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CHAPTER 3
Syntactic and Semantic Gender 
Processing in Listening:  
An ERP Study on Italian
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3.1 INTRODUCTION

The study in Chapter 2 investigated the processing mechanisms behind syntactic and 
semantic gender. The idea was that grammatical gender is retrievable from the lemma 
level, with the gender suffix being invariable. The term ‘invariable’ here means that 
the word-final vowel cannot alternate between -o (masculine gender) and -a (feminine 
gender), creating nouns with different gender forms and possibly different semantics. As 
an illustration, the stem tren-cannot yield two lexemes: treno ‘train’ and *trena ‘?’. The 
implication is that in a violated context, such as laFEM trenoMASC, there is only one possible 
reanalysis/repair process that would reanalyze the feminine article (la) as the correct 
masculine article (il). However, nouns with semantic gender have to be morphologically 
marked for their gender by a suffix. The root bambin- denotes a child but it lacks gender 
specification. If it is a boy, the suffix will be -o, and if it is a girl, the suffix will be -a. 
The suffix alternation opens the door to a dual reanalysis/repair process. Just like in 
grammatical gender, once the parser spots the mismatch between the article and the 
noun suffix (*il bambina), it will try to repair the article (il > la). However, the parser has an 
alternative repair option at its disposal, that is, repairing the gender suffix on the noun 
(*il bambina > il bambino). The more complex repair/reanalysis processes in semantic 
gender led to a bigger processing load, realized through increased amplitude of the P600 
in the previous experiment. In addition to the P600, both syntactic and semantic gender 
violations caused the LAN, which is taken to represent a violation detection process. 

In the current experiment, we used the same materials as in Chapter 2, but in the auditory 
presentation modality. The goal was to investigate the relationship between syntactically-
related ERP components and the presentation modality. We aimed to capitalize on the 
fact that the violation position is different for syntactic gender (lexical level) and semantic 
gender (inflectional morphology). This way, we were able to further explore temporal 
characteristics of syntactically-related ERP components.    

3.1.1 Time Course

Accessing gender feature on the noun seems to be available through different routes. 
Gender can always be retrieved from lexical knowledge (tren-o), decomposed from 
morphology (tren-o), or sometimes deduced on the semantic basis (animate referents 
with biological gender). If we put it in the real-time processing perspective, the time 
course of accessing different types of gender information will depend on the presentation 
modality. When reading, the visual information is perceived during gaze fixations lasting 
on average 200-250 ms (Rayner & Clifton, 2009). One fixation period is enough to cover 
7-8 letter positions, which is usually one word at a time. During a single fixation, the 
reader is able to take in a whole word, which includes inflectional morphology. Therefore, 
in visual gender recognition, all gender cues become available at the same time. While 
interpreting the grammatical information off a suffix, the reader is able to simultaneously 
accesses semantic and grammatical properties of that word.

Spoken language, however, has a different rate of delivering information compared to 
reading. The typical reading speed is 250-350 words per minute, almost two times faster 
than the typical speech word production rate of 120-200 words per minute (Rayner & 
Clifton, 2009). This sets the average auditory word duration in the range of 300 ms to 
500 ms. Unlike reading in which a whole word is instantaneously fixated, a spoken word 
is delivered in smaller chunks (phonemes) in a bottom-up information flow. The system 
strives to integrate all the incoming phonemes into an existing word that is available in 
the lexicon. 

The nature of the underlying comprehension processes allows the listener to access the 
target lexeme before it is uttered or heard in its entirety. According to the Cohort Model 
(Marslen-Wilson, 1987; Marslen-Wilson & Tyler, 1980), spoken-word comprehension 
entails two simultaneous processes: acoustic signal decoding and (phonemic) 
combinatorial processes. It is a bottom-up process starting with the decoding of the 
initial phoneme followed by the activation of all lexemes in the mental lexicon that start 
with that phoneme. This first and largest group of potential lexemes is called a word-initial 
cohort. As speech progresses, the acoustic signal brings in more information (phonemes) 
that the system tries to integrate. The initial cohort narrows down with the perception of 
each subsequent phoneme (by excluding now incorrect phoneme combinations) up to 
the point when there is only one candidate left. This point in time is called ‘recognition 
point’ (RP) and it is, quite often, before the end of the word.

Context is a factor that can speed up final lexeme choice. The more constraining the 
context is, the faster the word will be recognized. As an illustration, a one or two-syllable 
content word will be correctly selected after 200 ms if there is supportive context, whereas 
it might take 300 ms in isolation (Grosjean, 1980).    

Due to time-course differences in word comprehension, with reading being a faster 
modality, auditory gender processing should differ from visual gender processing. 
Assuming that gender morphology in Italian is always word-final, gender cues are delivered 
at different, albeit subsequent points in time during speech. As soon as the listener has 
recognized the word, he is able to access its lemma, thereby accessing semantic and 
grammatical information (for production, see Levelt, Roelofs, & Meyer, 1999). In this case, 
the gender feature stored at the lemma becomes available before the gender information 
from the suffix. As the speech progresses up to the final phoneme, the gender feature can 
be again accessed from inflectional morphology. In this case, it is redundant information 
and can only reinforce the previously accessed gender feature. The implication is that 
in a violation paradigm, a mismatch in gender can already be detected at the lemma 
level, without hearing the gender morpheme. For example, after having heard only tren-
, the listener can already deduce that the target noun is treno and that it is masculine. 
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Hence, in case of *la treno, the gender violation is noticed before the masculine suffix has  
been perceived.1 

There is one exceptional case when gender processing has to completely rely on 
morphological information. Nouns with semantic gender (gender based on semantic 
information) can almost always be grouped in gender pairs. These are minimal pairs 
in terms of semantics sharing all characteristics but differing at the level of biological 
gender (e.g., man – a male member of the human species, woman – a female member 
of the human species). As already mentioned, the distinction in biological gender is often 
preserved in the gender system of a language. In Italian, a number of nouns marked 
for semantic gender also share the noun stem, with masculine nouns ending in -o and 
feminine nouns in -a (e.g., il bambino – la bambina ‘the boy – the girl’). In this case, the 
disambiguating gender information is stored at the inflectional morphology level, and not 
at the lemma. Therefore, during auditory processing, the listener can assign semantic 
gender at the lemma level only if there is supporting context (e.g., gender marked article 
preceding the noun: ilM bambin-oM). However, in order to detect a gender mismatch, the 
listener has to hear the complete word.

