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Coreference is a syntactic dependency in which pronouns are bound to previous referents. The
aim of this research is to provide more information on how pronominal antecedents are retrieved
from memory, and, more precisely, to clarify the role of gender cues in pronominal antecedent
retrieval in Brazilian Portuguese, granted that its speakers are used to rely on agreement cues
during its processing once it has visible morphology. The results of two eye-tracking experiments
conducted with native speakers of Brazilian Portuguese demonstrated that both binding structural
constraints and gender morphological cues are equally important in antecedent retrieval in
memory at early stages of coreference processing. This is evidence that binding structural
constraints do not work as an initial filter, blocking the influence of structurally unacceptable
antecedent candidates. In addition, the results indicated that semantic gender and masculine
gender seemed to weigh more in memory than grammatical gender and feminine gender since
structurally unacceptable candidates carrying the former types of gender caused more interference
effects.

Keywords: Coreference processing. Gender cues. Memory retrieval. Brazilian Portuguese.

A correferéncia € uma dependéncia sintatica em que pronomes sao ligados a referentes
mencionados previamente. O objetivo deste trabalho é fornecer mais informagdes sobre como 0s
antecedentes pronominais sdo recuperados na memoria, e, mais precisamente, esclarecer o papel
das pistas de género na recuperagdo de antecedentes pronominais em portugués brasileiro, dado
que seus falantes estdo costumados a depender das pistas de concordancia para processar a lingua,
uma vez que esta possui morfologia visivel. Os resultados de dois experimentos de rastreamento
ocular realizados com falantes nativos de portugués brasileiro demonstraram que tanto as
restricdes estruturais quanto as pistas morfologicas de género sdo igualmente importantes na
recuperacdo dos antecedentes na memoéria nos estagios iniciais do processamento da
correferéncia. Isto é evidéncia a favor de que as restricdes estruturais ndo funcionam como um
filtro inicial, bloqueando as influéncias de candidatos a antecedentes estruturalmente inaceitaveis.
Além disso, os resultados indicaram que 0 género semantico e o género masculino parecem ter
um peso maior na memoria do que o género gramatical e o género feminino, ja que os candidatos
a antecedentes inaceitaveis estruturalmente que carregavam 0s primeiros tipos de género
causaram mais efeitos de interferéncia.
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1. Introduction

In order to process language in real time, previously interpreted information must be kept
at least momentarily in memory so that integration with novel upcoming material can take
place rapidly (Lewis, Vasishth & van Dyke 2006). This way, memory can be considered
one of the key factors in processing long distance dependencies such as coreference, in
which pronouns are bound to antecedents that occupy linearly distant positions in the
discourse.

Among other cues, coreference can be influenced by salience of the discourse
entities involved in the context, agreement relations between antecedents and pronouns,
and binding structural constraints of Principle B, which posits that the relation between
antecedents and pronouns cannot be local (Chomsky 1981). Previous research that has
investigated how those three factors play a role in binding processing is very
contradictory. On the one hand, it has been claimed that structurally unacceptable
candidates, that is, local candidates, cannot initially influence binding processing even in
cases in which they are salient discourse entities and agree with the pronouns (Nicol &
Swinney 1989; Sturt 2003; Leitdo, Peixoto & Santos 2008; among others). On the other
hand, other research has shown that structural constraints can be fallible as apparently
structurally unacceptable candidates can be initially considered as potential antecedents
if they are salient entities that feature-match the anaphoric expressions (Badecker &
Straub 2002; Patil, Vasishth & Lewis 2016).

Languages with limited overt morphology like English might not be the most
appropriate to study gender agreement. By comparing overt agreement marking in
English and in Brazilian Portuguese, one notices that unlike the former, the latter has
redundant gender agreement marking in most determiners, nouns, and adjectives, for
example. In these terms, the present study tried to control for the different types of
features that may exist under the category of gender in a rich visible morphology language
such as Brazilian Portuguese. This way, this study aims at verifying whether different
types of gender conveyed by pronominal antecedent candidates would influence the way
they would be retrieved from memory. Agreement features may be more helpful in
pronominal antecedent retrieval due to the looseness of its constraints. In other words,
pronominal binding constraints (Principle B of Binding Theory) only posits antecedents
must not be local, which is not a quite restrictive constraint. Thus, morphological cues
could be very helpful in pronominal antecedent retrieval.

