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Word arder alternation has been described as one of the most productive information 
structure markers and discourse organizers across languages. Psycholinguistic evidence 
has shown that word arder is a crucial cue far argument interpretation. Previous studies 
about Spanish sentence comprehension have shown greater difficulty to parse sentences 
that presenta word arder that does not respect the arder of participants of the verb's 
lexico-semantic structure, irrespective to whether the sentences follow the canonical 
word arder of the language or not. This difficulty has been accounted as the cognitive cost 
related to the miscomputation of prominence status of the argument that precedes the 
verb. Nonetheless, the authors only analyzed the use of alternative word orders in isolated 
sentences, leaving aside the pragmatic motivation of word arder alternation. By means 
of an eye-tracking task, the current study provides further evidence about the role of 
inforrnation structure for the comprehension of sentences with alternative word arder and 
verb type, and sheds light on the interaction between syntax, semantics and pragmatics. 
We analyzed both "early" and "late" eye-movement measures as well as accuracy and 
response times to comprehension questions. Results showed an overall influence of 
information structure reflected in a modulation of late eye-movement measures as well 
as offline measures llke total reading t ime and questions response time. However, effects 
related to the miscomputation of prominence status did not fade away when sentences 
were preceded by a context that led to non-canonical word arder of constituents, 
showing that prominence computation is acore mechanism far argument interpretation, 
even in sentences preceded by context. 

Keywords: information structure, word order, eye-tracking, text comprehension, prominence, psych verbs 

1. INTRODUCTION 
Word order alternation is a frequent feature in many languages across the world. Several works 
have tried to explain the psycholingu.istic principles that govern comprehension of alternative 
word orders. Based on theoretical accounts of word order alternation or "scrambüng;' many of 
these studies assume the existence of a particular canonical word order for each Janguage (e.g., 
SVO for English, SOV for Gennan, etc.), and alternative orders derived from it (Comrie, 1989). 
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Experimental evidence suggests that alternative word orders 
are more di.fficult to process than canonical ones, as reflected 
by longer reading times, response tímes and lower accuracy 
rates (Hyonii and Hujanen, 1997; Bader and Meng, 1999; 
Ka.mide and Mitchell, 1999). Studies about the role of word 
order for incremental comprehension have also shown that 
word order alternation is a relevant cue for lexico-semantic 
argument interpretation and posterior realization of syntax-to-
semantics línking. In other words, incremental processing of 
word order features are useful to predict "who does what to 
whom" in a given event (see Bader and Bayer, 2006; Bornkessel 
and Schlesewsky, 2006, for two ditferent reviews on this issue) . 
For instance, a Spanisb cloze task has shown that while the 
appearance of a nominative-marked argument in first position 
leads readers to expect an activity verb, the appearance of a 
dative-marked argument in first position leads them to expect 
an Object Experiencer psychological verb (heareafter ObjExp 
psych verb, Gattei et al., 2015b, Experiment 2). The violation 
of these expectations generates higher error rates and response 
tímes, longer reading times and amount of regressions to 
previous regions (Gattei et al., 2015a, 2017), and differential 
neural correlates (Gattei et al., 2015b), even in the canonical 
word order of the language. Toe interpretive function of word 
order has also been evaluated in a spectrum of languages with 
dí.fferent degrees of complexity regarding morphological case 
marking, such as German (Bomkessel et al., 2003, 2005), Italian 
(Droge et al., 2014), and Chinese (Wang et al, 2012) with 
very similar and robust results. Bornkessel and Schlesewsky 
(2006) suggest that word order-as welJ as case marking, 
animacy, and definiteness-are key linguistic features for the 
computation of argument prominence, which comprises the 
hierarchical relation among argurnents in a sentence (Lamers 
and De Swart, 2012). The evidence suggests that the human 
sentence parser tends to interpret tbe first argument of a sentence 
as the most "Actor-like" possible according to the prominence 
status provided by tbose features. This proposal suggests that 
speakers tend to compute arguments prominence status by 
following a more-to-less prominent order, this is, following the 
stipulated order of arguments in the lexico-semantic structure 
ofverbs. Hence, a Spanish anímate, nominative-marked, definite 
argument in first position will most likely be the Actor of an 
activity event, andan anímate, dative-marked, definite argument 
in first position will most likely be the Experiencer of a 
psych state. 

However, an aspect that has not been taken into account by 
most studies that address word order alternation in sentence 
comprehension is that the appearance of non-canonical word 
order is not arbitrary but rather motivated by discursive factors 
líke, for instance, if a referent has been previously introduced or if 
it is part of a referent mentioned before (Givón, 1984; Lambrecht, 
1994; Birner and Ward, 1998). Alongwith prosody, word order is 
considered one of the key information structure markers across 
languages. The way in which given and new inforrnation is 
conveyed can modulate pragmatic interpretation by stipulating 
the status of constituents as discourse topic and focus. For 
instance, when unmarked, Spanish favors given information in 
the left-most position of the sentence, even when that means to 
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change from canonical SVO word order to a non-canonical one 
(Zubizarreta, 1998) as it may be seen in (1): 

(1) ¿Quién le gritó a Ana? [A Ana] 
Who CL-DAT yelled to Ana-DAT? [To Ana-DAT] 

le gritó Mar{a. 
CL-DAT yelled Maria-N0M 

"Who yelled at Ana? María yelled (at Ana=." 

Typologically speaking, Spanish is considered to be a flexible 
language regarding both the possibility of alternating word order 
and the lack of constraints about the syntactic positions in which 
focus can potentially be assigned (Van Valin, 1999; Betloro, 2012). 
Hence, the same question posited in (l) may presenta response 
in whicb new (focused) information takes place in first position, 
as shown in (2). 

(2) ¿Quién le gritó a Ana? Mar{a le 
Who CL-DAT yelled to Ana-DAT ? María-N0M CL-DAT 

gritó a Ana. 
yelled to Ana-DAT 

"Who yelled at Ana? María yelled at Ana." 

In this example, the response to the question may be 
interpreted as narrow focus, .in the sense that it was María, and 
not Juan, for instance, who yelled at Ana. Thus, the appearance 
of new information in first position may modify the way speakers 
interpret the response. Frorn a psycholinguistic point of view, 
not many studies have addressed the role of word order for 
discourse on-going interpretation. In a study about processing of 
declarative sentences in Finnish with non-canonical information 
structure Kaiser and Trueswell (2004) argue that readers may 
need additional presuppositions in order to understand isolated 
sentences with a non-canonical word order. Hence, showing the 
right discourse setting for this type of sentences should facilitate 
comprehension. The authors showed that the presentation of 
a referent providing new information in first position entailed 
longer reading times irrespective of word order (SVO vs. OVS), 
and that overall, sentences with non-canonical word order (OVS) 
were more difficult to understand that sentences that fotlowed 
the canonical word order of the language. This means that the 
presentation of a supportive discourse context partially alleviates 
the usual difficulty associated to a non-canonical construction. 

In a series of Event-Related Potentials (ERPs) experiments 
in German that manipulated position of the referents and 
givenness, Schumacher and Hung (2012) showed that new 
inferred information in sentence-medial positions engender a 
Late Positivity when compared to new given information. Trus 
difference does not take place when the constituents are in 
sentence-initial position. The autbors clairn tbat "information 
presented in sentence-initial position is treated di.fferently than 
information in other positions during both language processing:' 
and the construction of discourse representation structure. 

Burmester et al. (2014) also showed that topic-first order 
eases OVS sentence processíng in German-speaking adults, as 
eyjdenced by an oflline comprehensibility judgment task and a 
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late positivity etfect at the ERP mean voltage when comparing 
sentences preceded by a neutral context and those preceded by a 
topicalized context. 

The present study seelcs to go a step forward and to evaluate 
how the pragmatic use of word order alternation interacts with 
its use as a cue for arguments prominence computation. In 
other words, if prominence is considered a hierarchy composed 
by other independent hierarchies (e.g., animacy features are 
independent from case marking and word order), and in a 
particular sentence these hierarchies may conflict with each other 
(e.g., tbe innanimate argument bares nominative case, Chow 
and Phillips, 2013), it is worth exploring when the language 
word order (SVO) is incongruent with the canonical word order 
stipulated by the lexico-semantic structure of the verb (SVO for 
activity verbs and OVS for ObjExp psych verbs) and that of the 
rhematic hierarchy ("given" referents precede "new" ones). 

The paper is organized as follows: We first preseot a brief 
description of Spanish word order altemation, with special 
emphasis on Object Experiencer Psych Verbs (hereafter ObjExp 
psych verbs) and stipulate the hypotheses and predictions related 
to the processing of these sentences when embedded in context. 
We then present an eye-tracking study addressing these issues. 
Finally, we discuss the results of the current experiment under 
the light of previous findings. 

