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ABSTRACT
We report an eye-tracking experiment that examined argument linking and the role of prominence
in Spanish sentence comprehension by testing the interplay between word order and verb type.
Previous evidence from a self-paced reading study (Gattei, Dickey, Wainselboim, & París, 2015).
showed that comprehenders use morphosyntactic information to form predictions about the
thematic structure of the upcoming verb. In this study we focussed on the time course of this
process. Results showed an interaction between verb type and word order for late eye
movement measures but not for early eye movement measures. Participants regressed more and
for longer time when word order did not match the canonical order for each verb class. This
interaction is observed from the verb region onwards, independently of word order. We
interpret that these effects take place due to the misinterpretation of the prominence status of
the preverbal argument, leading to differential reading strategies.
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Introduction

The understanding of language involves the integration
of multiple types of linguistic information. Over the past
decades, special attention has been paid to the linking of
syntactic and semantic information, since it is through
this process that speakers understand “who did what
to whom” in an event. To exemplify, consider the sen-
tence “Mary responded to Ana.” In order to understand
this sentence, speakers need not only to understand
the syntactic structure of the sentence; they also need
to recover the information that describes a situation
where someone responded to someone else; retrieve
who the participants involved in the event are and
assign them a thematic role (e.g. Agent, Patient, Experi-
encer, Recipient). Furthermore, speakers need to weigh
these two participants against each other by building a
hierarchical representation based on the morphosyntac-
tic and semantic features of the sentence constituents.
This hierarchy among the arguments of a sentence is
known as prominence (Bornkessel & Schlesewsky, 2006).
Several linguistic features are considered by the parser
in order to establish the degree of prominence of a con-
stituent relative to another constituent: thematic role,
morphological case marking, argument position,
animacy, person and definiteness are the most salient
ones. These features are usually conceptualised in

terms of “hierarchies that (…) rank animates over inani-
mates, definites over indefinites, first and second
person over third and agents over patients. The higher
an element’s rank on the hierarchy, the more prominent
it is considered to be.” (Kretzschmar, Bornkessel-Schle-
sewsky, Staub, Roehm, & Schlesewsky, 2012).

The question about whether the computation of pro-
minence is relevant for the incremental interpretation of
sentential arguments and for the prediction of the type
of event that will be described has been raised by the
investigation of how verb-final constructions are pro-
cessed. Crucially for the purposes of the present work,
many of the studies related to this issue support the
claim that prominence information is rapidly extracted
in order to set predictions about the lexico-semantic
structure of the upcoming main verb in a sentence.
The evidence shows that a misanalysis of prominence
information leads to differential neural and electro-
physiological activity (Bornkessel, Schlesewsky, & Frie-
derici, 2003; Bornkessel, Zysset, Friederici, von Cramon,
& Schlesewsky, 2005; Dröge, Maffongelli, & Bornkessel-
Schlesewsky, 2014; Gattei, Tabullo, París, & Wainselboim,
2015; Wang, Schlesewsky, Philipp, & Bornkessel-Schle-
sewsky, 2012, among others), longer reading (Kretzsch-
mar et al., 2012) and response times, and higher error
rates (Gattei, Dickey, Wainselboim, & París, 2015).
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However, it is a well-established fact that the linguistic
features that are relevant for argument interpretation
may differ from language to language (see Bornkessel-
Schlesewsky & Schlesewsky, 2009; Lamers & De Swart,
2012, for a discussion on the issue). For example, word
order is a relevant cue for establishing arguments’ promi-
nence in languages with little or no case marking inflec-
tion (e.g. English, Chinese), but it is only considered a
last-resort strategy in languages with a rich case
marking system (e.g. Finnish, Japanese, Russian). Simi-
larly, prominence computation may rely on subject drop-
ping (e.g. Spanish), or on the relative animacy of
arguments (e.g. Fore language, and see Wang, Schle-
sewsky, Bickel, & Bornkessel-Schlesewsky, 2009; Wang
et al., 2012, for two studies on the role of animacy in
Chinese). These language-specific differences call for
the investigation of how the interaction of different lin-
guistic cues that are related to the computation of promi-
nence may affect incremental processing, and raise the
question about whether there are common neuroanato-
mical, neurophysiological and cognitive correlates of
prominence processing among languages. The present
study aims to provide further evidence about the role
of prominence information for the incremental interpret-
ation of arguments during natural reading in Spanish, a
language that has been scarcely addressed in this
regard. More precisely, we investigate the eye move-
ment patterns associated to the comprehension of sen-
tences that require a reversal of argument prominence
hierarchization. In the following section, we briefly
describe the linguistic features of Spanish relevant for
the establishment of prominence.

Argument hierarchization in spanish

Argument prominence scales in Spanish result from the
interaction of word order, verb type, case marking,
animacy and definiteness (Gutiérrez-Bravo, 2007;
Primus, 2012). In this work, we focus on the interplay
between the first three linguistic features. Consider
sentences in (1).

(1) a. María le responde a Ana.
Mary[NOM] clitic[DAT] respond[3rd−SG] to Ana[DAT]

“Mary responds to Ana”
b. A Ana le responde María.

To Ana[DAT] clitic[DAT] respond[3rd−SG] Mary[NOM]

“Mary responds to Ana.”

The verb in (1) expresses an activity. Example (1a) rep-
resents a subject-initial sentence; in contrast, in (1b)
the dative object precedes the subject. Both sentences
mean “Mary responds to Ana.” Even though (1b) is a
structure in which the Undergoer linearly precedes the
Actor, speakers understand in both cases that it is Mary

that responds to Ana and not the other way round
through case marking (the dative pronoun “le”), clitic
doubling (co-reference between “le” and “Ana”) and
the preposition “a,” that functions as particle marking
indirect object.1

Regarding the role of verb type in the computation of
prominence, identical syntactic configurations may
instantiate different semantic hierarchizations for its con-
stituents, as it is shown in sentences in (2).

(2) a. María le teme a Ana.
Mary[NOM] clitic[DAT] fear[3rd−SG] to Ana[DAT]

“Mary fears Ana.”
b. María le encanta a Ana.

Mary[NOM] clitic[DAT] love[3rd−SG] to Ana[DAT]

“Ana loves Mary.”

Both sentences are syntactically alike and they require a
similar semantic structure. One of its constituents is
assigned the role of Experiencer and the other one is
assigned the role of Theme/Undergoer. However, in sen-
tence (2a) the role of Experiencer is linked to the subject
of the sentence (i.e. “Mary”), while in (2b), the role of
Experiencer is associated with the object (“Ana”). An
important aspect of this distinction is that although sen-
tence (2b) follows the canonical SVO word order of the
language (Contreras, 1976; Hernanz & Brucart, 1987;
Ocampo, 1995; Suñer, 1982, among others), its promi-
nence hierarchy follows a non-canonical order (i.e. the
Theme/Undergoer precedes the more actor-like partici-
pant). Now consider a sentence like (3).

(3) A Ana le encanta María.
To Ana[DAT] clitic[DAT] love[3rd−SG] Mary[NOM]

“Ana loves Mary.”

The sentence realises a marked OVS word order.
However, the order of arguments parallels the canonical
order established by the lexico-semantic structure of the
verb “love,” as exemplified in (4), in which “love” is a state
predicate of emotion and “x,” the left-most argument of
this structure, is associated to the Emoter or Experiencer,
and “y” is associated to the Target, Stimulus or Theme
(Van Valin Jr, 2005, p. 45).

(4) love (x,y)

This mismatch between syntactic and semantic canoni-
cal linear order is particular of a class of verbs known
as dative object-experiencer psychological verbs (here-
after ObjExp psych verbs). This group of verbs will be
used to test the incremental interpretation of promi-
nence scales in the current study. In particular, we use
word order and morphological case marking to test at
what stage comprehenders extract prominence infor-
mation that comes from these linguistic features
during natural reading of SVO sentences in Spanish.

2 C. A. GATTEI ET AL.
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Previous evidence from this language comes from a
self-paced reading study performed by Gattei, Dickey,
et al. (2015) that shows that prominence information
indeed plays a role on the relative cost of on-line sen-
tence comprehension in this language. The authors
found that the cost of integrating a second argument
in a simple SVO sentence was increased whenever
understanding the sentence required a reversal of its
thematic structure. The authors explained that even in
non-ambiguous simple sentences, comprehenders
rapidly use morphosyntactic information (i.e. word
order and case marking) to form predictions about the
thematic structure of the upcoming verb and to assign
a thematic role to the preverbal argument. These predic-
tions are based on the assumption that there is a prefer-
ence for more prominent arguments to precede less
prominent arguments in terms of linear order (Bornkes-
sel et al., 2005; Grewe et al., 2006; Haupt, Schlesewsky,
Roehm, Friederici, & Bornkessel-Schlesewsky, 2008;
Wolff, Schlesewsky, Hirotami, & Bornkessel-Schlesewsky,
2008). The appearance of a verb that required a correc-
tion of this assumption resulted in longer reading
times at the region of the second argument of the sen-
tence. Furthermore, accuracy and response times were
also increased for sentences that presented a non-cano-
nical order of their arguments, showing that the effects
of not respecting the canonical order established by
the thematic hierarchy (i.e. “The Actor precedes the
Undergoer,” Van Valin & LaPolla, 1997) are so robust for
comprehension that they may persist even after all inte-
grative processes are completed.

