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Chapter 5

5.1 INTRODUCTION 

The previous chapter focused on processing gender and number agreement within the 
noun phrase in Dutch. We hypothesized that number disagreement is more complex to 
repair than gender disagreement due an extra repair step in number processing. The 
results seem to point in this direction. 

Both the number and gender condition elicited the P600 component. Its onset was earlier 
in number than in gender, probably reflecting the difference in the inflectional nature of 
number as opposed to the lexical nature of gender. Crucially, the amplitude of the P600 
differed between the conditions in the last time window. In the number condition, the 
amplitude of the P600 was significantly larger than in the gender condition, particularly 
in the posterior regions. We interpret this difference as a marker of increased processing 
demand due to a more complex repair mechanism in number than in gender. 

In this chapter, we replicated the experiment from Chapter 4 as a listening study. The first 
goal was to investigate gender and number processing in Dutch in the auditory modality. 
However, the main focus was to investigate the relationship between ERP components 
and the presentation modality. Thus, the bulk of this study was dedicated to examining 
the characteristics (e.g., onset time) of the disagreement-elicited ERP components, and 
how these characteristics vary depending on the presentation modality. 

5.1.1 Presentation Modality in ERP Sentence Processing Studies

Event-related potentials (ERPs) are a widely employed technique for studying sentence 
processing (Hagoort, Brown, & Osterhout, 1999; Kaan, 2007; Kutas & Federmeier, 
2007; Osterhout, McLaughlin, Kim, Greenwald, & Inoue, 2004). In this subfield of 
psycholinguistics, ERPs are mainly used in comprehension experiments, both in a visual 
(reading) and an auditory (listening) modality. The current experiment tested gender and 
number disagreement in the Dutch noun phrase in the auditory modality. In addition to 
investigating which language-related ERP components are elicited by disagreement, we 
were also interested in determining the exact onset time of the components. For example, 
we investigate whether the onset of a component is tied to the word onset or a syntactic 
recognition (uniqueness) point. This is only possible in a listening paradigm since listening 
is an incremental process in which phonemes are perceived one-by-one (Raynar & Clifton, 
2009). This means that the listener is first able to access the word’s semantic information, 
as well as lexical syntax, followed by whichever grammatical information is expressed 
through an inflectional morpheme. Conversely, written words are fixated and processed 
as a whole, a consequence of which is that all different pieces of information conveyed by 
the written word can be accessed simultaneously (Molinaro, Barber, & Carreiras, 2011).

There are only few studies that directly compared the two presentation modalities in 
an ERP experiment using the same stimuli (e.g., Balconi & Pazzoli, 2010; Friederici, 
Hahne, & Mecklinger, 1996; Hagoort & Brown, 2000; Meulman, Stowe, Sprenger, Bresser, 

& Schmid, 2014). This is surprising knowing that some of these studies have reported 
different effects for reading and listening (e.g., Hagoort & Brown, 2000). Therefore, the 
second goal of the current study is to examine the degree of consistency and overlap 
in the experimental outcome in relation to the presentation modality. In Chapter 4 we 
investigated determiner/article-noun gender and number disagreement in written Dutch. 
We used part of the stimuli from that experiment for the current study.

5.1.2 Reading vs. Listening

Both reading and listening have been employed in sentence comprehension paradigms. 
Each modality has its own advantages and disadvantages, yet reading seems to be 
somewhat preferred over listening. One of the reasons is that the natural flow of speech 
cannot be controlled, at least not to a large extent, meaning that words come in succession 
without a controlled pause. Therefore, it may sometimes seem unclear if a late effect was 
elicited by the target word or the following word. Contrary to auditory experiments, the 
presentation rate in reading can be controlled, which makes a neat design possible in 
which words are presented one-by-one always at the same pace. However, this results 
in a non-ecological stimulus presentation. In addition to being presented one-by-one, 
words are usually presented at a slow pace, for example, one word every 600 ms. Such a 
presentation rate is very slow for an average reader (Hagoort & Brown, 2000).

One aspect of listening versus reading seems to be overlooked often. Namely, during 
reading, our eyes are able to fixate 8-9 letter positions simultaneously in just 200 ms; this 
means that an average word including word-final inflectional morphology is processed in 
one fixation. In listening, however, the speech signal is delivered phoneme-by phoneme, 
meaning that the word stem (e.g., interpret) becomes available before the inflectional 
morpheme (interpret-s). Consequently, a trisyllabic word can be visually processed in 
only 200 ms, whereas it takes approximately 500 to 600 ms when the same word is 
presented auditorily.  

According to the Cohort Model (Marslen-Wilson, 1987; Marslen-Wilson & Tyler, 1980), 
the listener does not need to hear a word in its entirety in order to identify it. This model 
postulates that the system activates an initial cohort when it perceives the first phoneme. 
This cohort consists of words beginning with that phoneme. With each subsequent 
phoneme, the system discards all phonologically irrelevant combinations. Once there are 
no more possible combinations (phonological neighbours), the system selects the correct 
word. This often happens before all the phonemes have been heard, particularly in longer 
words (Radeau, Morais, Mousty, & Bertelson, 2000). As an illustration, the listener only 
needs to hear /spəg-/ in order to deduce that the target word is spaghetti, as there are no 
other English word beginning with the same sequence (Brysbaert & Dijkstra, 2006). The 
point at which there are no more phonological neighbours, and there is only one word that 
can be selected is called the Recognition Point (RP). Once the system has reached the 
RP, it can access the word’s lemma. The lemma contains the word’s meaning (semantics) 
but also lexical syntactic information, such as word class (Levelt, Roelofs, & Meyer, 1999).
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A number of studies have looked into the application of the Cohort Model during real 
time auditory processing and ERPs (e.g., O’Rourke & Holcomb, 2002; Van den Brink, 
Brown, & Hagoort, 2006). A component has been recognized, which arises in response 
to the contextual influence on cohort building and lexical selection. That is, if all the 
phonological neighbours in a cohort contradict the context semantically, the N200 arises 
before the N400, which marks the incongruence of the final lexical choice (Connolly & 
Phillips, 1994; Hagoort, 2008). However, the N200 can only be elicited auditorily, as there 
is no cohort building in a visual paradigm. In addition, O’Rourke and Holcomb (2002) 
demonstrated that the onset of the N400 correlates with the word’s RP rather than always 
peaking at 400 ms.  