1.1. Word Order Alternation in Spanish 
Spanish is rather flexible in terms of word order, although it is 
argued to be a Subject-Verb-Object (SVO) language (Contreras, 
1976; Suñer, 1982; Ocampo, 1995). Talce for instance sentences in 
(3) and (4) 

(3) Marfa le responde a Ana. 
MaríaNOM CL-DAT responds to Ana-DAT 

"María responds to Ana" 

(4) A Ana le responde María. 
To Ana CL-DAT responds María-NOM 

"María responds to Ana" 

The verb in these examples expresses the same type of event, 
in which an Actor ("María") carries out an activity ("to respond") 
that affects another participant (" Ana"). The main difference 
between both sentences is that, apart from showing the canonical 
word order of the language, sentence (3) shows a canonical order 
ofits arguments, with an Actor preceding the affected participant 
or "Undergoer" (Foley and Van Valin, 1984). Sentence (4), on the 
contrary, exhibit both a non-canonical word order and a non-
canonical arguments order, with the Undergoer preceding the 
Actor. 

The same morphological case marking is applied to arguments 
in sentences with ObjExp psych verbs, as shown in (5) and (6) 

(5) María le encanta a Ana. 
MaríaNOM CL-DAT !oves to Ana-DAT 

"Ana loves María" 
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(6) A Ana le encanta María. 
To Ana CL-DAT [oves María-NOM 

"Ana !oves María" 

Altough sentence (6) carries a non-canonical word order, it 
reflects the canonical order of arguments established by its lexico-
semantic structure, as exemplified in (7), in which the verb's left-
most argument ("x'') is associated to an Experiencer of a state 
predicate, and "y" is associated to the Theme that generates this 
state (Van Valin, 2005, p. 45). 

(7) encantar'(x,y) 

This subdass of psych verbs has become relevant for 
understanding how the sentence processor uses both syntactic 
and lexico-semantic information in order to predict the thematic 
structure of a particular event. In a series of studies run 
in this Janguage, when presented with sentences like (4) 
and (6), readers found higher difficulty to integrate the verb 
and the second argument of the sentence in trials with 
activity verbs than in sentences with ObjExp psych verbs. 
The opposite pattern was found for subject-initial sentences, 
showing longer reading times (Gattei et al., 2015a) and higher 
amount of regressions (Gattei et al .. 2017) to previous regions 
when the sentence included an ObjExp psych verb than an 
activity verb. 

This pattern of results suggests that readers are not onJy 
guided by word order canonicity in order to interpret sentences, 
but that they use word order together with a semantic principie 
that stipulates that the fust argument will take the most 
prorninent status possible to form predictions about the type of 
thematic structure that the event will carry and assign a thematic 
role to the preverbal argument accordingly (Bornkessel et al., 
2005; Wolff et al., 2007; Haupt et al., 2008). The appearance of 
a verb that required a correction of this assumption resulted 
in longer reading times in the regions that comprised the 
second argument of the sentence. Furthermore, when asked 
"who did/felt what for whom" after reading each sentence, 
accuracy rates were lower and response time longer when 
the sentences arguments did not reflect the canonical order 
of arguments of tbeir lexico-semantic structure, showing that 
the effects of not respecting the order established by the 
lexico-semantic structure of the verb are so robust that can 
persist even once all the processes of linguistic integration have 
been completecl 

1.2. Hypotheses and Predictions 
By means of an eye-tracking reading task we aim at weighing 
the relative processing load imposed by the violation of two 
types of linguistic hierarchies related to word order altemation: 
the rhematic hierarchy-given referents precede new referents 
( Contreras, 1976)-and that related to arguments' prominence-
"the Actor precedes the Undergoer" (Van Valin and LaPolla, 
1997). 

W e pro pose to replicate the findings from the study of Kaiser 
and TruesweU (2004), but using two different verb types (i.e., 
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activity verbs and ObjExp psych verbs), as in Gattei et al. (201 Sa, 
2017). 

Following the results of Kaiser and Trueswell (2004) and 
basing our hypotheses on the assUillption that word order 
alternation is motivated by discursive factors (Givón, 1984; 
Lambrecht, 1994; Bimer and Ward, 1998) we expect that 
overall, the appearance of an adequate context facilita tes sentence 
comprehension. In the current study, context adequacy is 
provided by the pragmatic status of referents. Tbis means that an 
adequate context will lead to a sentence with a "given" referent 
in first position and a "new" referent as second argument, giving 
rise to a canonical rhematic hierarchy. Conversely, an inadequate 
context will give rise to a "new" referent in first position and a 
non-canonical information structure. 

We also expect that ali effects related to the interaction 
between syntactic, semantic and pragmatic factors are reflected 
in late eye-movement measures, since they are assumed to reflect 
later parsing stages (see Clifton et al., 2007; Vasishth et al., 2013, 
for a review on this discussion) . 

In relation to the interaction between both prominence and 
rhematic hierarchies, we predict two possible outcomes: 

l. Context adequacy causes possible effects of prominence 
miscomputation fade away. The rationale ofthis prediction is 
that thematic reanalysis effects found in previous studies could 
have been the result of making additional presuppositions 
related to the use of a non-canonical word order without any 
previous context. This hypothesis predicts a main effect of 
information structure, and a triple interaction between word 
order, verb type and information structure, with sentences 
with non-canonical word order showing higher processing 
demand when an unsupportive context is used than when 
preceded with a supportive context. When a supportive 
context is used, prominence miscomputation effects should 
disappear. This interaction should take place once the verbs 
are read and in subsequent regions. 

2. Context adequacy plays a role at initial stages of sentence 
processing but does not make the effect of prominence 
miscomputation fade away. The rationale of this prediction 
is that the relation between syntax-to-semantics linking 
and word order involves a mechanism -semantic roles and 
syntactic functions- that belongs to the grammatical nucleus 
of any given language. Thus, the violation of the prominence 
hierarchy comprises the alteration of a core relationship 
in a sentence. On the contrary, the relationship between a 
non-canonical rhematic structure and non-canonical word 
order involves the manipulation of a more flexible system 
(i.e., Pragmatics), designed to adapt linguistic form to the 
dynamics of conte:xt. ln other words, this bypothesis predicts 
greater difficuJty for sentences witb unsupportive context 
than for those with supportive one. This difficulty should be 
reflected at the initial regions of sentences (i.e., where the 
new referent takes place). The hypothesis also predicts higher 
processing demands for those sentences that do not respect 
the prominence hierarchy than for those that respect it (i.e., 
for SVO sentences with ObjExp psych verbs and for OVS 
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sentences with Activity verbs) irrespective of whether they are 
preceded by a supportive or unsupportive context. Following 
Gattei et al. (2017), effects of prominence miscomputation 
should take place at late eye-movement measures at later 
regions of the sentence (i.e., verb region onward for reading 
measures, and at initial regions of the sentence and verb for 
regression measures). 

2. MATERIALS ANO METHODS 

We designed a text reading task using the eye-tracking 
method in order to study the interaction between word 
arder, verb type and information structure. This technique 
allows to register with great temporal precision what eyes do 
during naturalistic reading, and what strategies readers use 
in order to overcome cognitive difficulties that could arise 
from linguistic complexity (also see Just and Carpenter, 1980; 
Just et al., 1982, for a discussion on the advantages of this 
paradigm). 

2.1. Participants 
Seventy-two native Spanish speakers (47 female, age range 18-
54 years old; M = 22.6, SE= 0.74) participated in this study. Ali 
participants had normal or corrected-to-normal vision and had 
no history of prior neurological disease, drug or alcohol abuse, 
psychiatric disorders, developmental speech/language disorders, 
or learning disabilities. Ali of them provided written consent 
prior to the study. Sixty-nine of the participants entered the final 
data analysis, the remaining three having been excluded on the 
basis of equipment-related artifacts and/or insufficient accuracy 
in the comprehension task (an error rate higher than 40% in 
the critica! conditions). Ali participants were compensated with 
150 Argentinian Pesos (approximately US$ 9 at that time) after 
6.nishing the ex:periment session. 

2.2. Materials 
A total of 384 texts were built following the studies of Gattei 
et al. (2017) and Kaiser and Trueswell (2004). The texts consisted 
of three sentences [hereafter S1 refers to the first sentence, S2 
refers to the second sentence and S3, to the third sentence of 
the text, see example (8)] . S1 introduced the fust referent (R¡ : 
Richard) and the situation in which s/he was. S2 introduced the 
second referent (R2: Mary/ Ana) and stated that this person was 
performing an action with a person whose name has not been 
mentioned (R3: Ana/Mary). S3 comprised the target sentence, 
which described that R1 (Richard) saw or heard that one of 
the two referents introduced in S2 did or felt something for 
the other person. Sentences were built in such way that R1 
always had a different gender than R2 and R3. This was done 
in order to avoid possible ambiguity in the use of pronouns 
("be" or "she") in the text, so that it was always clear for 
the reader that it referred to R1. In other words, if R1 was 
feminine, then R2 and R3 were masculine proper names and 
vice versa. 
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(8) Ricardo estaba en la sala corrigiendo unos exámenes. 
Richard was in the room grading sorne exams. 

Él vio que María/Ana estaba en el pasillo 
He saw that Mary/ Ana was in the corridor 
charlando por teléfono. Poco después, él oyó que 
chatti.ng by telephone. Little later, he heard that 
Maria le respondía a Ana .. . 
Mary CL-DAT responded to Ana .. . 