Nevertheless, the methodological paradigm used in
this task presents three main drawbacks: First, partici-
pants must press a button to reveal each new word.
This results in unnaturally slow reading times (often
400–600ms per word), even in short -and usually
skipped during natural reading- functional words.
Staub & Rayner (2007) argue that this lag between
actual reading time and the motor task of pressing a
key “may make it difficult, if not impossible, to determine
exactly when a particular factor has its effect, and it may
be impossible to detect real, if short-lived, syntactic mis-
analyses” (Staub & Rayner, 2007, p. 334). In addition, the
moving window display does not allow participants to
re-read previous regions in the sentence. Thus another
question that remains unanswered in Gattei et al.’s
study is what readers actually do in order to resolve the
misleading interpretation of arguments’ prominence.
This type of paradigm does not provide any information
about what participants use the extra time they spend in
difficult conditions for, or if they look for any type of lin-
guistic information to repair the incorrect prediction.
Finally, mean comprehension accuracy in this study is

relatively low for SVO sentences with ObjExp psych
verbs(around 60%) and OVS sentences with activity
verbs (around 70%), even when they comprise gramma-
tical sentences of the language. The authors ask whether
the use of a more ecologically valid method would
improve overall comprehension.

Hypotheses and predictions

The current study attempts to tap into the aforemen-
tioned methodological issues by using eye-tracking
measures during natural sentence reading. As Vasishth,
von der Malsburg, & Engelmann (2013) point out, “eye-
tracking has the potential to inform us about when an
event occurs in the parser (timing); what the parser
does when it encounters difficulty (parsing events); and
how attention, the eyes, and the parser interact (the
eye-parser link)” (Vasishth et al., 2013, p. 125).

In accordance with previous studies, we expect
object-initial structures to be less costly with ObjExp
psych verbs and subject-initial sentences to be easier
to process with dative-marked activity verbs. Regarding
the region and point at which prominence misanalysis
exerts its influence, we expect to find a dissociation
between early and late eye-movement measures. Follow-
ing Staub & Rayner (2007), “careful examination of the
point in the eye movement record at which the effect
of some linguistic manipulation first appears can be
highly informative about the nature of the underlying
cognitive processes involved” (Staub & Rayner, 2007,
p. 329). Since we are testing cognitive processes
related to the integration of syntactic and semantic infor-
mation, we expect that the manipulation of prominence
hierarchies has no effects at early eye-movement
measures, usually related to lexical properties of words,
like length and frequency (but see Kretzschmar et al.,
2012, for an eye-tracking study where prominence
scales referentiality and syntactic ambiguity were
manipulated). Regarding late eye-movement measures,
we expect that the appearance of an unexpected verb
(an ObjExp psych verb in subject-initial sentences and
an activity verb in object-initial sentences) leads to
slower regression latencies and higher regression prob-
abilities from the verb region onwards.

Furthermore, previous studies have shown that when
readers make regressive eye movements, they do not do
so randomly (Frazier & Rayner, 1982; Meseguer, Carreiras,
& Clifton, 2002). Instead, readers regress to the point at
which their initial, incorrect analysis diverged from the
correct one. Thus, we expect a higher probability of
regressing into the regions previous to the disambiguat-
ing verb in both conditions that require a thematic
reanalysis.
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Finally, recall that in contrast to the moving window
paradigm, in this task readers have the opportunity to
spend as long as they need reading the whole sentence
and re-reading the regions that they find more difficult to
process. We expect that by using this method, perform-
ance at the comprehension task is improved. We will also
examine what readers do in order to accurately resolve
arguments’ interpretation.

Experiment 1

Methods

Participants
Thirty-three native Spanish speakers (20 women; age
range 20–39 years; M=24.7, SE=4.32) participated in a
half-hour reading experiment. All 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. All of them
provided written consent prior to the study. Twenty-
eight of the participants entered the final data analysis,
the remaining five having been excluded on the basis
of equipment-related artefacts and/or insufficient accu-
racy in the comprehension task (an error rate higher
than 40% in the critical conditions). All participants
were compensated with 30 Argentinian Pesos after fin-
ishing the experiment.

Materials
The experimental sentences for this study were con-
structed on the basis of two verb lists, consisting of
24 items for each type of verbs. Verbs were selected
according to the Role and Reference Grammar charac-
terisation of activity and state predicates (Van Valin &
LaPolla, 1997; Van Valin Jr, 2005 and see Gattei,
Dickey, et al. 2015 for a detailed theoretical discussion
on how these types of verbs entail different types of
linking and processing according to their thematic
hierarchization). On the one hand, we used activity
verbs that marked the Actor as the nominative argu-
ment, and contained a dative Object. On the other
hand, we selected state verbs denoting feelings that
marked the experiencer as a dative object. Most of
the psych verbs used as data (19 out of 24) have accu-
sative Experiencer versions as well. In each case, the
accusative Experiencer realisation is interpreted as
causative, in contrast to the dative Experiencer realis-
ation which does not lead to a causative interpretation
(see Belletti & Rizzi, 1988; Dowty, 1991; Franco, 2013,
for different approaches to psych verbs in Romance
languages). In order to focus on possible reanalysis

effects that could arise from thematic reassignment,
we only used the dative-marked version of psych
verbs that allowed both accusative and dative case
marking.

The two groups of verbs were matched in length
(determined by the number of letters; ObjExp psych
verb verbs: M=6.8, SE=.31; Activity verbs: M=6.3, SE=.25)
and Log Frequency (ObjExp psych verb verbs M=4.32,
SE=.17; Activity verbs: M=4.47, SE=.11) according to the
LEXESP database (Davis & Perea, 2005). An indepen-
dent-samples t-test showed no significant differences
between groups: Length: t(46) = −1.35, p>.05; Log Fre-
quency t(46) = .71, p>.05.

Verbs were placed in semantically reversible sentence
frames that consisted of 48 pairs of proper nouns
matched for length and frequency and counterbalanced
for gender. Data of names’ approximate frequency was
collected by conducting an advanced Google search in
the domain of the Facebook website from Argentina.
We reasoned that Facebook would reflect the actual fre-
quency distribution of the proper names that partici-
pants were exposed to during the experiment. The
search was conducted within the same day during the
preparation of materials. The name counts (number of
hits returned in the search) were logged for statistical
analysis. Table 1 shows the mean, standard errors,
t-scores and p-values for frequency and length of the
two groups of names.

The total number of 192 experimental sentences
thus constructed was divided into four lists of 48 sen-
tences (12 per condition) so that participants would
see each verb twice, each time with a different word
order and framed by a different pair of names.
Finally, 48 additional Prepositional Phrase (PP) or
Adverbial Phrase (AdvP) were added at the end of
each block of sentences. These additional phrases
could be attached to both NPs when placed after
the verb, and they were semantically neutral, so that
they did not facilitate any semantic interpretation
rather than the one provided by the role assignment
required by the verb.

Table 1. Mean values, standard errors, t-values and p-values for
the control variables of length and log frequency of the proper
nouns used in the current eye-tracking experiment, according
to an advanced search on google in the domain of the
facebook website in Argentina.
Variable Group M SE t p

Length NP1 6.02 0.18 −0.08 0.93
NP2 6.04 0.15

Frequency NP1 9.64 0.12 −0.02 0.98
NP2 9.65 0.12

Notes: NP1, first noun phrase; NP2, second noun phrase.
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D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

id
ad

 T
or

cu
at

o 
di

 T
el

la
] 

at
 0

4:
56

 0
9 

N
ov

em
be

r 
20

17
 



In addition, a set of three practice trials and 145 sen-
tences that belonged to two other different experiments
were used as fillers. These sentences were different in
syntactic complexity and length than the critical trials,
so that participants would not be aware of the aim of
the experiment.

One question for each practice item, critical trial and
55 of the filler sentences was prepared to test compre-
hension. The questions were formulated in such a way
that the participants had to judge whether it correctly
described the content of the preceding experimental
sentence or not. Half of the questions required the
answer “yes” and half of them required the answer
“no.” In the case of critical items, half of the questions
involved the subject of the sentence and half of them
asked about the object. Table 2 shows an example of
the critical sentences used in the current experiment. A
complete list of the experiment materials may be
found at Appendix A.

Equipment
Participants were seated in front of a 19-inch screen
(Samsung SyncMaster 997MB, 1024× 768 pixels resol-
ution, 100 Hz refresh rate) at a viewing distance of 65
cm. A chinrest aligned with the centre of the screen pre-
vented head movements. An EyeLink 1000 eye-tracker
(SR Research Ltd.) was used to record gaze locations of
both eyes during reading at a sampling rate of 1 kHz
Nominal average accuracy was 0.5◦ and space resolution
was 0.01◦ root mean square (RMS), as given by the man-
ufacturer. The participant’s gaze was calibrated with a
standard 13-point grid for both eyes. All recordings
and calibration were binocular. Only left eye data were
used for the analysis.

All eye movements were labelled as fixations, sac-
cades and blinks by the eye-tracker software using the
default thresholds for Cognitive experiments (30◦/sec
for velocity, 8000◦/sec for acceleration, and 0.1◦ for
motion) (Cornelissen, Peters, & Palmer, 2002). Stimuli
presentation was developed using Matlab (http://www.
mathworks.com/, Massachusetts, United States) and Psy-
chophysics Toolbox Version 3.