3.1.2 Time Course and ERP Components

The name of two out of the three most relevant components in sentence processing 
is related to their onset time. The N400 and the P600 are said to typically peak at 
approximately 400 ms and 600 ms after the stimulus onset, respectively (e.g., Kutas 
& Federmeier, 2011; Molinaro, Barber, & Carreiras, 2011; Osterhout & Holcomb, 1992). 
Such uniform time-wise characterization makes sense mainly in reading, in which word 
length is usually not a significant factor since reading modality allows the reader to fixate 
almost any word within 200 ms. Also, there should be no major difference whether the 
target information (e.g., morphology) is at the beginning or at the end of the word because 
the entire word is processed as a single unit. Taking this fact into account, it is plausible 
that the language components will peak at approximately the same time in the majority of 
reading studies. For example, the P600 is almost uniformly reported in the time window of 
500-700 ms post-stimulus onset (e.g., Barber, Salillas, & Carreiras, 2004; Dragoy, Stowe, 
Bos, & Bastiaanse, 2012; Hagoort & Brown, 1999; Molinaro, Vespignani, & Job, 2008).

The idea behind the current study is that there is an intrinsic relationship between the 
component onset-time and the moment the crucial information is received (recognition 
point for lexical information or inflectional morphology for grammatical information). This 
is only relevant for auditory studies in which there is a bottom-up information flow. During 
the information flow, different pieces of information are delivered at different points in 
 

1 There is a small group of nouns in Italian that are lexically different at the level of the gender 
morpheme (e.g., il palo ‘post’, la pala ‘shovel’). Such instances are scarce, and they were not included in 
our stimuli. 

times. ERP language components are supposed to be tied to the moment in time in which 
the relevant information is delivered (for example, agreement morphology for the LAN). 
Most auditory studies focusing on the relationship between component onset-time and 
the recognition point/violation position investigated semantic processes and N400. The 
onset of the auditory N400 is reported to be earlier than in reading (Hagoort, 2008; Kutas 
& Federmeier, 2011). This is contrary to our expectations since the recognition point (RP) 
in spoken words is usually later than the 200 ms needed for a single word fixation. There 
are two possible reasons for such a finding.    

Firstly, according to the Cohort Model (Marslen-Wilson, 1987; Marslen-Wilson & Tyler, 
1980), the RP of a word comes usually before the end of that word. O’Rourke and Holcomb 
(2002) tested two groups of words in isolation: words with an early RP and words with 
a late RP. The onset of the N400 was later for the condition with a late RP relative to the 
word onset. However, when measured relative to the RP, the N400 started at the same 
time for both groups (app. 50 ms after the RP). The study provided further support for the 
Cohort Model and the notion of recognition point, at least when it comes to contextless 
single word-comprehension. The N400 is intrinsically connected to the RP. Therefore, it 
follows naturally that words with an earlier RP (shorter words) will cause an earlier N400.

Secondly, the presence of context can modulate the onset time of the auditory N400. 
Not all electrophysiological studies agree that the N400 has to follow the RP. Van den 
Brink, Brown, and Hagoort (2001) and Van Petten, Coulson, Rubin, Plante, and Parks 
(1999) found that in sentence context, the N400 appears before the RP. The difference 
between the studies that report N400 before and those that reported it after the RP can 
be explained by the presence/absence of context. If there is high to medium constraining 
context, the N400 can appear before the RP since context can facilitate lexical selection. 

It is worth noting that the auditory N400 has been suggested to consist of two phases: 
early N200 (from 150-200 ms on) and later N400 (peaking at 400 ms; e.g., Connolly & 
Phillips, 1994; Hagoort, 2008; Van den Brink et al., 2001). The early stage can only appear 
when context is provided. According to Hagoort (2008), the N200 represents an interface 
between lexical form and context. Lexical selection is supposed to be a bottom-up 
process: it starts from the initial phoneme when the initial-word cohort is created. The 
lexical choice decreases in scope with each incoming phoneme. However, the system 
is able to simultaneously interact with contextual information while trying to choose the 
most appropriate lexeme (Van den Brink et al., 2006). If the context is highly or medium 
constraining, it aids lexical selection. But if the target word is semantically incongruous 
in a medium or highly constraining context, the system will strive and fail to find the best 
fit among the available lexemes. More specifically, since context is provided, the system 
limits the scope of the available lexemes based both on the phonological information from 
the incoming speech signal, as well as on the contextual information. The target word 
may be a phonologically good fit, but it is semantically incongruous with the context, 
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and is therefore eliminated from the pool of available lexemes. This increases the effort 
of lexical selection, which is reflected in the N200. Finally, when there is enough acoustic 
information for the definite lexeme choice, the system integrates the lexeme into the 
context. If the lexeme is congruous with the context, the amplitude of the N400 is smaller 
than when the word is incongruous. 

The role of the RP in auditory studies on semantics (without context) is clear. The N400 
is aligned with the recognition point, that is, regardless of the word length, it consistently 
appears 50-100 ms after the RP (O’Rourke & Holcomb, 2002). The situation is less 
clear with the syntactically-related components (LAN, P600). In general, there has not 
been much work on the differences of auditory and visual P600 and LAN, or their exact  
onset time.