Since gender and number in Dutch are coded lexically and morphologically, respectively, 
they are conveyed at different moments in time. Therefore, we can say that their syntactic 
recognition points do not align, with the syntactic RP of number always following that of 
gender. In more concrete terms, an average duration of the trisyllable words used in the 
current experiment is 600 ms, whereas it is 700 ms for the same words in plural. Bearing 
in mind that the gender RP is often recognized before the end of the word (Radeau et 
al., 2000), the difference in time between accessing gender and number can be 200 ms 
or even more; this means that there is a large period of time during which significant 
temporal information is lost if stimuli are presented visually. The current experiment will 
exploit the large difference in time between accessing gender and number in an attempt 
to find out more about processing mechanisms, and to achieve a more precise timing of 
the language-related ERP components.    

5.1.3 Agreement in Auditory ERP Studies

In line with the majority of reading studies on agreement, all auditory studies reported 
a centro-parietal positive deflection, peaking approximately 600 ms after the onset of 
the stimulus (P600; Balconi & Pazzoli, 2010; Demestre, Meltzer, Garcia-Albea, & Vigil, 
1999; Friederici et al., 1996; Hagoort & Brown, 2000; Loerts, Stowe, & Schmid, 2013; 
Meulman et al., 2014). This component is believed to represent a repair and reanalysis 
stage and is often considered to be a marker of sentence processing (Friederici, 2002). 
As such, it is almost always elicited in both reading and auditory studies. For example, 
Loerts et al. (2013) investigated determiner-noun gender agreement in Dutch. The 
auditorily presented stimuli elicited a positive deflection, peaking at approximately 600 
ms. Similarly, in Meulman et al. (2014) determiner-noun gender disagreement elicited the 
P600 in both native speakers and language learners of Dutch. 

Another component often associated with agreement processing is the left-lateralized 
negativity (LAN). It precedes the P600, and is usually reported in the time-window of 
300 to 500 ms after the onset of the stimulus. It arises in response to a morphosyntactc 
violation (Friederici, 2002; Molinaro, Barber, & Carreiras, 2011). Hagoort and Brown 
(1999) suggested that the morphosyntactic error has to be in the form of an erroneous 

inflectional morpheme, thus eliminating syntactic errors related to lexical syntax (e.g., 
gender). However, the presence of the LAN in auditory studies is as inconsistent as in 
reading studies. In other words, unlike the P600, the LAN is not a reliable marker of a 
morphosyntactic violation, such as disagreement. In addition to its volatile nature, the 
LAN in auditory studies tends not to be clearly differentiated in topographic terms. That 
is, the negativity preceding the P600 is often either not lateralized or not confined to 
anterior regions only. For example, Demstre et al. (1999) reported a broad negativity in the 
anterior and central regions in PRO-adjective gender disagreement. Since the negativity 
was elicited by a morphosyntactic violation and it preceded the P600, it was functionally 
interpreted as the LAN. In a study on Dutch, Hagoort and Brown (2000) tested three 
conditions, each with a different morphosyntactic violation (agreement, subcategorization, 
and phrase structure violation). Only agreement and subcategorization violations elicited 
anterior negativities. Interestingly, the anterior negativity in the agreement condition was 
left lateralized, whereas it was undifferentiated in the subcategorization condition. 

Several studies investigated whether reading and listening elicit identical components 
with identical or similar characteristics using the same materials for both modalities. In 
one such study, Friederici et al. (1996) tested sentences containing syntactic category 
violations or syntactic ambiguity. When presented auditorily, both conditions elicited the 
P600, with the LAN present only in the syntactic category violation. Identical results were 
obtained for the visual modality. However, an N400 component was also identified for the 
syntactic ambiguity condition. The presence of the N400 was related to the absence of 
phonetic-prosodic cues in reading.

In the study by Hagoort and Brown (2000), three types of morphosyntactic violations 
were investigated in Dutch in both modalities. The most remarkable difference was 
the absence of the LAN in the visual modality, whereas two out of three conditions 
elicited the LAN in the auditory modality. Unfortunately, the authors did not offer any 
further explanation on this inconsistency. Unlike the LAN, the P600 was obtained in both 
conditions. Interestingly, the P600 had the same onset time in both modalities, measured 
from the onset of the critical word, even though the recognition point for the syntactic 
violation was later in listening than in reading. 

We have already established that the LAN is an unpredictable component across 
studies (Demestre et al., 1999; Loerts et al., 2013), but it also seems to be unpredictable 
depending on the presentation modality (Hagoort & Brown, 2000). Conversely, the P600 
is fairly stable and uniform across both reading and listening studies. Surprisingly, it is so 
consistent that most studies report its onset time between 500 and 600 ms. Hagoort and 
Brown (2000) already noticed that in reading the P600 started at the approximately the 
same time as in listening, even though the violation is recognized later in listening than in 
reading. This raises an interesting question, which is whether the P600 is violation aligned 
or not; we assume that language-related ERP components are either violation-aligned or 
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they occur in regular time windows (e.g., LAN: 300-500 ms, P600: 500 ms onwards). The 
time-windows are attested for reading since most studies use similar presentation rates 
which allow for one fixation and consequently one word or phrase. However, the violation 
recognition point varies greatly in listening studies. An average monosyllabic word may 
last 200-250 ms whereas a trisyllabic word may last 600 ms. Provided that the violation is 
word-final, the violation recognition points are almost 400 ms apart in the given examples. 
In the case of the stimuli in the current experiment, the violation recognition point is 200-
300 ms earlier in the gender condition than in the number condition. This substantial time 
difference enables us to further study the issue of the component onset time.