Procedure
All sentences were displayed on a single line and were
presented in Courier New Bold font. At a distance of
65 cm, each letter subtended 0.44◦ of visual angle later-
ally. Subjects were instructed to read the sentences at
their own rate. No instructions were given to suppress
eye blinks. Before the eye-tracking experiment began,
they had a practice session of six sentences. At the begin-
ning of each trial, a dot appeared at the left edge of the
screen and after participants fixated on this dot, the sen-
tence appeared. The first letter of the sentence was
located at the position of the dot. Participants were
instructed to look at a second dot at the bottom right
corner of the screen to indicate they had finished
reading. The total reading time of each trial was
measured starting from when participants triggered
the appearance of the sentence by fixating on the left
dot until they fixated on the bottom right dot and the
sentence disappeared. Comprehension questions
appeared after every critical stimuli and after 38% of
the filler sentences. Participants responded by mouse-
clicking on one of two possible answers (“Yes” or “No”)
displayed horizontally. Half of the times, the correct
answer was positioned over the left. The order in
which it appeared at this position was randomised.
Response time was measured starting from the appear-
ance of the question until participants clicked on one
of the possible responses. A calibration procedure was
performed at the beginning of the eye-tracking exper-
iment. Experimental sessions lasted approximately 30
min.

Data analysis
Eye movement data from the 33 participants was
screened for blinks and track losses. Fixations shorter
than 50ms and longer than 1000ms were removed
from the analysis. After this screening process, fixations
were assigned to their respective word. Eye-tracking
measures were computed using em2 package for R
language for statistical computing (Logacev & Vasishth,
2013, version 3.0.2).

Table 2. Critical sentences used in the current eye-tracking study.
Condition Example Question example

(a) ObjExp SVO María le encanta a Ana porque siempre fue muy amable. ¿Es María quien le encanta a alguien?
“Ana loves Mary because she was always very kind.”

(b) ObjExp OVS A María le encanta Ana porque siempre fue muy amable. Is it Mary who is loved by someone?
“Mary loves Ana because she was always very kind.”

(c) Act SVO María le responde a Ana porque siempre fue muy amable. ¿Es María quien le responde a alguien?
“Mary responds to Ana because she was always very kind.”

(d) Act OVS A María le responde Ana porque siempre fue muy amable. Is it Mary who responds to someone?
“Ana responds to Mary because she was always very kind.”

Notes: ObjExp, object experiencer psych verbs; act, activity verbs; SVO, subject-verb-object, OVS, object-verb-subject.
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For the purpose of analysis, we divided the sentences
into eight regions that consisted of the first eight words
of each sentence, as shown in Table 3. Note that in order
to facilitate statistical analysis and visual presentation of
the results, we aligned the critical regions that comprised
the proper names (regions 2 and 6), the clitic (region 3)
and the verb (region 4). The region of the preposition
has been labelled as (5) in subject-initial sentences, and
(1) in object-initial sentences. The regions “PP1” and
“PP2” correspond to the first and the second word of
the prepositional phrase following the second noun
phrase.

For each fixated word, we computed the following
measures: (1) First Fixation Duration (FFD; the duration
of the 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) Right-
Bounded Reading Time (RBRT; the sum of all first-pass fix-
ation durations on the word before another word to the
right is fixated); (4) Regression Path Duration (RPD; also
known as go-past time, it is the sum of all first-pass fix-
ation durations on the word and all 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; (5) Right-Bounded
Regression Count (RBRC; the number of regressions
from the word before any word further to the right has
been fixated); (6) Total Fixation Time (TFT; the sum of
all fixations durations on a word); and (7) Total Incoming
Regressions (TIR; the number of regressions to a specific
word). Measures 1–3 are typically considered early
measures, whereas measures 4–7 are assumed to
reflect later processing stages (see Clifton, Staub, &
Rayner, 2007; Vasishth et al., 2013, for a review on this
discussion).

The data analysis was conducted in the R program-
ming environment (R Core Team, 2013). For measures
comprising reading or response time (i.e. Comprehen-
sion Task Response Time, FFD, FPRT, RBRT, and TFT) a
linear mixed-effects model was used. Linear mixed-
effects models are available in the package lme4
(Bates, Mächler, Bolker, & Walker, 2014; Pinheiro &
Bates, 2000). For the accuracy measure, the data was fit
to a generalised linear mixed-effects model with a bino-
mial function. This function is adequate for analysing
data measured on a dichotomous scale, namely

“Correct” and “Incorrect” response. Count data (RBRC
and TIR), on the other hand, was analysed with a gener-
alised mixed-effects model with Poisson link function,
which is appropriate for counts of events in a fixed
time window (Baayen, 2008, p. 322).

All regression models included Verb Type and Word
Order as fixed effects and Subject, and Item as random
effects. Log Frequency and inverse length of each word
were included as factors in every region except for
regions 1 and 5 (preposition “a”) and region 3 (clitic),
the rationale being that these two variables may
explain a significant part of the variability in reading
times and amount of fixations on these regions (Just &
Carpenter, 1980; Kliegl, Grabner, Rolfs, & Engbert, 2004;
Rayner & Raney, 1996).

A maximal random-effects structure was included in
both LMMs and GLMMs, as linear mixed-effects models
that do not consider random intercepts and slopes
involve the risk of Type I error inflation (Barr, Levy, Schee-
pers, & Tily, 2013). When models either did not converge
or the correlation between variance components could
not be estimated, the random effects structure was sim-
plified by removing the correlations. For large samples,
the t distribution approximates the normal distribution
and an absolute value of t larger than 2 indicates a sig-
nificant effect at a = 0.05. For all the models presented
in the study, covariates that involved reading times
were scaled and centred.

Finally, we used an orthogonal contrast coding to test
the interaction between verb type and word order. For
the verb type contrast, sentences with activity verbs
were coded as −1 and sentences with ObjExp psych
verbs were coded as 1. For the word order contrast,
SVO sentences were coded as −1 and OVS sentences
were coded as 1.

Results

Comprehension task
Question accuracy. Mean accuracy for all comprehension
questions was 88.57%. This indicates that participants
were paying attention to the content of the sentences.
Mean accuracy of critical sentences was 90.12%.
Figure 1(a) shows mean accuracy according to condition.
Differences in accuracy according to verb type and word
order were analysed with a generalised linear mixed-

Table 3. Regions of interest used for the statistical analysis of the current eye-tracking experiment according to word order.
1 2 3 4 5 6 7 8

SVO María le responde|encanta a Ana PP1 PP2
Mary clitic[DAT] responds|loves to Ana[DAT] PP1 PP2

OVS A María le responde|encanta Ana PP1 PP2
To Mary[DAT] clitic[DAT] responds|loves Ana PP1 PP2

Notes: SVO, subject-verb-object; OVS, object-verb-subject; PP1, first word of the prepositional phrase; PP2, second word of the prepositional phrase.
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effects model. The analysis revealed a significant effect of
verb type. On average, participants responded more
accurately after reading sentences with activity verbs
(M = 93.15%) than after reading sentences with
ObjExp psych verbs (M = 86.16%); b = −0.424,
SE=0.161, z=2.63. An interaction between verb type
and word order was found; b = 0.256, SE=0.112,
z=2.29. 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; b = 0.9271;,
SE=0.357, z=2.59, p=0.044; ActSVO - ObjExpSVO;
b = 1.361, SE=0.418, z=3.255, p=0.006; ActSVO - ObjEx-
pOVS; b = 1.263, SE=0.420, z=3.004, p=0.013).

Response times. Figure 1(b) shows mean response
times (RTs) according to condition. Analysis of differ-
ences in RTs between verb type and word order revealed
a main effect of verb type. On average, response times
were significantly higher for questions about sentences
with ObjExp psych verbs (M=4025ms) than for questions
about sentences with activity verbs (M=3075ms);
b = 0.102, SE=0.016, t=6.242. Interactions between
both factors verb type and word order were significant;
b = −0.0369;, SE=0.013, t=−2.839. Tukey post-hoc test
revealed that participants answered comprehension
questions for sentences with activity verbs significantly
faster when sentences followed the SVO word order
(M=3856ms) than when they followed OVS word order
(M=4053ms); b = −0.111, SE=0.037, z=−3.023,
p=0.013. However, this difference between OVS and
SVO sentences was not significant for comprehension
questions for sentences with ObjExp psych verbs;
b = −0.036, SE=0.037, z=−0.992, p=0.752.

Total reading time. Figure 1(c) shows the average total
reading time for the critical sentences used in the current
eye-tracking experiment. The statistical analysis revealed

an interaction between verb type and word order;
b = −0.090, SE=0.013, t=−6.962. Resolving this inter-
action showed that participants spent significantly
longer time reading sentences with activity verbs when
they followed the OVS word order than when they fol-
lowed the SVO order; b = 0.170, SE=0.036, z=4.654,
p<0.001. Conversely, sentences with ObjExp psych
verbs were read significantly faster when they contained
OVS word order; b = 0.189, SE=0.036, z=5.192, p<0.001.
Verb type also affected reading times of sentences with
different word orders. The multiple comparisons test
also revealed that when reading subject-initial sen-
tences, participants spent significantly longer time
reading sentences with ObjExp psych verbs than sen-
tences with activity verbs; b = 0.234, SE=0.040,
z=5.894, p<0.001. Reading of OVS sentences followed
the opposite pattern: Participants took significantly
longer time to read sentences with activity verbs than
sentences with ObjExp psych verbs; b = 0.125,
SE=0.040, z=3.145, p=0.008.