Hagoort and Brown (2000) investigated the relationship between the presentation modality 
and language components in a set of morphosyntactic experiments. The starting point 
was that most reading studies had a very slow presentation rate (one word every 500 
to 600 ms) compared to natural connected speech (app. 4 words per 1 s). Therefore, 
their study consisted of two experiments; in the first visual experiment the words in a 
sentence were presented at a higher rate than usual (every 250 ms), whereas the second 
experiment was auditory with the same stimuli. The experimental paradigm consisted 
of three different morphosyntactic manipulations (agreement, subcategorization, and 
phrase violation). Regarding the presence of the components, the P600 was present in 
both modalities, whereas the LAN was attested only in listening in 2 out of 3 conditions 
(agreement and subcategorization). The onset time of the P600 was very similar for both 
modalities, starting at approximately 500-600 ms. It seems that generally the onset time 
of P600 is very similar regardless of the presentation modality (e.g., Balconi & Pazzoli, 
2010; Friederici, Hahne, & Mecklinger, 1996; Hagoort & Brown, 2000; Meulman, Stowe, 
Sprenger, Bresser, & Schmid, 2014). The auditory LAN corresponded to the usual LAN 
time window of 350 to 500 ms.

The onset time of P600 appears to be remarkably stable across different modalities and 
presentation rates. Hagoort and Brown (2000) concluded that the postlexical sentence 
processing mechanisms have to be the same regardless of the modality, which results 
in the same onset time of P600. They also remarked that if the RP is taken into account, 
which usually comes later than the 200 ms needed for a word fixation, the auditory P600 
actually starts earlier than the visual P600. However, no additional explanation was 
offered on this topic. The large majority of the studies that do not report any onset-time 
difference between auditory and visual P600 indicate that the P600 may be a cyclical 
process independent of word duration or recognition point. In other words, the P600 
may be tied to the target word onset, always peaking at around 600 ms because that 
is the constant moment in time when the parser tries to incorporate all the previously  
gathered information.

There is at least one study that contradicts this view. Osterhout and Holcomb (1993) 
reported the auditory P600 as early as 300 ms post-stimulus onset in a sentence 
comprehension experiment. This auditory study was preceded by a reading study in 
1992, conducted with the same material, in which P600 was recorded from 500 ms on. A 
possible explanation for the early auditory P600 could lie in the target word: the infinitival 
marker to. The duration of this word is very short (100 ms), but the morphosyntactic 
violation becomes apparent at this word. Thus, there is some indication that P600 may be 
aligned with the (morphosyntactic) RP, instead of being a fixed effect that always peaks 
at 600 ms. 

In addition to the component onset time, the topographic distribution of an ERP 
component is another important factor that can point to different underlying processes 
between different presentation modalities. In the abovementioned studies, the topographic 
characteristics of the P600, N400, and LAN are very similar when reading and listening. 
One of the major differences is that the LAN has a somewhat broader distribution in 
listening and may not be exclusively left-lateralized (Faustmann, Murdoch, Finnigan, & 
Copland, 2005; Friederici et al., 1996). Also, the LAN in listening tends to present itself as 
longer lasting than in reading (Osterhout & Holcomb, 1993). Due to its persistence into 
later time windows, the auditory LAN may modulate the distribution of the P600. More 
precisely, the P600 may prefer the right-hemisphere distribution due to the persistence of 
LAN that cancels it out in the anterior-central regions in the left hemisphere (Friederici et 
al., 1996; Osterhout & Holcomb, 1992). 

Our goal is to look in depth into the relationship between component characteristics 
(particularly timing and distribution) and presentation modality. Hagoort and Brown (2000) 
suggested that the variation in time distribution of ERP components comes from the 
unnatural presentation rate of written words. Our hypothesis will rather focus on the 
listening modality, since listening allows for much more variability. Word duration plays 
a significant role because the RP correlates with word length (the shorter the word, the 
earlier the RP). Once the parser has reached the RP, all lexical information becomes 
available (lexical semantics, lexical syntax: gender, aspect). Another time-related factor 
is the violation position. Inflectional morphology is mostly word-final in the Romance, 
Germanic, and Slavic languages, meaning that it almost always follows the RP. This 
way, there is a temporal hierarchy of lexical and grammatical information flow: lexical 
semantics and lexical syntax are almost always available before grammatical information 
that is coded as inflectional morphology (e.g., agreement morphology, case).

This study will focus on the effect of violation position within a word. In the stimuli 
used in this experiment, the violation is either at the lemma level (syntactic gender) or 
at the level of inflectional gender morphology (semantic gender). In the latter case, the 
listener must hear the final vowel (gender morphology) of each target word. In the case 
of syntactic gender, the gender feature is available from the lemma. The actual time 
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difference between the RP, which coincides with both lexeme and lemma recognition, 
and inflectional morphology depends on the word length, but the average difference is in 
the range of 100 and 200 ms for our stimuli.2 

3.1.3 Expectations and Predictions 

The current study strives to replicate the findings from Experiment 1, that is, to show 
the presence of all the components. Most studies that tested the same materials in 
a visual and an auditory paradigm reported the same components in both modalities 
(Balconi & Pazzoli, 2010; Friederici et al., 1996; Meulman et al., 2014; but see Hagoort 
& Brown, 2000). Accordingly, the P600 is expected in both conditions, with semantic 
gender showing a more pronounced P600 effect. The LAN is expected in both conditions 
with no major differences in amplitude or distribution. What we expect to differ is the 
onset time of the components. We start from the assumption that the P600 and LAN 
are violation aligned. The implications of this claim are straightforward – the sooner the 
parser registers a violation, the sooner the response (LAN, P600) is expected to arise. 
The violation should be detected earlier in syntactic gender since it is detectable from the 
lemma, which coincides with the RP. In semantic gender, the violation is detectable from 
the inflectional morpheme, which is its RP.