"Richard was in the room grading exams. He saw that 
Mary/ Ana was in the corridor chatting on the phone. Little 
later, he heard that Mary responded to Ana ... " 

In S3, 24 ObjExp psych verbs and 24 activity verbs with 
dative-marked objects were used. Both verb groups were matched 
according to length (ObjExp: M = 6.8, SE= 0.31; Act: M = 6.3, 
SE = 0.25) and log-transformed frequency (ObjExp: M = 4.32, 
SE = 0.17; Act: M = 4.47, SE = 0.11) according to the 
LEXESP database (Davis and Perea, 2005). An independent 
samples t-test revealed that there were no significant differences 
between groups [Length: t¡46i = - 1.35, p > O.OS; log Frequency: 
t (46) = 0.71,p > O.OS]. 

Verbs from S3 were framed between a Noun Phrase (NP) and 
a Prepositional Phrase (PP) that consisted of 48 pairs of proper 
names matched in length and counterbalanced in gender (half 
masculine and half feminine) . Target sentences could also foUow 
the Subject-Verb-Object (SVO) order or the Object-Verb-Subject 
(OVS) word order. In this way, we tested the role of constituents 
order for these types of sentences. Finally, information structure 
of S3 was also manipulated. In four of the target sentences, 
the referent that appeared in first position in S3 had already 
been mentioned in S2, while in the other four, the referent 
that appeared in first position in S3 had not been previously 
mentioned by its proper name. This means that the configuration 
ofhalf ofthe sentences' information structure comprised a given 
referent in first position while in the other half, a new referent 
was provided at sentence-initial position. 

The 384 total sentences were divided into eight lists of 48 
sentences each (six per condition) so that participants would see 
each verb twice, each time in a sentence with different word 
order and framed by two different pairs of proper names and a 
different context. 

In order to avoid wrap-up effects (Just and Carpenter, 1980), 
additional phrases were added at the end of S3 so that regions 
of interest did not coincide with the last word of the text. These 
phrases were semantically neutral so that they would not facilita te 
the interpretation ofS3's argurnent structure. In order to facilitate 
the posterior statistical analysis, both the syntactic structure and 
length of the first two sentences of the text were kept constant 
among the 48 sets, with a length range between 35 and 52 
characters in S1 (M = 42.5 characters), and 29-40 characters 
in S2 (M = 35.42 characters). Length of S3 would only vary 
according to the length of the additional phrase used in order to 
avoid "wrap-up" effects, with a length range of 75-88 characters 
(M = 82.33 characters). 

In addition, a set of three practice items and 72 filler texts that 
were unrelated o the purposes of the study were used. The latter 
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texts included sentences with different syntactic complexity and 
length to the target texts, and referred to diverse semantic topics, 
so that participants could not realize what the main purpose of 
the study was. 

Finally, 123 questions were designed in order to test the 
comprehension of each practice, critica! and filler item. Questions 
for the critica! items were formulated in two ways: In order 
to respond 32 of the questions, participants had to retrieve the 
argument structure of the target sentence (S3) and participants 
had to respond whether one of the referents <lid/ felt what for the 
other referent, while in the remaining 16 texts the question tested 
the comprehension of one of the two previous sentences (S1 and 
S2). The rationale of doing thi.s was to assure that participants 
would read the context previous to the target sentence. Half 
of the questions were responded affirmatively and half of them 
were responded negatively. Half of the questions that referred 
to S3 asked about the subject constituent and half of them 
referred to the object constituent. Participants had to choose 
the correct answer by clicking on it with the mouse. Position 
of the correct answer was half of the times on the right side of 
the screen and was randomly assigned between trials for each 
participant. Table l shows an example of one of the 48 sets 
of 8 texts used in the current experiment. A complete list of 
the experiment materials may be found at Appendix A of the 
Supplemental Material. available at bttps://osf.io/kp4dn/. 

2.3. Equipment 
Similarly to ( Gattei et al., 2017), participants were seated in front 
of a 19-inch screen (Samsung SyncMaster 997 MB, 1024 x 768 
pixels resolution, 100 Hz refresh rate) at a viewing distance of 
65 cm. Head movements were prevented with a chinrest aligned 
with the center of the screen. Gaze locations of both eyes during 
reading was recorded with an EyeLink 1000 eye-tracker (SR 
Research Ltd.) at a sampling rate of l. kHz. As given by the 
manufacturer, nominal average accuracy was 0.5 º and space 
resolution was 0.01 ° root mean square (RMS). A standard 13-
point grid for both eyes was used to calibrate participant's gaze. 
All recordings and calibration were binocular but only left eye 
data were used for the analysis. 

All eye movements were labeled as fixations, saccades 
and blinks by the eye-tracker software using the default 
thresholds for Cognitive experiments (30°/s for velocity, 
8,000° Is for acceleration, and 0.1 ° for motion, Cornelissen 
et al., 2002). Stimuli presentation was developed using Matlab 
(http://www.mathworks.com/, Massachusetts, U ni.ted Sta tes) and 
Psychophysics Toolbox Version 3. 

2.4. Procedure 
All texts were displayed on five lines, tbe critical sentence being 
displayed on the fourtb line. either tbe first nor the last word of 
each line displayed any of the main regions of interest from the 
critica! sentence nor any ofthe referents from S2. 

In sum, the design of the text was such that: (i) the critica! 
sentence did not exceed one line of the text; (ii) the line of the 
critica! sentence was always the same across trials (line four); and 
{iii) the line of tbe critica( sentence never started or ended with a 
critical word. 
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TABLE 1 1 Critica! sentences used in the current eye-tracking study. 

Condition 

(a) ObjExp SVO G-N 

(b) ObjExp OVS G-N 

(e) Act SVO G-N 

(d) Act OVS N-G 

(d) ObjExp SVO N-G 

(e) ObjExp OVS N-G 

(Q Act SVO N-G 

(g) Act OVS N-G 

Context 

Ricardo estaba en la sala corrigiendo unos 
exámenes. Él vio que María es1aba en el pasillo 
charlando por tel éfono. Poco después él oyó que ... 

Richard was at the room grading exams. He saw 
María was al /he corridor tafking on /he phone. 
La ter he heard that ... 

Ricardo estaba en la sala corrigiendo unos 
exámenes. Él vio que Ana estaba en el pasillo 
charlando por teléfono. Poco después él oyó que ... 

Richard was at the room grading exams. He saw 
Ana was at the com'clor ta/king on the phone. Later 
he heard tha/ ... 

lnformat10n S1ructure and Word Order 

Critica! sentence 

Maria le encantaba a Ana aunque no 
estuvieran de acuerdo. 

Ana /oves Mary although they wouldn't agree. 

A María le encantaba Ana aunque no 
estuvieran de acuerdo. 

Ana loved Mary afthough they wouldn 't agree. 

Maria le respondía a Ana aunque no esllNieran 
de acuerdo. 

Mary responded to Ana allhough they wouldn'I 
agree. 

A María le respondía Ana aunque no estuvieran 
de acuerdo. 

Ana responded to Mary although they wouldn't 
agree 

Marta le encantaba a Ana aunque no 
estuvieran de acuerdo. 

Ana loves Mary although they wouldn't agree. 

A María le encantaba Ana aunque no 
estuvieran de acuerdo. 

Ana loved Mary allhough they wouldn't agree. 

Maria le respondía a Ana aunque no estuvieran 
de acuerdo. 

Mary responded to Ana afthough they wouldn't 
agree. 

A Mana le respondía Ana aunque no estuvieran 
de acuerdo. 

Ana responded to Mary allhough they wouldn't 
agree 

Question 

¿Es María quien le 
encantaba a alguien? 

Is it Mary who is loved by 
someone? 

¿Es María quien le 
respondía a alguien? 

Is it Mary who responded to 
someone? 

¿Es María quien le 
encantaba a alguien? 

Is it Mary who is loved by 
someone? 

¿Es Marra quien le 
respondía a alguien? 

Is it Mary who responded to 
someone? 

ObjExp, Object Experiencer Psych Verbs; Act, Activffy Verbs; SVO, Subject-Verb-Object, OVS, Object-Verb-Subject; G-N, Given-New; N-G, New-Given. 

Sentences were presented in Courier New Bold font. At a 
distance of 65 cm, each letter subtended 0.44° of visual angle 
laterally. Subjects were instructed to read the texts at their own 
rate. No instructions were given to suppress eye blinks. 