Eye-tracking measures
Following Kliegl, Nuthmann, & Engbert (2006), we
excluded the first word of all sentences for all reading
duration analysis since the first word was positioned at
the location of the fixation spot that triggered the
appearance of the sentence. For subject-initial sen-
tences, the first word was labelled as “Region 2” and
for object-initial sentences, the first word was labelled
as “Region 1.” We thus inspected the reading measures
FFD, FPRT, RBRT, RBRC and RPD from Region 3
onwards. However, at Region 2, we did analyse the prob-
ability of regressing to the first word from other regions
and the total fixation time.

Figure 2 summarises the contrast between sen-
tences with activity verbs and sentences with ObjExp

Figure 1. Percentage of accurate answers (panel a), mean response times for the comprehension question (panel b), and mean total
reading time for the critical sentences (panel c) in the current eye-tracking study according to verb type (ObjExp psych verb vs. Act) and
word order (SVO vs. OVS). Error bars correspond to Standard Error of the Mean. ObjExp psych verb, object experiencer psych verb; Act,
activity verb; SVO, subject-verb-object; OVS, object-verb-subject.
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psych verbs according to both word orders (SVO and
OVS). Positive values mean that reading time and
regression counts are higher for sentences with activity
verbs than for sentences with ObjExp psych verbs. A
positive grey dashed line (OVS conditions) and a nega-
tive black line (SVO conditions) correspond to an inter-
action between Verb Type and Word Order. This
representation makes the interaction visually clear.
The asterisks show the regions where the interaction
was significant.

We now provide the analysis of regions of interest for
both the early and late measures mentioned in the “Data
analysis” section. For each region, we first present the
analysis of the interaction between Verb Type and
Word Order, since it is the contrast 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 or Word
Order. Appendix B shows the final converging models
for each measure at each region. A table with all

Figure 2. The Figure shows the difference (Δ) in mean fixation times (ms) and the amount of regressive saccades (counts) between
conditions with Activity Verbs and conditions with ObjExp psych verbs according to the sentence word order. Error bars correspond
to Standard Error of the Mean. Eye-tracking measures: FFD, first fixation duration; FPRT, first pass reading time; RBRT, right-
bounded reading time; TFT, total fixation time; RPD, regression path duration; RBRC, right-bounded regression count; TIR, total incom-
ing regressions. Word Order: SVO, subject-verb-object; OVS, object-verb-subject. The asterisk shows that the interaction between Word
Order and Verb Type was significant.
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statistical coefficients, standard errors and t values may
be found at Appendix C.

Region 1 (Case marking preposition “a”). Analysis of
the probability of regressions into this region (“TIR”)
revealed no significant differences between the prob-
ability of regressing to this area after reading an activity
verb or after reading an ObjExp psych verb; b = −0.534,
SE=0.377, z=−1.416.

Region 2 (First proper name). Analysis of 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:
b = −0.079, SE=0.015, t=−5.095; TIR: b = −0.228,
SE=0.033, z=−6.974). Resolving these interactions
revealed that for subject-initial sentences, the prob-
ability of regressing to this region and the total fix-
ation time are significantly higher when the
sentence contains an ObjExp psych verb than when
it contains an activity verb (TFT: b = 0.148, SE=0.045,
z=3.304, p=0.005; TIR: b = 0.493, SE=0.099, z=4.967,
p<0.001). Conversely, for object-initial sentences, the
probability of regressing into this region and the
total fixation time are significantly higher when the
sentence contains an activity verb than when it con-
tains an ObjExp psych verb (TFT: b = 0.174,
SE=0.045, z=3.883, p<0.001; TIR: b = 0.417, SE=0.085,
z=4.921, p<0.001).

Analysis of the probability of regressions into this
region (TIR) also revealed a main effect of word order.
On average, participants regressed to this word signifi-
cantly more in object-initial sentences than in subject-
initial sentences; b = 0.155, SE=0.033, z=4.710.

Region 3 (Clitic). Analysis of late eye-movement
measures showed a significant interaction between
verb type and word order for total fixation time, and
for the probability of regressions into this region (TFT:
b = −0.128, SE=0.020; t=−6.515; TIR: b = −0.281,
SE=0.035, z=−7.945). This interaction follows 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
contained an activity verb (TFT: b = 0.147, SE=0.044,
z=3.304, p=0.005; TIR: b = 0.592, SE=0.099, z=5.967,
p<0.001). In object-initial sentences; participants fixated
and regressed to this region significantly more when
the sentence contained an activity verb (TFT:
b = 0.174, SE=0.004, z=3.883, p<0.001; TIR: b = 0.531,
SE=0.101, z=5.274, p<0.001).

Region 4 (Disambiguating verb). Analysis of this region
showed an interaction between verb type and word
order for all late eye-movement measures (RPD:
b = −0.075, SE=0.015, t=−4.897; RBRC: b = −0.173,
SE=0.051, z=−3.380; TFT: b = −0.132, SE=0.0209,
t=−6.318; TIR: b = −0.247, SE=0.031, z=−7.992). Tukey
post-hoc test showed that in subject-initial sentences,
participants fixated and regressed significantly more
times to this region when they read an ObjExp psych
verb than when they read an activity verb after the
clitic (TFT: b = 0.308, SE=0.057, z=5.353, p<0.001; TIR:
b = 0.464, SE=0.108, z=4.308, p<0.001). For object-
initial sentences, participants fixated this region and
regressed to previous regions before continuing
reading for longer time, when they longer time, when
they read an activity verb than when they found an
ObjExp psych verb (RPD: b = −0.130, SE=0.040,
z=−3.298, p=0.005; TFT: b = 0.343, SE=0.057, z=5.967,
p<0.001). This difference followed the same direction
for measures RBRC and TIR, showing that participants
regressed significantly more times from and to this
region when they read an activity verb instead of an
ObjExp psych verb (RBRC: b = −0.400, SE=0.151,
z=−2.639, SE=0.111, z=−4.844, p<0.001).

An interaction between Verb Type and Word Order
was also found for early measure RBRT, b = −0.052,
SE=0.0138, t=−3.807. However, the multiple comparisons
test revealed that there were no significant differences
between SVO conditions according to the verb type
nor between OVS conditions, p>.1.

Region 5 (Case marking preposition “a”). Analysis of
this region showed a significant main effect of Verb
Type for Total Incoming Regressions; b = 0.267,
SE=0.074; z=3.631. On average, participants regressed
significantly more times to this region when the sen-
tence contained an ObjExp psych verb than when it con-
tained an activity verb.

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:
b = −0.178, SE=0.019, t=−9.186; RBRC: b = −0.353,
SE=0.047, z=−7.556; TFT: b = −0.124; SE=0.0152;
t=−8.141; TIR: b = −0.155, SE=0.053, z=−2.923). Resol-
ving 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: b = 0.380, SE=0.055, z=6.867, p<0.001;
RBRC: b = 0.671, SE=0.130, z=5.163, p<0.001; TFT:
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b = 0.343, SE=0.043, z=7.914, p<0.001; TIR: b = 0.456,
SE=0.146, z=3.124, p=0.009).

In OVS sentences, participants spent longer time on
this and previous regions and regressed significantly
more times from this region when the sentence con-
tained an activity verb than when it contained an
ObjExp psych verb. This difference was not significant
for the probability of regressing into this region (RBRC:
b = 0.740, SE=0.134, z=5.519, p<0.001; RPD: b = 0.332,
SE=0.054, z=6.118; TIR: b = −0.165, SE=0.154,
z=−1.069, p=0.707).

Analysis of early measures showed a significant inter-
action between Verb Type and Word Order for RBRT,
b = −0.074, SE=0.013, t=−5.768. The multiple compari-
sons test showed that in SVO sentences, participants
fixated for significantly longer time before continuing
reading when the sentence contained an ObjExp psych
verb, than when they had previously read an activity
verb, b = 0.214, SE=0.0368, z=5.805, p<0.001. However,
this difference was not significant for OVS sentences,
b = 0.084, SE=0.0361, z=2.318, p=0.09.

Analysis of both early and late eye-movement
measures also revealed main effects of Verb Type and
Word Order. On average, participants spent longer time
reading this region during first-pass reading (FPRT)
when the sentence contained an ObjExp psych verb
and followed the SVO word order (Verb Type:
b = 0.031, SE=0.012, t=2.589; Word Order: b = −0.038,
SE=0.012, t=−3.177). The multiple comparisons test
shows that the word order effect is motivated by the
longer reading time for SVO sentences with ObjExp
psych verbs when compared to both OVS conditions
(ObjExpSVO - ActOVS: b = 0.139, SE=0.034, z=4.081,
p<0.001; ObjExpSVO - ObjExpOVS: b = 0.089, SE=0.034,
z=2.643, p<0.04). The same effects were found for
Right-bounded Reading Time and Total Fixation Time
(RBRT Verb: b = 0.033, SE=0.013, t=2.522; Word Order:
b = −0.036, SE=0.013, t=−2.839; TFT Verb: b = 0.047,
SE=0.015, t=3.106; Order: b = −0.053, b = −0.053,
SE=0.015, t=−3.443).