This way, the present research would fill a gap in the literature as it will provide not
only one more piece of evidence to the puzzle of binding processing, which has shown
very contradictory results, but it would also provide evidences of the role of gender cues
in pronominal binding in a language with redundant visible gender morphology like
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Brazilian Portuguese. It would also be examined whether speakers of Brazilian
Portuguese tend to initially consider structurally unacceptable candidates as potential
antecedents despite the fact they violate binding constraints.

1)
O arquiteto agradeceu 0 engenheiro que indicou ele justamente
The architeCtimasq thanked the engineerimasq who fairly recommended him

para um dos cargos mais cobigados do pais.
for one of the  most desirable jobs in the country.

For instance, in Example 1, according to the pronominal binding structural constraints,
the pronoun ele, (‘him”), refers to arquiteto (‘architectmase)’); however, there is another
antecedent candidate in the sentence that also agrees in gender with the pronoun,
engenheiro (‘engineermasg’). The question is whether structurally unacceptable
antecedents such as engenheiro (‘engineermasc;’) would influence antecedent retrievals in
memory. Moreover, another question is whether different genders (masculine or
feminine), or even whether different types of gender (semantic gender or grammatical
gender) conveyed by structurally unacceptable antecedent candidates would be
responsible for any differences in the how coreference is processed.

In Brazilian Portuguese, most nouns with semantic gender vary in gender through
compositional/derivational processes, for example, arquiteto, ‘male architect’, versus
arquiteta, ‘female architect’, or europeu, ‘male European’, versus europeia, ‘female
European’. However, there are other different types of gender variation. There are nouns
whose gender is syntactically/grammatically determined such as the epicenes. For
example, vitima (‘victimprem)’) is grammatically feminine, but it can refer to either a male
or a female referent. Moreover, there are nouns with lexically determined gender variation
since they carry no morphological cues to indicate gender, as for example, mulher,
‘woman’, versus homem, ‘man’. Finally, a third type of nouns is the bigenders, which are
gender ambiguous and dependent on context, as for example, turista, ‘male or female
tourist’, or estudante, ‘male or female student’. Some bigender nouns are stereotyped
biased, for example recepcionista, ‘receptionist’, is feminine-biased while surfista,
‘surfist’, is masculine-biased. This way, taken into account the richness of gender
variation in Brazilian Portuguese, do different types of gender have different weights in
memory, that is, different prominence levels in memory?

The aim of this research is to provide more information on how pronominal
antecedents are retrieved from memory, and more precisely to clarify the role of gender
cues in pronominal antecedent retrieval when gender morphology is overt. Since
Brazilian Portuguese is a language with overt morphology, speakers of this language are
used to rely on agreement cues to process language. Thus, the first hypothesis is gender
morphological cues play a great role in pronominal antecedent retrieval in Brazilian
Portuguese. This way, structurally unacceptable antecedent candidates that agree in
gender with the pronouns would be considered as potential candidates, despite the fact
they violate pronominal binding constraints. The second hypothesis is related to the fact
different gender features would be encoded/retrieved in memory with different weights
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(Dillon, Mishler, Sloggett & Pillips 2013; van Dyke & McElree 2011). Thus, memory
can be affected by the prominence of gender features.

In order to test the hypotheses, two eye-tracking experiments were conducted with
native speakers of Brazilian Portuguese. The eye-tracking technique is suitable for our
purposes as it enables the researcher to examine the temporal course of language
processing, including very early processing measures.

2. Content-addressable memory model

Lewis et al. (2006) questioned the processes in which working memory retrieves previous
interpreted information and the constraints that may exist on those processes. They
proposed a new model capable of explaining the content-addressable memory
mechanism. According to this model, prior information that was previously interpreted is
retrieved by a parallel search based on a set of grammatical cues generated by a target.
This set of retrieval cues consist of several types, including structural, morphological,
semantic, and discursive (among others).

According to Lewis and Vasishth (2005) and Lewis et al. (2006), the parallel search
in memory can be affected by similarity-based interference. Similarity-based interference
occurs when the overlap between the items in memory and the retrieval cues increase,
reducing the strength of association between the cue and the target item, as a great number
of items will be associated with the cue. Consequently, memory failure rates increase,
and distractors, that is, candidates that partially-match the cues, can sometimes be
misretrieved.