In sum, both the P600 and LAN are expected to start earlier in the syntactic gender 
condition. The average duration of the critical words is 550 ms in both conditions. As 
the RP comes before the end of the word, and it takes an additional 50-100 ms for a 
component to appear (for N400, see O’Rourke & Holcomb, 2002; for (e)LAN, see Hastings 
& Kotz, 2008; Steinhauer & Drury, 2012), the LAN in syntactic gender is expected in the 
time window of 400-600 ms. However, the violation is detected later in semantic gender 
at approximately 500-600 ms. With an additional 100 ms, this would mean that the LAN 
should be detectable 600 ms post-stimulus onset at the earliest. This is a very late time 
window in which we already expect P600. It is still unclear how the two components 
may interact. It is possible that the LAN cancels out the P600 in the left hemisphere, thus 
leaving a right lateralized P600. It is, however, also plausible that a strong P600, such as 
the one in the previous experiment in the semantic gender condition, may overshadow 
the presence of LAN. 

2  We do not provide exact values as there is some variation inside the conditions regarding word 
length. The important point is that the RP in syntactic gender is always earlier than in semantic gender on 
the length-matched words. This is enough information since the ERPs are tied to the stimulus-onset, and 
if any difference is caused by the violation position, it will be immediately obvious.

3.2 METHOD

3.2.1 Participants

For this experiment, 27 native speakers of Italian (11 male, mean age 24.2, age range 
19-33) were recruited. Due to excessive noise and artifacts, data of 3 participants were 
excluded from the analysis, leaving a total of 24 participants. All participants were right-
handed, as assessed with the Italian version of the Edinburg Handedness Inventory 
(Oldfield, 1971). None of the participants reported any neurological impairment or 
psychiatric disorder. They all had normal to corrected-to-normal vision, as well as normal 
hearing. The participants signed a written consent prior to the experiment, and they 
received € 20 for the participation.

3.2.2 Materials

The same materials were used as in Chapter 2. We describe them here too for the reader’s 
convenience. 

The experimental materials consisted of 160 sentences, half of which contained a noun 
marked for semantic gender (semantic condition), and the other half a noun marked 
with syntactic gender (syntactic condition). The frequency of the two noun types was 
matched (semantic gender average LogF: 2.08, syntactic gender average LogF: 2.32; 
t (38) = 1.33, p = 0.19). Each noun was used four times as: 1) singular grammatical; 2) 
singular ungrammatical; 3) plural grammatical; 4) plural ungrammatical. Finally, gender of 
the nouns was balanced, with half of all nouns being masculine, and half feminine.

As a consequence of a balanced design (each noun used as singular and plural, 
grammatical and ungrammatical), the participant would have been exposed to the same 
noun 4 times. In order to minimize repetition, the experimental items were divided between 
2 lists. This way, every participant saw each noun twice only, once as singular and once 
as plural. Also, the noun was used once in a grammatical and once in an ungrammatical 
context. The list design decreased the experiment duration from 40 to 20 minutes.

Each subject listened to 80 experimental and 80 filler sentences. Half of the experimental 
sentences contained nouns marked with semantic gender and the other half nouns 
marked with syntactic gender. Each sentence started with a temporal adverb (e.g., often, 
yesterday, rarely), followed by a definite article, which was followed by a noun. The target 
noun phrase was always in the subject position. Depending on the gender and number 
of the noun, the article took one of the 4 forms: il masculine singular; i masculine plural; 
la feminine singular; le feminine plural. Italian articles can have different morphological 
realizations depending on the phonological context, but we opted for nouns taking the 
default article forms (see Chapter 1). For the rest of the sentence, the noun was followed 
by the verb and then either by an object or an adverbial. Half of the experimental sentences 
had a morphosyntactic violation in the form of gender disagreement between the article 
and the noun. For example, a masculine singular noun, such as nonno ‘grandfather’, 
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was preceded by the feminine singular article la, resulting in an ungrammatical sentence. 
Example sentences for each condition are given in (1) and (2).

(1) Semantic gender  
a. Spesso il   nonno   fumava la  pipa.

often   theSG.M   grandfatherSG.M  smoked the  pipe
‘The grandfather often smoked his pipe.’

b. *Spesso  la   nonno   fumava la  pipa.
often   theSG.F   grandfatherSG.M   smoked the  pipe
‘The grandfather often smoked his pipe.’

(2) Syntactic gender
a. Generalmente  il   treno   parte   in ritardo.

usually  theSG.M   trainSG.M   leaves   in late
‘The train usually leaves late.’

b. *Generalmente la   treno   parte   in ritardo.
usually  theSG.F   trainSG.M   leaves   in late
‘The train usually leaves late.’

There were 80 fillers per list (3). Each filler item was presented once as grammatical and 
once as ungrammatical. The ungrammatical sentence lacked subject-verb agreement, 
having the predicate in infinitive. Thus, each participant heard 80 grammatical and 80 
ungrammatical sentences in total. 

(3) a. Le scale  lassú   sono   troppo   ripide  per me.
the stairs  up there   are   too   steep  for me. 
‘The stairs up there are too steep for me.’

b. *Le scale  lassú   essere   troppo   ripide  per me.
the stairs  up there   be   too   steep  for me. 

All sentences were read aloud by a male native speaker of Italian. The speaker 
was a professional musician who was instructed to produce both grammatical and 
ungrammatical sentences with natural intonation. However, it is possible that there 
are some subtle variations in pitch in ungrammatical sentences, especially around the 
ungrammatical region – the article and the noun. No cross-splicing was applied to 
ungrammatical sentences (cutting out the article from a correct sentence and combining 
it with the target noun) because we believed the resulting phonological environment 
would not be ecological: an article together with the following noun constitutes one 
phonological phrase since articles are not stressed. Furthermore, there is often co-
articulation, especially between the singular masculine article (il) that ends in a liquid and 
consonant-starting nouns (all nouns in our experiment). Splicing in such an environment 

causes phonologically audible disruptions that may outweigh the possible gain (see 
Steinberg, Truckenbrodt, & Jacobsen, 2012). All audio files were normalized to 70 dB, 
and noise reduction was applied.    

