mounted in an electrocap (Electro-Cap International, Inc.) and located
at 58 standard positions (Fp1/2, Fpz, F4A/5A, F5/6, F1/2, Fz, C5A/6A, C1A/2A,
CZA, C5/6, C1/2, Cz, F3A/4A, F7/8, F3/4, C3A/4A, PZA, T3/4, C3/4, T3L/4L,
C3P/4P, P5/6, P1/2, CB1/2B, P1P/2P, Pz, TCP1/2, C1P/2P, T5/6, P3/4, P3P/4P,
PZP, O1/2, Oz). EEG data was referenced on-line to the right mastoid, and rereferenced
off-line to the mean of the activity at the two mastoid electrodes. Vertical and horizontal
eye movements were monitored with an electrode at the infraorbital and an electrode at the
outer canthus of the right eye. Electrode impedances were kept below 5 kΩ. The electro-
physiological signals were filtered offline with a bandpass of 0.01–50 Hz (half-amplitude
cut-offs) and digitized at a rate of 250 Hz. The artifact rejection was done automatically
by means of the maximum difference (100 μV) of values intervals (1,000 ms). In such
cases 100 ms before and 300 ms after the event was rejected from the analysis. The μV
range was established between -500 and 500 μV. If the amplitude was higher or lower
than such range 100 ms before the event and 300 ms after the event was rejected. The
baseline was corrected taking into consideration 200 ms previous of the stimulus onset.

ERP data analysis
Fifty-four electrodes were grouped in nine regions of interest (ROI), six electrodes

per ROI: left anterior ROI (LANTE: F3, F3A, F5, F7, C3A, C5A), right anterior ROI
(RANTE: F4, F4A, F6, F8, C4A, C6A), left medium ROI (LMD: T3, T3L, TCP1, C3,
C3P, C5), right medium ROI (RMD: T4, T4L, TCP2, C4, C4P, C6), left posterior ROI
(LPOST: T5, P3, P3P, P5, CB1, 01), right posterior ROI (RPOST: T6, P4, P4P, P6,
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CB2, 02), middle anterior ROI (MLANT: Fz, F1, F2, CZA, C1A, C2A), middle medium
ROI (MLMD: Cz, C1, C2, C1P, C2P, PZA), and middle posterior ROI (MLPOS: Pz, P1,
P2, PzP, P1P, P2P). Stimulus-locked ERPs were averaged for epochs of 1,200 ms start-
ing 200 ms prior to the stimulus. Based on the predictions made considering the previous
experiments in the literature (Rösler et al., 1998; Matzke, Mai, Nager, Rüsseler & Münte,
2002; Bornkessel & Friederici, 2002; Hagiwara, Soshi, Ishihara & Imanaka, 2007; Er-
docia et al., 2009) (i) 300–500 ms and (ii) 600–800 time windows were chosen for the
analyses, roughly corresponding to LAN/400 and P600 components previously reported
in the literature. For statistical purposes, pairwise ANOVAs were conducted comparing
(i) SOV and OSV sentences, and (ii) ambiguous SOV/OSV sentences. These pairwise
ANOVAs were carried out at Lateral locations including sentence type (ST) (2 levels: SOV
and OSV), hemisphere (H) (2 levels: left and right) and anterior/posterior (AP) (3 levels:
anterior, medium and posterior) factors. The ANOVA for Midline locations included only
sentence type and anterior/posterior factors. For all statistical effects involving two or
more degrees of freedom in the numerator, the Huynh–Feldt epsilon was used to correct
for possible violations of the sphericity assumption. The P value after the correction is
reported as well.

Results
Results from the comprehension task showed that participants performed with high

accuracy (mean percentage of incorrect responses, 17 % ±10.4), as expected given their
high proficiency in Basque. As for the electrophysiological data, after the baseline correc-
tion epochs with artifacts were rejected, which resulted in the exclusion of approximately
26 % of the trials, equally distributed over all conditions (F(3, 63) = 0.83; P(HF) > .48).