The content addressable memory model can also be used to explain how pronouns
retrieve their antecedents in memory. For instance, in Example 1, by the time the pronoun
ele, “him’, is encountered, a group of grammatical cues is generated in order to retrieve
the antecedent. The antecedent must not be local?, and it must be masculine and singular.
After that, there is a parallel search in memory and two candidates that are similar to the
cues generated by the target are found: arquiteto (‘architectimasc)’) and engenheiro
(‘engineermase;’). The former candidate is a perfect match; however, although the latter
candidate is only a partial-match (it is masculine, but it is local), it can interfere with
memory retrieval, the so-called similarity-based interference effect. Candidates like
engenheiro (‘engineermase)’) are called distractors according to the content addressable
model and, according to this model, distractors such as engenheiro (‘engineermase’) can
sometimes be erroneously retrieved as antecedents as a result of a failure caused by
similarity-based interference effects.

L1t is important to mention that the status of the [-local] feature can be questioned, as it seems awkward
that languages would have this feature specified for each item. However, it is assumed that it is a relational
feature that is only specified in binding dependencies.
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2.1. Extended content-addressable memory model

Engelmann, Jager and Vasishth (2015) realized the literature shows a great variability of
results on content-addressable memory, and some of them are not even predicted by the
model. Thus, the authors proposed an extension to the classic content addressable
memory model in order to better explain already published results. They reviewed 69
experiments on reflexive-antecedent and subject-verb dependencies and presented the
results of a computational model.

Engelmann et al. (2015) stated similarity-based interference can cause elevated
reading times, which is called “inhibitory interference”. Based on Lewis and Vasishth
(2005), they explained the inhibitory effect is motivated by a competition between the
target and the distractor. Since the amount of activation associated with a retrieval cue is
shared between all matching items, the presence of competitors in memory will reduce
item activation. Since retrieval speed is a function of item activation, reduced activation
due to cue-matching distractor culminates in longer retrieval latency as compared to a
condition without a cue-matching distractor.

Moreover, Engelmann et al. (2015) pointed out that, according to Lewis and
Vasishth (2005), the similarity-based interference increases the probability of erroneously
retrieving the partial-matching distractor. These occasional misretrievals are predicted to
cause incorrectly formed dependencies, affecting comprehension in the respective trials.
In special occasions, misretrievals of the distractor can lead to an observed speed-up in
reading times means. This is called “intrusion”.

However, Engelmann et al. (2015) claimed when target and distractor do not
overlap in the manipulated feature in the distractor-match condition, no similarity-based
interference is predicted. Nevertheless, because both target and distractor partially-match
the retrieval cues, the probability of erroneously retrieving the distractor is predicted to
increase. This causes shorter retrieval latencies in the distractor-match conditions. This
speed-up effect is called “facilitatory interference”.

3. The role of structural constraints in binding processing
3.1. Evidences of initial infallibility of structural constraints in binding processing

Nicol and Swinney (1989) examined the reactivation of anaphoric antecedents. They
found out that immediately after the reflexive expressions only the structurally
appropriate antecedent was reactivated, while the other referents were not significantly
reactivated. The results for pronouns were similar to the results of reflexive expressions.
Thus, the authors concluded that the reactivation of prior referents is restricted by
grammatical constraints. Nicol and Swinney (1989) explained that only when binding
constraints do not constrain the list of potential antecedents to a single one; pragmatic and
other sentence or discourse processing procedures would come into play, but only at a
later point in processing.
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Sturt (2003) was concerned about two questions: i) to what extent sentence
processing is affected by ungrammatical antecedents; ii) to what extent do binding
principles act like a filter on the final interpretation of a sentence. He conducted an eye-
tracking study to investigate the influence of inaccessible antecedents in reflexive binding
when they are put strongly into discourse focus. Stereotypical subjects were used in order
not to expose participants to ungrammatical sentences. His results showed that binding
constraints were applied extremely early (at First Fixation and First Pass reading times).
First Fixation and First Pass reading times were faster when the gender of the reflexive
matched the stereotype of the accessible antecedent than when it did not, but they did not
differ reliably as a function of whether the inaccessible antecedent matched the reflexive.
However, reliable influences of the inaccessible antecedent at late measures were found
(Second Pass in the second area after the reflexive). There were longer Second Pass times
when the inaccessible antecedent mismatched the reflexive than when it did not. The
author concluded that antecedents that were not initially considered by the binding
principles could affect processing at a later stage.