5.1.4 Predictions

In line with the goals of the study, we will make two sets of predictions, one regarding 
the difference in processing number and gender and one regarding the component 
characteristics. Firstly, we expect that number disagreement is more complex to reanalyze 
than gender disagreement. This difference should be reflected in the P600, which should 
have either a broader distribution or larger amplitude in the number condition compared 
to the gender condition. 

Secondly, we expect that the same components be elicited in both modalities. However, 
Hagoort and Brown (2000) demonstrated that the same stimuli can elicit the LAN in 
listening only. Therefore, we cannot exclude the possibility that the LAN will be elicited 
in the listening experiment, even though it was absent in the reading modality. If present, 
the LAN is equally likely to be restricted to the left anterior region only or to have a 
broader distribution. Also, the LAN should be present in both conditions as they both 
contain a syntactic violation. Still, there is a large difference between the conditions in 
terms of the violation recognition point. In the gender condition, the violation can already 
be detected approximately 400-500 ms post-stimulus onset, whereas the detection in 
the number condition is delayed to approximately 700 ms post-stimulus onset. If the 
violation is stimulus-aligned, its onset should be later in the number condition than the  
gender condition.

Our strongest prediction is that both conditions will elicit the P600. However, in addition 
to expecting a larger P600 in number than in gender, we hypothesize that the onset of 
the P600 may differ between the conditions, starting later in the gender than the number 
condition. Such an outcome would confirm that the P600 is violation aligned.  

5.2 METHOD

5.2.1 Participants

A total number of 30 participants were tested for this experiment (8 male; mean age 22.1, 
age range 19-33). Out of the total number, 4 participants were excluded prior to analysis 

due to low scores on the grammaticality judgment task (accuracy below 80%), leaving 26 
participants whose results are reported in this study. All participants were right-handed, 
which was asserted with a Dutch version of the Edinburg Handedness Inventory (Oldfield, 
1971). The participants declared no reading impairment, or any history of psychiatric or 
neurological illness. They all had normal to corrected-to-normal vision. All the participants 
signed a consent form prior to the experiment, and received a € 20 voucher for their 
participation.

5.2.2 Acceptability Ratings for the Materials

An acceptability judgment survey was carried out in order to verify the grammaticality/
ungrammaticality of experimental stimuli and fillers. Both grammatical and ungrammatical 
sentences were included in the survey. The question asked was: ‘Is this sentence 
grammatically correct?’. The offered answers were ‘yes’ and ‘no’. The instructions 
included an example. There were a total of 480 sentences divided over 4 lists. The 
survey was set up on an online platform SurveyMonkey (www.surveymonkey.com). In 
total, 32 native speakers of Dutch took the survey (9 male; mean age 33.18, age range 
21-62). Each participant filled in only one survey. In order to include a stimulus into the 
experimental set, it had to have an approval rate of at least 80%, that is, 80% of the 
participants had to correctly judge the sentence as grammatical or ungrammatical. Out 
of 480 sentences, 16 sentences did not reach the inclusion threshold. These sentences 
were modified and assessed by another 3 speakers of Dutch who unanimously approved 
the modified sentences.    

5.2.3 Materials

The materials were the same as in Chapter 4. However, due to a difference in duration 
between monosyllabic and trisyllabic words, only trisyllabic words were used as 
experimental items.

There were 80 experimental sentences and 240 fillers. The experimental sentences were 
created from a basis of 20 unique nouns. Nouns were controlled for plural morphology, 
noun-verb homophony, phonological alternations, and animacy.  All nouns had to use the 
suffix -en exclusively for the plural form, which in turn could not be homophonous to an 
infinitival verbal form (e.g., boek ‘book’ > boeken ‘books’, but also ‘to book’). Nouns could 
not display any phonological alternations between the singular and the plural form (e.g, 
voicing huis ‘house’ > huizen ‘houses’ or irregular plurals stad ‘city’ > steden ‘cities’), and 
the vowel length had to be maintained (e.g., no nouns with short-long vowel alternation, 
such as pad ‘path’ > paden ‘paths’). Finally, all nouns were inanimate. 

Each noun yielded 4 unique sentences, with each sentence being used once as 
grammatical and once as ungrammatical. This means that a participant would have 
been exposed to the same noun 8 times. In order to reduce this, as well as to make 
the experiment shorter, stimuli were divided over 2 lists. Each participant was exposed 
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to only one list. This way, a target noun appeared 4 times in a list, always in a different 
sentence. Items were counterbalanced in such a way that if a grammatical sentence was 
in the first list, its ungrammatical counterpart was in the second list. Consequently, each 
participant read 80 experimental and 160 filler sentences.