Region 7 (First word of the Spill-over region). Analysis
of this region showed that the interaction between
Verb Type and Word Order was significant for almost
all late eye-movement measures and two early eye-
movement measures (FPRT: b = −0.028, SE=0.011,
t=−2.438; RBRT: b = −0.050, SE=0.0124, t=−3.967; RPD:
b = −0.089, SE=0.019, t=−4.792; RBRC: b = −0.367;
SE=0.104, z=−3.547; TFT: b = −0.071;
SE = 0.016,t=-4.352). The multiple comparisons test
showed that in subject-initial sentences, participants
fixated longer at this region during first-pass reading
and right-bounded reading when the sentence

contained an ObjExp psych verb than when it included
an activity verb (FPRT: β=0.1036, SE=0.0322, z=3.224,
p=0.007; RBRT: b = 0.214; SE=0.038, t=5.596, p<0.001).
Regression path duration and total fixation time were
marginally higher for sentences with ObjExp psych
verbs than for sentences with activity verbs (RPD:
b = 0.133, SE=0.053, z=2.498, p=0.06; TFT: b = 0.108;
SE=0.047, z=2.309, p=0.09).

In object-initial sentences, readers spent marginally
longer time at this and significantly longer time at
previous regions when the sentence contained an
activity verb than when there was an ObjExp psych
verb (FPRT: b = −0.076, SE=0.032, z=−2.393, p=0.078;
RPD: b = 0.222, SE=0.052, z=4.301, p<0.001; TFT:
b = −0.178, SE=0.046, z=−3.862, p<0.001). The analysis
of regression counts (RBRC) showed that participants
also regressed significantly more times from this sen-
tences when it contained an activity verb than when it
included an ObjExp psych verb; b = 1.09; SE=0.314,
z=3.473, p=0.002. This difference was not significant for
right-bounded reading time; b = −0.084; SE=0.037,
z=−2.239, p=0.11.

Analysis of this region also showed a main effect of
word order for both early measures, namely, FFD and
FPRT and a few late measures. Participants fixated this
region significantly longer and regressed to other
regions before continuing reading for longer time
when they read SVO sentences than when they read
OVS sentences (FPRT: b = −0.024, SE=0.011, t=−2.114;
FFD: b = −0.031, SE=0.009, t=−3.326; RBRT:
b = −0.033, SE=0.014, t=−2.403; RPD: b = −0.040,
SE=0.019, t=−2.160).

Region 8 (Second word of the Spill-over Region). No
main effects nor interactions were found at this region.

Discussion

The purpose of the current study was to shed light on
how different types of linguistic information are inte-
grated during incremental parsing of Spanish sentences
that required a reversal of thematic role assignment. A
substantial amount of evidence from studies run in
German (Bader & Bayer, 2006; Bornkessel, Schlesewsky,
& Friederici, 2002; Bornkessel et al., 2003, 2005; Bornkes-
sel-Schlesewsky & Schlesewsky, 2009; Frisch & Schle-
sewsky, 2001) and English (Weckerly & Kutas, 1999) has
shown that the parser does not wait until verbal infor-
mation is available in order to make predictions about
the thematic structure of the verb to come. These predic-
tions are based on morphosyntactic (i.e. case mor-
phology, word order) and semantic cues (i.e. animacy,
definiteness) provided by the arguments of the
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sentence. Cross-linguistic evidence suggests that the
grade of relevance that each cue has for triggering
these predictions may vary from language to language.
Spanish is a language in which interpretation of promi-
nence information depends on both word order and
case morphology. In a previous self-paced reading
study run in this language, Gattei, Dickey, et al. (2015)
found that participants slowed down at the second argu-
ment of declarative sentences in which the order of
semantic arguments did not parallel the hierarchically
ordered arguments of the lexical-semantic structure of
the verb. The authors also found that answering ques-
tions about subject-initial sentences was significantly
more difficult than answering questions about object-
initial sentences. This difference was triggered by the
response accuracy at SVO sentences with ObjExp psych
verbs, which was around 60%, very low for participants
who were reading grammatical sentences. Two main
issues remained unanswered from that experiment:
First, due to the characteristics of the method used, it
is not possible to disentangle at which region in the sen-
tence and at which stage during reading, prominence
exerts an influence over sentence processing in this
language. Second, the self-paced reading method does
not allow us to understand what participants actually
do in order to retrieve the correct interpretation of the
sentence. Recall that the moving-window paradigm
impedes participants from reading previous words on
the sentence. Hence, the results of the comprehension
task of Gattei et al.’s study reflect what participants
could achieve with the information provided by a
single left-to-right reading, which is not the way people
naturally read. Evidence has shown that even when
reading simple sentences regressions to previous
words, longer fixations on infrequent or long words
and skipping functional and short words take place (Brys-
baert, Drieghe, & Vitu, 2005; Rayner & McConkie, 1976).
Both problems were tapped into by resorting to eye-
tracking, a more ecological method for analysing
reading strategies.

Results of Experiment 1 show that arguments’ degree
of prominence exerts its influence with the appearance
of a single argument. Participants perceived that there
was a mismatch between the morphosyntactic and
semantic information of the argument that they had
already read and the lexico-semantic representation of
the verb as soon as they read the critical verb. When
reaching this region, participants fixated their gaze
longer and regressed more to previous regions when
word order did not coincide with the canonical argu-
ments order of the verb’s lexical-semantic represen-
tation. Apart from supporting the account proposed by
Gattei, Dickey, et al. (2015), this finding shows that with

only one piece of syntactic and semantic information –
as it is the case for OVS sentences – the parser establishes
the relative degree of prominence of the initial argument
and predicts the type of verb that will appear in the sen-
tence. Recall that most of the studies done on this issue
come from SOV languages, or languages that allow this
construction (but see Dröge et al., 2014, for an exper-
iment in Italian), and most of them used unnatural
reading paradigms like the word-by-word visual presen-
tation, frequently used for most event-related potentials
(ERPs) studies. Results of the current experiment support
the findings provided by Gattei, Dickey, et al. (2015) and
comprise a good piece of evidence on how greedy
(Crocker, 2012) the parser is when processing arguments’
prominence.

These results are also informative about the temporal
dynamics related to the processing of prominence infor-
mation. Analyses of the different eye-movement
measures have shown a dissociation on the degree
and the region of influence of each of these measures
during sentence reading. On the one side, early
measures (FFD and FPRT) did not reflect any additional
cognitive cost related to the repair of wrongly computing
an argument’s prominence status, neither at the verb’s
region nor at the regions of the second argument.
These measures, and particularly FPRT, were only
affected at the first region of the Prepositional Phrase,
this is, once the sentence argument structure had
already been confirmed. This is not an unexpected
result, since the modulation of early eye-movement
measures has been related to superficial aspects of
words like frequency or length (Staub & Rayner, 2007),
and both factors have been controlled for during the
experimental design of this study. However, the modu-
lation of FPRT once the syntax-to-semantics linking had
been confirmed shows that this measure may be
affected by the integration of more complex linguistic
information, as it occurs when the parser tries to retrieve
the meaning of an event with inverse linking.

Two effects that need to be taken into account,
though, are the effects of verb type and word order
found at Region 6 (Second proper name) for FPRT.
These are indeed important effects, also discussed in
Gattei, Dickey, et al. (2015). As of the verb type effect,
recall that verbs in this experiment only differ in the
way that their semantic content is syntactically realised,
that is, in the way syntax-to-semantic linking is accom-
plished. While in activity verbs the nominative argument
bears the “Actor” macrorole, in ObjExp psychological
verbs, the nominative argument is assigned the “Under-
goer” macrorole (Van Valin & LaPolla, 1997; Van Valin Jr,
2005). Our hypothesis is that the effect of verb type is the
consequence of the computational cost of constructing
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the conceptual representation of events where only the
“Undergoer” macrorole is assigned, and not the “Actor,”
as in sentences with ObjExp psych verbs. As evidenced
in the response times in the comprehension task, diffi-
culty still persists after most integrative processes are
complete, also when using a more ecological paradigm
as it is eye-tracking.

The word order effect seems motivated by the long
reading time of this region in SVO sentences with
ObjExp psych verbs in comparison to both OVS con-
ditions (as evidenced in a multiple comparisons test).
The fact that no difference takes place when SVO or
OVS conditions are compared between each other,
suggests that there is something particular about SVO
sentences with ObjExp psych verbs. Subject-initial sen-
tences with ObjExp psych verbs contain a cross-over
linking between the thematic roles and the lexical-
semantic structure of the verb. Object-initial sentences
with activity verbs also use this type of linking.
However, the integrative processes for comprehension
of SVO order in ObjExp psych verbs require reanalysing
a nominative argument into Undergoer. In contrast, rea-
nalysis of OVS sentences with activity verbs involves the
assignment of the Actor macrorole to a nominative con-
stituent. The latter linking “Actor/nominative” is the
typical linking in Spanish, whereas the “Undergoer/nomi-
native” pairing is more marked (Arnaiz, 1998; Bakovic,
1998; Gutiérrez-Bravo, 2007). The multiple comparisons
test indeed shows that there is a significant difference
in first-pass reading time between both types of sen-
tences. Since this effect was only found once the
lexico-semantic structure of the event was complete
and not at the verb region (when participants can
already realise that the sentence denotes a different
type of event than the one predicted) we hypothesise
that the effect is a reflex of a later stage of processing,
that is posterior to the computation of prominence itself.

