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between different sentence constituents. A two-route model proposes that gender can be

retrieved either lexically or computing its correlations with the word-form. However,

evidence supporting this model has been collected thus far only with metalinguistic tasks

on isolated nouns or word pairs. The present ERP study was aimed at testing whether the

system is sensitive to gender formal cues within a sentence context. Specifically, we

investigated the time course of gender processing in sentence reading where the target

nouns could show a reliable gender-related ending (i.e., transparent nouns) or an

ambiguous ending (i.e., opaque nouns). The results showed a greater central-anterior

negativity for transparent nouns than for opaque nouns between 200 ms and 500 ms,

suggesting that the system can rapidly detect reliable formal cues to gender. In addition,

gender agreement violations showed a LAN-P600 pattern that was not modulated by the

gender-to-ending consistency. Taken together, these results confirm that also during

sentence comprehension, distributional gender cues conveyed by noun endings can be

detected. This finding is compatible with the existence of a form-based route. The formal

cues to gender are detected at an early stage, this probably being part of the word

recognition process. Whereas this distributional information does not seem to be crucial in

computing agreement dependencies within a sentence context.

& 2015 Elsevier B.V. All rights reserved.
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1. Introduction

One-fourth of the world's languages have a grammatical gender
system where nouns can be classified as belonging to different
classes (e.g., feminine, masculine, neuter). This grammatical
feature had been widely investigated due to its syntactic
relevance. In fact, during sentence comprehension, the cognitive

system needs to recover the gender value of different sentence

constituents in order to identify agreement dependencies and

built the sentence structure.
One of the main research questions on this issue has

asked how gender information can be represented and
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recovered. In the domain of language comprehension, one of
the theoretical frameworks that has been proposed in order
to describe gender retrieval (Gollan and Frost, 2001) claims
that the gender value of a noun can be retrieved using two
different routes, a lexical and a form-based route.

The lexical route derives gender value as an abstract feature
stored in the mental lexicon. This way, each stored noun
representation is associated with its corresponding gender
information. Neuropsychological studies showed that the lexical
route can always provide the correct gender of a noun, regard-
less of its phonological or orthographic features (Badecker et al.,
1995; Miozzo and Caramazza, 1997; Vigliocco et al., 1997) and, for
this reason, it is considered to be essential in recovering gender
information (Delfitto and Zamparelli, 2009). However, it should
be noted that, in a number of languages (e.g., Romance
languages), gender can entail strong correlations with the formal
features of the word and these consistent associations can
represent an important distributional cue for gender retrieval
(Corbett, 1991). In Spanish, for example, almost all the nouns
that end in –o are masculine (there are only few exceptions to
this rule, such as mano, “handF”), while the nouns ending in –a
are feminine in 96% of the cases (Harris, 1991). Therefore, it
would be surprising if the cognitive system did not take
advantage of this additional source of information at the time
of gender identification (and it would be surprising if languages
kept these correlations through history if they lacked any
cognitive function). Empirical evidence has shown, for example,
that strong gender-to-ending consistency helps learn what
gender class nouns belong to (Caselli et al., 1993; Matthews,
2010; Pérez-Pereira, 1991), and it can also be useful when system
needs to recover gender information during language compre-
hension (Hernandez et al., 2004). Different theoretical frame-
works have been proposed in order to account for the system's
sensitivity to distributional features of a language (Saffran et al.,
1996; MacWhinney et al., 1984). A potential explanation that has
been proposed within the specific case of gender retrieval
assumes the presence of a second form-based route, which
would recover gender information on the basis of its correlations
with the word-form level (Gollan and Frost, 2001).

According to this two-route model, gender can be differently
retrieved depending on the availability of gender-related end-
ings. Thus, if we consider the Spanish nouns queso (“cheeseM”)
and reloj (“watchM”), the Gollan and Frost's hypothesis (2001)
predicts that they should differ in the way in which gender can
be retrieved. Specifically, in the case of queso (“cheeseM”), a
gender-related ending is available and the system has the
possibility to use both routes: it can recover gender as an
abstract feature stored in the lexicon (lexical route), and it can
take advantage of the distributional cues conveyed by the word
ending (form-based route). In the case of the Spanish noun reloj
(“watchM”), the ending is uninformative of grammatical gender
(i.e., the ending “j” is not consistently associated with a specific
gender class) and the lexical route is the only way to provide the
correct gender of the word.