Comparing SOV and OSV sentences. The direct comparison between SOV and OSV
sentences at sentence initial position (Fig. 2) between 300 and 500 ms showed a ST ×
H × AP interaction (F(2, 42) = 6.77, P(HF) < .004). The following Manova analysis
(by ST) revealed that the difference between SOV and OSV condition was significant over
the left-frontal (F(1, 21) = 4.44, P < .05) but not over the other sites of the scalp (all P
values > .1). The analysis carried out between 300 and 500 ms over midline electrodes
revealed higher negativity for the OSV condition as compared to the SOV condition (ST:
F(1, 21) = 10.150, P(HF) < .004. No statistically significant effects were found between
600 and 800 ms over lateral and midline ROIs. At sentence second DP position (Fig. 3),
no significant effects were found within 300–500 ms time window. At 600–800 ms time
window, a statistical trend was observed (ST × H × AP interaction: F(2, 42) = 3.12,
P(HF) = .054). The subsequent analyses (by ST) revealed that the positivity elicited
by the Subjects of OSV sentences in comparison to the Objects of SOV sentences was
more pronounced over the right and frontal (F(1, 21) = 3.38; P < .08) than all other
regions (all P values >.12). As for the ambiguous sentences, no significant ERP effects
were observed at the first two DP positions. At disambiguation position (V), the repeated-
measures ANOVA showed a significant interaction between sentences type and hemisphere
(ST x H, F(1,22) = 7.33 P(HF) < 0.01) between 600 and 800 milliseconds (Fig. 4).
At verb position, no effect was observed in 300–500 ms and 600–800 ms time win-

dows. Finally, at Auxiliary position no statistically significant effects were found in any
of the analyzed time-windows.

Comparing SOV/OSV ambiguous sentences. The analyses carried out at DP1, DP2
and Verb position did not show any significant difference when comparing SOV and OSV
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Figure 2: Unambiguous SOV (continued lines) and OSV (dashed lines) comparison at
sentence initial position

sentences. The analyses of the 300–500 ms time window at the Auxiliary position re-
vealed larger negativity in the OSV than SOV condition, distributed mostly over central
and posterior sites of the scalp (see Fig. 4), which was confirmed by a ST × AP inter-
action (lateral: F(2, 42) = 4.38, P(HF)<.042; midline: F(2, 42) = 4.13 P(HF)<.05).
However, subsequent Manova analyses (by ST) showed no significant effect.

Comparing all SOV sentences. In order to explore L2 processing of case morphology,
we further compared ambiguous and non-ambiguous SOV sentences. This comparison also
allowed us to test whether the ambiguous sentences were processed in the same way as
unambiguous SOV sentences. Statistical results showed no differences at first DP position.
At second DP position, however, frontal negativity (midline location, 300–500 ms, ST ×
AP, F(2, 42) = 5.64, P(HF)<.02) was observed. Subsequent Manova analyses (by ST)
confirmed that the effect was more prominent in the ambiguous than in the non-ambiguous
SOV condition and larger over frontal than medium and posterior locations (frontal: F(1,
21) = 5.44; P < .03, medium: F(1, 21) = .31, P > .58; posterior: F(1, 21) = .07, P >
.78). No statistically significant effects were observed at Vb and Aux positions in any of
the time windows.

Comparing all OSV sentences. We also compared ambiguous and non-ambiguous OSV
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Figure 3: Unambiguous SOV (continued lines) and OSV (dashed lines) comparison at
second DP position

sentences. At sentence first position, unambiguous Objects (ardi-a ‘sheepOBJ-SG’) revealed
a frontal negativity between 300–500ms (lateral locations, F(2, 42)=5.31, P(HF)<.025)
when compared to the ambiguous O (ardi-ak ‘sheepSUBJ-SG/OBJ-PL’). Further analyses
showed that this negativity was more prominent over frontal (F(1, 21) = 2.97, P= .09)
than medium (F(1, 21) = 0.37, P > .5) or posterior (F(1, 21) = 0.06, P > .8) regions
of the scalp. In the 600–800 ms time window, DP1 comparison revealed a ST × H ×
AP interaction (F(2, 42) = 4.39; P(HF)<.035) which was not driven by ST factor as re-
vealed the follow-up Manova analyses. At second DP, Vb and Aux positions no significant
results were observed.