3.2.3 Procedure

During the experiment, participants sat in front of the screen (70-80 cm distance) while an 
electroencephalograph was recorded. The task was to listen to sentences played through 
headphones and to answer a grammaticality judgment question after every sentence. The 
experiment was presented with E-Prime 2.0 (Psychology Software Tools, Inc) software. 
The experiment opened with instructions written on the screen. The experimenter 
repeated the instructions in more detail. After the practice session, he made sure that the 
participant had understood the task. Each stimulus was introduced with a fixation cross 
on the screen for 400 ms after which a sentence started. The experimental sentences 
were 3 seconds long on average. After the sentence finished, the screen remained blank 
for 1 second, and then a question mark appeared signaling the grammaticality judgment 
question. The participant was supposed to press the appropriate button (‘p’ or ‘q’, 
counterbalanced across participants) depending on whether the sentence was correct 
or not. There was no time limit for pressing the button. The experiment was divided into 
4 blocks, each containing 40 sentences and lasting 5 min. The experiment took 25 min 
on average.  

3.2.4 EEG Recording and Data Processing

The continuous electroencephalogram was recorded from 64 Ag/AgCl scalp electrodes 
(WaveGuard) using the ASA-Lab system (ANT Neuro Inc, Enschede, The Netherlands).  
Additional bipolar electrodes were used to record horizontal (HEOG; at the outer 
canthus of each eye) and vertical (VEOG; above and below the left eye) eye movements. 
Impedances were kept below 10 kΩ. Data were acquired at 512 Hz sampling rate with the 
common average reference.

The offline processing was carried out in Brain Vision Analyzer 2.0.4 software (Brain 
Products, GmbH, Munich, Germany). The data were down-sampled to 256 Hz before 
being re-referenced to the average of the mastoids. Offline filtering was performed using 
a band-pass filter (0.1-40 Hz), followed by automatic eye-blink correction. The data were 
segmented into epochs starting 200 ms before the onset of the critical word (the noun) 
and lasting until 1500 ms post-word onset. Only trials that were judged correctly were 
segmented. The (automatic) artifact rejection (+/- 100 µV threshold) was performed only 
on a section of each epoch (0-1000 ms) that was used in the statistical analysis. 

The baseline was corrected starting from 0 ms (the onset of the critical noun) until 100 
ms. There were a number of factors affecting the choice of the baseline. Firstly, all data 
were plotted without correcting the baseline. Visual data inspection revealed that the 
ungrammatical conditions were slightly more positive in the article regions (app. 150-200 
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ms before the noun). The effect may be attributed to subtle phonological variations in the 
auditory signal. Secondly, the more standard pre-stimulus baseline was applied (-200-0 
ms), and it introduced very early effects (starting from 50 ms on) that were not present 
in the non-baseline-corrected signal. In order to avoid this ‘spill-over’ effect, it was 
necessary to choose a not so commonly used baseline. Based on the visual inspection, 
as well as some earlier studies (e.g., Friederici et al., 1996), the 0-100 ms post-stimulus 
onset interval was chosen. The choice seems acceptable, as there are no effects this 
early that could substantially affect the signal. 

Finally, data were averaged per subject and per condition. In case a participant had fewer 
than 60% of averaged trials in one or more conditions, their data were excluded from 
the analysis. This led to the exclusion of two participants. In addition, one participant 
was excluded from the analysis due to technical problems. Therefore, the data of 24 
participants were used for the analysis.

3.2.5 Analysis

Averaged values (in µV) were extracted per participant, per condition, and per region of 
interest. The scalp electrodes were divided into 9 regions of interest, each containing 
either 5 or 6 electrodes (Fig. 3.1): left anterior (F7, F5, F3, FC3, FC5), midline anterior (F1, 
Fz, F2, FC1, FCz, FC2), right anterior (F4, F6, F8, FC4, FC6), left central (TP7, C5, C3, 
CP5, CP3), midline central (C1, Cz, C2, CP1, CPz, CP2), right central (C4, C6, CP4, CP6, 
TP8), left posterior (P7, P5, P3, PO7, PO5, O1), midline posterior (P1, Pz, P2, PO3, POz, 
PO4), and right posterior (P4, P6, P8, PO6, PO8, O2). The analysis was carried out in 
three independent time windows, from 400 to 600 ms (roughly corresponding to LAN and 
N400), followed by the 600-750 ms window (early P600), and ending with the 750-1000 
ms window (late P600). The time windows are somewhat later than those traditionally 
used. This is a listening study in which the average word duration is 550 ms. A listener 
needs to have heard approximately 2/3 of a word in order to recognize it. This means that 
350 ms or more are necessary for a speaker to identify a violation (provided it is obvious 
at the lexical level). Thus, it is only reasonable to expect effects from 400 ms or later, 
which means that all subsequent effects (such as the P600) will appear later.

For the statistical analysis, repeated measures ANOVAs were used with the following 
within subject factors: condition (2 levels: syntactic and semantic gender), grammaticality 
(2 levels: grammatical and ungrammatical), hemisphere (2 levels: left and right 
hemisphere), anteriority (3 levels: anterior, central, and posterior). In case a follow-up 
comparison consisted of comparing two means only, a one-tailed t test was performed. 
The significance level was set to p < .05. For each time window, 2 global repeated 
measures ANOVAs were performed; first for the lateral regions (all factors included), 
and then for the midline regions (factor hemisphere excluded). Follow-up ANOVAs were 
applied to those interactions that turned out at least marginally significant (p < .1), and 
that included the factor grammaticality. In case the assumption of sphericity was violated, 

the Geisser and Greenhouse (1959) correction was applied. Lastly, only correctly judged 
trials were included in the analysis.

Figure 3.1 | Electrode positions and the 9 regions of interest used in the analysis: left anterior (LA), left 
central (LC), left posterior (LP), midline anterior (MA), midline central (MC), midline posterior (MC), right 
anterior (RA), right central (RC), right posterior (RP).

