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2.1  Introduction
Developmental dyslexia (henceforth: “dyslexia”) is a specific learning difficulty 

that manifests itself as an impairment in the acquisition of fluent reading. It is 
characterized by difficulties in word recognition (low accuracy and/or speed), as 
well as by poor decoding and/or poor spelling and writing skills (e.g.,  American 
Psychiatric Association, 2013; Lyon et al., 2003). Dyslexia is by far the most 
common learning difficulty (e.g., Lyon, 1995) with a neurobiological origin (e.g., 
Lyon et al., 2003) and persists well into adulthood (e.g., Shaywitz et al., 1999). This 
“unexpected difficulty in reading” (Shaywitz, 1998, p. 307) is not influenced by 
intelligence, education, motivation, or chronological age (e.g., American Psychiatric 
Association, 1994; Shaywitz, 1998). 

The theory on the cause of dyslexia that has gained the most support is the 
phonological deficit theory, which links the underlying impairment in dyslexia to 
problems with perceiving, storing and retrieving speech sounds as phonological units of 
information (e.g., Snowling, 1995, 2000). However, specific problems with linguistic 
skills other than phonology, including (morpho)syntax, have also been reported in 
children and adults with dyslexia. Various behavioral studies have identified difficulties 
in both auditory comprehension and oral production of morphology and syntax. 
These include lack of sensitivity to inflectional morphology (production: Altmann 
et al., 2008; Joanisse et al., 2000; Robertson et al., 2013; comprehension: Casalis et 
al., 2013; Rispens et al., 2004), and problems with the comprehension of complex 
syntactic structures, including relative clauses, passives, and clauses demonstrating 
syntactic binding principles (e.g., Bar-Shalom et al., 1993; Casalis et al., 2013; Leikin 
& Assayag-Bouskila, 2004; Mann et al., 1984; Robertson & Gallant, 2019; Robertson 
& Joanisse, 2010; Shankweiler & Crain, 1986; Stein et al., 1984; Stella & Engelhardt, 
2019; Waltzman & Cairns, 2000; Wiseheart et al., 2009). Nonetheless, most studies 
in the field of dyslexia have focused on phonological skills, whereas much less is 
known about morphosyntactic processing, especially in adults with dyslexia. The 
present study aims to bridge this gap by focusing on morphosyntactic processing 
of sentences containing nominal gender and number disagreement in young Dutch 
adults with dyslexia. It uses a listening task with grammaticality judgements and the 
measurement of event-related potentials (ERPs).

2.1.1  Linguistic Background
Agreement is a syntactic operation that typically includes the retrieval and 

checking of morphological features (e.g., gender, number, or person) in order 
to establish a syntactic relationship between different sentential elements (e.g., 
Carnie, 2011; Kerstens, 1993; Pesetsky & Torrego, 2007). In terms of gender, 
Dutch is language that exhibits a two-way system of nominal gender marking: 



Chapter 2

52

neuter gender and common gender (e.g., Van Berkum, 1996). Furthermore, Dutch 
possesses a non-transparent system of gender marking: nouns are predominantly 
morphologically opaque and not overtly morphosyntactically marked for gender.2 
As a consequence, gender in Dutch is known to cause difficulties for both typical 
and atypical populations (e.g., Bastiaanse et al., 2003; Blom et al., 2008; Orgassa, 
2009). In general, gender marking of a noun is only visible on the elements that 
enter into an agreement relationship with the noun, such as, for example, articles 
(e.g., definite articles: de with common nouns, or, het with neuter nouns in 
singular), and adjectives (e.g., the inflectional ending -e is not used on adjectives 
after an indefinite article when the noun is neuter: het mooi-e dorpN(euter): ‘the 
beautiful village’; een mooi-ø dorpN : ‘a beautiful village’). While gender is a 
lexical feature of the noun and part of a word’s lemma (e.g., Levelt et al., 1999; 
Van Berkum, 1996), number in Dutch is overtly morphologically marked via a 
suffix on the noun (plural nouns: plural suffix -en or -s; singular nouns are not 
overtly morphologically marked). 