On the other hand, late eye-movement measures
show that the interaction between Verb Type and
Word Order follows the direction of the results found
in Gattei, Dickey, et al. (2015). When the canonical
order of the arguments in the verb’s lexical-semantic
structure did not coincide with the morphosyntactic fea-
tures of the argument presented as input, there was a
higher probability that participants regressed more and
spent longer time in previous regions. They also spent
longer time reading the disambiguating verb before con-
tinuing reading. Finding these effects for late eye-move-
ment measures also replicates previous findings from an
eye-tracking study with similar sentences in German
(Kretzschmar et al., 2012). It also comprises evidence in
favour of the computation of prominence as one of the
factors that the parser takes into account during

sentence processing. Evidence in studies with ERPs
shows that this computation exerts its influence at late
stages of processing (between 400 and 900 ms: Dröge
et al., 2014; Frisch & Schlesewsky, 2001; Gattei, Tabullo,
et al. 2015; Roehm, Schlesewsky, Bornkessel, Frisch, &
Haider, 2004; Weckerly & Kutas, 1999). In particular, two
studies investigated this issue in a Romance language.
Dröge et al. (2014) found that subject-initial sentences
with ObjExp psych verbs and object-initial sentences
with activity verbs elicited a P600 component that
reflected, among other possibilities, a conflict monitoring
or a well-formedness mismatch due to the thematic mis-
match. Furthermore, the authors found that in object-
initial sentences, the appearance of an activity verb eli-
cited a biphasic N400 component as well. The authors
explained the N400 effect as the interplay of two differ-
ent factors: the thematic hierarchy and lexical predict-
ability, and they argued that, in contrast to the high
predictability for a dative object experiencer verb follow-
ing an initial dative, an initial subject does not lead the
processing system to anticipate a dative active verb.
Hence, the lower degree of lexical predictability leads
to an N400 increase in SVO sentences with activity
verbs, thus masking the thematic N400 effect in SVO sen-
tences with Object experiencer verbs.

Gattei, Tabullo, et al. (2015) used almost identical sen-
tences to the ones used in the current experiment in
order to investigate the neural correlates involved in
the computation of prominence in Spanish. The
authors also explored the role of arguments’ span in
the computation of prominence in this language, an
aspect that had not been studied by the Italian study.
All verbs used in the experiment required the use of a
dative clitic immediately before the verb. This clitic
either introduced a new piece of argument information
(as in SVO sentences), or replicated the information of
the initial argument (as in OVS sentences). Results
showed that the appearance of the critical verb triggered
different effects according to the sentence word order.
When participants were shown a subject-initial sentence,
the appearance of an ObjExp psych verb engendered a
widely distributed positivity with a peak at 600 ms.
(P600). Conversely, when participants read an object-
initial sentence, the appearance of an Activity verb trig-
gered a centro-parietal negativity with a peak at 400
ms. (N400). A cloze task showed that there was a qualitat-
ive difference in the type of responses given for each
word order. In almost every case, participants completed
subject-initial constructions with an Activity verb,
although there was a great variability in the amount of
responses given (N=58). On the other hand, half of
object-initial constructions were completed with an
inflected form of the verb “gustar” (“to like”). The rest of
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the responses (N=36) were divided among different
types of verbs, from ObjExp psych verbs, to activity
and state verbs. All events retrieved followed also a the-
matic structure that began with an argument with the
highest prominence status. These results suggest that
in the ERP study participants predicted a verb that
ranked the first argument as the most prominent, thus
triggering a late event related potential when this predic-
tion was not correct. Crucially, they also showed that the
amount of morphosyntactic information related to the
argument structure of the event that was available
before the verb appeared would modulate the level of
uncertainty regarding either the thematic structure of
the verb (more uncertainty for OVS sentences than for
SVO sentences), or the lexical piece expected (more
uncertainty for SVO constructions than for the OVS
ones). The authors explained that the N400 could
partly be accounted for by the thematic reanalysis
required when the verb did not match the prominence
given to the first argument, but also, by the cost of inte-
grating of a lexical item different to the one expected.
Conversely, the elicitation of the P600 effect in SVO sen-
tences could be grounded on the appearance of a verb
that required prominence reversal, but which was also
thematically incompatible with the participants’ expec-
tations (an ObjExp psych verb instead of an Activity
verb).

Although it is hard to establish absolute timing
between the time course of the different effects found
at both the current eye-tracking study and the two afore-
mentioned ERP studies (see Pulvermüller, Shtyrov, &
Hauk, 2009; Sereno & Rayner, 2003, for discussions on
the incompatibility of the time course of different
effects related to word recognition at each method-
ology), the current experiment shows that the effects
related to prominence miscomputation become more
evident when analysing late eye-movement measures.

On a similar note, the current experiment cannot dis-
entangle whether the effects found in the different eye-
movement measures are a reflex of difficulties resulting
from prediction mismatches regarding the lexical or the-
matic structure of the verb as opposed to a possible the-
matic reanalysis occurring once the verb is encountered.
First, prediction mismatches and reanalysis tasks have
been shown to modulate the same eye-movement
measures. Evidence reports an increase on first pass
reading time, and on amount and duration of regressions
when the sentence requires a syntactic reanalysis (Frazier
& Rayner, 1982; Kretzschmar et al., 2012; Meseguer et al.,
2002; von der Malsburg & Vasishth, 2013), but also when
there is a mismatch between the word predicted and the
word actually read (Ashby, Rayner, & Clifton, 2005; Balota,
Pollatsek, & Rayner, 1985; Rayner, Ashby, Pollatsek, &

Reichle, 2004). We do not mean, however, that differ-
ences between both processes could not be measured
by an eye-tracking experiment, but in order to do this,
there should be an appropriate manipulation of
materials that took into account the cloze probability
of each verb after the appearance of a certain noun
phrase or prepositional phrase. This was not part of the
aims of the current experiment, but it is matter of
future research to unravel the eye-movement character-
istics related to both prediction mismatch and thematic
reanalysis processes during the computation of promi-
nence (see Staub & Clifton Jr, 2006, for a discussion on
eye-movement effects arising from lexical predictability
and not from syntactic reanalysis even when reanalysis
is needed).

Results of Experiment 1 have also shown what partici-
pants actually do when they need to solve the task of
retrieving “who did what to whom” correctly. When
higher cost of processing takes place during reading,
observing the regressions into a region (TIR) may be
informative of what type of hypothesis the readers for-
mulate about where to solve the problem. The statistical
analysis shows that the pattern of regressions into a
region is not the same for subject-initial than for
object-initial sentences. In fact, the multiple comparisons
tests of the regions where there was a significant inter-
action between Verb Type and Word Order show that
there are qualitative differences regarding what partici-
pants did in order to understand these types of sen-
tences. In SVO sentences, the probability of regressing
into the region of the second name was higher when
the sentences included an ObjExp psych verb. This differ-
ence was not significant when OVS sentences were com-
pared. In object-initial sentences, the probability of
regressing to the first name was similar between both
non-canonical sentences. However, TIR measure at
Region 2 showed a main effect of Word Order. Partici-
pants regressed more to this region when the sentence
was object-initial than subject-initial. This difference is
driven by the high probability of regressing to this
region when the sentence included an activity verb.
This dissociated behaviour during the reading of SVO
and OVS sentences shares something: Participants
regress significantly more to the region that belongs to
the name that comprises the sentential Object, this is,
the name that was preceded by preposition “a.” Litera-
ture on eye-tracking has shown that a great percentage
of functional words and short words are skipped but still
processed during reading, and that the shorter the word,
the higher the chance of skipping it on a first fixation
(Brysbaert et al., 2005; Rayner & McConkie, 1976;
Rayner, Sereno, & Raney, 1996). Thus, although differ-
ences for TIR were found at the preposition region only
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in SVO sentences, readers may have processed the syn-
tactic information that the preposition provided parafo-
veally (see Schotter, Angele, & Rayner, 2012, for a
review on parafoveal processing), landing the saccade
on the proper name. It is possible that in those sentences
that required a revision of the arguments structure, they
specially regressed to this region because it comprises
the visually most informative region regarding the syn-
tactic status of the argument. Re-reading it might ease
the new interpretation of the event. If we consider that
there were no semantic cues that could privilege one
interpretation over the other (both arguments were
equally animate), resorting to a visual cue of the argu-
ment’s syntactic structure is the only possible strategy
to retrieve the correct interpretation of the event.