Before the eye-tracking experiment began, they hada practice 
session of tbree texts. At the beginning of eacb trial, a dot 
appeared at the top left edge of the screen and after participants 
fixated on this dot, the text appeared. The first letter of the 
text was located at the position of the dot. Participants were 
instructed to look at a second dot at the bottom right comer 
of the screen to indicate they had finished reading. Toe total 
reading time of each trial was measured starting from when 
participants triggered the appearance of the text by fixating on 
the left dot until they fixated on the bottom right dot and the text 
disappeared. Comprehension questions appeared after every tex:t. 
Participants responded by mouse-dicking on one of two possible 
answers ("Yes" or "No") displayed horizontally. Response time 
was measured starting from the appearance of the question 
until participants clicked on one of the possible responses. A 
caübration procedure was performed at the beginning of the eye-
tracking experirnent. Experimental sessions !asted approximately 
45 min. 
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2.5. Data Analysis 
Eye movement data from the 69 participants was screened 
for blinks and track losses. Fixations shorter than 50 ms and 
longer than 1,000 ms were removed from the analysis, After 
this screening process, fixations were assigned to their respective 
word and line. Boundaries between words (x axis) were set 
by splitting the space between two words in half. Boundaries 
between lines (y axis) were set by splitting the space between two 
lines in half. Upper and Jower boundaries of the first and last 
lines were calculated so that theywere symmetrical with the lower 
and upper boundaries of these lines, respectively. Fixations that 
fell outside the boundaries of the text were eliminated whenever 
participants continued reading after fixating outside the text area. 

Visual inspection was carried out for each trial by providing 
a number to each fixation and a line that linked consecutive 
fixations. With this representation it could be easily established 
whether participants were reading the whole text. Trials in 
which participants skipped sentences from the context or the 
critical sentence were erased. Whenever there was a vertical 
misalignment between the fixations and the lines they belonged 
to, manual correction of fixations was performed by taking into 
account the trajectory of the reading path and realigning the 
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fixation to the correct line. Visual inspection and subsequent 
correction resulted in the removal of 5,293 fixations (0.79% of 
tbe data) and realignment of 17537 fixations (2.62%). Besides, 44 
trials were removed due to track loss, the appearance of a random 
reading pattern, or incomplete text reading. This comprises 0.5% 
of the total data. 

Eye-tracking measures were computed using em2 package for 
R language for statistical computing (Logacev and Vasishth, 2013, 
version 3.0.2). 

For the purpose of analysis, we divided the sentences into ten 
regions that consisted of tbe fust ten words of each sentence, 
as shown in Table 2. Note that in order to facilitate statistical 
analysis and visual presentation of the results, we aligned the 
critica! regions that comprised the proper names (regions 2 and 
6), the clitic (region 3) and the verb (region 4). Toe region of the 
preposition has been labeled as (5) in subject-initial sentences, 
and (1) in object-initial sentences. Toe regions "PPl." "PP2," 
"PP3;' and "PP4" correspond to the first to the fourth word of 
the prepositional phrase following the second noun phrase. 

For each fixated word, we computed the following measures: 
(l) First Fixation Duration (FFD; the duration ofthe first fixation 
on the word); (2) First Pass Reading Time (FPRT; the sum of 
all fixation durations on the word before any other word was 
fixated); (3) Regression Path Duration (RPD; also known as go-
past time, it is the sum of ali fust-pass fixation durations on the 
word and ali preceding words in the time period between the 
first fixation on the word up to the point where the reader leaves 
the critical region with a progressive saccade; (4) Right-Bounded 
Regression Count (RBRC; the number of regressions from the 
word before any word further to the right has been fixated); (5) 
Total Fixation Time (TFT; the sum of ali fixations durations on 
a word); and (6) Total Jncoming Regressions (TlR; the number 
of regressions to a specific word). Measures 1- 2 are typically 
considered early measures, whereas measures 3-6 are considered 
late measures (Clifton et al., 2007; Vasishth et al., 2013). 

Data analysis was conducted in the R prograrnming 
environment (R Core Tea.ro, 2013). For measures comprisi..ng 
reading or response time {i.e., Comprehension Task Response 
Time, FFD, FPRT, RPD, and TFT) a linear rnixed-effects model 
was fi.t to the data using the package lme4 (Pinheiro and 
Bates, 2000; Bates et al., 2014). For the accuracy measure, 
the data was lit to a generalized linear mixed-effects model 
with a binomial function, which is adequate for analyzing 
data measured on a d.ichotomous scale, namely "Correct'' and 
"Incorrect" response. Count data (RBRC and TIR), on the other 
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hand, was analyzed with a generalized mixed-effects model with 
Poisson link function, which is appropriate for counts of events 
in a fixed time window (Baayen, 2008, p. 322). 

For the regression models, Verb Type, W ord Order and 
Information Structure were considered fixed effects and Subject, 
and ltem were fit as random effects. Log Frequency and inverse 
length of each word were included as control factors in every 
region except for regions 1 and 5 (preposition "a") and region 
3 (clitic). Tbese two variables may explain a significant part of 
the variability in reading times and amount of fixations on these 
regions (Just and Carpenter, 1980; Rayner and Well, 1996; Kliegl 
et al., 2004). As for collinearity between both factors, model 
comparison among models that included one, the other or both 
were significantly different. AIC values indicated that models 
where both factors were included were significantly better than 
the other two. In consequence, the two of them were included. 

A maximal random-effects structure was included in both 
LMMs and GLMMs whenever it was possible, as linear mixed-
effects models that do not consider random intercepts and slopes 
involve the risk of Type I error in.flation (Barr et al., 2013). 
When models either did not converge or the correlation between 
variance components could not be estimated, the random effects 
structure was simplified by removing the correlations. For large 
samples like the ones collected in this study, the t distribution 
approximates the normal distribution and an absolute value of t 
larger than 2 indicates a significant effect ato: = O.OS. For ali the 
models presented in the study, covariates that involved reading 
time were scaled and centered. 

Finally, we used an orthogonal contrast coding to test the 
interactions among verb type, word order and information 
structure at the pertinent regions. For the verb type contrast, 
sentences with activity verbs were coded as -1 and sentences 
with ObjExp psych verbs were coded as l. For the word order 
contrast, SVO sentences were coded as - 1 and OVS sentences 
were coded as l. Finally, for the information structure contrast, 
sentences with a new referent in first position were coded as 
- 1 and sentences with a given referent in first position were 
coded as l. 

3. RESULTS 
3.1. Comprehension Task 
3.1.1 . Total Reading Time 
Figure IA shows the average total reading time for the criticaJ 
texts used in the current eye-tracking experiment. The statistical 

TABLE 21 Regions of interest ussd for the statístical analysis of the curren! eye-tracking expetiment according to Word Order. 

2 3 4 5 6 7 8 9 10 

svo Maria le respondfaJencantaba a Ana PP1 PP2 PP3 PP4 
Mary clitlc¡04n respondedJ loved to Ana¡DA1J PP1 PP2 PP3 PP4 

ovs A María le respondfa¡encantaba Ana PP1 PP2 PP3 PP4 
To Mary¡a,77 clític¡D41J respondedJloved Ana PP1 PP2 PP3 PP4 

SVO, Subject-Verb-Object; OVS, Object-Verb-Subject; PP1, Fírst Word of the Prepositíonal Phrase; PP2, Second Word of the Prepositional Pnrase; PP3, Third Word ot the Prepositíonal 
Phrase: PP4, Fourth Word of rhe Prepositiona/ Phrase. 
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FIGURE 1 1 Mean total reading time far the critica! texts (A), percentage of accurate answers (B), mean response times far the compreheosion question (C) , in the 
curren! eye-tracklng study according to verb type {ObjExp psych verb vs. Act). word arder {SVO vs. OVS) and information structure {giveo-new vs. new-given). Error 
bars correspond to Standard Error of the Mean. ObjExp psych verb, Object Experiencer Psych Verb; Act, Activfty Verb; SVO, Subject-Verb•Object; OVS, 
Object-Verb-Subjsct; GN, givsn-new: NG, new-givsn. 

analysis revealed an interaction between verb type and word 
arder; f3 = 0.022, SE= 0.007, t = 3.193, p < 0.01. Resalving this 
interaction shawed that participants spent significantly longer 
time reacling sen ten ces with SVO ward arder when they included 
an ObjExp psych verb than when they included an activity verb; 
/3 = 0.071, SE = 0.020, z = 3.624, p < 0.01. Although this 
difference was not significant among OVS conditions, sentences 
wíth activity verbs were read slower when they followed the OVS 
word order than when they followed the SVO order; f3 = 0.077, 
SE = 0.020, z = 3.955, p < 0.00 l. Infonnatian structure 
also affected texts' reading times significantly. Participants took 
longer time to read texts in which the Information Structure 
of the critica! sentence included a new referent in first position 
(M = 16,955 ms, SE = 210 ms) than when it included a given 
referent in firstposition (M = 16,015 ms, SE= 207 ms; /3 = 0.032, 
SE = 0.007, z = 4.552, p < 0.001). 