In this study, we used the same stimuli with gender and number disagreement 
as Popov (2017), so we will explore his experimental paradigm further. In these 
stimuli, gender disagreement was created by a mismatch between an indefinite 
article (een), an adjective with a gender suffix -e and the target noun, which is 
morphologically opaque with respect to gender (e.g., grammatical: een mooi 
dorpN; ungrammatical: *een mooie dorpN: ‘a beautiful village’). The parser 
only detects the violation once it reaches the target noun, since the inflectional 
adjectival suffix -e is the only cue to differentiate between grammatical and 
ungrammatical sentences in this condition. For number disagreement, the 
mismatch comprises of a singular/neuter article (het), the adjectival suffix -e 
and the target noun, which is marked with a plural suffix -en (e.g., *het mooie 
dorpen: ‘the beautiful villages’). Thus, sentences with a noun phrase (NP) that is 
ungrammatical in relation to number contain the het-article, while sentences with 
NPs that are grammatical contain the plural/common gender (de; e.g., de mooie 
dorpen). Thus, the perceptual salience of the violation in the number condition is 
higher than the salience of the violation in the gender condition, since the latter 
is marked with both lexical (het) and double inflectional (mooi-e dorp-en) cues. 

In contrast to the overt plural suffix in Dutch number (e.g., -en or -s), Dutch 
nouns are morphologically opaque for gender and thus gender is less perceptually 
salient than number. With regards to the structural repair options in Popov’s (2017) 
stimuli, gender condition only had one repair option (i.e., *een mooieC(ommon) dorpN 
> een mooiN dorpN), while the number condition contains two potential repair 
2 However, diminutive nouns are an exception, as they are marked with a –je suffix  

(e.g., muisje ‘little mouse’) and are always neuter. 
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options, rendering it more complex to repair (i.e., *hetSG mooieSG/PL dorpenPL > 
hetSG mooieSG dorpSG; *hetSG mooieSG/PL dorpenPL > dePL mooiePL dorpenPL). We 
will come back to the issue of structural repair in gender and number disagreement 
later in the Discussion.

2.1.2  Gender and Number Disagreement Processing and ERPs
Research on agreement processing has identified three main ERP components 

relevant for agreement computation: the left anterior negativity (LAN), the N400, 
and the P600. These ERPs are typically elicited using a violation paradigm, like 
that described in the previous section, in which grammatical (baseline) sentences 
are compared to corresponding ungrammatical sentences, differing only in the 
target word. Recently, it has been demonstrated that one-to-one mapping between 
ERP components and a single linguistic level (e.g., the N400 – semantics, the 
P600 – morphosyntax) is an oversimplification (e.g., see Kim & Osterhout, 2005, 
on the semantic P600). Furthermore, multiple instantiations of these components 
have been identified and their function(s) debated (see, e.g., Brouwer et al., 
2012; Sassenhagen et al., 2014). However, since the functional classification of 
ERP components is outside the scope of the current study, we will only focus on 
agreement processing, in which the most prevalent ideas are still broadly based 
on the auditory sentence processing model (Friederici, 2002), and are nicely 
summarized in the review by Molinaro et al. (2011).

The LAN is a left-lateralized negative-going deflection with an anterior 
distribution and a peak between 300 and 500 ms. According to Friederici’s (2002) 
model of auditory sentence processing, the LAN is an indication of an early 
and automatic violation detection during morphosyntactic processing (see also 
Molinaro et al., 2014). The LAN precedes the P600, a positive-going deflection 
with a peak at around 600 ms, and is associated with morphosyntactic repair and 
reanalysis, as well as difficulties with morphosyntactic integration (e.g., Kaan, 
2000; Molinaro et al., 2011; Osterhout & Mobley, 1995). According to Hagoort 
and Brown (2000), there are two distinct phases of the P600 (early and late), 
reflecting different topographies and elicited by different stimuli. The early P600 
typically occurs between 500 ms and 700 ms post-stimulus onset with a broad 
scalp distribution and represents morphosyntactic integration difficulty. The late 
P600 roughly corresponds to the time window between 700 ms and 1000 ms 
post-stimulus onset and is associated with reanalysis and repair (e.g., Barber & 
Carreiras, 2005; Hagoort & Brown, 2000; Kaan & Swaab, 2003; Molinaro et al., 
2008; Popov & Bastiaanse, 2018; Popov et al., 2020).