Native versus non-native comparison. In order to determine to what extent the ERP
pattern elicited by the L2 speakers corresponded to that reported by Erdocia et al. (2009)
for natives, we carried out an additional between-group analysis, in which both data sets
were compared. With respect to the materials used in both studies, some differences were
observed. First, the amount of sentences per condition read by each participant in our study
was 44 whereas in Erdocia et al. (2009), participants read 60 sentences per condition. On
the other hand, the length of the postpositional phrase introduced between the DP1 and
DP2 was also different; therefore, the sentences of the present experiment were five word
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Figure 4: Ambiguous SOV (continued lines) and OSV (dashed lines) comparison at verb
� auxiliary position

long while in the experiment with natives, Erdocia et al. (2009) used seven word long
sentences. All in all, both studies make use of the same experimental conditions which
affords comparison, even if the outcome must be taken with caution. Regarding the first
DP, no differences between groups were observed at any time window. At the second DP
position statistical analyses revealed a significant ST × H × AP × GROUP interaction
between the 600–800 ms (F(2, 84) = 4.51, P(HF) = .014). The step-down analyses of
this interaction (by ST) revealed larger positivity for OSV than for SOV sentences over
right-anterior sites in non-natives (F(1, 42) = 4.94, P < .04), but not in the native group
(F(1, 42) = 0.01, P = .98). No further differences were found between groups at verb
position.
The analysis of the SOV/OSV ambiguous sentences at the first DP position revealed

a significant ST × H × AP × GROUP interaction (F(2, 84) = 3.82, P(HF) < .04)
between 600 and 800 ms. However, further analyses by ST factor yielded no statistically
significant results, indicating that this interaction was not driven by the ST factor. The
comparison of the mean amplitudes at the second DP, the Verb and the Aux positions did
not reveal any significant interactions involving GROUP factor.

Summary of the results. In sum, ERP results revealed that for highly proficient L2
speakers of Basque, OSV sentences were harder to process than SOV sentences, as re-
vealed by early negativity (LAN) at first DP position, followed by frontal late positiv-
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ity at the second DP (P600). When processing SOV/OSV ambiguous sentences, central
negativity (N400) was found at Aux position for the sentences disambiguated as OSV in
comparison to those disambiguated as SOV. In order to explore the extent to which case
morphology aids sentence processing, we run a double comparison: (a) on the one hand,
we compared both ambiguous and unambiguous SOV sentences, and (b) on the other hand
we compared ambiguous and unambiguous OSV sentences. The first comparison revealed
a larger negativity for the ambiguous second DP, whereas the second one revealed a larger
negativity for the unambiguous sentence initial O. In addition, the comparison between the
native group studied by Erdocia et al. (2009) and the non-native participants from the cur-
rent study showed similar ERP results at first DP, verb and auxiliary position. However,
when processing unambiguous canonical SOV and non-canonical OSV sentences at sec-
ond DP position, non-natives showed a P600 component not observed in natives. Finally,
the comparison of the ambiguous sentences showed no differences between the native and
non-native groups.

4. Discussion

We have presented the results of a set of behavioral and ERP experiments exploring
the impact of L1 on L2 processing. In particular, we sought to determine whether L2
speakers of an OV language whose L1 is a VO language would display different word
order preferences and processing patterns as compared to OV natives.
Given the results reported in a variety of studies on L2 processing at various levels of

proficiency (i.e. Ojima et al., 2005; Chen et al., 2007) our working hypothesis was that
L1/L2 differences would obtain in proficient early bilinguals when the tested materials
involved core differences in the grammar of their L1 and L2. In this particular case, since
the basic word order in the L1 (Spanish, VO) and in the L2 (Basque, OV) differs, and
both grammars also differ regarding case morphology (present in Basque and absent in
Spanish), we expected differences in the way sentence word order was processed by these
L2 speakers as compared to natives.
The results of the Experiment 1 showed that L1Spanish–L2Basque bilinguals behaved