3.1.2. Question Accuracy 
Mean accuracy for all comprehension questions was 86.27% 
(SE = 0.38%). This indicates that participants were paying 
attention to the content of the texts. Mean accuracy of 
critica! questions was 77.45% (SE = 0.74%). Figure 1B shows 
mean accuracy according to condition. Differences in accuracy 
according to verb type and word order were analyzed wíth a 
generalized linear mixed-effects model. The analysis revealed 
a significant interaction between verb type and word order; 
f3 = -0.198, SE = 0.055, z = -3.614, p < 0.001. Resolving 
this interaction revealed that accuracy was significantly higher 
for questions about sentences with Activity verbs and SVO word 
order than for the other three conditions (ActSVO - ActOVS; 
/3 = 1.640, SE = 0.164, z = 9.981, p < 0.001; ActSVO -
ObjExpSVO; /3 = 0.532, SE = 0.172, z = 3.089, p = 0.011; 
ActSVO • ObjExpOVS; /3 = 1.385, SE = 0.165, z = 8.397, 
p < 0.001). A significant effect of word order was also found. 
On average, participants responded more accurately after reading 
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texts with sentences in SVO order (M = 84.51 %, SE= 0.9) than 
texts with sentences in OVS arder {M = 70.64%, SE = 1.13; 
f3 = - 0.626, SE= 0.056, z = - 11.27, p < 0.001). 

3.1.3. Response Time 
Figure IC shows mean response time (RT) according to 
condition. Analysis of differences in RT between verb type, 
word order and information structure revealed main effects of 
the three factors. On average, response time was significantly 
longer for questions about texts that included ObjExp psych verbs 
(M = 4,629 ms; SE = 70) than for questions about texts with 
activity verbs {M = 3,889 ms, SE= 58; f3 = - 0.118, SE= 0.013, 
t = - 9.066, p < 0.001). Participants also took longer time 
to respond to questions about texts that included sentences in 
OVS order (M = 4,396 ms; SE = 67) than when they included 
sentences in SVO order (M = 4,121 ms, SE = 61; f3 = 0.054, 
SE = 0.0ll, t = 5.031, p < 0.001). Finally, questions about texts 
that included critical sentences wíth non-canonical information 
structure were responded significantly slower (M = 4,383 rns; 
SE = 67) than questians about texts that included sentences 
with a canonkal rhematic hierarchy (M = 4135 ms, SE = 62; 
f3 = 0.025, SE= 0.011, t = 2.270, p < O.OS). Interactions among 
the three factors were not significant. 

3.2. Eyetracking Measures 
Figure 2 summarizes the contrast between sentences with activity 
verbs and sentences with ObjExp psych verbs according to both 
word orders (SVO in red and OVS in b]ue) and information 
structure (GN in dashed lines; NG in solid lines). Positive 
values mean that reading time is longer and regression counts 
are higher for sentences with activity verbs than for sentences 
wíth ObjExp psych verbs. A positive blue line and a negative 
red line correspond to an interaction between Verb Type 
and W ord Order. Absolute values higher for solid lines than 
for dashed Lines show an effect of Information Structure as 
expected, with non-canonkal information structure showíng 
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FIGURE 2 1 The Figure shows the differenoe (t,,) in mean fixation times (ms) and the amount of regressive saccades (counts) between condítions with Activity Verbs 
and condítions wit:11 Psych verbs according lo !he sentenc,:, word arder (SVO vs. OVS) and informalion slructure (Given-New vs. New-Given) Error bars correspond to 
Standard Error of tlle Mean. Eye-tracking measures: FFD, Flrst FIXation Duration; FPRT, Fírst Pass Reading Time; TFT, Total FlXation Time; RPD, Rsgression Path 
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asterisk shows that the interaction between Word Order and Verb Type was significan!. 

higher cognitive demand than canonical information structure. 
This representation makes the interaction and Information 
Structure effect visually clear. The asterisks show the regions 
where the interaction was signi:ficant. 

We nowprovide the analysis of regions of interest for both the 
early and late measures mentioned in the section 2.5. Por each 
region, we first present the analysis of the interactions among 
factors since they comprise the contrasts of interest of the current 
study. We then provide the relevant results of the multiple 
comparisons test whenever was needed. Finally, we report main 
effects of Verb Type, Word Order or Information Structure. 
Appendix B shows the final converging models for each measure 
at each region. A table with all statistical coefficients. standard 
errnrs and t values may be found at Appendix C. 

Region 1 (Case marking preposition "a") 
Analysis of late eye-movement me asures revealed no interactions 
among factors . A main effect ofVerb Type was found far Total 
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Fixation Time (TFT) showing longer fixation time for sentences 
with activity verbs than for sentences witb ObjExp psych verbs; 
{3 = 0.636, SE= 0.019. t = 3.311, p < 0.001. 

Region 2 (First proper name) 
Late eye-movement measures showed a significant interaction 
between Verb Type and Word Order for Total Fixation Time 
(TFT) and Total Incoming Regressions (TIR); TFT: f3 = 0.086, 
SE= 0.01 l, t = 7.923, p < 0.001; TIR: f3 = 0.192, SE= 0.018, 
z = J0.619, p < 0.001). Re olving these interactions revealed 
that for subject-initial sentences, the probability of regressing 
to this region and the total fi:x:ation time were significantly 
longer when the sentence included an ObjExp psych verb 
than when it included an activity verb (TFT: f3 = 0.259, 
SE = 0.031, z = 8.384, p < 0.001; TIR: f3 = 0.580, SE= 0.060, 
z = 9.590,p < 0.001). Conversely, for object-initial sentences, the 
probability of regressing into this region and the total fixation 
time were significantly longer when the sentence included an 
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activity verb than when it included an ObjExp psych verb 
(TFT: {3 = 0.087, SE = 0.031, z = 2.811, p = 0.025; TIR: 
f3 = 0.181, SE = 0.056, z = 3.258, p = 0.005). Analysis of 
Regression Path Duration (RPD) also showed a main interaction 
between word order and information structure f3 = - 0.027, 
SE = 0.0127, t = - 2.158, p < 0.05. Tukey post-hoc test 
revealed that non-canonical word order (OVS) led to significantly 
longer regression path duration before continuing reading when 
the sentence presented a non-canonical information structure, 
f3 =-0.107, SE = 0.035, z = -3.022, p < 0.05. This difference 
was not significant between sen ten ces with canonical information 
structure. 

Analysis of early eye-movement measures revealed a main 
effect oflnformation Structure for First Fixation Duration (FFD) 
and First Pass Reading Time (FPRT), showing longer reading 
time for sentences with non-canonical Information Structure 
than for sentences with canonical Information Structure (FFD; 
f3 = -0.032, SE = 0.006, t = -5.018 , p < 0.001; FPRT: 
f3 = - 0.052, SE = 0.008, t = - 6.714,, p < 0.001.) A 
similar effect was found for Right-Bounded Regression Count 
(RBRC), showing h.igher amount of regressions from this 
region for sentences with non-canonical Information Structure: 
f3 = - 0.016, SE= 0.039, t = - 4.161, p < 0.01. 

Analysis of the probability of regressions into this region 
(TIR), RBRC, RPD, and Total Fixation Time also revealed a main 
effect of Word Order. On average, participants regressed to this 
word significantly more, fixated on th.is word for longer time 
and regressed for significantly longer time and higher amount 
of times from this region in object-initial sentences than in 
subject-initial sentences; (TIR: f3 = 0.155, SE= 0.033, z = 4.710, 
p < 0.001; TFT: f3 = 0.063, SE= 0.011, t = 5.744, p < 0.001; 
RBRC: f3 = 0.010, SE = 0.040, t = 2.502, p < 0.05; RPD: 
f3 = 0.026, SE= 0.013, t = 2.065,p < 0.05. Finally, effects ofVerb 
Type and Information Structure were present for TFT and effects 
of Information Structure were found at RPD(TFT: Verb Type: 
f3 = - 0.043, SE= 0.011, t = - 3.963, p < 0.001; Information 
Structure:{3 = - 0.110, SE= 0.013, z = - 8.203, p < 0.001, RPD 
- Information Structure: beta= - 0.083, SE= 0.013, z = - 6.543, 
p < 0.001. The sign ofthese effects reveal that participants fixated 
for longer time when the sentence included an ObjExp Psych 
verb and fi.xated and regressed to previous regions for longer time 
when the noun corresponded to a new referent. 

Region 3 (Clitic) 
Analysis of early eye-movement measures revealed no 
interactions among fi.xed factors nor main effects. Analysis 
oflate eye-movement measures showed a significant interaction 
between Verb Type and W ord Order for total fixation time, 
and for the probability of regressions into tbis region (TFT: 
f3 = 0.074, SE= 0.014; t = 5.331; TIR: /J = - 0.218, SE= 0.024 
z = 8.977, p < 0.001). This interaction foUows the same 
direction as the interaction found on Region 2. For subject-initial 
sentences, participants regressed and fixated on this region 
significantly more when the sentence contained an ObjExp psych 
verb than when it included an activity verb (TFT: f3 = 0.226, 
SE = 0.040, z = 5.685, p < 0.001; TIR: f3 = 0.624, SE = 0.072, 
z = 8.630, p < 0.001). In object-initial sentences; participants 
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regressed to this region significantly more when the sentence 
contained an activityverb; TIR: f3 = 0.246, SE= 0.067, z = 3.748, 
p < 0.001. Tbis difference was not significant for TFT; f3 = 0.071, 
SE= 0.039, z = 1.817, p < 0.265. The analysis of these measures 
also revealed main effects of Verb Type (TFT: f3 = - 0.039, 
SE= 0.014; t = - 2.791; TIR: f3 = - 0.094, SE= 0.024 z = - 3.833, 
p < 0.01), Word Order (TIR: f3 = - 0.075, SE= 0.024 z = 3.095, 
p < 0.01; RPD: f3 = 0.076 SE = 0.029, t = 2.639, p < O.OS), 
and Information Structure (TFT: f3 = -0.042, SE = 0.016; 
t = -2.597, p < 0.01). Participants showed higher processing 
load whenever tbe sentences included an ObjExp psych verb 
than when the induded an activity verb. They also regressed 
to this region significantly more when the sentence foUowed 
the OVS order than when it followed the SVO word order, and 
fixated for longer time on this region when the fi.rst NP belonged 
to a new referent than when it belonged to an already given one. 