The experimental sentences were divided over two conditions: gender (40 sentences 
per list) and number (40 sentences per list). In Dutch, the common gender article de 
is homophonous with the plural article de, which is used for both common and neuter 
nouns in plural. This could lead to a possible ambiguity in the gender violation condition, 
such as *deC mesN ‘the knife’, in which the violation becomes apparent only at the end 
of the noun. Since de is always used as the definite plural article, the parser may expect 
to encounter de messen ‘the knives’. Once it becomes obvious that there is no plural 
suffix -en, the parser registers a violation. Without any additional context, this violation is 
ambiguous between number and gender violation. More precisely, since mes is a neuter 
(het) noun, *de mes may be recognized as a gender violation provided that de is reanalyzed 
as a singular common article. However, if the parser classifies de as a plural article, the 
violation is perceived as a number violation. We also do not rule out a possibility that the 
parser may perceive *de mes as a double violation. In order to overcome this obstacle, 
gender violations were created between the indefinite article een (used only in singular 
for both genders) and a gender marked adjective followed by a noun; for example: *een 
mooieC dorpN ‘a beautiful village’. The indefinite article indicates to the parser that it 
should expect a singular noun. The following adjective (mooie) is marked with -e, which 
according to the inflectional rules indicates that the noun has to be of common (de) 
gender. By combining the two pieces of information, the parser is ready to encounter 
a singular de noun. However, in the violated sentences, the following noun is always a 
singular het noun. Therefore, an unambiguous gender violation is created between the 
indefinite article-adjective complex and the target noun. 

There was an additional reason as to why all the target nouns were of the het type. As 
already mentioned, Dutch gender is a lexical feature, that is, it has to be retrieved from 
the lemma. The only exceptions are nouns derived with a gender specific suffix, such as 
the diminutive suffix. Almost all Dutch nouns can have a diminutive form (derived through 
the suffix –tje and its allomorphs), the usage of which is also relatively high (Shetter, 
1959). All diminutives are of het type (e.g., de tafel ‘the table’, het tafeltje ‘the little table’). 
Consequently, in a violated condition, such as een *roodN tomaatC ‘a red tomato’ the 
parser recognizes the violation only at the end of the word. Again, the indefinite article 
means the noun should be singular, whereas the adjective form indicates the noun is of 
the het type. However, since almost any Dutch noun can be used as a diminutive, it is 
possible that the parser’s strategy is to expect a diminutive noun. In order to avoid this 
possible strategy, we decided not to use de nouns as experimental items. 

All gender sentences were created in two structural ‘molds’. In the first mould (1), the 
sentence started with an expletive subject (e.g., er ‘it/there’) or a general place adverbial 
(e.g., hier ‘here’). The subject was followed by a verb, either lexical or auxiliary, after 
which the indefinite article een was presented. The second sentence type (2) started 
with a personal pronoun (e.g., hij/zij ‘he/she’), followed by a verb, which was followed 
by the indefinite article. In both sentence types, the indefinite article was followed by an 
adjective. In non-violated sentences, the adjective was always inflected with the suffix -e. 
In violated sentences, the adjective had a zero marking used with het nouns. The target 
noun was placed after the adjective. Also, the target noun was never at the end of a 
sentence; it was always followed by a prepositional phrase, an adverb, or a lexical verb.

(1) a. grammatical:  
Dat  was  een  mooi   compliment  over  haar  werk.
that  was  a beautifulN  complimentN  on her  work.
‘That was a beautiful compliment for her work.’

b. ungrammatical:  
*Dat  was  een  mooie  compliment  over haar  werk.
that  was  a  beautifulC  complimentN  on her work.

(2) a. grammatical: 
Hij  gaf  een  groot  compliment  aan  zijn  leerling.
he  gave  a  bigN  complimentN   to  his  students
‘He gave a big compliment to his students.’

b. ungrammatical:  
*Hij  gaf  een  grote  compliment  aan  zijn  leerling.
he  gave  a  bigC  complimentN  to  his  students

All sentences in the number condition had the same structure (3, 4). They began with the 
plural article de in grammatical sentences, and the singular neuter article het in violated 
sentences. The article was followed by an inflected adjective, which is the correct form for 
both singular het and plural de nouns, after which the target noun was presented. Like in 
the gender condition, the noun was always followed by a prepositional phrase, adverbial 
phrase, or a lexical verb.

(3) a. grammatical:  
De  onverwachte  complimenten  zijn  vaak  het  leukst.
thePL  unexpectedPL  complimentsPL are often  the  best 
‘The unexpected compliments are often the best.’

b. ungrammatical: 
*Het  onverwachte  complimenten  zijn  vaak  het leukst.
theSG  unexpectedSG  complimentsPL  are  often  the  best 
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(4) a. grammatical:  
De  welgemeende  complimenten  werken   motiverend.
thePL  well-meantPL  complimentsPL  work   motivating 
‘The well-meant compliments are motivating.’

b. ungrammatical:  
*Het  welgemeende  complimenten  werken   motiverend.
theSG  well-meantSG  complimentsPL  work   motivating 

We explained the reasons for having only het nouns as experimental items. A consequence 
of this choice is that it can facilitate a learning strategy in participants. In other words, 
when a participant encounters a sentence starting with het, he may learn after a few items 
that such sentences are always ungrammatical. Similarly, any instance of a zero-marked 
adjective indicates an ungrammatical sentence. A solution was to include a number of 
fillers that have a reverse pattern to the experimental stimuli. For this reason, we included 
160 filler item sentences. Half of the filler items contained het nouns (5) and the other 
half de nouns (6). The de noun-group was used to counterbalance the gender condition, 
whereas the het noun group counterbalanced the number condition.1 Consequently, it 
was impossible to judge sentence as grammatical or ungrammatical based only on the 
article or the adjective. The participant had to pay attention to everything preceding the 
noun, as well as the noun itself, in order to correctly judge the sentence.

(5) a. grammatical:  
Er  ligt  een  rotte   tomaat   in de  koelkast.
there  lie  a  rottenC   tomatoC   in the fridge
‘There is a rotten tomato in the fridge.’

b. ungrammatical:  
*Er  ligt  een  rot   tomaat   in de  koelkast.
there  lie  a  rottenN   tomatoC   in the  fridge

(6) a. grammatical:  
Het  oude  paspoort  is  niet  meer  geldig.
theN.SG  oldN.SG  passportN.SG  is  not  more  valid
‘The old passport is not valid anymore.’

b. ungrammatical:   
*De  oude  paspoort  is  niet  meer  geldig.
theC/PL  oldC/PL  passportN.SG is  not  more  valid

1  The violation in het nouns was ambiguous between number and gender. However, this was not 
important since the only purpose of the fillers was to prevent a learning strategy disregarding the exact 
nature of the violation. 