Leitdo et al. (2008) investigated the relationship between pronominal binding
principles and phi-features (gender, number, and animacy) in coreference processing in
Brazilian Portuguese. In the first experiment, there were structurally unacceptable
antecedents in the sentences, and the results showed that the spillovers (regions after the
pronouns) had longer reading times when structurally unacceptable antecedents in the
sentence feature-matched the pronoun. However, in the second experiment, there was a
structurally unacceptable candidate available in a preamble. Unlike the first experiment,
the results of the second experiment did not show any differences among the conditions,
although the reading times at the pronoun region were faster when compared to the first
experiment. The authors suggested that when there are no structurally acceptable
antecedent candidates available, as in the first experiment, candidates that feature-match
the pronouns could be considered as potential antecedents even if they violate Principle
B. However, when there is a structurally acceptable antecedent available, as in the second
experiment, the search of an antecedent ends faster and the structurally unacceptable
candidates are not taken into account.

3.2 Evidence of initial fallibility of the structural constraints in binding processing

Badecker and Straub (2002) investigated whether the content of structurally inaccessible
NPs would influence pronoun processing.

(2) Sample of the materials in Badecker and Straub (2002):
a) multiple match: John thought that Bill owed him another chance to solve the problem.
b) accessible match: John thought that Beth owed him another chance to solve the problem.
¢) inaccessible match: Jane thought that Bill owed him another chance to solve the problem.
d) no-match: Jane thought that Beth owed him another chance to solve the problem.

They observed longer reading times in the no-match condition than in the accessible
match condition. The results also show faster reading times when there was a structurally
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accessible antecedent than when there was an inaccessible antecedent. There was no
difference between the multiple match and the accessible-match conditions. The authors
concluded that gender was automatically used to identify the referent of a pronoun, and
that the structurally accessible antecedents were also rapidly accessed. In contrast,
inaccessible candidates were not blocked for an initial candidate set, as they influenced
the evaluation process as soon as the pronoun was encountered.

Badecker and Straub (2002) concluded that binding-theory principles do not
function as initial filters as reading times were longer when the grammatically
inaccessible NPs agreed in gender (and number) with the pronoun or reflexive
expressions. The authors supported the interactive-parallel-constraint model: the initial
candidate set is composed of the focused discourse entities that are compatible with the
lexical properties of the referentially dependent expression, while the grammatical
constraints on interpretation operate quickly and effectively in the process of selecting
from among these options.

Patil et al. (2016) argued that reflexive binding might be a very informative
phenomenon to understand the role that grammatical and non-grammatical constraints
play in memory. The structural constraints of reflexive binding are relatively clear, that
is, the antecedents must be local (Chomsky 1981). They conducted an eye-tracking
experiment increasing the strength of the inaccessible subject. They used an object
pronoun within a relative clause where the inaccessible antecedents were the subjects of
the clause. They found a significant main effect of interference in First Pass and in First
Pass Regression Probability. The authors concluded that non-structural cues such as
gender are crucial for antecedent retrieval so that gender agreement features must be
included in the set of initial retrieval cues. Moreover, it seems their results are inconsistent
with strict syntactic constraints on antecedent retrieval, and it seems reflexive binding is
not infallible at initial processing stages, as the majority of previous research has shown.

4. Is masculine a default gender?

Corbett (1991) argued there may be constructions in which the target has to agree with a
controller that is not specified for gender, as an infinitive clause, or when a choice of
gender would force greater specificity than is possible or desirable for the speaker. For
example, speakers may desire to refer to a child but be unable to select a gender agreement
based on sex. Many languages solve this problem by using the regular gender form, which
is often called neutral agreement form or default agreement form. However, neuter may
not be the unmarked gender since almost all nouns denoting humans are masculine or
feminine. Thus, the choice of neutral agreement may be understood as the selection of
the gender that is most appropriate in semantic terms.

Corbett (1991) explained that when one analyzes the gender used to refer to pairs
or larger groups, it is possible to discover interesting semantics of gender in a given
language. For instance, in French, les Américains, ‘the Americans’, is used to denote
males or both males and females. This is one semantic justification for the use of a
particular gender resolution for conjuncts of different genders. Thus, masculine plural can
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denote semantic gender neutralization in French. The same would happen in Brazilian
Portuguese. For examples, the masculine form in the plural in os americanos, ‘the
Americans’, is used to refer to males or both males and females; on the contrary, the
feminine gender in the plural as in as americanas can only refer to females. In other
words, since masculine gender (in the singular or in the plural) is unmarked in languages
such as Spanish, French, and Brazilian Portuguese, it works as default gender, that is, it
neutralizes semantic gender conflicts in some contexts of use.