like natives (see Erdocia et al. 2009) in preferring SOV sentences to OSV sentences, which
showed longer RTs and more errors in comprehension. L2 speakers of Basque also behaved
like natives when processing SOV/OSV ambiguous sentences, which they systematically
parsed as SOV, ignoring the available OSV possibility. Besides, the interactions between
word order and DP1/DP2 positions observed when comparing SOV and OSV indicated
that reading object-before-subject sequences increased reading times. Similarly, when
comparing the ambiguous sequences and the OSV sentences, the significant interaction
between word order and DP1/DP2 positions further suggests that SOV/OSV ambiguous
sentences are processed as SOV. Similar effects were observed for L1 speakers of Basque
(Erdocia et al., 2009). These similarities in word order processing preferences correlate
with the high proficiency achieved by these L2 speakers, and it reveals there is no transfer
from L1 to L2 in the pattern of word order preferences.
As for the ERP experiment, at first DP position a LAN component was found when

comparing OSV and SOV sentences. This finding suggests that processing a syntactically
displaced element (O in OSV) is costly (Felser, Clahsen & Münte, 2003; Matzke et al.,
2002; Rösler et al., 1998). However, when comparing OSV/SOV ambiguous conditions,
non-native speakers did not show any significant difference at sentence initial DP position.
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Moreover, when comparing ambiguous sentence initial DPs (DPs ending in -ak) with un-
ambiguous sentence initial Subjects (DPs ending in -ek), no significant effect was observed
either, presumably because participants parsed all ambiguous sentence-initial DPs as Sub-
jects, a result obtained also in other studies of sentence processing in Basque, such as
Carreiras, Duñabeitia, Vergara, de la Cruz-Pavía & Laka (2010) and Yetano, Duñabeitia
& Laka (2011). But when comparing OSV conditions, a larger frontal negativity was ob-
served for the unambiguous DP1 (-a), than for the S/O ambiguous DP1 (-ak), suggesting a
higher processing cost for the Object than for the Subject, and suggesting that non-natives
processed ambiguous DPs (ending in -ak) as Subjects.
At second DP position, comparing SOV and OSV conditions, non-native speakers dis-

played a late frontal positivity, not observed in Erdocia et al. (2009). In the ERP literature,
frontal positivities have been interpreted as a response to non-preferred or complex gram-
matical continuations(Hagoort et al., 1999; Hagoort & Brown, 2000; Frisch & Schle-
sewsky, 2001). As suggested by Kaan & Swaab (2003), these frontal positivities may
also reflect a revision of the preceding phrase structure, which in our case is the first DP of
the sentence. As expected, the comparison between the SOV/OSV ambiguous conditions
yielded no significant results at DP2 position. However, when comparing both ambiguous
and unambiguous SOV conditions, a larger frontal negative effect was observed for the
ambiguous condition. This result suggests that L2 speakers distinguished between unam-
biguous and ambiguous S–O sequences. Thus, apparently, syntactic processing of ambi-
guities is recognizable and it is not cost-free. This conclusion was also drawn by Frisch et
al. (2002), who observed a P600 component in native speakers of German when compar-
ing ambiguous and unambiguous sequence processing. The frontal negativity observed in
our study might indicate the difficulty L2 speakers encounter at this point: processing an
ambiguous constituent, which can be either the S or the O of the sentence, is harder than
processing an unambiguous DP.
On the other hand, the comparison of the second DP in SOV and OSV conditions re-