In other words, when the reader can resort to
language-specific morphosyntactic cues that are readily
available in the sentence (as it is the case of preposition
“a” in Spanish), and the reading paradigm facilitates the
possibility of returning to them without restrictions (as it
normally occurs during natural reading), the parser takes
advantage of them to accurately understand the event
denoted in the sentence. This hypothesis calls for
further investigation, since other confounds (like the
fact that the probability of regressing to initial regions
in the sentence is higher than the probability of regres-
sing to final words) may also modulate the amount of
incoming regressions. We believe, however, that this
experiment provides evidence consistent with prior find-
ings. An extensive review on the role of prominence
computation for sentence comprehension has shown
that cues to which readers resort to for the computation
of prominence may differ from language to language,
although similar neural and cognitive correlates may
take place when there is a prominence misanalysis (Born-
kessel & Schlesewsky, 2006). For instance, in a language
with an extensive case marking system like German,
Kretzschmar et al. (2012) found that in order to recover
from their initial misanalysis of prominence status,
readers refixated both case ambiguous noun phrases.

Finally, the results of the comprehension task show an
interaction between Verb Type and Word Order in the
percentage of accurate responses when participants
were prompted to identify who had performed the
activity or felt something in the sentence read. This inter-
action was motivated by the high accuracy in questions
about sentences with SVO word order and activity verbs.
The statistical analysis shows that there was no differ-
ence among the other three conditions. This is not sur-
prising if we consider that in the SVO sentences with
activity verbs both semantic and syntactic canonical
orders coincide; the other three conditions are versions
of this sentence with either a syntactic or a semantic

alteration. It is then possible that when both canonical
orders coincide comprehension is enhanced.

Crucially to one of the purposes of re-running Gattei,
Dickey, et al. (2015)’s experiment using the eye-tracking
method, the percentage of accurate answers for those
sentences that required a reinterpretation of the argu-
ments structure of the verb was about 80% in both con-
ditions (SVO with ObjExp psych verbs and OVS with
activity verbs). This means that when readers face a
more natural reading context and they can resort to
their own reading strategies, they could understand
“who did what to whom” correctly most of the times,
task that was largely limited after reading the sentence
with a moving window paradigm in a self-paced
reading task.

Response times and total reading times may also
enlighten us about two issues: On the one hand, ques-
tions response times are related to the cost of sentence
processing. Recall that questions did not differ in syntac-
tic structure, so participants would read similar questions
for each set of sentences. The only difference between
questions for ObjExp psych verbs sentences and for
Activity verbs sentences was that questions included
the verb read in the previous sentence. Hence, differ-
ences in response times could only be caused by either
differences in processing the previous sentence (i.e.
retrieving the correct thematic structure to solve “who
did what to whom”), or a combination between the
cost of processing the previous sentence and the cost
of processing a specific verb type included in both the
sentence and question. Consequently, the differences
in response time cannot be attributed only to the ques-
tion itself.

In a nutshell, response times were significantly higher
for questions about sentences with ObjExp psych verbs
than for questions about sentences with activity verbs,
suggesting a greater cost for accurately retrieving
psych verb events than for activity events. This effect is
in line with the outcome of previous studies which
have shown that ObjExp psych verbs lead to greater pro-
cessing difficulty than activity verbs, as evidenced by
increased reading times (Brennan & Pylkkänen, 2010;
Cupples, 2002; Gattei, Dickey, et al. 2015; Gennari & Mac-
Donald, 2009), and decreased comprehension accuracy
in patients with Alzheimer’s disease (Manouilidou, de
Almeida, Schwartz, & Nair, 2009) and aphasia (Beretta
et al., 2001; Piñango, 2006; Thompson & Lee, 2009).
Results from previous ERP studies (Bornkessel et al.,
2003; Gattei, Tabullo, et al. 2015) and neuroimaging tech-
niques (Bornkessel et al., 2005) also found differential
brain activity after the presentation of sentences with
each type of verb. It is matter of future research to deter-
mine whether the same differences arise when
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comprehension of sentences with verbs of the same
class that differ in the prominence status of their nomina-
tive argument (e.g. SubjExp vs. ObjExp psych verbs) is
tested.

Response times have also revealed a significant inter-
action between verb type and word order, showing that
participants took longer to respond questions when the
sentence arguments did not follow the more-to-less pro-
minent order. Both the main effect of Verb Type and the
interaction are consistent with the effects of Verb Type
and the interaction between Verb Type and Word
Order found at Region 6 (Second Proper Name), this is,
when participants have all the information needed to
accurately understand the event. The latter suggests
that the effects of wrongly computing the prominence
status of an argument are so robust that they may
persist several seconds afterwards, when participants
need to recall the sentence that have just read in order
to retrieve the correct argument structure of the sen-
tence and successfully respond the question.

On the other hand, total reading times are informative
of the resources that participants used in order to
respond the questions accurately and as fast as possible,
as they were instructed before the beginning of the
experiment. One of the objectives of the current study
was to analyse whether prominence computation
would still have an impact on reading times in a more
naturalistic reading setting, as compared to the reading
paradigm used in a self-paced reading experiment. The
outcome of the accuracy measure along with the total
reading time measure shows that participants are able
to accurately solve the problems posed by sentences
with arguments that did not follow the canonical promi-
nence hierarchy. We believe that this was possible
because the task itself enables readers to regress to pre-
vious regions, and to skip words that are not so relevant
for understanding “who did what to whom.” The cost of
doing so is time, reflected in the increase of reading time
in both problematic sentences (Act OVS and ObjExp
psych SVO).

The estimation of the total reading time that partici-
pants spent in each condition has also shown that
even in natural reading conditions there is a difference
between those sentences that required a reversal of
arguments thematic hierarchy. Although the difference
in accuracy between these two conditions was not sig-
nificant, participants spent longer time reading and re-
reading those sentences with SVO word order and
ObjExp psych verbs than sentences with OVS word
order and activity verbs. This means that in both con-
ditions participants reached the same accuracy level,
but the cost of achieving the same comprehension
level was higher for sentences with ObjExp psych verbs

and SVO word order than for the other case. These
results partly replicate what Gattei, Dickey, et al. (2015)
found for accuracy between these sentences in the
self-paced reading task. Questions about sentences
with ObjExp psych verbs and SVO word order only
reached 60% accuracy. The authors hypothesised that
reassigning thematic roles might be more difficult
when an “Actor” has to be downgraded to the macrorole
of “Undergoer” (as it would occur in SVO sentences with
ObjExp psych verbs) than when the reinterpretation
goes from “Undergoer” to “Actor.”

A final issue that needs to be considered on the dis-
cussion of the off-line task is the role of sentence
acceptability. Prior literature has shown that sentence
acceptability plays an important role in sentence com-
prehension, modulating metrics such as response
times and response accuracy (Ditman, Holcomb, &
Kuperberg, 2007; Wagers, Lau, & Phillips, 2009). In
order to disentangle whether global sentence accept-
ability played any role in the results of the offline com-
prehension task, we decided to run an acceptability
judgement task of all critical sentences and to reanalyse
comprehension response times, total reading time and
accuracy rates by only considering sets of sentences
matched in acceptability. Following a similar procedure
performed in Gattei, Dickey, et al. (2015), we expected
that, if results of Experiment 1 were mainly yielded by
sentences’ mean acceptability, there should be no the-
matic reanalysis effects when analysing a subset of sen-
tences with matched acceptability ratings. On the
contrary, the persistence of such effects in the subset
analysis would mean that it was arguments’ misinter-
pretation that had led to higher response and reading
times.

Experiment 2: acceptability judgement task

All stimuli used in the eye-tracking experiment and 200
filler sentences were used in an acceptability judgement
task in order to disentangle whether difficulty for under-
standing SVO sentences with ObjExp psych verbs and
OVS sentences with activity verbs was related to sen-
tence acceptability. Evidence has shown that reading
less acceptable sentences trigger higher response
times and response accuracy in off-line comprehension
tasks (Ditman et al., 2007; Wagers et al., 2009). This
issue has been discussed at Gattei, Dickey, et al. (2015).
Twenty of the filler sentences were modified so that
they would become unacceptable sentences in the
language, and the syntactic constituents of 20 other
filler sentences were scrambled so that they would
become acceptable but not very common sentences of
the language, the rationale being that acceptability
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differed among sentences and participants were obliged
to think about their response.

Methods

Participants
One hundred and sixty speakers of Spanish from Argen-
tina (94 females) participated in this experiment volunta-
rily. Age ranged from 18 to 63 years old (M=32.4 years
old). None of the subjects had a history of prior neuro-
logical disease, drug or alcohol abuse, psychiatric dis-
orders, developmental speech/language disorders, or
learning disabilities. All participants had normal or cor-
rected-to-normal vision. All of them provided written
consent prior to the study.

Procedure
Participants were tested individually through the Ibex
Farm application (developed by Alex Drummond,
McGill University, http://spellout.net/ibexfarm). Trials
were presented randomly according to a Latin square
design. Participants were assigned to one out of two
lists, comprehending sentences from the different sets
(I and II in Appendix A). Thus, each participant saw 24
critical sentences, six sentences per condition. Partici-
pants were asked to judge on a 5- point scale how the
sentence they had just read sounded to them. They
were reminded that their answer should be driven
according to whether they found the sentence accepta-
ble (5 points), fairly acceptable (4), not that acceptable (3
points), doubtfully acceptable or unlikely to be accepta-
ble (2 points), or not an acceptable sentence of Spanish
(1 point). Although no time limit was set for each of the
trials, participants were encouraged to rate sentences as
fast as possible and to base their answers on their own
intuition. Apart from this, half of the filler sentences
included a comprehension question that participants
had to respond with “yes” or “no” by clicking on the
right answer. In this way, we forced participants to pay
attention to what they were reading.