The first group of nouns, whose ending has a regular
correspondence with a specific gender class, are typically called
transparent nouns; while the second group of nouns, whose
ending is ambiguous, are called opaque nouns (Bates et al.,
1995). According to the two-route hypothesis, in both cases the
lexical route is supposed to be activated and the only difference
between these two groups of nouns concerns the availability of
the form-based route. This implies that the system would be
able to detect any regular correspondence between the word-
form and a specific gender class.

Several behavioural studies have tested whether the system
would be sensitive to the presence of gender-related noun
endings adopting a between-item comparison design where
two groups of nouns were presented out of a sentence context
(Bates et al., 1995, 1996; De Martino et al., 2010; Gollan and Frost,
2001; Hernandez et al., 2004; Padovani and Cacciari, 2003;
Padovani et al., 2005; Peereman et al., 2009; Schiller et al., 2003;
Taft and Meunier, 1998). The results showed that when trans-
parent and opaque nouns were presented in isolation, partici-
pants were faster and/or more accurate in performing a lexical
decision task (Padovani et al., 2005) or a gender decision task
(Bates et al., 1995; Hernandez et al., 2004; Gollan and Frost, 2001).
These findings suggest that the system is sensitive to the
presence of gender-related endings and it can rely on these
formal cues to access gender. The authors interpreted these
results as suggesting that an additional form-based route facil-
itates gender retrieval in the case of transparent nouns (Gollan
and Frost, 2001).

Nonetheless, it is still unclear under what circumstances
this second form-based route can be activated. Behavioural
studies on word pairs presented in isolation (e.g., noun–
adjective) showed that, when subjects had to perform a
gender decision task on a target noun or when they had to
judge the gender agreement between two words, there was a
behavioural advantage for transparent nouns (Bates et al.,
1996). This effect was observed for both agreeing and dis-
agreeing word pairs (Bates et al., 1996; cf. Gollan and Frost,
2001). Interestingly, when the participants were asked to
simply repeat words, no difference was found between
transparent and opaque nouns (Bates et al., 1995, 1996;
Padovani and Cacciari, 2003). On the basis of these data
authors proposed that formal cues to gender might be used
at a late stage of checking that participants engaged espe-
cially when they were required to make an explicit decision
on gender identity or agreement. According to the post-
lexical checking hypothesis (Bates et al., 1996), the system
would primarily rely on the lexical route. When conflicting
information exists between the gender specified in the noun
representation (the lexical route) and the noun ending (the
form-based route), a post-lexical checking procedure would
check for gender-marking regularity. Hence, the form-based
route would intervene at a later stage of analysis to
monitor the output of the lexical route, or to recover from
gender agreement errors (Bates et al., 1995, 1996; Gollan and
Frost, 2001).

Taken together, these experimental findings suggest that
when the system needs to recover gender information, it detects
the presence of formal cues to gender and takes advantage of
this information. Although these behavioural findings seem to
confirm Gollan and Frost's predictions (2001), it should be noted
that this positive evidence comes from studies on isolated nouns
or isolated word pairs. However, deciding gender identity or
gender agreement on target words presented in isolation may
require strategies that do not normally characterize gender
retrieval (Radeau and Van Berkum, 1996). In addition, the
comprehension of a complex sequence of words is characterized
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by processes of integration and reanalysis that may not be
required when the system has to perform metalinguistic tasks
on isolated words (Barber and Carreiras, 2005; Caramazza, 1997).

Thus, we still do not knowwhether the systemwould be able
to detect transparent endings even during sentence reading. The
present study aimed to fill this gap, testing the predictions of the
two-route model within a sentence context. Specifically, we
investigated whether or not, and when, the system takes adva-
ntage of available formal cues to gender in sentence processing.
To this aim, we selected Spanish word pairs composed by an
article and a noun where the gender agreement and the noun
transparency were manipulated. The resulting word pairs were
embedded in sentences and a grammaticality judgment task
was administered. This way, we intend to study not only the role
of gender transparency in the process of word activation, but
also its potential influence on the grammatical agreement
processes. The time course of gender processing was studied
employing the event-related potential (ERP) technique that
allowed us to determine whether and when the effect of noun
transparency took place.