vealed a statistical difference between natives and non-natives. The frontal P600 observed
in the non-native group, absent in natives, indicates that L2 speakers recruit different neu-
ral mechanisms when processing the Object in OSV sentences. These results converge
with previous findings in the literature indicating that highly proficient L2 bilinguals are
indistinguishable from natives when shared grammatical aspects are processed, as is the
case with verb agreement in Basque and Spanish (Zawiszewski et al., 2011) or in Ger-
man and Italian (Rossi, Gugler & Hahne, 2006), where a N400-P600 pattern obtains
in L1Basque–L2Spanish and L1Spanish– L2Basque groups and LAN-P600 effects are
found in L1German–L2Italian and L1Italian– L2German bilinguals. However, when the
L1 grammar significantly diverges from the L2 grammar, as for instance when English
verb agreement is processed by Chinese natives (Chen et al., 2007), or when SOV word
order is processed by L1Spanish–L2Basque bilinguals, then different brain responses ob-
tain even at high levels of proficiency and an early AoA. In the present study, the canonical
order of our non-native speakers’ L1 was SVO (Spanish, head-initial), while the canonical
word order of their L2 was SOV (Basque, head-final). The frontal P600 elicited by non-
natives at DP2 position of OSV, in comparison with the negativity reported for natives
at the same position reveals a difference in processing strategies between the native and
non-native group.
At sentence final position (verb and auxiliary) of unambiguous conditions, a significant

trend was observed between 700 and 900 ms in L2Basque speakers (ST × H: F(1, 21) =
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3.59, P(HF) < .072). The comparison between non-natives and natives was not signifi-
cant, suggesting that for non-natives as well as for the natives (Erdocia et al., 2009; Felser
et al., 2003; Fiebach et al., 2002, among others) the processing cost increases equally at
verb position in order to recover the required syntactic information of non-canonical con-
ditions.
In fully ambiguous contexts (examples 2c and 2d), and unlike natives (Erdocia et al.,

2009) the non-natives did not show any ERP component related to processing difficulty at
the disambiguation point. However, they elicited a negative component later at auxiliary
position. The latency and distribution of the negativity suggests an N400, which could
reflect reanalysis processes taking place when word order information is disambiguated by
means of world knowledge (see also Hagoort et al., 2004).
In sum, our results suggest that basic and systematic dimensions of linguistic variation,

such as the VO/OV divide, can lead to differences in language processing for L2 versus L1
speakers, even for those L2 speakers who acquire their second language early and master
it to a high proficiency degree. Similarly to the results obtained by Ojima et al. (2005), and
Chen et al. (2007), our findings indicate that proficient L2 speakers do not always employ
the same strategies for sentence comprehension as natives when processing aspects of
grammar that differ from those in their native language.
The present ERP results converge with this general picture. The contrast obtained

can hardly be attributed to lack of proficiency in L2, because the non-native participants
were highly proficient bilinguals, whose behavioral performance displayed the same gen-
eral processing preferences as that reported for natives. Nevertheless, electrophysiolog-
ical measures revealed differences related to the underlying syntactic processing. These
differences are most likely due to the parametric differences between the two languages
(VO/OV). Finally, our results make it clear that investigating different bilingual popula-
tions and expanding this line of research to other multilingual populations or to languages
with different orthographic, morphological, grammatical or phonological characteristics
can provide new evidence on how the second languages are processed in and what the
possible differences come from.

5. Conclusion

Our data lend support to the hypothesis that core typological differences such as the
VO/OV type can be a relevant factor behind L1/ L2 differences in syntactic computation by
early and proficient bilinguals, as revealed by a distinct processing signature elicited by L2
speakers, different from that of natives. Whether this distinct signature is due to an effect
of transfer of processing strategies from the native language onto the non-native one, or
whether it is due to a difficulty to acquire the divergent grammatical features of the second
language by the bilingual, and the extent to which these two possibilities are mutually
exclusive or necessarily concurrent cannot be determined given the available evidence, and
future work is required to further unravel the ultimate nature of this grammatical difference
effect.

References

Bornkessel, M., I. Schlesewsky & Friederici, A. (2002). Beyond syntax: language-related
positivities reflect the revision of hierarchies. NeuroReport, 13, 361–364.