Most ERP studies examining gender and/or number disagreement processing 
have reported a P600 in response to morphosyntactic violations. While some 
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studies have reported a monophasic P600 following agreement violations (e.g., 
Hagoort & Brown, 1999, 2000; Kaan & Swaab, 2003; Wicha et al., 2004), 
others have found a biphasic LAN-P600 response (e.g., Barber & Carreiras, 
2005; Caffarra et al., 2019; Molinaro et al., 2008; Roehm et al., 2005). LAN 
is inconsistently reported in agreement studies and the volatility of LAN as a 
marker of automatic morphosyntactic processing has been well-documented (e.g., 
Molinaro et al., 2011, 2014; Steinhauer & Drury, 2012; Tanner, 2015). Notably, 
studies on gender and/or number disagreement in Dutch have reported only a 
P600 and no LAN (e.g., Hagoort, 2003; Hagoort & Brown, 2000; Loerts et al., 
2013; Meulman et al., 2014; Popov & Bastiaanse, 2018; but see: Popov, 2017). 

Moreover, studies on the individual processing of gender (e.g., Molinaro, 
et al., 2008; Wicha et al., 2004) or number (e.g., Hagoort et al., 1993; Kaan & 
Swaab, 2003), as well as most studies that have investigated gender and number 
disagreement combined (e.g., Alemán Bañón et al., 2012; Barber & Carreiras, 
2005; Nevins et al., 2007; Popov & Bastiaanse, 2018) have consistently elicited 
the same effect: a P600, which is occasionally preceded by a LAN.  Since both 
gender and number violations generate similar ERP effects, this has led researchers 
to posit that these types of agreement rely on an identical processing mechanism 
(e.g., Barber & Carreiras, 2005). However, the complexity of structural repair 
processes might be different, as reflected in a processing discrepancy between these 
two types of stimuli in the late stage of the P600 (e.g., Barber & Carreiras, 2005; 
Popov & Bastiaanse, 2018). Nevertheless, in their study on auditorily presented 
gender and number disagreement processing in Dutch, Popov (2017) reported a 
somewhat puzzling result of a biphasic LAN-P600 effect for gender disagreement 
and a P600 effect for number disagreement. The author attributed the presence of 
LAN in the gender condition to the auditory modality of presentation and the nature 
of the stimuli (i.e., the violation in the gender condition was a lexical violation that 
preceded the end of the word, compared to the word-final violation in the number 
condition).

2.1.3  Morphosyntactic Processing in Dyslexia with ERPs

Only a handful of studies have investigated morphosyntactic processing in 
dyslexia using ERPs. A P600 was almost unanimously reported in response to 
auditorily presented morphosyntactic violations in participants with and without 
dyslexia (e.g., Rispens et al., 2006; but see: Miller-Shaul, 2005), and some authors 
report a biphasic ERP response for both groups (e.g., LAN-P600: Sabisch et al., 
2006). However, there were temporal differences in the characteristics of the 
elicited components between individuals with and without dyslexia. For instance, 
Rüsseler et al. (2007) examined the processing of gender agreement violations in 
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reading in German adults with dyslexia using written word pairs consisting of a 
definite article and a noun, which (dis)agreed in gender. Their results yielded a 
LAN-like frontal negativity for gender disagreement for both groups, but adults 
with dyslexia showed a delay in the onset and a prolonged duration of the elicited 
negativity, which was interpreted as a difficulty in syntactic integration (Rüsseler 
et al., 2007). While Sabisch et al. (2006) report a comparable P600 effect in both 
children with and without dyslexia in response to passive sentences with phrase-
structure violations, they also found qualitative differences and a delay in the onset 
of the LAN-like component preceding the P600 in children with dyslexia. The 
authors interpret these results as a delay in the early and highly automatic processes 
of phrase structure building (the LAN) in children with dyslexia, as opposed to their 
unimpaired controlled mechanism of syntactic reanalysis (the P600). However, 
several other authors have found a delay in the onset and peak of the P600 in the 
group with dyslexia (e.g., Cantiani et al., 2013a; Miller-Shaul, 2005; Rispens et al., 
2006). This difference in the P600 latency between individuals with and without 
dyslexia is typically interpreted as either a morphosyntactic weakness in adults with 
dyslexia, or a lack of sensitivity to inflectional morphology (e.g., Cantiani et al., 
2013a; Rispens et al., 2006). 