Casado, Palma and Paolieri (2017) studied the influence of the sex of the
participants in gender reference. They used three kinds of tasks in their study: word
repetition, lexical decision, and gender decision. The authors only used transparent
gender marked nouns in their experiments, that is, masculine nouns ending in -0 and
feminine nouns ending in -a. According to Casado et al. (2017), both female and male
participants included female and male representations when hearing semantically
gendered masculine nouns, which is evidence in favor of the fact that masculine works
as the generic or default gender in Spanish. In other words, when a male speaker uses a
masculine gendered word, both male and female listeners would think on either the male
or the female referents, but the strength of activation would be drawn to the male referent.
And that would be easier for a male listener than for a female listener. However, when a
male speaker uses a feminine gendered word, it would be hard for listeners to think on
either male or female referents, especially if the listener is male.

5. Comparing semantic and grammatical gender

Vigliocco and Franck (1999) was interested in determining whether Italian and French
agreement production would be sensitive to the distinction between grammatical and
semantic gender. The authors hypothesized that for semantic gender there would be a
match between the syntactic and conceptual gender, while for grammatical gender, there
would be gender specified by syntactic features only. Thus, they predicted more errors of
agreement for nouns with grammatical gender than for nouns with semantic gender. In
other words, semantic information would help correct agreement since it provides
redundant compatible information.

Vigliocco and Franck (1999) conducted a series of four experiments eliciting
gender agreement errors between subjects and predicative adjectives. The participants
were presented to an adjective and then a sentential fragment. They were instructed to
repeat the fragment and complete it with the adjective informed. All fragments were
composed by subject head noun followed by an embedded modifier prepositional phrase
(local noun). As expected, the authors reported more gender agreement errors between
subjects and predicative adjectives for subject head nouns with grammatical gender than
with semantic gender in Italian and French. Less errors for nouns with semantic gender
reveals redundant information ensures accuracy and allows a more efficient encoding.
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6. The present study

Experiments 1a and 1b aimed at investigating how antecedent retrievals work in Brazilian
Portuguese during the initial stages of coreference processing in order to verify whether
structural constraints of Principle B would initially block the influence of structurally
unacceptable antecedent candidates in memory. In order words, the main purpose of this
study is to check whether there is initial fallibity of structural binding constraints in
Brazilian Portuguese, which is a language with rich gender variation. Therefore, different
gender features would be compared: grammatical and semantic gender, as well as
feminine and masculine gender. By comparing these gender features, it would be possible
to verify whether semantic gender would weigh more in memory than grammatical
gender, and whether masculine would weigh more in memory than feminine.

On one hand, according to Vigliocco and Franck (1999), semantic gender would be
more easily processed than grammatical gender since the former is redundantly gender
specified. In other words, they claimed semantic gender is gender-specified both
syntactically and semantically, while grammatical gender is only gender-specified
syntactically. And because semantic gender is redundant, it might be easier to be retrieved
in memory, that is, it might be more prominent in memory than grammatical gender. On
the other hand, according to Casado et al. (2017), semantic gendered masculine nouns
include both female and male representations, which means masculine works as a default
gender in Brazilian Portuguese. And because masculine carries both gender
representations, it also might be easier to be retrieved in memory, that is, it might be more
prominent in memory than feminine.

Since semantic gender and masculine gender were predicted to weigh more in
memory than grammatical gender and feminine gender, it was expected that structurally
unacceptable candidates carrying the former kinds of features would be responsible for
slower coreference processing. A reason for that lies in the fact structurally unacceptable
candidates with semantic gender or masculine gender would be more preferable
candidates than structurally unacceptable candidates with grammatical gender or
feminine gender. A greater preference would mean larger interference effects, that is,
more competition with the structurally acceptable antecedents and, consequently, slower
coreference processing, as predicted by the content-addressable memory model
(Engelmann et al. 2015; Lewis & Vasishth 2005).

Both Experiments 1a and 1b tested for grammatical and semantic genders; however,
Experiment 1a tested for those types of gender in the feminine and Experiments 1b in the
masculine as illustrated in Table 1.
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Table 1. Experiments 1a and 1b.