In addition, there were 80 filler items whose structure was identical to the experimental 
items (gender and number violation), but whose target noun was monosyllabic (7).

(7) a. grammatical:   
Er  lag  een  mooi   dorp  vlakbij  de  grote  stad.
there  lay a  beautifulN  villageN  near  the  big  city.
‘A beautiful village was close to the big city.’

b. ungrammatical:   
*Er  lag  een  mooie   dorp  vlakbij  de  grote  stad.
there  lay  a  beautifulC  villageN  near  the  big  city.

All sentences were read aloud by a female native speaker of Dutch. Since reading 
(grammatically) incorrect sentences may affect the way these sentences are uttered 
(e.g., intonation, loudness), the speaker only read correct sentences. Incorrect sentences 
were created from correct sentences by cross splicing. More specifically, we used Praat 
software (Boersma, 2001) to cut two sentence chunks out of two grammatically correct 
sentences, and merge them into a single file. Usually, the merging point was between the 
adjective and the noun. All audio files were normalized to 70 dB, and noise reduction was 
applied. Two native speakers of Dutch assessed the quality of the files prior to testing, 
and confirmed that there were no audible disturbances.     

5.2.4 Procedure

Participants were seated in front of the screen at a distance of 70 to 80 cm. The 
experiment was presented in E-Prime (Psychology Software Tools, Inc). The passive task 
was to listen to the sentences presented through headphones. The active task was to 
reply to a randomly assigned grammaticality judgment question. On average, a question 
appeared once for every five sentences. The purpose of the active task was to keep 
participants focused. The experiment opened with written instructions that were repeated 
by the experimenter. There was a brief practice session (4 sentences) in order to ensure 
the participants had understood the instructions and were able to follow the stimulus 
presentation. After the last practice item, the participants had a chance to ask for 
clarifications or more detailed instructions. Once they were ready, they could proceed to 
the experimental part by pressing any keyboard button. Each trial opened with a fixation 
cross (500 ms) after which a sentence was played. The screen remained blank until the 
end of the sentence. In case there was a grammaticality judgment question, a question 
mark appeared on the screen after the sentence finished. The question mark remained 
on the screen for 3 s, during which participants were supposed to press either ‘p’ or ‘q’ 
(counterbalanced among participants), depending on whether the previous sentence was 
grammatical or not. 
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The experiment lasted approximately 25 minutes. The stimuli were divided into 4 blocks, 
each block containing 20 experimental and 40 filler items. There were 12 grammaticality 
judgment questions per block, 4 for experimental and 8 for filler items. The presentation 
order within a block was random, as determined by the software. The participants were 
advised to take a short break after each block.

5.2.5 EEG Data Acquisition and Processing

Continuous EEG data were recorded using the ASA-Lab system (ANT Neuro Inc, 
Enschede, The Netherlands) from 64 Ag/AgCl scalp electrodes fitted in an elastic cap 
(WaveGuard). The electrodes were positioned according to the extended 10-20 system. 
Eye movements were recorded using one bipolar channel for horizontal movements 
(HEOG; the electrodes were placed at the outer canthus of the eyes) and one for vertical 
movements (VEOG; placed above and below the left eye). Electrode impedances did not 
exceed 10 kΩ, and were kept at 5 kΩ or below in the large majority of cases. The data 
were sampled at 512 Hz with the common average reference. 

The data were pre-processed with Brain Vision Analyzer 2.04 (Brain Products, GmbH, 
Munich, Germany). The first step was to down-sample the data to 256 Hz in order to 
speed up the analysis. This was followed by re-referencing the offline data to the average 
of the left and right mastoid. Afterwards, a band-pass filter was applied (0.1-40 Hz), 
after which an automatic ocular correction was performed. The continuous data were 
segmented into 1700 ms long epochs, starting 200 ms before the trigger marker (target 
noun onset). The automatic artifact rejection (+/- 100 µV threshold, minimal activity 0.1 
µV) was performed in the interval of -200 ms to 1500 ms for each epoch. Finally, the 
baseline correction was applied starting -200 ms until 0 ms, after which the data were 
averaged per subject and per condition. If a participant had fewer than 70% of averaged 
trials in one or more conditions, his data would have been excluded from the analysis. No 
data were excluded based on this criterion. 

5.2.6 Analysis

For the analysis, we used averaged participant values (in µV) per condition, level of 
grammaticality, and regions of interest (ROI). Regions of interest (Fig. 5.1) were created 
by averaging the values of 5 to 6 adjacent electrodes (50 in total), which resulted in 9 
ROIs: 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). 

In order to determine the most suitable time windows for the analysis of the P600 in each 
condition, a series of one-tailed t tests was performed in the period of 500 ms to 1000 ms 
post-stimulus onset, every 100 ms. The t test was carried out on the midline posterior 

region, which is the most representative region for the detection of the P600.The tests 
compared the mean voltage values of grammatical and ungrammatical sentences in both 
conditions. More detail on establishing time windows is given in the Result section.

Based on the t tests, different time windows were created for the two conditions. For the 
gender condition, the P600 was analyzed in the following time windows: 600-800 ms 
(onset), 800-1000 ms (early), 1000-1200 ms (late). For the number condition, the time 
windows were slightly later: 900-1100 ms (onset), 1100-1300 ms (early), 1300-1500 ms 
(late). Lastly, a time window was chosen in each condition for the analysis of the LAN, in 
case it preceded the P600. The LAN time window in the gender condition was 400-600 
ms, and in the number condition it was 700-900 ms post-stimulus onset.