1.1. ERP effects for gender agreement and noun
transparency processing

ERPs can be identified as positive and negative voltage fluctua-
tions in the ongoing electroencephalogram (EEG) that are time-
locked to the onset of a sensory, motor, or cognitive event. This
technique has been widely used to investigate gender agreement
processing in sentence reading, given its high temporal resolu-
tion. Specifically, previous findings showed that gender viola-
tions within a sentence context often elicited a greater left
anterior negativity in the 300–500ms time window, followed
by an increased posterior positivity after 500ms (LAN-P600
pattern; Barber and Carreiras, 2005; Barber et al., 2004; Gunter
et al., 2000; Molinaro et al., 2008; but see Hagoort, 2003; Wicha
et al., 2004). This biphasic pattern has been frequently observed
for agreement violations in a sentence context and it has been
argued to reflect the initial detection of agreement violations or
initial difficulties in integrating mismatching information, fol-
lowed by processes of reanalysis and repair (Molinaro et al.,
2011). Outside the sentence context (i.e., presentation of isolated
noun phrases), gender mismatches usually elicited a greater
central-distributed negativity at around 400ms, compared to
gender matches (Barber and Carreiras, 2003, 2005). This effect is
thought to reflect increasing difficulties during integration pro-
cesses of morphosyntactic features of the word pair (Barber and
Carreiras, 2003, 2005).

Less is known about the ERP correlates of gender-to-ending
consistency. A recent ERP study (Caffarra et al., 2014) used
Spanish article–noun pairs in isolation. The nouns could be
transparent or opaque and grammatical agreement between the
article and the target noun was manipulated. A visual-half field
presentation (Hellige, 1983) was employed, such that participants
read a centrally-presented article followed by a noun displayed
in a lateralized position. The task consisted of a grammaticality
judgment. For the right visual field presentations (which were
mainly related to the left hemisphere computation), a main
effect of transparency and agreement were found in the two
time windows of interest (350–500ms; 500–750ms). Specifically,
an N400-like effect was observed for gender mismatches as
compared to gender matches. Transparent nouns elicited a
greater sustained anterior negativity than opaque nouns. This
effect did not significantly interact with the agreement effect
and it was interpreted as reflecting different amount of informa-
tion (i.e., lexical and form-based) employed in gender processing
of the two groups of nouns. For the left visual field presentations
(mainly associated with right hemisphere processing), a main
effect of agreement was found between 350 and 500ms
(i.e., N400-like), which continued to be significant only for
transparent nouns after 500ms. The authors concluded that
the formal gender cues can be detected during processing of
word pairs as early as 350ms, and there are hemispheric
differences in the time course of the noun transparency proces-
sing. Specifically, while the left hemisphere seems to be sensitive
to formal gender cues at early stages of processing, the right
hemisphere might primarily rely on lexical sources of
information.

In the present study, ERPs were recorded in response to both
transparent and opaque nouns, which were presented in a
sentence context. If the system is sensitive to the presence of
formal gender cues during sentence reading, we should observe
differences in the ERPs associated to the processing of these two
types of words. In addition, the timing of the effect would allow
us to know whether the system uses these formal cues only at
late post-lexical stages (Bates et al., 1995, 1996), or even earlier.
Furthermore, the gender agreement between the noun and the
preceding article was manipulated. On the basis of previous
findings, gender agreement violations should elicit a LAN-P600
effect. If detecting available formal gender cues is crucial for
agreement computation, the agreement ERP effects should be
modulated by the noun transparency.
2. Results

2.1. Behavioural results

Subjects performed the grammaticality judgement task with a
mean accuracy of 94.88% (SD: 5.08). This high score suggested
that participants could easily detect grammatical errors in alm-
ost all the sentences. The four experimental conditions showed
similar high levels of accuracy (all averages were above 93%).
These scores were not subjected to further analyses.

2.2. ERPs

Figs. 1 and 2 show ERP waveforms collapsed across the factors of
Agreement and Transparency. The scalp maps show the topo-
graphical distribution of the difference waves (i.e., transparent
minus opaque and disagreement minus agreement, respec-
tively) for each of the four time windows.

Visual inspection of Fig. 1 reveals differences between trans-
parent and opaque nouns. Specifically, transparent nouns were
more negative than opaque nouns. The difference started at
around 200ms and it was maintained throughout the next time
windows. This effect was localized at central and anterior areas
and it was similar for both agreement and disagreement condi-
tion (see Fig. 3).