Region 4 (Disambiguating verb) 
Analysis of early eye-movement measures revealed no 
interactions among factors. However, a main effect of 
lnformation Structure was found for FPRT, showing significantly 
longer reading time for this region whenever the sentence 
presented a new referent in first position; f3 = - 0.042, 
SE = 0.009, t = -4.706, p < 0.001. A significant interaction 
between Verb type and Word Order was found for ali late 
eye-movement measures (RPD: f3 = 0.053, SE= 0.012, t = 4.449, 
p < 0.001; RBRC: f3 = - 0.135, SE= 0.033, z = 4.081, p < 0.001; 
TFT: f3 = 0.119, SE= 0.010, t = ll.852tcr, p < 0.001; TIR: 
f3 = 0.202, SE= 0.019, z = 10.531, p < 0.001) Tukey post-hoc 
test showed that this interaction foUows the same direction as 
in the previous region (SVO: RBRC: f3 = 0.276, SE = 0.102, 
z = 2.711, p < 0.05; TFT: f3 = 0.358, SE = 0.047, z = 7.701, 
p < 0.001; TIR: f3 = 0.631, SE= 0.081, z = 7.751, p < 0.001; 
OVS: RPD: f3 = 0.122, SE= 0.038, z = 3.222, p = 0.007; TFT: 
f3 = 0.118, SE= 0.046, z = 2.544, p < 0.05; RBRC: f3 = 0.266, 
SE = 0.091, z = 2.930, p < 0.05). TIR also showed a significant 
interaction among the three main factors, f3 = 0.041, SE= 0.019, 
z = 2.112, p < 0.05. Tukey HSD multiple comparisons showed 
that this triple interaction depended on the interaction between 
Verb and Word Order: when new information was in both first 
and second position, and sentences included an ObjExp psych 
verb, participants regressed significantly more to this region in 
SVO conditions than in OVS sentences (New-Given:{3 = 0.033, 
SE = 0.073, z = 4.546, p < 0.001; Given-New: f3 = 0.040, 
SE = 0.071, z = 5.641, p < 0.001). The opposite pattern took 
place for sentences with activity verbs: participants regressed 
significantly more to this region when the sentence foUowed 
the OVS word order than when it followed the SVO order 
( ew-Given: fJ = 0.033, SE = 0.079, z = 4.160, p < 0.001; 
Given-New: f3 = 0.057, SE= 0.084, z = 6.762, p < 0.001). A 
significant effect of Word Order was found for RPD, RBRC 
and TFT in the same direction as in the previous region: 
participants found higher processing cost at this region for 
OVS sentences than for SVO sentences (RPD: f3 = 0.044, 
SE= 0.012, t = 3.739, p < 0.001; RBRC: f3 = 0.110, SE= 0.033, 
z = 3.280; TFT: f3 = 0.419, SE= 0.010, t = 4.173, p < 0.001) 
Furthennore, participants fixated for significantly longer time 
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on this region and regressed signincantly more to it whenever 
it included an ObjExp psych verb than when it included an 
activity verb (TFT: fJ = -0.060, SE = 0.021, t = -2.865, 
p < 0.01; TIR: fJ = -0.115, SE= 0.035, z = - 3.251, p < 0.01). 
Finally, Information Structure modulated both RPD and 
TFT. Participants fixated for longer time on that region and 
previous regions before continuing reading and fixated for 
longer time on that word whenever the sentence included a 
new referent in fust position (RPD: f3 = -0.062, SE = 0.012, 
t= -5.175,p < 0.001; TFT: fJ = -0.073, SE= 0.011, t = -6.827, 
p < 0.001). 

Region 5 (Case marking preposition "a") 
Analysis of this region showed a significant main effect of Verb 
Type for most late eye-movement measures, with participants 
experiencing greater cognitive load and regressing significantly 
more to this region whenever the sentence included an ObjExp 
psych verb (RPD: /3 = -0.126, SE= 0.041; t = -3.074,p < 0.01; 
RBRC: fJ = - 0.28617, SE= 0.089; z = - 3.225, p < 0.00l;TFT: 
fJ = - 0.132, SE= 0.020; t = - 6.544,p < 0.001; TIR: fJ = - 0.348, 
SE= 0.059; z = - 5.921, p < 0.010}. 

Region 6 (Second proper name) 
Analysis of this region showed an interaction between Verb Type 
and Word Order for all late eye-movement measures (RPD: 
fJ = 0.11 6, SE= 0.015, t = 7.598, p < 0.001; RBRC: fJ = 0.177, 
SE= 0.028, z = 6.253, p < 0.01; TFT: fJ = 0.010; SE= 0.011; 
t = 9.150, p < 0.001; TIR: fJ = 0.084; SE = 0.040; t = 2.125, 
p < O.OS). Resolving these interactions revealed that in SVO 
sentences, participants fixated for longer time at this and previous 
regions and regressed significantly more times from and to this 
region when the sentence contained an ObjExp psych verb than 
when it included an activity verb (RPD: f3 = 0.398, SE= 0.043, 
z = 9.235, p < 0.001; RBRC: fJ = 0.534, SE= 0.081, z = 6.573, 
p < 0.001; TFT: /J = 0.332, SE= 0.033, z = 9.962, p < 0.001; TIR: 
f3 = 0.624, SE = 0.072, z = 8.693, p < 0.001). 

Difference among OVS conditions was only significant for 
Total Incoming Regressions, with conditions with activity verbs 
showing a higher amount of regressions to this re.gion than 
conditions with ObjExp psych verbs ({J = 0.246, SE = 0.065, 
z = 3.777, p < 0.001). 

A main effect of W ord Order was found for FFD and 
FPRT, with longer reading times for sentences with SVO word 
order than for sentences with OVS arder (FFD: /J = - 0.016; 
SE = 0.007; t = - 2.292, p = 0.002; FPRT: f3 = - 0.034; 
SE= 0.008; t = - 3.989, p < 0.01). 

A significant effect of Verb Type was found for FPRT and 
all late eye-movement measures except for TIR The sign of 
the effect shows longer reading time, regression duration and 
amount of regressíons from this regíon when the sentences 
included an ObjExp psych verb than when they included an 
activity verb (FPRT: f3 = - 0.023; SE = 0.008; t = - 2.724, 
p < 0.01; RPD: f3 = - 0.083; SE= 0.015; t = - 5.438, p < 0.001; 
RBRC: f3 = - 0.090; SE = 0.028; z = - 3.180, p < 0.01; TFT: 
fJ = -0.064; SE= 0.012; t = - 5.172). Finally, a significant effect 
ofrnformation Structure was al.so for FPRT. Contrary to the effect 
of Infonnation Structure found in previous regions, this region 
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shows longer reading time for conditions wi.th new information 
in second posítíon than for conditions witb new information in 
first position; f3 = - 0.026; SE = 0.008; t = - 3.101, p < 0.01. 

Region 7 (First word of the Spill-over region) 
Analysis of this region showed that the interaction between 
Verb Type and Word Order was sig:nificant for FFD and for 
three out of five late eye-movement measures (FFD: fJ = 0.020, 
SE= 0.008, t = 2.649, p = 0.008; RPD: fJ = 0.066, SE= 0.016, 
t = 4.206, p < 0.001; RBRC: fJ = 0.151 ; SE = 0.051, z=2.953, 
p < O.OS; TFT: fJ = 0.052; SE = 0.011, t = 4.579, p < 0.001). 
The multiple comparisons test showed that in subject-initial 
sentences, participants fixated for longer time at this region 
when the sentence contained an ObjExp psych verb than when 
it included an activity verb (TFT: f3 = 0.0332, SE = 0.032, 
t = 10.477,p < 0.001). Participants also spent longer time reading 
and regressing to previous regions and regressed significantly 
more times from this region for sentences with ObjExp psych 
verbs than for sentences with activity verbs (RPD: /J = 0.021, 
SE= 0.045, z = 4.724,p < 0.001; RBRC: fJ = 0.665; SE= 0.146, 
t= 4.551,p < 0.001}. 

Differences among object-initial sentences were marginally 
significant for Total Fixation Time, with participant fixating 
for longer time on this region when the sentence included an 
activity verb than when it included an ObjExp psych verb; TFT: 
f3 = 0.077, SE= 0.032. z = 2.436, p = 0.070. Por the other four 
measures this difference was not significant. 