21



Bornkessel-Schlesewsky, I. & Schlesewsky, M. (2009). The role of prominence informa-
tion in the real-time comprehension of transitive constructions: A cross-linguistic ap-
proach. Language and Linguistic Compass, 3, 19–58.

Carreiras, M., Duñabeitia, J., Vergara, M., de la Cruz-Pavía, I. & Laka, I. (2010). Subject
relative clauses are not universally easier to process: Evidence from Basque. Cognition,
115, 79–92.

Chen, L., Shu, H., Liu, Y., Zhao, J. & Li, P. (2007). ERP signatures of subject–verb
agreement in L2 learning. Bilingualism: Language and Cognition, 10, 161–174.

Dixon, R.M.W. (1994). Ergativity. Cambridge University Press, Cambridge.
Dryer, M.S. (2011). Order of subject, object and verb. In M. Dryer & M. Haspelmath,
eds., The world atlas of language structures online, Max Planck Digital Library, Munich,
Germany.

Díaz, B., Sebastián-Gallés, N., Erdocia, K., Mueller, J. & Laka, I. (2011). On the cross-
linguistic validity of electrophysiological correlates of morphosyntactic processing: A
study of case and agreement violations in Basque. Journal of Neurolinguistics, 24, 357–
373.

Erdocia, K., Laka, I., Mestres-Missé, A. & Rodríguez-Fornells, A. (2009). Syntactic com-
plexity and ambiguity resolution in a free word order language: behavioral and electro-
physiological evidences from Basque. Brain and Language, 108, 1–17.

Felser, C., Clahsen, H. & Münte, T. (2003). Storage and integration in processing of filler-
gap dependencies: An ERP study of topicalization and wh-movement in German. Brain
and Language, 87, 345–445.

Fiebach, C.J., Schlesewsky, M. & Friederici, A.D. (2002). Separating syntactic integra-
tion cost during parsing: The processing of German WH-questions. Journal of Memory
and Language, 47, 250–272.

Foucart, A. & Frenck-Mestre, C. (2012). Can late L2 learners acquire new grammatical
features? Evidence from ERPs and eye-tracking. Journal of Memory and Language, 66,
226–248.

Friederici, A., Hahne, A. & Saddy, D. (2002). Distinct neurophysiological patterns re-
flecting aspects of syntactic complexity and syntactic repair. Journal of Psycholinguistic
Research, 31, 45–63.

Frisch, S. & Schlesewsky, M. (2001). The N400 reflects problems of thematic hierarchiz-
ing. Basic and Clinical Neurophysiology, 12, 3391–3394.

Garnsey, S.M., Pearlmutter, N.J., Myers, E. & Lotocky, M.A. (1997). The contributions
of verb bias and plausibility to the comprehension of temporarily ambiguous sentences.
Journal of Memory and Language, 37, 58–93.

Gibson, E. & Hickok, G. (1993). Sentence processing with empty categories. Language
and Cognitive Processes, 8, 147–161.

Gibson, E., Piantadosi, S.E., Brink, K., Bergen, L., Lim, E. & Saxe, R. (2013). A
noisy-channel account of crosslinguistic word-order variation. Psychological Science,
24, 1079–1088.

Gillon Dowens, M., Vergara, M., Barber, H. & Carreiras, M. (2009). Morphosyntactic pro-
cessing in late second-language learners. Journal of Cognitive Neuroscience, 22, 1870–
1887.

Gillon Dowens, M., Guo, T., Guo, J., Barber, H. & Carreiras, M. (2011). Gender and num-
ber processing in Chinese learners of Spanish—evidence from event-related potentials.
Neuropsychologia, 49, 1651–1659.

22



Greenberg, J. (1963). Some universals of grammar with particular reference to the order
of meaningful elements. In J. Greenberg, ed., Universals of Language, 73–113, MIT
Press, Cambridge MA.

Hagiwara, H., Soshi, T., Ishihara, M. & Imanaka, K. (2007). A topographical study on
the event-related potential correlates of scrambled word order in Japanese complex sen-
tences. Journal of Cognitive Neuroscience, 19, 175–193.