Visual inspection of Fig. 2 reveals clear differences in the
responses to the agreement condition with respect to the
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disagreement condition. The two conditions started to differ
from each other at 350ms. Specifically, between 350ms and
500ms, disagreement waves were more negative going than
those of the agreement condition. This effect had the largest
amplitude difference at 400ms, with a left-anterior distribution,
fitting with the LAN effect. As can be seen in Fig. 4, this diffe-
rence was similar for both transparent and opaque nouns. After
this negative effect, a larger positivity could be observed for the
disagreement condition, as compared with the agreement con-
dition. The effect started at 500ms and it was maintained till
800ms, showing a central-posterior distribution. On the basis of
the polarity and the latency it can be unambiguously interpreted
as a P600 effect. Again, the comparison between transparent
and opaque nouns showed no differences in the P600 effect
(see Fig. 4).

The following statistical analysis for each of the four time
windows confirmed what the visual inspection suggested.1
2.2.1. 200–350 ms
The repeated measures ANOVA revealed a main effect of
Transparency2 [F(1, 31)¼4.00; po.05] indicating more negative
amplitudes for transparent nouns than for opaque nouns. The
1When trials with incorrect responses were excluded (about
5% of total trials), repeated measure ANOVAs performed in the
same time windows showed similar results to those presented in
the present paper.

2Additional analyses showed that the Transparency effect
was significant for both masculine and feminine nouns.
interactions between Transparency and the two topographical
factors were significant [Transparency�Longitude: F(2, 62)¼
5.12; po.05; Transparency�Longitude�Latitude: F(4, 124)¼
5.15; po.01] suggesting that the effect was located in central
and anterior areas [anterior: t(31)¼2.43; po.05; central: t(31)¼
2.24; po.05; posterior: t(31)¼ .87; p¼ .39] and it was slightly right
lateralized [right anterior: t(31)¼2.93; po.01; right central: t(31)¼
2.47; po.05; right posterior: t(31)¼ .91; p¼ .37]. Agreement effect
was not significant [F(1, 31)¼ .19; p¼ .67] and no significant
interaction emerged between the two experimental factors of
Transparency and Agreement [F(1, 31)¼ .08; p¼ .78].

2.2.2. 350–500 ms
The analysis showed a main effect of Transparency2 [F(1, 31)¼
6.10; po.05] which also significantly interacted with the topo-
graphical factors [Transparency�Latitude: F(2, 62)¼6.36; po.01;
Transparency�Longitude�Latitude: F(4, 124)¼4.05; po.01].
Again, transparent nouns elicited more negative response than
opaque nouns and this effect was distributed over the right-
central areas [left central: t(31)¼1.23; p¼ .23; medial central: t
(31)¼2.83; po.01; right central: t(31)¼2.82; po.01]. A main effect
of Agreement was also observed [F(1, 31)¼14.50; po.001], sug-
gesting that the disagreement condition showed more negative
amplitude than the agreement condition. The interacti-
ons between Agreement and the topographical factors were
also significant [Agreement�Longitude: F(2, 62)¼8.33; po.01;
Agreement�Latitude: F(2, 62)¼14.01; po.001; Agreement�
Longitude�Latitude: F(4, 124)¼7.83; po.001], indicating that
the differences were localized over central and anterior
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electrodes [anterior: t(31)¼4.74; po.001; central: t(31)¼3.80;
po.001; posterior: t(31)¼1.61; p¼ .12] with a strong left lateraliza-
tion [left: t(31)¼6.17; po.001; medial: t(31)¼2.71; po.05; right: t
(31)¼1.82; p¼ .08]. The interaction between Agreement and
Transparency was not significant [F(1, 31)¼ .02; p¼ .89].
2.2.3. 500–650 ms
A main effect of Agreement was observed [F(1, 31)¼12.85;
po.01], such that the disagreement condition was more positive
than the agreement condition. The interactions with both topo-
graphical factors were significant [Agreement�Longitude: F(2,
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62)¼15.50; po.001; Agreement�Latitude: F(2, 62)¼26.92; po.001;
Agreement�Longitude�Latitude: F(4, 124)¼5.06; po.01] indi-
cating that the effect was distributed over central and posterior
electrodes [anterior: t(31)¼1.65; p¼ .11; central: t(31)¼3.87;
po.001; posterior: t(31)¼4.15; po.001]. The main effect of Trans-
parency did not reach significance [F(1, 31)¼ .50; p¼ .49]. Again,
there was no significant interaction between Agreement and
Transparency [F(1, 31)¼ .79; p¼ .38].