Eye-tracking Type of gender Structurally unacceptable antecedent
experiment candidates examples
Experiment la Feminine semantic gender psicologa (‘female therapist’)
Feminine grammatical gender pessoa (‘person’)
Experiment 1b Masculine semantic gender engenheiro (‘male engineer’)
Masculine grammatical gender génio (‘genius’)

6.1. Participants

Thirty-two native speakers of Brazilian Portuguese (twenty-six female and ten male, age
average of 22) participated in Experiment 1a; and thirty-six (twenty-two female and
fourteen male, age average of 22) participated in Experiment 1b. All participants were
randomly invited to participate in this experiment as volunteers. They were undergraduate
students and had normal or corrected-to-normal vision. All participants were naive in
relation to the object of study of the experiment and signed a consent form giving
permissions to the experimenter to publish the results.

6.2. Materials and design

The independent variables of the experiment were: a) structurally acceptable antecedent
matching the gender of the pronoun, which is a factor that is directly related to Principle
B; and b) distractor matching the gender of the pronoun, which is factor that relies purely
on morphological agreement cues. This way, the experimental design was 2x2, with four
main conditions. We also controlled for the distractor type of gender; therefore, half of
the experimental trials contained distractors with semantic gender and the other half
contained distractors with grammatical gender. It should be noticed that all distractors of
Experiment 1a were feminine and all distractors of Experiment 1b were masculine.?

The experimental trials were arranged into four lists using a Latin Square. Each list
was pseudo-randomized and contained twelve experimental items and twenty-four fillers.
Each and every trial was accompanied by a comprehension question. Like in Example 1,
the experimental trials were composed by embedded third-person-singular pronouns ele,
‘him’/ela, ‘her’, with pronominal antecedents (masculine/feminine common nouns)

2 The experimental materials of each experiment consisted of 48 sentences distributed in 4 conditions: (i)
structurally acceptable antecedent mismatching the pronoun_distractor matching the pronoun, (ii)
structurally acceptable antecedent mismatching the pronoun_distractor mismatching the pronoun, (iii)
structurally acceptable antecedent matching the pronoun_distractor matching the pronoun, (iv) structurally
acceptable antecedent matching the pronoun_distractor mismatching the pronoun. It was not possible to
consider type of gender as part of the conditions; otherwise the experiment would be too long, with 8
conditions. Besides that, it would not be possible to find enough distractors with [+animate] grammmatical
gender, as they are not numerous in Brazilian Portuguese. And even if it would be possible to find enough
nouns with grammatical gender, some of them would be very low frequent. Thus, it was decided to work
with few, but frequent nouns with grammatical gender. This way, type of gender was not manipulated, but
controlled. In other words, half of the distractors carried grammatical gender (6 experimental items) and
the other half carried semantic gender (6 experimental items). Consequently, each participant would see
the same condition with the same type of gender twice.
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followed by distractors, which are local antecedent candidates that cannot be considered
as structurally acceptable antecedents due to Principle B structural constraints. Thus, the
structurally acceptable antecedents should be the preferable antecedent candidates.

The experimental trials contained two regions of interest. The critical region was
the pronoun, which contained the pronouns ele, ‘him’, or ela, ‘her’, formed by 3
characters. Before the pronoun, there was a relative pronoun que (who), which introduces
the relative clause, followed by a transitive verb (approximately 5-6 characters). After
the pronoun, there was a spillover region that contained an adverb of manner
(approximately 9-11 characters). Since the critical region is too small (only 3 characters),
it was expected that any processing difficulties readers could have at the pronoun region
would spread to the subsequent region (the spillover region).

A sample of the materials of Experiment 1a can be found in Table 2. Brackets
delimit the regions of interest. One may check the Appendix for a complete list of the
materials used in both experiments.

Table 2. Sample of the materials for distractors with feminine semantic gender by regions of
interest in Experiment la

Antecedent mismatch Antecedent match
Distractor O bailarino admira a psicéloga que A bailarina admira a psicéloga que
match  ajudou [ela] [gentilmente] depois de ajudou [ela] [gentilmente] depois de

uma das fases mais dificeis na vida. uma das fases mais dificeis na vida.
The dancermasg admires the The dancerpem admires the

therapistyem; Who gently helped her therapistem; Who gently helped her
after one of the most difficult phases in  after one of the most difficult phases in

life. life.
Distractor A bailarina admira a psicéloga que O bailarino admira a psic6loga que
mismatch ajudou [ele] [gentilmente] depois de ajudou [ele] [gentilmente] depois de
uma das fases mais dificeis na vida. uma das fases mais dificeis na vida.
The dancerpwem admires the The dancermasg admires the

therapistrem; Who gently helped him therapistyem; Who gently helped him
after one of the most difficult phases in  after one of the most difficult phases in
life. life.