3.3 RESULTS

3.3.1 Accuracy data

All participants performed almost at ceiling in the grammaticality judgment task, with an 
average accuracy rate of 98.6% (78.9 out of 80 items). Half of participants (14/27) did not 
have a single incorrect response, 12 participants were in the range of 1 to 3 errors, and 
one participant made 4 errors. Since the error rates are minimal and evenly distributed 
across conditions, no further analysis has been performed. 
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3.3.2 Behavioural Results

There was no difference in reaction times between the responses to syntactic and 
semantic gender (log transformed, F (1, 23) = 1.725, p = .202), or in the interaction 
between gender type and grammaticality (F (1, 23) = .885, p = .357). The only significant 
result was found for the factor grammaticality on its own (F (1, 23) = 26.203, p < .001), 
meaning that participants responded faster to ungrammatical items. 

3.3.3 ERP Results

Visual analysis revealed that gender violation caused a positive shift from approximately 
700 ms on, somewhat later than reported in most agreement reading studies. The positivity 
lasted longer in the semantic gender condition, until 1500 ms post-stimulus onset, almost 
200 ms longer than the positive deflection for syntactic gender. By glancing at the data, 
the positivity in semantic gender seemed to be of larger amplitude in most regions, as 
well as reaching further into the anterior regions from its source in the posterior regions. 
Whereas a positive effect was evident in both conditions, a wide-spread negativity from 
approximately 400 ms until the emergence of the positive effect was attested for syntactic 
gender only. Its distribution started wide-spread across the scalp, with its absolute voltage 
maximum in the central regions. Its topography became more anterior as the positivity 
started to emerge (semantic gender: Fig. 3.2, syntactic gender: Fig. 3.3). 

In the first time window (400-600 ms), a lateral omnibus ANOVA revealed a main effect 
of grammaticality (F (1, 23) = 4.511, p = .045), as well as a marginal interaction between 
condition, grammaticality, and anteriority (F (2, 46) = 3.368, p = .072). A follow-up ANOVA 
in each of the three levels of anteriority was performed, revealing a marginal effect of 
grammaticality (F (1, 23) = 2.992, p = .097), as well as a marginal interaction between 
condition and grammaticality (F (1, 23) = 3.46, p = .076) in the anterior regions. The same 
pattern was observed in the central regions, with grammaticality reaching significance 
(F (1, 23) = 5.475, p = .028), while marginally interacting with condition (F (1, 23) = 3.188, 
p = .087). No significant results that included the factor grammaticality were obtained in 
the posterior regions. All the effects in the anterior and central regions were driven by 
syntactic gender only. Firstly, no violation effect was expected in this time window for 
semantic gender as violations become obvious at approximately 550 ms from stimulus 
onset. Secondly, absolute mean voltage values showed that there was almost no effect 
of grammaticality in the semantic gender condition, whereas ungrammatical sentences 
caused a substantially more negative response in the syntactic gender condition.

The midline analysis showed an overall effect of grammaticality (F (1, 23) = 5.047,  
p = .035) that did not interact with anteriority or condition. Even though the interaction 
between grammaticality and condition did not turn out to be significant (F (1, 23) = 2.035, 
p = .167), we proceeded with two separate ANOVAs for syntactic and semantic gender. 

Again, it is impossible for any effect to arise in this time window (400-600 ms) in semantic 
gender, and the absolute voltage difference between grammatical and ungrammatical 
sentences was negligible. As expected, the semantic gender ANOVA did not show an 
effect of grammaticality (F (1, 23) = .12, p = .732), or an interaction between grammaticality 
and anteriority (F (2, 46) = 1.492, p = .236). The ANOVA for syntactic gender was in 
line with the results from the lateral analysis; grammaticality proved to be a significant 
factor (F (1, 23) = 5.351, p = .03), and approaching significance when interacting with 
anteriority (F (2, 46) = 3.203, p = .084). This trend did not prove meaningful in further 
follow-up testing, as the difference between grammatical and ungrammatical sentences 
was significant in each region.

The overall lateral ANOVA in the subsequent time-window (600-750 ms) revealed an 
interaction between condition, grammaticality, and anteriority (F (2, 46) = 12.021, p = 
.002). Follow-up testing revealed a trend towards an interaction between condition and 
grammaticality in the anterior regions (F (1, 23) = 3.1, p = .092), with ungrammatical 
sentences in the syntactic gender condition being more negative than in the semantic 
gender condition. The same pattern was observed in the midline ANOVA; an interaction 
between condition, grammaticality, and anteriority turned out significant (F (2, 46) = 11.979, 
p = .001). Upon further testing, an interaction between condition and grammaticality in 
the anterior regions approached significance (F (1, 23) = 3.914, p = .06). This trend was 
caused by ungrammatical sentences having a more negative deflection in the syntactic 
gender than in the semantic gender condition.

In the last time window (750-1000 ms), ungrammatical sentences in both conditions 
elicited larger positivity than grammatical sentences (F (1, 23) = 10.995, p = .003). The 
factor grammaticality also interacted with anteriority (F (2, 46) = 26.672, p < .001), as 
well as with condition and anteriority (F (2, 46) = 12.574, p = .047). Based on the latter 
interaction, follow-up ANOVAs were used to determine the distribution of positivity in the 
anterior-posterior topographic space separately for syntactic and semantic condition. 
Ungrammatical sentences in both conditions were more positive in the posterior regions 
(semantic gender: F (1, 23) = 13.172, p = .001; syntactic gender: F (1, 23) = 15.506, p = 
.001). Moreover, the distribution of positivity in syntactic gender showed a trend towards 
favouring the right hemisphere (grammaticality × hemisphere: F (1, 23) = 3.179, p = .088).  
The positivity reached the central (F (1, 23) = 11.253, p = .003) and anterior (F (1, 23) = 
4.279, p = .05) regions in semantic gender, while being only marginally significant in the 
central regions in syntactic gender (F (1, 23) = 3.194, p = .087), and completely absent 
from the anterior regions (F (1, 23) = .763, p = .391).