2.2.4. 650–800 ms
As in the previous time window, there was a significant main
effect of Agreement [F(1, 31)¼38.07; po.001], which interacted
with Latitude and Longitude [Agreement�Longitude: F(2, 62)¼
68.80; po.001; Agreement�Latitude: F(2, 62)¼19.50; po.001;
Agreement�Longitude�Latitude: F(4, 124)¼14.48; po.001].
Similarly to what was previously observed, the disagreement
condition elicited a greater positivity than the agreement condi-
tion and this difference could be localized at central and poster-
ior sites [anterior: t(31)¼1.11; p¼ .28; central: t(31)¼6.07; po.001;
posterior: t(31)¼8.91; po.001]. The effect of Transparency was
not significant [F(1, 31)¼1.90; p¼ .18] and there was no significant
interaction between this factor and Agreement [F(1, 31)¼ .21;
p¼ .65].
3. Discussion

The results showed a main effect of Transparency and a main
effect of Agreement. These two effects showed different scalp
distributions and time course patterns and they did not
significantly interact throughout the four time windows we
considered. Specifically, the Transparency effect was
observed between 200 ms and 500 ms after the onset pre-
sentation of the noun, with a greater negativity for transpar-
ent nouns than opaque nouns, being larger at frontal-central
electrode sites. The Agreement effect started around 150 ms
later than the onset of the transparency effect and showed
the classical LAN-P600 biphasic pattern. Specifically, a LAN
effect was observed between 350 and 500 ms with a left
anterior distribution and was followed by a P600 effect
between 500 and 800 ms, showing a central-posterior
distribution.

The effect of Noun Transparency provides evidence that the
system can detect available transparent endings. This ERP result
is consistent with behavioural results previously observed at
word or word-pair level (Bates et al., 1995, 1996; Caffarra et al.,
2014; Gollan and Frost, 2001; Hernandez et al., 2004; Padovani
et al., 2005). The present finding further suggests that the distr-
ibutional cues conveyed by the noun ending can be detected
even during sentence reading.

Different theoretical frameworks can account for processing
differences between transparent and opaque nouns. The present
findings are compatible with those theoretical models that
assume the parser to be sensitive to distributional properties of
gender system and to able to detect regular correspondences
between word-form level and morphosyntactic features
(MacWhinney et al., 1984). A potential theoretical explanation
assumes the presence of two different routes for gender retrieval
(Gollan and Frost, 2001). According to this model, the ERP
differences observed between transparent and opaque nouns
would be due to the presence of a second route that takes
advantage of available distributional cues conveyed by the word
ending. Thus, while in the case of transparent nouns the system
activates two different sources of information (i.e., lexical and
form-based), in the case of opaque nouns only, the lexical route
can be used. The greater centro-anterior negativity observed for
transparent nouns than for opaque nouns could reflect different
amount of information that needs to be activated and integrated
during sentence analysis (see also Caffarra et al., 2014). A similar
ERP effect has been found when the system has to deal with
different working memory demands (Fiebach et al., 2002;
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Ruchkin et al., 1995). Specifically, slow shifts over the frontal
cortex have been related to short-term retention of verbal or
visual-spatial stimuli (Johnson, 1995; Ruchkin et al., 1990, 1992).
The amplitude of the slow wave increases with the amount of
information that has to be held in working memory (Johnson,
1995). In this sense, an increase negativity for transparent
nouns would reflect a larger amount of available information
(i.e., lexical and form-based), compared to opaque nouns.

Furthermore, the fact that the gender-to-ending consistency
can be detected at around 200ms suggests that the parser is able
to detect and compute gender cues at an early stage of analysis.
This rules out the hypothesis that transparent endings would be
processed only at late stage of checking (Bates et al., 1995, 1996).
In other words, the form-based route does not seem a simple
strategy exclusively used at late stages of processing in order to
solve metalinguistic tasks. Our results showed that it could be
activated as early as 200ms, even before the agreement compu-
tation had started (i.e., 350ms). The timing of this effect differs
from what was previously observed in an ERP study on Spanish
word pairs (Caffarra et al., 2014), where the ERP differences
between transparent and opaque nouns was significant at
around 350ms. This could be due to the fact that, during
sentence processing, the system needs to compute a complex
sequence of words and the different kinds of information from
the sentence context may facilitate integration or prediction of
upcoming words, speeding up the detection of gender-related
endings.