Analysis of this region also showed main effects of word 
arder and verb type for late measures RPD and RBRC. 
Participants regressed significantly more from this region and 
spent significantly longer time on previous regions before 
continuing reading when the sentences included ObjExp psych 
verbs than when they induded activity verbs and when they 
followed the OVS word arder than when they were subject-initial 
sentences (Word Order: RPD: /J = 0.049, SE= 0.016, t = 3.127, 
p < 0.01; RBRC: f3 = 0.021, SE= 0.048, z = 4.454, p < 0.001; 
Verb: RPD: /J = - 0.039, SE= 0.016, t= - 2.517,p < O.OS; RBRC: 
f3 = - 0.184, SE= 0.046, z = - 3.983, p < 0.01). 

Region 8 (Second word of the Spill-over Region) 
A significant interaction between Verb Type and Word Order 
was found for FFD and RPD (FFD: f3 = 0.023, SE = O.O l O, 
t = 2.555, p < O.OS; RPD: f3 = 0.042, SE = 0.019, t = 2.224, 
p < 0.05). The multiple comparisons Tukey HSD test revealed 
significant differences among SVO conditions for RPD only, 
with conditions with ObjExp psych verbs engendering longer 
regression patli duration than sentences with activity verbs. 
Differences among OVS conditions were not significant for any 
of the above-mentioned measures. Analysis of FFD and TFT 
also showed a significant interaction between Word Order and 
Information Structure (FFD: f3 = 0.021, SE= 0.010, t = 2.087, 
p < O.OS; TFT: /J = 0.028, SE = 0.013, t = 2.138). However, 
the interaction was not confumed by the multiple comparisons 
tests from both measures. Finally, a main effect of Verb Type 
was found for RPD, with sentences with ObjExp psych verbs 
engendering longer regression path duration than sentences with 
activityverbs; f3 = -0.046, SE = 0.019, t = -2.413,p < O.OS. 
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Region 9 (Third word of the Spill-over Region) 
Analysis of early eye-movement measures revealed a significant 
interaction between Word Order and lnformation Structure for 
FPRT; /3 = 0.021, SE= O.OJO, t = 2.037, p < O.OS. However, 
the multiple comparisons test showed no significant differences 
among conditions. 

Analysis oflate eye-movernent rneasures showed a main effect 
of Verb Type for RPD and a main effect of W ord Order for TIR 
(Verb: f3 = -0.055, SE= 0.026, t = -2.113, p < O.OS; Word 
Order: /3 = 0.056, SE= 0.026, z = 2.198,p < O.OS). Thesign ofthe 
effects show that participants regressed significantly longer time 
to previous regions when the sentence induded an ObjExp psych 
verb and that they regressed more times to this region when the 
sentence followed the OVS word order. 

Region 10 (Fourth word of the Spill-over Region) 
Analysis of this region showed a significant interaction among 
Word Order, Verb Type and lnformation Structure for FPRT 
and RPD (FPRT: /3 = 0.024, SE = 0.010, t = 2.484, p < O.OS; 
RPD: fJ = 0.056, SE = 0.021, t = 2.680, p < 0.01). Resolving 
these interactions revealed that for First Pass Reading Time, 
participants spent longer time reading this region in sentences 
with activíty verbs and a new referent in first position when the 
sentence followed the SVO order than when it followed the OVS 
one; fJ = 0.122; SE = 0.039, t = 3.164, p < O.OS. Differences 
among the other conditions did not reach significance for this 
measure nor for RPD. A main effect of Word Order was 
also sound for FPRT. Participants spent longer time on this 
region when word order was SVO than when it was OVS, 
f3 =-0.0239, SE= 0.010, t = -2.486, p < O.OS Finally, ama.in 
effect of lnfonnation Structure was found for RPD, /3 = - 0.064, 
SE= 0.021, t = - 3.078, p < 0.01. The sign of the effect shows 
longer reading time for conditions with new information in 
second position than for conditions with new information in 
fi.rst position. 

4. DISCUSSION 

Evidence about the comprehension of isolated Spanish sentences 
with alternative word orders has shown that readers manifest 
increasing difficulty to understand sentences with a word order 
that <loes not respect the order of arguments at tbe lexico-
semantic structure of the verb, independently of whether the 
sentence follows the canonical word order of the language (SVO) 
or not (Gattei et al., 2015a,b, 2017). In these studies, the authors 
used sentences with activity verbs and object experiencer verbs 
in order to compare events that required alternative linking 
between syntax and semantics. When read.ing SVO sentences, 
participants required significantly more time to read and figure 
out "who did / felt what for whom" when the sentence included 
an ObjExp psych verb. Conversely, when reading OVS sentences, 
participants required more time to read when the sentence 
included an activity verb. This interaction was present when 
using both self-paced reading and eye-tracking techniques. 

These studies support the hypothesis that during incremental 
parsing, readers use the morphosyntactic and semantic 
information provided by the first sentential argument to generate 
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predictions about the verb type that will take place in the 
sentence according to the prominence status of that argument. 
This proposal asswnes that the language processing system 
gives rise to predictions about arguments order by following 
a prominence bierarchy that canonically stipulates that more 
prominent arguments precede less prominent ones (Bornkessel 
et al., 2005; Wolff et al., 2007; Haupt et al., 2008). Nonetheless, 
it is relevant to ask whether the pragmatic use of constituents 
order has any influence on the mentioned results. In the 
current study, we focused on the distinction between "given" 
and "new" referents in a sentence in relation with a previous 
context. According to Givón (1984), the use of a non-canonical 
word order is expected when mentioning a referent that has 
already been introduced by the previous context so that the 
rhematic hierarchy (i.e., given-new) is respected. Experimental 
evidence about the role of rhematic hierarchy during incremental 
reading has shown that effects of word order non-canonicity 
are alleviated when an adequate context precedes the sentence 
(Kaiser and Trueswell, 2004; Burmester et al., 2014), suggesting 
that increasing reading times in isolated sentences with non-
canonical word order could partly be due to higher cognitive 
dernands related to making assurnptions about possible contexts 
in which a non-canonical word order could take place. However, 
the role of information structure in relation to alternative word 
orders stipulated by different lexico-semantic configurations 
had not been explored yet. Thus, the question that motivated 
the present study was whetber the prominence effects found for 
Spanish sentence comprehension were caused by the lack of a 
context that could motívate the election of a speci.fic word order. 
We thus framed sentences used in Gattei et al. (2017) in texts 
that would favor the appearance of a specific referent in first 
position of the sentence and compared them with sentences in 
which the first argurnent comprised a new referent. By meaos 
of a comprebension offline task, we also evaluated the cognitive 
cost of understanding "who did/felt what for whom" correctly. 

Regarding the hypotheses and predictions outlined at the 
section 1, the current work shows that context adequacy plays 
a role for processing of sentences with non-canonical word order 
but does not make effects of prominence miscomputation fade 
away. 

On the one hand, results of the current study revealed tbat the 
use of an adequate context facilitated the comprehension of the 
target sentences. Participants took significantly less time to read 
tbe texts when, in first position, tbe final sentence introduced 
a referent that had explicitly been presented before. They also 
took less time to respond the comprehension questions when 
the target sentence included a canonical information structure. 
In other words, tbese results replicate the findings that Kaiser 
and Trueswell (2004) showed for Finnish sentences with activity 
verbs. Additionally, the current study revealed that a non-
canonical information structure is detrimental to comprehension 
even in SVO sentences, as it is evidenced by sentences' response 
time of questions about sentences with ObjExp psych verbs. 

On the other hand, effects related to incorrect syntax:-to-
sernantic linking were present during reading for late eye-
rnovemeat measures as predicted, showing a disruption of 
processes of higher-level text integration (Clifton et al., 2007). 
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When encountering a verb that did not match the predictions 
stipulated by the computation of prominence status of the 
first argument, participants took longer time to read the word 
and following content words, and regressed more times and 
for longer time to previous regions. These results replicate the 
findings by Gattei et al. (2017) for isolated sentences, and yield 
further evidence in favor of the hypothesis that one of the 
central mechanisms for argument interpretation is prominence 
computation (Bomkessel and Schlesewsky, 2006), and that 
prominence computation follow a principie that assumes that the 
first argument will be the most "Actor-like" possible. 

The current study also provides interesting insight about 
the cognitive cost and strategies used by readers to process 
new information. Severa! proposals have tried to explain the 
cognitive effects derived from the use of a non-canonical 
rhematic hierarchy. Although there is an agreement regarding 
the type of effects caused by the unpredictable appearance 
of a new referent. there is not a unique view with respect 
to which mechanisms are involved in information structure 
processing. For instance, it has been proposed that speakers tend 
to choose the syntactic constructions that allow them to place 
the most "accessible" (already mentioned) information earlier in 
the utterance (Ferreira, 2003), possibly because this allows them 
to postpone the difficult part of the utterance, which requires 
more resources to plan. The assumption behind this hypothesis 
is that when information has a strong representation in memory 
it is easier to retrieve and to process. Evidence in favor of this 
view shows that speakers choose word order according to visual 
attention (Gleitman et al., 2007). 