Hagoort, P. & Brown, C. (2000). ERP effects of listening to speech compared to read-
ing: the P600/SPS to syntactic violations in spoken sentences and rapid serial visual
presentation. Neuropsychologia, 38, 1531–1549.

Hagoort, P., Brown, C. & Osterghout, L. (1999). The neurocognition of syntactic process-
ing. In C. Brown & P. Hagoort, eds., Neurocognition of language, 273–316, Oxford:
Oxford University Press.

Hagoort, P., Hald, L., Bastiaansen, M. & Petersson, K. (2004). Integration of word mean-
ing and word knowledge in language comprehension. Science, 304, 438–441.

Hawkins, J.A. (1995). The Person-Case Constraint: A Morphological Approach. Cam-
bridge: Cambridge University Press.

Hawkins, J.A. (1999). Processing complexity and filler-gap dependencies across gram-
mars. Language, 75, 244–285.

Hawkins, J.A. (2004). Efficiency and complexity in grammars. Oxford: Oxford University
Press.

Hawkins, J.A., Dryer, M.S., Haspelmath, M., Newmeyer, F., Polinsky, M. & Primus, B.
(2002). Symmetries and asymmetries: Their grammar, typology and parsing. Theoret-
ical Linguistics, 28, 95–149.

Johns, A., Massam, D. & Ndayiragije, J. (2006). Ergativity: Emerging issues. Studies in
natural language and linguistic theory (Vol. 65). Dordrecht, Berlin: Springer.

Just, M., Carpenter, P. & Wooley, J. (1982). Paradigms and processes in reading com-
prehension. Journal of Experimental Psychology: General, I, ll, 228–238.

Kaan, E. & Swaab, T. (2003). Repair, revision, and complexity in syntactic analysis: An
electrophysiological differentiation. Journal of Cognitive Neuroscience, 15, 98–110.

Kaan, E., Harris, A., Gibson, E. & Holcomb, P. (2000). The P600 as an index of syntactic
integration difficulty. Language and Cognitive Processes, 15, 159–201.

Kim, A. & Osterhout, L. (2005). The independence of combinatory semantic processing:
Evidence from event-related potentials. Journal of Memory and Language, 52, 205–
225.

Kluender, R. & Kutas, M. (1993). Bridging the gap: Evidence from ERPs on the process-
ing of unbounded dependencies. Journal of Cognitive Neuroscience, 5, 196–214.

Kotz, S. (2009). A critical review of ERP and fMRI evidence on L2 syntactic processing.
Brain and Language, 109, 68–74.

Kuperberg, G., Holcomb, P., Sitnikova, T., Greve, D., Dale, A. & Caplan, D. (2003).
Distinct patterns of neural modulation during the processing of conceptual and syntactic
anomalies. Journal of Cognitive Neuroscience, 15, 272–293.

Kutas, M. & Hillyard, S. (1980). Reading senseless sentences: Brain potentials reflect
semantic incongruity. Science, 207, 203–205.

Landa, J., Sarasola, I. & Salaburu, P. (2011). Euskal Hiztegiaren Maiztasun Egitura
(EHME). Euskara Institutua/Basque Language Institute, Bilbao: University of the
Basque Country.

Matzke, M., Mai, H., Nager, W., Rüsseler, J. & Münte, T. (2002). The cost of freedom:
23



An ERP-study of non-canonical sentences. Clinical Neurophysiology, 113, 844–852.
McLaughlin, J., Tanner, D., Pitkänen, C., I.and Frenck-Mestre, Inoue, K., Valentine,
G. & Osterhout, L. (2010). Brain potentials reveal discrete stages of L2 grammatical
learning. Language Learning, 60, 123–150.

Münte, T., Heinze, H. & Mangun, G. (1993). Dissociation of brain activity related to
syntactic and semantic aspects of language. Journal of Cognitive Neuroscience, 5, 335–
344.