Themain effect of Agreement is consistent with previous ERP
findings on gender violations (Barber and Carreiras, 2005; Barber
et al., 2004; Molinaro et al., 2008). The LAN-P600 pattern has been
typically observed during the processing of gender dependencies
in a sentence context (Molinaro et al., 2011). Specifically, the LAN
effect observed in our experiment could reflect initial processes
for detection of a mismatch between the grammatical features
of the target word and the preceding syntactic context (Hagoort,
2009), or the difficulty in integrating these characteristics in a
syntactic structure (Gunter et al., 2000). The P600 effect has been
linked to processes of reanalysis and repair that are usually
carried out within a sentence context after the detection of a
syntactic violation (Osterhout and Mobley, 1995). Interestingly,
this LAN-P600 pattern did not interact with the effect of Noun
Transparency, suggesting that the presence of formal gender
cues does not modulate this biphasic pattern. In other words,
available gender-related endings do not seem to have a strong
influence on agreement computation.

Two different explanations could account for the lack of
this interaction. First, it needs to be noted that although
transparent endings are valid cues for gender retrieval, they
convey highly redundant information (Vigliocco and Franck,
2001). In fact, while the lexical route always provides the
correct gender of a noun (since all nouns have their gender
value explicitly stored in the mental lexicon, Delfitto and
Zamparelli, 2009), the form-based route does not. And, even
when people cannot access information about word-form
(Miozzo and Caramazza, 1997; Vigliocco et al., 1997), the
grammatical gender can always be lexically recovered. For
this reason, it might not exert influence on agreement
computation. A second possibility would be that the form-
based route is useful at a first stage of gender retrieval but it
would not directly enter into the computation of agreement
dependencies. In other words, once the grammatical gender
of a noun has been determined (through one or two routes),
that information would be used for agreement computation
regardless of how it has been retrieved.

Although it is difficult to tease these two potential explana-
tions apart, what we can generally say on the basis of the lack of
interaction is that gender-to-ending consistency does not seem
to be crucial in the computation of agreement dependencies
within a sentence context. In line with this interpretation,
previous studies have reported a similar lack of interaction
between agreement and transparency factors adopting different
designs and techniques (Bates et al., 1996; Caffarra et al., 2014). A
behavioural study with isolated presentations of Italian article–
noun pairs observed a transparency effect, which did not differ
between the agreement and the disagreement condition (Bates
et al., 1996). In addition, a recent ERP study employing the visual-
half field method with Spanish article–noun pairs (Caffarra et al.,
2014) did not find an interaction between these two factors at an
early stage of processing (350–500ms). A main effect of trans-
parency for right visual field presentations and a main effect of
agreement for both sides of presentation were reported in this
time window. A significant interaction between agreement and
transparency was found only at a later stage of processing
(500–750ms), and only for left visual half field presentations
(which mainly reflect RH hemisphere computation). Thus, the
presence of gender-related endings does not seem to have a
strong influence on the way in which the system initially
computes agreement mismatches in isolated word-pairs. The
present ERP results further suggest that processes of agreement
relations at sentence level do not seem to rely on the distribu-
tional cues of grammatical gender.

To conclude, this ERP study strongly suggests that the
system can detect gender-related noun endings even during
the processing of word nouns read within a sentence context,
supporting a model of gender retrieval based on two routes
(Gollan and Frost, 2001). The onset of the transparency effect
indicates that, within a sentence context, gender-to-ending
consistency can be detected even earlier than the agreement
computation (i.e. disagreement detection), and there is no
evidence of transparency affecting agreement processes.
4. Experimental procedure

4.1. Participants

Thirty-two Spanish speakers participated in the experiment
as volunteers (16 women). Ages ranged from 18 to 40 years
with a mean of 24.13 years (SD: 7.53). All subjects were right-
handed and reported normal or corrected-to normal vision.
Nobody had a history of neurological disorder.

4.2. Materials

A list of 120 Spanish transparent nouns was selected, where half
of the nouns were masculine and the other half were feminine.
Themasculine nouns had the final vowel “-o” (e.g., lago, “lakem”),
while the feminine nouns ended in “-a” (e.g., playa, “beachf”). No
irregular nouns (where the endings “–a”, “-o” are misleading
predictors of the grammatical gender, e.g., mano, “handf” or



Table 2 – Examples of experimental sentences for each condition.