Data analysis
Mean acceptability was computed for each critical item.
A one-way ANOVA between conditions was used in
order to test whether there were significant differences
among them. In order to clarify whether computation
of prominence status played a role in off-line compre-
hension of Experiment 1, nine items from each condition
that were matched on mean acceptability were chosen,
and all off-line measures were reanalysed following the
same procedure as in Experiment 1.

Results
Acceptability judgement task. A one-way ANOVA test
revealed a significant difference among conditions,
F(3, 1759) = 161, p<0.01. A multiple comparisons test
showed that mean acceptability of subject-initial sen-
tences was significantly lower when the sentence
included an ObjExp psych verb, b = −1.188, SE=0.081,
z=−14.662, p<0.0001. On the other hand, mean accept-
ability of object initial sentences was significantly lower
when the sentence included an activity verb,
b = −1.309, SE=0.080, z=−16.321, p<0.0001. This
means that sentences that include a non-canonical argu-
ments order are overall less acceptable than sentences
whose first argument is the most prominent one.

Sentences acceptability matching. We chose nine
items from each condition that were matched on
mean acceptability in order to rule out that promi-
nence miscomputation effects were caused by differ-
ences on sentences’ global acceptability. A one-way
ANOVA revealed no difference between the four
groups of sentences, F(3, 32) = 1.459, p=0.244.
Table 4 shows mean acceptability and standard error
for the sentences selected from each condition. The
outcome of the comprehension task for these thirty-
six sentences was then re-analysed. Results of this rea-
nalysis are described below.

Question accuracy. Figure 3(a) shows mean accuracy
for the subset of 36 sentences according to condition.
Results show that mean accuracy for this subset of 36
critical items was 89.83% (SE=1.39). Analyses of differ-
ences in accuracy according to verb type and word
order revealed main effects of word order and verb
type. On average, participants responded better to
questions about SVO sentences (M = 91.98%, SE=1.77)
than about OVS sentences (M = 87.66%, SE=2.5),
b = −0.351, SE=0.178, z=−1.965, p=0.049. They also
performed better for questions about sentences with
activity verbs (M = 91.98%, SE=1.77) than for questions
about sentences with ObjExp psych verbs (M = 87.66%,
SE=1.77), b = −0.351, SE=0.179, z=−1.965, p=0.049. An
interaction between both factors was also found,
b = 0.389, SE=0.179, z=2.177, p=0.029. Tukey’s multiple
comparisons test revealed that there was a tendency
towards significance in the difference between mean
accuracy of SVO sentences with activity verbs
(M = 96.67%, SE=1.64) and the mean accuracy of the
other three conditions (ActOVS: b = −1.450, SE=0.578,
z=−2.506, p=0.05; ObjExpSVO: b = −1.450, SE=0.578,
z=−2.506, p=0.05; ObjExpOVS: b = −1.362, SE=0.583,
z=−2.337, p=0.08).
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Response times. Figure 3(b) shows mean response times
(RTs) for the subset of 36 sentences chosen in the accept-
ability judgement task according to condition. Analyses
of differences in response times revealed a main effect

of verb type, b = 0.092, SE=0.023, t=3.960. On average,
participants took longer to respond questions of sen-
tences that included ObjExp psych verbs (M=4500ms.,
SE=205), than questions about sentences that included
activity verbs (M=3595ms., SE=143). The interaction
between verb type and word order was marginally sig-
nificant: b = −0.0449, SE=0.0234, t=−1.918. The Tukey
post-hoc test showed that participants responded ques-
tions about SVO sentences with activity verbs signifi-
cantly faster (M=3257ms., SE=165) than questions
about sentences of the other three conditions (ActOVS:
b = −0.171, SE=0.066, z=−2.588, p=0.04; ObjExpSVO:
b = 0.274, SE=0.066, z=4.156, p<0.001; ObjExpOVS:
b = −0.266, SE=0.065, z=4.040, p<0.001).

Total reading time. Figure 3(c) shows the average total
reading time for the subset of 36 sentences according
to condition. Analyses of differences in total reading
times of the subset of 36 critical items revealed a signifi-
cant interaction between word order and verb type,
b = −0.066, SE=0.019, t=−3.507. The multiple compari-
sons test showed that participants took longer time to
read SVO sentences when the sentence included an
ObjExp psych verb than when it included an activity
verb, b = 0.140, SE=0.053, z=2.637, p=0.04. Difference
in total reading time between OVS conditions showed
that participants read sentence slower when the sen-
tence included an activity verb than when it included
an ObjExp psych verb. This difference was marginally sig-
nificant, b = 0.125, SE=0.053, z=2.336, p=0.089.

Discussion

Experiment 2 was included in order to test whether there
were significant differences in the acceptability of sen-
tences that required a reversal of thematic arguments,

Table 4. Mean acceptability and standard error of the sentences
selected for the reanalysis of the comprehension task of the
current eye-tracking study.
Verb type Word order Verb M SE

Activity OVS agradecer 3.00 .24
cocinar 2.82 .27
enseñar 3.63 .29
hablar 2.96 .26
implorar 2.75 .35
insistir 2.77 .17
mentir 2.93 .32
sonreir 3.40 .34
suplicar 3.30 .37

Activity SVO aconsejar 2.78 .27
apuntar 3.63 .22
cobrar 3.28 .24
cocinar 3.48 .24
contestar 3.49 .23
llorar 2.94 .30
protestar 3.19 .25
robar 3.64 .27
rogar 3.44 .26

ObjExp OVS asombrar 3.45 .34
cansar 3.25 .28
conmover 3.14 .35
deprimir 2.76 .25
disgustar 3.71 .28
horrorizar 3.52 .25
importar 2.94 .31
impresionar 3.50 .32
interesar 3.61 .29

ObjExp SVO agradar 3.43 .33
atraer 3.06 .31
desagradar 3.79 .35
divertir 3.06 .39
encantar 3.00 .33
fascinar 3.38 .46
gustar 3.25 .28
importar 2.81 .32
repugnar 3.00 .38

Notes: ObjExp, object experiencer psych verbs; OVS, object-verb-subject; SVO,
subject-verb-object.

Figure 3. Percentage of accurate answers (panel a), mean response times for the comprehension question (panel b), and mean total
reading time (panel c) for the subset of 36 critical sentences chosen from the acceptability judgement task according to verb type
(ObjExp psych verb vs. Act) and word order (SVO vs. OVS). Error bars correspond to Standard Error of the Mean. ObjExp psych verb,
object experiencer psych verb; Act, activity verb; SVO, subject-verb-object; OVS, object-verb-subject.
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and whether the results from the comprehension task of
Experiment 1 mainly depended on sentence acceptabil-
ity instead of being a correlate of the cognitive cost
imposed by the wrong computation of the arguments
prominence status. Results of the acceptability judge-
ment task showed that acceptability was significantly
different according to their Verb Type and Word Order.
Thus, a subset of sentences with similar acceptability
was chosen and data from the comprehension task
was reanalysed. Results of this reanalysis task confirm
that main effects and interactions between verb type
and word order persist for all accuracy, response time
and total reading time, with a small decrease in the stat-
istical significance value, mostly in the interactions’ mul-
tiple comparisons tests. The pattern of differences in
questions response time also shows facilitation for SVO
sentences with activity verbs when compared to the
other three conditions. This pattern also takes place in
accuracy rate. Once again, this outcome was expected,
as this condition is the one that shows no modification
neither from the canonical word order of the language
(SVO: Contreras, 1976; Hernanz & Brucart, 1987) nor
from the arguments prominence hierarchy. Results of
the reanalysis suggest that arguments prominence hier-
archy is thus a robust predictor for accuracy, response
times and mainly for reading time of grammatical
sentences.

Conclusions

Results of the current experiments have shown that the
parser processes arguments incrementally, and gener-
ates predictions about the class of the upcoming verb
very early; in fact, as soon as the first argument is read.
In the sentences tested in this study, such predictions
were based on morphosyntactic information like word
order and morphological case marking. When there
was a mismatch between the verb class predicted and
the input, readers spent longer time fixating on the
verb and the following regions. Furthermore, having
the freedom to read naturally, readers regressed to pre-
vious regions more and for longer time when they faced
this mismatch. In order to respond to the comprehension
question correctly, whenever they had to reverse the
argument structure of the event, participants specifically
regressed to the region that was more salient in terms of
the syntactic information it provided, this is, the object.
Results of this task also showed that participants per-
formed better in this study than in a self-paced reading
task with similar materials. The latter two findings show
that paradigm-specific demands may modulate accuracy
rates related to sentence interpretation and strategies for
solving off-line tasks. However, difficulties in processing

may come to light if other types of cognitive measures
are considered. In this study, participants improved per-
formance in non-canonical sentences at the expense of
spending longer time reading them.

Note

1. The dative clitic can be understood as the incorporation
of a new argument to the logic structure “responder
(x,y),” where x is the Actor and y is a linguistic object
that acts as a stimulus (e.g. a letter, a question, etc.).
The clitic “le” corresponds to argument z, the recipient
of that letter, question. Once it is added to the structure,
it ranks higher for Undergoer than y just like a ditransitive
structure in English of the kind “Mary sends John a
letter.” This is an extremely productive process in
Spanish (Cuervo, 2010).
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