The statistical analysis using repeated measures ANOVA was carried out separately 
for each condition. The following within subject factors were included in a repeated 
measures ANOVA: 1) grammaticality (2 levels: grammatical and ungrammatical); 2) 
hemisphere (2 levels: left and right); 3) anteriority (3 levels: anterior, central, and posterior). 
The global analysis for each time window and each condition was performed by two 
separate ANOVAs. The first ANOVA analyzed only lateral the regions and it included all 
4 factors. A second omnibus ANOVA was run on the midline regions only, excluding the 
factor hemisphere. In case the assumption of sphericity was violated, the Geisser and 
Greenhouse (1959) correction was applied. The significance level was set to p < .05. 
Follow-up ANOVAs were performed only for interactions that were at least marginally 
significant (p < .1) and that included factor grammaticality. In case a follow up analysis 
consisted of testing two levels of a single factor, a one-tailed t test was performed. Finally, 
incorrectly judged trials were not included in the analysis.
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Figure 5.1 | 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).

5.3 RESULTS 

5.3.1 Accuracy Results

From the 30 participants, 5 were excluded from the analysis due to a low score on the 
grammaticality judgment task. The cut-off was set at 80%, meaning that each participant 
had to correctly respond to 51 out of 60 questions. The remaining 25 participants had an 
accuracy rate of 95% (average number of errors: 3, SD 2.4). One participant performed 
at ceiling. The only purpose of the grammaticality judgment question was to ensure the 
participants’ alertness throughout the entire experiment. Therefore, the data were not 
further analyzed. 

5.3.2 ERP Results

Visual inspection suggested that violated sentences elicited a positive shift in both gender 
(Fig. 5.2) and number condition (Fig. 5.3). The effect differed in terms of its onset time in 

the two conditions. The positivity in the gender condition emerged at approximately 600 
ms after the stimulus-onset, some 200 to 300 ms earlier than in the number condition. 
The effect showed a slightly broader distribution in the number condition.  In addition, 
a left-lateralized anterior negativity was present in the gender condition only. It had a 
relatively early onset time (approximately 400 ms post-stimulus onset), and persisted 
throughout all time windows. 

5.3.2.1 Determining Time Windows

Before the component analysis was performed, it was necessary to establish the onset 
of the P600 component in order to create appropriate time windows. This was done 
by carrying out 5 one-tailed t tests on the mean voltage values of ungrammatical and 
grammatical sentences in both conditions. The test was performed 5 times (every 100 
ms) in the period of 500 ms to 1000 ms after the onset of the stimulus on the midline 
posterior region. The analysis showed that the onset of the positive effect was earlier in 
the gender condition (600 ms on) than in the number condition (900 ms on). The results 
are summarized in Table 5.1.

Table 5.1 | A summary of the t tests performed on subsequent time windows (from 500 ms to 1000 
ms after the stimulus onset) used for the detection of the onset of the P600 in the gender and number 
condition

Time Windows
500-600 ms 600-700 ms 700-800 ms 800-900 ms 900-1000 ms

gender
X * * * *

number
X X X X *

X no significant effect (p > .05)
* significant effect (p < .05)

5.3.1.2 ERP Results: Gender

The first time window (450-600 ms) was chosen to investigate whether gender 
disagreement elicits the LAN preceding the P600. A lateral ANOVA, however, did not 
reveal any significant interactions. A hypothesis driven t test was subsequently performed 
on the left anterior region without producing a significant result. 

The following time window (600-800 ms) was designated for the detection of the onset of 
the P600 in the gender condition. A global lateral ANOVA yielded a significant interaction 
between grammaticality and anteriority (F (2, 48) = 7.790, p = .008). Follow-up tests 
revealed a marginally significant effect in the posterior regions in which ungrammatical 
sentences were more positive (F (1, 24) = 4.224, p = .051). The effect did not reach the 
central regions. A hypothesis driven t test was performed on the left anterior region, 
in which ungrammatical sentences caused a significant negative effect (t (24) = 1.77, 
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p = .044) In addition, a midline analysis revealed a significant interaction between 
grammaticality and anteriority (F (2, 48) = 7.293, p = .009). Further testing produced a 
significant effect in the posterior region (t (24) = -2.17, p = .02), in which ungrammatical 
sentences were more positive. 

The presence of a positive effect in the gender condition persisted in the subsequent 
time window of 800-1000 ms post-stimulus onset. A lateral ANOVA yielded a significant 
interaction between grammaticality and anteriority (F (2, 48) = 15.861, p < .001). 
Additional tests confirmed that ungrammatical sentences caused a negative effect in 
the anterior regions (F (1, 24) = 6.632, p = .017), but also a positive effect in the posterior 
regions (F (1, 24) = 7.613, p = .011). In addition, the factor grammaticality entered a 
close-to significant interaction with the factor hemisphere in the central regions (F (1, 
24) = 2.975, p = .097), for which no significant result was obtained in the follow-up. A 
global midline ANOVA uncovered an interaction between grammaticality and anteriority 
(F (2, 48) = 23.906, p < .001). The interaction was caused by a significant difference 
between ungrammatical (more positive) and grammatical sentences in the posterior 
region (t (24) = -2.88, p = .003), but also by a marginal significance in the anterior region, 
in which ungrammatical sentences were more negative (t (24) = 1.68, p = .053).