Transparent nouns
Agreement Pararon cuando el lago ya estaba cerca. They stopped when theM lakeM was nearby.
Disagreement Pararon cuando la lago ya estaba cerca. They stopped when theF lakeM was nearby
Opaque nouns
Agreement Sacó velozmente el reloj del cajón. He rapidly took theM watchM out of the drawer
Disagreement Sacó velozmente la reloj del cajón. He rapidly took theF watchM out of the drawer.

Table 1 – Lexical characteristics of the target nouns.

Opaque Transparent

Mean (SD) Range Mean (SD) Range

No. of letters 5.4 (1.0) 4.0–8.0 5.4 (1.0) 4.0–8.0
No. of syllables 2.1 (.5) 1.0–3.0 2.4 (.6) 2.0–4.0
Log frequency 1.4 (.6) .1–2.6 1.4 (.5) .3–2.9
Familiarity 5.7 (.9) 2.6–6.9 5.7 (.8) 3.1–6.9
Imageability 5.0 (1.3) 1.9–6.7 5.2 (1.1) 2.0–6.6
Concreteness 5.1 (1.1) 2.5–6.8 5.0 (1.0) 2.4–6.7
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problema, “problemm”) were used in the experiment. A list of
120 opaque nouns was also selected, with 60 masculine nouns
(e.g., reloj, “watchm”) and 60 feminine nouns (e.g., flor, “flowerf”).
In this case, nouns showed an ending not typically related to a
specific gender class (i.e., “-e”, “-n”, “-l”, “-s”, “-j”, “-r”, “-d”, “-z”).
The nouns with a final group of letters strongly associated with a
specific gender class (e.g., “-sis”, “-tis”, “-í”, “-briz”, “-triz”, “-driz”,
“-ie”, “-umbre”; according to Bull, 1965; Clegg, 2010) were
excluded. The cue availability (i.e., how often a specific cue is
available in the lexicon) and the cue reliability (i.e., how strong
the gender-to-ending correspondence is) of each opaque ending
were always lower than those of Spanish noun endings “–a” and
“-o” (cue availability: 70% of feminine Spanish nouns end in –a;
62% of masculine Spanish nouns end in -o; cue reliability: 96% of
the Spanish nouns ending in –a are feminine; and 99% of
the Spanish nouns ending in –o are masculine; Harris, 1991;
MacWhinney et al., 1984). The two groups of nouns were
matched for number of letters, number of syllables, frequency,
familiarity, imageability, and concreteness (all ps4.05, see
Table 1).

Overall, we had 240 nouns whose length ranged from 4 to 8
letters. Nouns referring to entities with a biological gender
(e.g., professions or animals) were not used in order to avoid
any the interaction between the grammatical gender informa-
tion and the conceptual information concerning the sex of the
referent (Vigliocco and Franck, 1999).

Then, each noun was paired with a definite article (i.e., el
for masculine and la for feminine) which could be agreeing or
disagreeing in grammatical gender. The resulting 240 word
pairs were embedded in sentences with a mean length of
seven words (DS: 1.37 words). The word pairs could appear in
different sentence positions, keeping at least two filler words
after the noun in order to avoid wrap-up effects.3 Within the
sentence context, each word pair was always preceded by
3Additional analyses showed that the effect of Transparency
was not influenced by the position of the target noun within the
sentence.
constituents not-inflected for gender (e.g., simple tense verbs,
adverbs, prepositions, conjunctions) in order to avoid gender
computations before the target noun presentation.

The experimental manipulations of transparency and gender
agreement resulted in four conditions of 60 trials each (see
Table 2).The sentences were assigned to one of the four condi-
tions in a counterbalanced order, so that no participant saw the
same version of the sentence repeated in different experimental
conditions.

We decided to add 120 sentences as fillers in order to include
other kinds of grammatical errors. In this way, subjects had to
pay attention to different sentence constituents and they could
not be exclusively focused on gender agreement violations betw-
een the article and the noun. Half of the fillers were well-formed
sentences and the other half contained different types of
grammatical errors, such as, number disagreement, substitution
or omission of function words, word category violations.
4.3. Procedure

Participants were seated in a dark and silent room, facing the
computer screen at a distance of 120 cm. They were required
to read the sentences carefully and to judge whether or not
each sentence was grammatically correct. The sentence order
was randomised across the participants.