The midline analysis reflected the difference between grammatical and ungrammatical 
sentences in the lateral analysis, with ungrammatical sentences causing a more positive 
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shift (F (1, 23) = 17.722, p < .001). Grammaticality also interacted with anteriority 
(F (2, 46) = 14.22, p < .001), yielding significant results in the posterior (F (1, 23) = 36.296, 
p < .001) and central regions (F (1, 23) = 17.6, p < .001), and was marginally significant 
in the anterior regions (F (1, 23) = 3.159, p = .089). Finally, we tested whether the effect 
of grammaticality was significant in the anterior region by splitting the ANOVA into one 
for semantic and one for syntactic gender. We hypothesized that semantic gender has 
a broader distribution, like in the lateral analysis, and that there is a difference in the 
distribution of the positivity between the two conditions. This is also supported by a 
marginally significant interaction between condition, grammaticality, and anteriority (F (2, 
46) = 3.089, p = .08). Thus, further testing in the anterior region revealed a significant 
effect of grammaticality for semantic gender (t (23) = -2.37, p = .013), and no effect for 
syntactic gender (t (23) = .039, p = .422).  

3.3.4 Summary of ERP Results

The statistical analysis confirmed the presence of two components, a fronto-central 
negativity and the P600. The negativity was recorded in the syntactic gender condition 
only. Functionally, the negativity corresponded to the LAN whereas its distribution 
resembled the N400. The effect was significant 400 to 750 ms after the stimulus onset.

The P600 was confirmed for both conditions from 750 ms on. In line with the visual 
inspection, the effect had a broader distribution in the semantic gender condition than in 
the syntactic gender condition. In the syntactic gender condition, the effect was significant 
in all the posterior regions, as well as the midline central regions. In the semantic gender 
condition, in addition to the posterior regions, the effect spread over all central and 
anterior regions. 

 

Figure 3.2 | Grand average ERPs for the semantic gender condition across all 9 ROIs: black line represents 
correct sentences and red line represents violated sentences (gender mismatch). The topographic maps 
represent a difference between ungrammatical and grammatical sentences.
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Figure 3.3 | Grand average ERPs for the syntactic gender condition across all 9 ROIs: black line represents 
correct sentences and red line represents violated sentences (gender mismatch). The topographic maps 
represent a difference between ungrammatical and grammatical sentences.

3.4 DISCUSSION

3.4.1 Negativity 

A wide-spread negativity was recorded in syntactic gender only. The effect was also long 
lasting, from 400 ms until the emergence of P600 at approximately 700 ms. Its distribution 
did not resemble the prototypical LAN distribution, which is described as left-lateralized 
and centered around the anterior and sometimes the anterior-central regions (Friederici et 
al., 1996). Rather, the distribution of the negative component was widespread, starting in 
the anterior regions and peaking in the central regions. It did not reach posterior regions. 
Due to its distribution, the component resembles an auditory N400 as described by Kutas 
and Federmeier (2011). Such an N400 is more anterior, lacks right-lateralization, and has 
a longer duration.

However, regardless of the seemingly N400 like distribution, this negative component is 
the result of a morphosyntactic violation detection. It is not related to lexical semantics and 
in no way can it indicate failed discourse integration, as syntactic gender processing is a 
purely syntactic process (Hagoort & Brown, 1999). Its function is undoubtedly that of the 
LAN, meaning registering gender mismatch (Molinaro et al., 2011). A possible explanation 
that would bridge the chasm between the role of N400 in semantic processing and 
morphosyntactic violations may lie in the nature of the gender feature in Italian. Assuming 
that gender is stored at the lemma level, its retrieval does encompass lemma access. 
According to the speech production model by Levelt, et al., 1999, lexical semantics is 
also stored at the lemma level. Despite being fundamentally different, lexical semantics 
and lexical syntactic features (e.g., gender, countability, aspect) are both related to 
lexical/lemma access. Therefore, it is possible that accessing any lexical feature causes 
a negativity that has a more central distribution.

There are two pieces of evidence that support this hypothesis. Hagoort and Brown (1999) 
posit that the LAN can only be detected if the violation includes morphophonologically 
salient cues. That is, in order for the LAN to appear, the violation must be caused by 
mismatching inflectional morphology. If, as in this case, the feature is lexical or retrieved 
lexically, the LAN is not expected. Instead, due to lexical access, the effect is a centralized 
negativity. Another supporting finding comes from a study by Molinaro et al. (2008) on 
phonotactic and gender violation in Italian (article-noun violations). The morphological 
realization of an Italian article depends on the initial phoneme of the following word. 
For example, the masculine article il has to be realized as lo when followed by a word 
beginning with z. Violating this rule causes a clearly left-lateralized negativity. This is 
in line with Hagoort and Brown’s claim about phonological realization. However, in the 
gender condition, the expected LAN resembled an N400 with a more central distribution. 
Molinaro et al. (2008) argued that it was due to a prevalent number of animate nouns 
in the gender condition, which invoked semantic processing. Yet, upon inspecting the 
materials used in the study, it became obvious that all the target nouns had the oblique 
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gender marker -e. It is impossible to deduce gender from morphology when a noun ends 
in –e, as it can be both masculine and feminine. The only resort is to retrieve gender from 
lexical information. And this is exactly when the negativity starts showing a more central 
and bilateral distribution.

Our first explanation pertaining to the atypical LAN distribution is that lexical access 
and retrieval, regardless of the lexical content, evokes centralized bilateral negativity. 
However, this explanation is challenged by several (syntactic) studies also reporting N400 
like negativity without what we call ‘lexical access’. Meulman et al. (2014) reported N400 
with both native speakers and language learners in subject-verb mismatch condition. 
The negativity is explained as mirroring morphosyntactic processing in the way the LAN 
would. Faustmann et al. (2005) conducted a study in phrase structure violation in line 
with earlier eLAN studies. They found a very broadly distributed negativity followed by the 
P600. The authors speculated that either the component was distinct from the N400, or 
the participants really perceived the violation as a semantic incongruity. 