In the last time window in the gender condition analysis (1000-1200 ms), a lateral analysis 
revealed an interaction between grammaticality and anteriority (F (2, 48) = 11.187, p = 
.002), which, like in the previous time windows, was caused by ungrammatical sentences 
being more positive in the posterior regions (F (1, 24) = 4.283, p = .049), and more negative 
in the anterior regions (F (1, 24) = 4.474, p = .045), specifically in the left hemisphere (t 
(24) = 2.72, p = .006). Similar to the previous time window, a midline analysis yielded an 
interaction between grammaticality and anteriority (F (2, 48) = 20.913, p < .001). In the 
posterior region, ungrammatical sentences elicited a significant positive effect (t (24) = 
2.27, p = .016), whereas in the anterior region a marginally significant effect of negative 
polarity was detected (t (24) = 1.36, p = .09).

5.3.1.3 ERP Results: Number

The first time window (700-900 ms) was designated to check whether number 
disagreement elicited left-lateralized negativity which preceded the P600. Therefore, since 
a lateral analysis did not produce any significant result, a planned t test was performed on 
the left anterior region. Still, the test failed to detect any effect.

The 900-1100 ms time window was intended for testing for the onset stage of the P600 
in the number condition. A lateral omnibus ANOVA produced an interaction between 
grammaticality and anteriority (F (2, 48) = 6.718, p = .012). The follow-up tests revealed 
a main effect of grammaticality in the posterior regions only, in which ungrammatical 
sentences were more positive (F (1, 24) = 6.331, p = .019). Since the positive effect 
was expected to have either a broader distribution or larger amplitude in the number 

condition than in the gender condition, additional planned t tests were performed on the 
central regions since they are immediately adjacent to the posterior regions. The tests 
showed that the positive effect was significant in the right central region (t (24) = -1.82, 
p = .041) and marginally significant in the left central region (t (24) = -1.44, p = .081). 
The midline analysis produced comparable results, with a significant interaction between 
grammaticality and anteriority (F (2, 48) = 6.83, p = .012). Once again, ungrammatical 
sentences were more positive in the posterior region (t (24) = 2.54, p = .009), but also 
marginally significant in the central region (t (24) = 1.67, p = .054).

In the following time window (1100-1300 ms), a lateral ANOVA showed an interaction 
between grammaticality and anteriority (F (2, 48) = 16.453, p < .001), which was driven by 
ungrammatical sentences being more positive than grammatical sentences in the lateral 
posterior regions (F (1, 24) = 7.953, p = .009). In the central regions, there was a marginally 
significant effect in the right hemisphere (t (24) = -1.37, p = .092). A midline analysis 
revealed an interaction between grammaticality and anteriority (F (2, 48) = 19.695, 
p < .001) which was caused by a positive effect (ungrammatical sentences more positive) 
in the posterior region (t (24) = -2.81, p = .005).

In the last time window (1300-1500 ms) a lateral analysis confirmed an interaction between 
anteriority and grammaticality (F (2, 48) = 6.664, p = .01), caused by a positive effect in 
the posterior regions (F (1, 24) = 6.205, p = .02). Similar to the previous time window, the 
positive effect was only marginally significant in the right central region (t (24) = -1.45, 
p = .08). Finally, a midline analysis also yielded an interaction between grammaticality 
and anteriority (F (2, 46) = 10.556, p = .002), driven by the positive effect in the posterior 
region (t (24) = -2.33, p = .014).

5.3.3 Summary of ERP Results

The statistical analysis confirmed the presence of two language-related components, 
namely the LAN and the P600. The LAN was present in the gender condition only. It was 
detected at 600 ms and it persisted throughout all subsequent time windows with mainly 
left-lateralized distribution.

The P600 was confirmed for both conditions. In line with the visual inspection, the effect 
had an earlier onset in the gender condition (from 600 ms on). In its onset, the effect 
was confined to the posterior midline region with a tendency to spread to the other 
posterior regions, which occurred in the following time windows. The effect remained in 
the posterior regions until the end of measuring.

In the number condition, the positive effect was first detected in the time window from 
900 ms, which is 300 ms later than in the gender condition. In its onset stage (900-1100 
ms), the effect was robustly present in all posterior regions and it also included the right 
central region with a tendency towards the midline central region. In the following two 
time windows, the effect remained in the posterior regions, with a tendency towards the 
right central region.
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Figure 5.2 | Grand average ERPs for the gender condition across all 9 ROIs: black line represents correct 
sentences and red line represents violated sentences. The topographic maps represent a difference 
between ungrammatical and grammatical sentences.

 

Figure 5.3 | Grand average ERPs for the number condition across all 9 ROIs: black line represents correct 
sentences and red line represents violated sentences. The topographic maps represent a difference 
between ungrammatical and grammatical sentences.
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5.4 DISCUSSION 

We tested auditory processing of gender and number agreement in the Dutch noun 
phrase. As expected, results confirmed the presence of the P600 in both conditions. 
The effect differed between conditions in terms of both distribution and onset time. In 
addition, a left-lateralized anterior negativity (LAN) was detected in the gender condition 
only. Therefore, the comparison between auditory gender and number processing 
resulted in three effects: 1) the LAN was present in the gender condition only; 2) the P600 
had an earlier onset in the gender condition compared to the number condition; 3) the 
P600 was more broadly distributed in the number condition than in the gender condition. 
We will offer an interpretation of the effects in this order.