Ojima, S., Nakata, H. & Kakigi, R. (2005). An ERP study of second language learning
after childhood: Effects of proficiency. Journal of Cognitive Neuroscience, 17, 1212–
1228.

Oldfield, R. (1971). The assessment and analysis of handedness: the Edinburgh inventory.
Neuropsychologia, 9, 97–113.

Osterhout, L. & Holcomb, P. (1992). Event-related brain potentials elicited by syntactic
anomaly. Journal of Memory and Language, 31, 785–806.

Pallier, C., Dupoux, E. & Jeannin, X. (1997). EXPE: an expandable programming lan-
guage for on-line psychological experiments. Behavior Research Methods, Instruments,
& Computers, 29, 322–327.

Pastor, L. & Laka, I. (2013). Processing facilitation strategies in OV and VO languages:
A corpus study. Open Journal of Modern Linguistics, 3, 252–258.

Phillips, C., Kazanina, N. &Abada, S.H. (2005). ERP effects of the processing of syntactic
long-distance dependencies. Cognitive Brain Research, 22, 407–428.

Pickering, M. (1993). Direct association and sentence processing: A reply to Gorrell and
to Gibson and Hickok. Language and Cognitive Processes, 8, 163–196.

Pickering, M. & Barry, G. (1991). Sentence processing without empty categories. Lan-
guage and Cognitive Processes, 6, 229–259.

Rossi, S., Gugler, M. & Hahne (2006). Impact of proficiency on syntactic second-language
processing of German and Italian: Evidence from event-related potentials. Journal of
Cognitive Neuroscience, 18 (12), 2030–2048.

Rösler, F., Pechmann, T., Streb, J., Röder, B. & Hennighausen, E. (1998). Parsing of
sentences in a language with varying word order: word-by-word variations of processing
demands are revealed by event-related potentials. Journal of Memory and Language, 38,
150–176.

Sabourin, L. & Stowe, L. (2008). Second languge processing: when are first and second
languages processed similarly? Second Language Research, 24, 397–430.

Tokowicz, N. & MacWhinney, B. (2005). Implicit and explicit measures of sensitivity to
violations in second language grammar: an event-related potential investigation. Studies
in Second Language Acquisition, 27, 173–204.

Trueswell, J.C., Tanenhaus, M.K. & Kello, C. (1993). Verb-specific constraints in sen-
tence processing: Separating effects of lexical preference form garden-paths. Journal of
Experimental Psychology: Learning, Memory and Cognition, 19, 528–553.

Ueno, M. & Polinsky, M. (2009). Does headedness affect processing? A new look at the
VO-OV contrast. Journal of Linguistics, 45, 675–710.

van Hell, J. & Tokowicz, N. (2010). Event-related brain potentials and second language
learning: syntactic processing in late L2 learners at different L2 proficiency levels. Sec-
ond Language Research, 26, 43–74.

Weber, K. & Lavric, A. (2008). Syntactic anomaly elicits a lexico-semantic (N400) ERP
effect in the second language but not the first. Psychophysiology, 45, 920–925.

24



Yamashita, H. & Chang, F. (2001). “Long before short” preference in the production of a
head-final language. Cognition, 81, B45–B55.

Yetano, I., Duñabeitia, J.A. & Laka, I. (2011). Agent-initial processing preference in
Basque: A visual-world eye-movement experiment. Poster presented at the 7th Interna-
tional Morphological Processing Conference.

Zawiszewski, A. & Friederici, A.D. (2009). Processing canonical and non-canonical sen-
tences in Basque: the case of object-verb agreement as revealed by event-related brain
potentials. Brain Research, 1284, 161–179.

Zawiszewski, A., Gutiérrez, E., Fernández, B. & Laka, I. (2011). Age effects in non-native
language processing. evidence from event-related potentials. Bilingualism: Language
and Cognition, 14, 400–411.

25


	1 Introduction
	2 Experiment 1
	2.1 Interim discussion

	3 Experiment 2
	4 Discussion
	5 Conclusion