Each trial began with the presentation of a fixation cross in
the centre of the screen. After 2000ms, it was followed by a
blank of 300ms. Then, the sentences were presented word-by-
word in white letters, with 300ms per word followed by a blank
screen for another 300ms. The final word was always displayed
with a full stop. After the sentence offset, a question appeared
on the screen asking whether the sentence was correct and
participants had 2000ms to give their response by pressing one
of the two response buttons. The button position was counter-
balanced across subjects. The next trial appeared after an
interval that varied randomly between 300ms and 700ms.



Fig. 5 – Schematic representation of the electrode positions
from which EEG activity was recorded.
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Before starting the recording session, subjects were also
advised to blink and move their eyes during the presence of
the fixation cross in order to reduce the probability of eye
movements in the critical epochs.

The experimental session was divided in four blocks of
10min each and was preceded by a practice session to famil-
iarize the participants with the task.

4.3.1. Electrophysiological recordings and analyses
Scalp voltages was recorded from 27 Ag/AgCl electrodes placed
in an elastic cap (Easycap, www.easycap.de): Fp1, Fp2, F7, F8, F3,
F4, FC5, FC6, FC1, FC2, T7, T8, C3, C4, CP5, CP6,CP1, CP2, P3, P4, P7,
P8, O1, O2, Fz, Cz, Pz (see Fig. 5). Additional external electrodes
were placed on mastoids (A1, A2) and around eyes (Ve1, Ve2,
He1, He2). All sites were online referenced to the left mastoid
(A1). Data were recorded and amplified with a bandwidth of .01–
100 Hz at a sampling rate of 250 Hz. Impedance was 5 kΩ for
scalp electrodes, and 10 kΩ for the four eye channels. EEG
recordings were re-referenced off-line to the average activity of
the left and right mastoid. Eye movements were recorded for
later off-line rejection of contaminated trials. The vertical EOG
(Veog), recorded as the voltage difference between electrodes
placed above and below the eyes, was used to detect blinks and
vertical eye movements which were corrected following the ICA
procedure. We decomposed the whole electroencephalogram in
Independent Components for each subject. Then we focused on
the components that explained at least 60% of the variance in
the Veog channel. The time course of these components was
visually inspected (to ensure they represented real artifacts) and
subtracted to the original data. Then, the data were filtered
offline with a bandpass..01–30 Hz. Muscular artefacts exceeding
7100 μV in amplitude were rejected. On average, 1.65% of trials
were excluded from further analysis and there were no
differences in the number of rejections between conditions [F
(3,124)¼ .12, p¼ .95]. For each target word, an epoch of 1200ms
was obtained including a 200-ms prestimulus baseline. For each
condition, average ERP waveforms were computed and time
locked to the onset of the target noun.

Based on visual inspection, statistical analyses were carried
out starting from 200ms after the stimulus onset. Four
successive 150-ms time windows were taken into account:
200–350; 350–500; 500–650; 650–800. These time ranges allowed
us to check for the presence of LAN-P600 effects and they were
compatible with those previously used in ERP studies on gender
agreement violations (Barber and Carreiras, 2005; Barber et al.,
2004; Gunter et al., 2000; Molinaro et al., 2008). ERP effects were
evaluated taking into account nine clusters of electrodes. Each
cluster represented the mean amplitude of three electrodes in
proximate positions: Left Anterior (F3, F7, FC5), Left Central (C3,
T7, CP5), Left Posterior (P3, P7, O1), Medial Anterior (Fp1, Fp2, Fz),
Medial Central (FC1, FC2, Cz), Medial Posterior (CP1, CP2, Pz),
Right Anterior (F4, F8, FC6), Right Central (C4, T8, CP6), Right
Posterior (P4, P8, O2). These clusters were included in the
statistical analyses as different levels of two topographical
factors: Longitude (Anterior, Central and Posterior) and Latitude
(Right, Medial and Left). Different repeated measures analyses of
variance (ANOVA) were performed with the two experimental
variables (Transparency and Agreement) and the two additional
topographical factors (Longitude and Latitude) as within-subject
factors. Effects of topographical factors have only been reported
when they interacted with the experimental manipulations. The
Greenhouse–Geisser procedure was applied on every within-
subject effect where the sphericity assumption was violated.
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