5.4.1 LAN

The left anterior negativity is understood as an automatic response to a morphosyntactic 
violation (Friederici, 2002; Molinaro et al., 2011). However, it is not a very reliable marker 
since it is not always elicited in the presence of morpho-syntactic errors (Osterhout et al., 
2004). Hagoort and Brown (1999) proposed that the LAN is only sensitive to violations 
due to erroneous inflectional morphology. This claim is contrary to our results, since the 
LAN was elicited for a morphologically non-overt violation (gender) and not for an overt 
one (number). Rather than looking for a psycholinguistic explanation related to an intrinsic 
difference between number and gender, we suggest that the presence/absence of the 
LAN is a timing issue. More precisely, a gender violation is recognized at the word’s 
recognition point, which usually precedes the last phoneme (on average 400-500 ms from 
the onset of the word). A number violation, however, is recognized only word-finally from 
the number suffix (700 ms). Once the gender violation is recognized, and the parser can 
focus on the violation. But, if the parser recognizes the violation word-finally (number), it 
is likely that a following word is already being uttered. In this case, the parser needs to 
perform multiple operations, such as wrapping up the previous noun phrase, and starting 
to integrate the incoming word. In addition, simultaneously with the wrap-up and novel-
word integration a syntactic repair process also takes place. 

Taking into account a multitude of processes occurring almost simultaneously, we 
suggest that the LAN as an automatic process could have been suppressed in the 
number condition. Previous studies comparing number and gender agreement reported 
the same components in both conditions (Barber & Carreiras, 2005). However, these were 
reading studies, which is exactly why we believe the presence/absence of the LAN is 
connected with the presentation modality. The most obvious difference between visual 
and auditory presentation is the time course of information, with auditory processes 
delivering information at a slower rate. Therefore, the LAN is most likely induced by a 
combination of the temporal flow of grammatical information and the position violation in 
gender and number. 

Two additional issues regarding the LAN are also relevant for this study. The LAN is a 
controversial component in that it cannot be consistently elicited (Osterhout et al., 2004). 
The current experiment is at odds with two auditory studies on article-noun agreement in 
Dutch that failed to obtain the LAN (Loerts et al., 2013; Meulman et al., 2014). The only 
explanation we can offer pertains to the design. The gender violation in both previous 
studies on Dutch was created between a mismatching article and the noun. Since the 
article de is used for both common gender and all plural nouns, all violations between the 
article de and a het noun are not perceived as violation until the end of the word when 
the absence of the plural morpheme is detected. Even then, the violation is ambiguous 
between a number and a gender violation. Similarly, a violation between the het article 
and a de noun is probably not recognized as a violation until the end of the noun since 
almost all Dutch nouns can be marked with a diminutive suffix. The stimuli used in the 
current eliminated these two confounds (ambiguity and delayed violation detection). In 
line with our explanation for the absence of the LAN in the number condition, it is possible 
that word-final violations are less likely to elicit the LAN due to several simultaneous 
processes that occur at that moment in time.

The last point regarding the LAN is its distribution. Unlike most listening studies that 
managed to elicit the LAN, the LAN in the gender condition was left lateralized and 
anterior, fitting its textbook definition. Most auditory studies that managed to elicit the 
LAN reported a scalp-broad non-lateralized negativity (Demestre et al, 1999; Meulman et 
al., 2014). However, Hagoort and Brown (1999) and Friederici et al. (1996) elicited a clear 
left-lateral negativity. All of these studies, including ours, differed at both methodological 
and theoretical levels, thus preventing a definite conclusion. Thus, it remains to be seen 
whether the distribution of the LAN in auditory studies reflects partly distinguishable 
computational processes or methodological differences (e.g., number of stimuli, 
presentation rate, stimulus length).    

5.4.2 P600 and Violation-Alignment

The second finding speaks to the issue of whether or not the language-related ERP 
components are violation-aligned or not. Since only the P600 was elicited in both 
conditions, we will focus on this component. The target words in the current study were 
all trisyllabic. The rationale behind this decision was to make the stimuli as long as 
possible in order to augment the difference in time between the violation in gender and 
number. As already said, the gender violation correlates with the word’s recognition point. 
On average, the recognition point of a 600 ms trisyllabic word is in the range of 400-500 
ms. The number violation was created between a singular article and a plural trisyllabic 
word. Since the plural suffix was -en, the trisyllabic words contained four syllables in 
the violated condition (700 ms). Therefore, the average difference between detecting a 
number and a gender violation was approximately 200 ms. This difference of 200 ms 
was expected to be reflected in the onset of the P600, provided that the P600 is violation 



Gender and Number Agreement Processing in Listening: An ERP Study on Dutch

5

119118

Chapter 5

aligned. This expectation turned out to be true, as the onset of the P600 in the gender 
condition occurred 200 ms earlier than in the number condition. In addition, the onset of 
both components was somewhat later than usual, approximately 800 ms for the gender 
condition and 1000 ms for the number condition. The late onset is caused by a late 
violation detection, which was in the range of 400-500 ms post-stimulus onset for gender, 
and 700 ms for number. This additional evidence supports the view that the P600 is 
violation-aligned.   

5.4.3 P600 as a Marker of Repair/Reanalysis

Lastly, the P600 had a broader distribution in the number condition than in the gender 
condition. The P600 started off as a broad posterior positivity in the number condition, 
extending to the right central region with a tendency towards the midline central region. 
The P600 remained as a robust posterior effect with a strong tendency towards the 
central regions throughout the subsequent time windows. In contrast, the P600 in the 
gender condition was weak in its onset, mainly confined to the midline posterior region. 
It became more robust in the following time windows, spreading across all the posterior 
regions. However, it never reached any central region.

We anticipated that in the number condition the P600 would have either a broader 
distribution or larger amplitude, due to differences in processing load. Namely, the P600 
is often characterized as a marker of repair and reanalysis processes (Friederici et al, 
1996). That is, it is taken to reflect the parser’s effort to repair and integrate syntactically 
anomalous content. Due to the inflectional nature of number, the parser has two repair 
options (to repair the article and/or the noun suffix) as opposed to a single repair option 
in the case of gender (to repair the article). Therefore, we propose that the P600 had 
a broader distribution in the number condition than in the gender condition because 
repairing number requires a more elaborate mechanism.