Question A psicologa é cruel com seus pacientes?
Is the therapistyem) cruel with her patients?

The on-line dependent variables for both Experiments 1a and 1b are the following reading
measures at the pronoun and at the spillover region: (a) First Fixation, duration of the first
fixation in a word or region of interest; and (b) First Pass, sum of the durations of all
fixations on a word or region before leaving it to the right or to the left. These measures
correspond to be the very beginning of language processing.

6.3 Procedure

The experiment was conducted at a psycholinguistics laboratory in Brazil. The eye-
tracker used in this experiment was Eye Link 1000 and the experiment was programmed
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and conducted on Eye Track 7.10m3 software. All trials were typed in font Monaco size
12. The participants were instructed to seat comfortable and were given written and oral
task instructions. The instructions screen is illustrated in Figure 1.*

During this test, you’ll silently read several sentences.

Each sentence will be followed by a comprehension question.

As soon as you finish reading each sentence, press the right button in the
joystick to go to the comprehension question for that sentence.

To answer the question, press the left button for YES and the left button
for NO.

Before each sentence, you’ll have to fixate your eyes at a black square on
the left corner of your screen.

By doing this, the sentence will appear in the screen immediately.

Please, press the right button to start the Practice Session.

Figure 1. Instructions screen for Experiments 1a and 1b.

After receiving the instructions, the calibration process would start followed by a short
practice with six filler sentences so that the experimenter would check whether the
participants understood the task and were performing it at a natural speed. Each
participant performed one of the four lists of the experiment, which were pseudo-
randomized by Eye Track software. The experiment duration was of twenty minutes
approximately.

6.4. Analysis

The eye-tracking data was analyzed using the following tools: Visual EDF to ASC, to
convert the .EDF files that Eye Link 1000 generates; Robodoc.py®, to clean eye blinks and
long saccades (longer than 80ms); Question_acc.py® to compute the comprehension
questions accuracy; EyeDry’ to compute the reading measures; and R for the data
exploration and statistical analysis.

Some experimental trials had to be excluded due to eye blinks and long saccades at
the regions of interest (15% in Experiment 1a, and 21% in Experiment 1b). Moreover, 2
participants were excluded from analysis in Experiment 1a due to very slow reading as
they trespassed the time limit (4 seconds) in all trials, including fillers, for this reason,
6% of the experimental data also had to be excluded.

Experiment 1a tested for feminine gender and Experiment 1b tested for masculine
gender. Running two separate experiments with different participants was a solution

3 The primary developers of Eye Track were David Stracuzzi and Jeff Kinsey and it is conceptually based
on software written by Saarbruken and provided to UMASS by Christoph Scheepers. Eye Track can be
downloaded for free on https://blogs.umass.edu/eyelab/software/.

4 The participants received the instructions in Brazilian Portuguese, but we translated them to English for
the purpose of this paper.

5 Rododoc.py is a python script created by Adrian Staub and Chuck Clifton, and the 2016 version was
revised by Jesse Harris. It can also be downloaded on https://blogs.umass.edu/eyelab/software/.

® Question_acc.py is a python script that comes with Robodoc.py utils to check questions accuracy and
their reaction times.

" EyeDry was created by Chuck Clifton and can be downloaded on
https://blogs.umass.edu/eyelab/software/.
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found for the issues that a large experiment might cause in data and in participants.
However, Experiment 1a and 1b were analyzed together. And as Experiment 1a and 1b
were run with different participants, a between-subjects analysis was chosen.

The data was normalized with log-transformations and the means were centered.
After that, linear mixed effects models (Imes) were created with the help of ImerTest®
package in order to analyze the role of each independent variable in the results. The fixed
effects of the Imes were: a) antecedent matching the gender of the pronoun
(match/mismatch); b) distractor matching the gender of the pronoun (match/mismatch);
c) distractor type of gender (semantic/grammatical); and d) distractor gender
(mas