Kaiser (2012) argues that the pragmatic status of referent 
emerges naturally from memory and attention. Theories about 
memory distinguish between working memory, which stores 
information currently being used, and long-term memory, which 
stores the conceptual and procedural knowledge for posterior 
use. From this point of view, given referents can be defined 
as those accessed through working memory (and thus easier 
to retrieve) and new referents as those which have not been 
retrieved by long-term memory yet (Arnold et al., 2013). 

From a neurobiological perspective of language and its 
processing, Bomkessel-Schlesewsky and Schumacher (2016) 
propase that, instead of postulating speci.fic neural correlates for 
information structure, a more promising approach is to consider 
that infonnation structure a:ffects domain-general mechanisms 
when hierarchically guiding predictive processing or when 
providing cues for attentional shift. The authors claim that 
the status of discourse referents feeds the predictive processes 
during discourse, as it is shown by how the preference for 
a continuity of the same referent or for certain types of 
linearization (i.e., given referents precede new ones) facilitate 
language processíng. Errors in the predictions at this leve! 
elicit negative potentials (for instance N400 for unpredictable 
information structure properties) and result in attentional 
reorienting and mental model updating required in topic 
shift scenarios. 

A general idea that stems from these approaches is that 
the violation of rhematic structure involves the modification 
of a more flexible system, designed to adapt linguistic form to 
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the dynamics of context -possibly through working memory 
capacity-, and prepared to deal with domain-general mechanisms 
like attentional shift and reorienting. Although the current work 
was not aimed at disentangle whether the effects produced by 
the use of a non-canonical rhematic hierarchy were related 
to factors associated to referents' accessibility, readers' working 
memory capacity or a failure of an expected structure and 
the subsequent need for attentional reorientation, the current 
findings are inforrnative with regards to the mechanisms 
underlying incremental processing of new information. 

Jn the current study, eye-movement measures showed 
infonnation structure effects, evidenced by increasing reading 
times for the first and the second NP whenever readers found a 
new referent. However, it is generally argued that reading words 
that are repeated throughout a text entails a decrease of reading 
time (Rayner et al., 1995; O'Brien et al., 1997; Kamienkowski 
et al., 2018). Hence, it is fair to ask whether the effects found at 
new referents respond to the manipulation of rhematic hierarchy 
or if they should be interpreted as lexical repetition effects 
related to word recognition processes. For instance, Lowder et al. 
(2013) ran en eye-tracking study in which participants had to 
read sentences with two NPs composed by two and one proper 
names, respectively. Toe authors manipulated proper names' 
frequency and repetition (the second NP could mention one of 
the proper names from the fust NP or not) and showed that when 
reading the second P, repeated names were processed more 
quickly than new names in both early and late eye-movement 
measures. Following Gordon and Hendrick (1998), the authors 
argue that ªwhile basic word recognition goes on, the effort to 
understand the meaning of a sentence or short discourse leads 
to the construction of a discourse model that represents patterns 
of reference and co-reference and which captures the predicate-
argwnent relationships described in the text" (Lowder et al., 
2013). The results of the current study showed a similar pattern of 
results, with a modulation of both early and late eye-movement 
measures at the first NP and following two regions, when the 
proper name comprised a new referent. Interestingly, wben the 
sentence followed a canonical information structure, effects of 
a new referent were only present for First Pass Reading Time 
at the proper name region. We interpret this pattem of results 
as a difference in the control and time course of oculomotor 
processes for word recognition, with short-lived, early effects, 
and for information structure manipulation, which affected late 
eye-movements and caused a longer comprehension disruption. 

As for offiine measures collected in the current study, total 
reading time is informative of the time required by readers to 
guarantee that they have understood the text. Although these 
were tbe instructions provided, tlús measure did not reflect 
comprehension success, as shown by accuracy rates. In particular, 
participants responded questions signi.ficantly better when the 
final sentence followed Spanish canonical word order (SVO), 
independently of whether the initial constituent consisted of a 
new referent or not. Although this was expected for sentences 
with activity verbs, a preference for SVO word order was not 
expected for accuracy rates of sentences with ObjExp psych verbs, 
diverging from the results found in previous studies about this 
issue with isolated sentences. In Gattei et al. (2017) participant 
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showed overall higher accuracy rates (around 90% accuracy for 
critica! questions), and higher accuracy rates for questions about 
sentences with activity verbs than for those about ObjExp psych 
verbs. While further investigation of tltis di:fference between 
experiments is needed, it is possible that the use of additional 
conte~:t and the requirement of keeping referents in working 
memory in order to reply the comprehension questions, had 
a negative effect on the comprehension of Spanish overall less 
frequent word order. 

With regards to the interaction between verb type and word 
order found for accuracy rates, results replicate the findings of 
Gattei et al. (2017) , with higher accuracy for questions about SVO 
sentences with activity verbs than for the other conditions. We 
argue that this pattern is expected as in this type of sentences 
both semantic and syntactic canonical orders coincide, while the 
other conditions present an alteration of either semantic order 
(as in SVO sentences with ObjExp psych verbs), constituents 
order (as in OVS sentences with ObjExp psych verbs) or both 
(as in OVS sentences withActivity verbs). In other words, results 
show that the alignment of both canonical Linking and canonical 
word constituents order facilitates comprehension, whereas non 
canonical arrangement of either type of information malees it 
more difficult. 

A final aspect that needs to be taken into account is the 
response time for comprehension questions, which show tbat 
readers needed extra time to respond questions about sentences 
with either OVS word order, non-canonical information 
structure or ObjExp psych verbs. W e believe that the lack of 
information structure effects for overall accuracy shows that 
while the use of a non-canonical rhematic hierarchy require 
longer reading time and response time for comprehension 
questions, the consequences of not following a canonical 
order for information structure are not as strong as to show 
a modulation of comprehension success, as it occurs with 
OVS sentences. However, it is matter of future research to 
evaluate whether differences in the trade-off between response 
time and accuracy for word order and information structure 
non-canonicity respond to task-related factors (as structural 
complexity or types of questions used) or individual differences 
(like working memory or attentional capacities). 

4.1. Possible Methodological Caveats and 
Future Directions 
Although results of the current study support previous results on 
this issue, possible methodological caveats should be taken into 
account for future research and replication in other languages. 
Most irnportantly, while the study asks about the role of 
prominence computation in sentences embedded in context, 
the materials were designed in such way that they do not 
directly compare comprehension of isolated sentences with 
comprehension of sentences embedded in texts within the same 
group of subjects. The rationale of not doing so was that adding 
no-context trials would have implied to double the amount of 
conditions to sixteen conditions. Considering the short amount 
of ObjExp psych verbs available in Spanish, this would have 
implied that participants either read each verb four times (as 
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opposed to two as it occurs in the current version of the 
experiment), enabling tbe possibility ofintroducing the confound 
of structure repetition effect and other possible confounds due 
to participants tiredness or boredom, or that the amount of 
subjects tested was doubled to approximately 150 to yield results 
comparable to the current ones. Considering that the sentences 
without context have been repeatedly tested (Gattei et al., 
2015a,b, 2017) we considered that the design ofthe current study 
was a fair trade-off between running the ideal experiment and 
getting reliable results. Still, adding further isolated conditions in 
languages that have not been previously tested would be crucial 
for results' replication. 

A second aspect that needs further investigation is how 
participants deal with referent's activation when encountering 
sentences with non-canonical information structure. In other 
words, can regressive saccades from regions comprising new 
referents to previous sentences be informative of participants' 
reading strategies related to referent updating? (Chafe, 1976, 
1994). While, this question was out of the scope of our 
work, we are currently addressing this issue with the data 
currently collected. 

5. CONCLUSIONS 

We presented an exploratory study that evaluated the interaction 
between word order, lexico-semantic structure of the verb 
and information structure in the comprehension of Spanish 
texts. Previous studies about this language have only evaluated 
the role of the first two factors, leaving aside the pragmatic 
aspect involved in the election of constituents' word order. 
Understanding the role of information structure is crucial to 
explain sentence processing in this language, since previous 
evidence has shown that when sentences are presented in 
isolation, constituents order is a relevant cue for incremental 
argument interpretation. It was pertinent to ask whether 
word order is still a relevant cue for argument interpretation 
when the previous context justifies (or not) the appearance 
of a specific word order. By evaluating reading of texts that 
manipulated the relation between "given" and "new" referents 
we showed that while infonnation structure canonicity enhances 
comprehension, the use of an adequate context for a speci.fic 
word order <loes not alleviate comprehension effects caused by 
argument misinterpretation. This type of evidence is crucial 
for any model of language comprehension that attempts to 
explain sentence processing in languages that allow alternative 
word orders. 

By conducting an eye-tracking experiment, we could also 
provide further information about the time course of on-going 
processing of new referents, which show a different gaze signature 
to lexically-driven word retrieval. 
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