It is also possible that the broad LAN/N400 distribution was caused by the experiment 
modality. ERP components can have a different distribution when stimuli are presented 
auditorily or visually. The N400 has a more anterior distribution without the right 
hemisphere preference in auditory materials (Kutas & Federmeier, 2011; Kutas & Van 
Petten, 1994). Friederici et al. (1996) noticed that the same material caused a more 
lateralized negativity/LAN when presented visually as opposed to a broader negativity in 
the auditory modality. A less clear lateralization, coupled with the anteriorly shifted N400 
in the auditory modality, may completely bleach the topographic boundary between LAN 
and N400. Since distribution is the only available criterion for distinguishing LAN and 
N400 when looking at a topographic map, we can only tell the two apart based on the 
stimuli and stipulated underlying language processes.

Unfortunately, the results of this experiment cannot disentangle the LAN/N400 issue in 
syntactically-related studies. Still, one conclusion is airtight: the LAN/N400 in the current 
experiment is caused by gender incongruity. Whether its broad distribution is caused by 
the lexical nature of gender or auditory presentation modality remains to be seen.

The negativity was present only in the syntactic gender condition. There was no 
statistically detectable negativity in any time window in the semantic gender condition. 
The expectation was that semantic gender would also cause a negative effect, albeit in 
a later time window. The lack of negativity is even more unexpected given that negativity 
was found in both conditions in Chapter 2. Moreover, if the LAN is really tied to overt 
inflectional morphology (Hagoort & Brown, 1999), its presence was expected in semantic 
gender rather than syntactic gender.

One possible explanation is that the LAN could not be realized in this case due to its 
late emergence. The average stimulus duration is 550 ms, plus another 100 ms until the 

effect starts to emerge (Hastings & Kotz, 2008; O’Rourke & Holcomb, 2002; Steinhauer & 
Drury, 2012). This is already more than 600 ms from the word onset, which is the same the 
same moment in time when the P600 is expected to start emerging. We speculate that 
the P600, which is more broadly distributed in semantic than syntactic gender, masks or 
cancels out the expected negativity. The distribution of the P600 in this condition reaches 
central and anterior regions, which is where the negativity is expected to arise. Some 
authors put forth the idea that the P600 is often right-lateralized due to the preceding 
LAN (Friederici et al., 1996; Osterhout & Holcomb, 1992). Specifically, the negativity in 
the left hemisphere may cancel out the positivity in the right hemisphere. We suggest 
that the reverse can also be possible, given that the P600 in our case had such a broad 
distribution and high amplitude. Moreover, unlike in reading studies, the onset time of the 
LAN and P600 was expected to be the same in the present experiment, which could also 
play a role. 

3.4.2 P600

The centro-parietal positivity (P600) was statistically significant in the time window from 
750 ms until 1000 ms. The onset of the component is a little earlier, at approximately 
670 ms, which is obvious from the graphs (Fig. 3.2 and Fig. 3.3), but not yet statistically 
significant. This is somewhat later than reported in a large majority of studies, and 
contrary to the claim that P600 reaches its maximum at 600 ms post-stimulus onset 
(Barber et al., 2004; Dragoy et al., 2012; Hagoort & Brown, 1999; Molinaro et al., 2008). 
The supposed delay is most likely caused by the word duration and auditory nature of the 
experiment. As already stated, the average stimulus duration is 550 ms, which is also the 
time needed for the violation to be recognized (in semantic gender). As it may take some 
time for a component to arise as a response to a certain process (Hastings & Kotz, 2008; 
O’Rourke & Holcomb, 2002; Steinhauer & Drury, 2012), the delayed timing of the P600 is 
not unexpected.

The distribution of the effect is in line with previous research (Hagoort & Brown, 2000). 
The positivity starts from the occipito-parietal regions and spreads towards the anterior 
regions. It reaches the maximum in the parieto-central regions in the midline. In the 
semantic gender condition, the effect is also statistically significant in both central and 
anterior regions. In the syntactic gender condition, the effect is only marginally significant 
in the central regions and it is completely absent from the anterior regions. The more 
broadly spread distribution in semantic gender is understood as representing more 
intricate reanalysis/repair processes due to the morphological nature of semantic gender 
(see Chapter 2). 

An interesting trend surfaced with syntactic gender only: the P600 was (marginally) 
stronger in the right hemisphere. The right hemisphere bias of P600 is well documented, 
and could be interpreted as a result of the interaction between LAN and P600 (Friederici 
et al., 1996; Osterhout & Holcomb, 1992). The preceding LAN is supposed to cancel out 
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or weaken the effect of the P600 in the left hemisphere. Therefore, the trend can be taken 
as an indication that the wide-spread negativity in the previous time windows is indeed 
LAN that was not clearly differentiated at the time. 

Our initial hypothesis predicted that there would be a difference in the P600 in the two 
conditions, either in terms of amplitude or distribution differences. The hypothesis was 
supported, as the P600 had a much broader distribution in semantic gender. The second 
hypothesis addressed the timing of the P600. We expected that the onset of the syntactic 
P600 would be earlier due to earlier violation detection. This was not confirmed, as the 
P600 started at the same time in both conditions. 

We offer three possible scenarios. The first one is the simplest; we were unable to control 
for word duration in our stimuli. The very limited number of nouns with semantic gender 
did not allow us to have a homogenous set (e.g., only disyllabic words). We tried to match 
the nouns in semantic and syntactic gender for overall duration (530 ms for syntactic and 
540 ms for semantic gender). However, there is still some inter-stimuli variation that may 
have caused the P600 to start at the same time. 

A psycholinguistic explanation would be that the parser needs to integrate both the lexical 
and morphological gender information. Since listening is an incremental process, the 
recognition point usually starts before the gender suffix. At the recognition point, all lexical 
information becomes available, gender included. The parser accesses this information 
but withholds complete integration until the end of the unit. This may be required in case 
there are lexical morphological tools (derivational suffixes or compounding) that can be 
applied to that lexeme and that can change its gender, which was not the case in the 
present experiment.

Finally, the P600 may be a cyclical process that is not violation-aligned. In such a scenario, 
it is possible that the P600 happens at certain intervals that are not necessarily bound to 
the violation detection but some higher level of integration (e.g., phrasal integration). This 
issue will be further addressed in Chapter 5.