Cantiani and colleagues have reported the presence of an additional ERP 
component in two auditorily presented studies in response to agreement violations 
only in the group with dyslexia (Cantiani, et al., 2013a, 2013b). For instance, Cantiani 
et al. (2013b) reported an Early (Syntactic) Negativity for both adults with and 
without dyslexia in response to spoken subject-verb agreement violations in German, 
while the group of adults with dyslexia showed an additional Positivity (interpreted 
as a P600). In the study on Italian adults with dyslexia (Cantiani et al., 2013a), the 
authors reported a P600 for typical readers in response to subject-verb disagreement 
in Italian, but adults with dyslexia showed a biphasic ERP pattern consisting of an 
‘N400-like’ component and the P600. The presence of an additional component 
only in adults with dyslexia was interpreted as a compensatory mechanism that 
adults with dyslexia use in constructing implicit morphosyntactic rules. This finding 
is similar to Byrne’s (1981) behavioral results for children with dyslexia, which 
suggested that children with dyslexia have a general syntactic weakness, which 
causes them to operate at a developmentally lower level of linguistic processing. 
The ERP findings by Cantiani et al. (2013a) could also be interpreted as in example 
of good-enough parsing in dyslexia (Ferreira et al., 2002; see Ferreira & Patson, 
2007, for a review). According to this theory, the parser, albeit in typical readers, will 
often accept an incomplete or incorrect (i.e., ‘good-enough’) sentence representation 
during sentence processing, rather than build a complete, accurate and detailed 
sentence representation. Moreover, Cantiani et al. (2013a) explained the presence of 
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the additional N400-like component in adults with dyslexia by relating it to the ERP 
components found in second/foreign language acquisition (L2) literature. In general, 
the progression between the stages of L2 proficiency from low to high (near-native) 
is accompanied by both qualitative and temporal changes in ERPs (Steinhauer, 
2009, 2014). 

Finally, most ERP studies on dyslexia have reported a different topographic 
distribution of the elicited ERP components between individuals with and without 
dyslexia (e.g., Cantiani et al., 2013a, 2013b; Miller-Shaul, 2005; Rispens et al., 
2006; Rüsseler et al., 2007; Sabisch et al., 2006). Regardless of the heterogeneity 
of these ERP results, it can be inferred that ERPs present a sensitive measure 
of subtle morphosyntactic processing differences between individuals with and 
without dyslexia. Furthermore, the results of these ERP studies on dyslexia are 
similar to the results obtained with different methods, such as eye tracking (e.g., 
a delay in the comprehension of spoken sentences; Huettig & Brouwer, 2015, for 
Dutch adults with dyslexia). Altogether, both the ERP and eye-tracking results 
point to a delay in the speed of auditory processing in dyslexia (e.g., Breznitz & 
Leikin, 2000; Breznitz & Misra, 2003) and indicate that problems with spoken 
language processing in dyslexia are present in adulthood. 

2.1.4  Current Study 
The current study examined the auditory processing of gender and number 

disagreement in Dutch adults with dyslexia with the use of ERPs. Behavioral 
and ERP results for adults without dyslexia were collected and reported by 
Popov (2017) using the same paradigm and materials. We will be comparing 
our results qualitatively against theirs in a visual descriptive comparison, which 
will look into the difference in the latency and the distribution of the ERP effects 
in the two groups.3 If a P600 is elicited in the current study, as predicted, we 
will further explore its interpretation in light of structural repair processes, akin 
to Popov (2017) and Popov and Bastiaanse (2018). We chose to investigate 
morphosyntactic processing in adults with dyslexia using ERPs as a non-invasive 
technique that provides insight into language processing as it happens in real-
time, since previous studies indicate that morphosyntactic differences between 
individuals with and without dyslexia are subtle and often only visible through 
ERPs (e.g., Rispens et al., 2006; Rüsseler et al., 2007; but see: Cantiani et al., 

3  We will not compare the effects in the two groups directly, because we are interested in the 
difference in the onset and distribution of the effect (i.e., the P600), rather than the difference in 
effect size. One of the major reasons that we are not interested in the P600 effect size is that we 
expect the components to have a different onset in the two groups, which renders comparison 
of the effect sizes uninterpretable.  
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2013a, 2013b; Sabisch et al., 2006). The present study is the first to investigate 
ERP responses to gender and number disagreement in individuals with dyslexia, 
with previous ERP research on dyslexia predominantly focusing on subject-verb 
disagreement (e.g., Cantiani et al., 2013a, 2013b, 2015; Rispens et al., 2006). 

2.1.4.1  Research Questions and Predictions
In order to investigate the processing of gender and number disagreement 

in adults with dyslexia in listening using ERPs, we formulated the following 
research questions:

Research Question 1: Is there a difference in the processing of agreement 
violations in auditorily presented stimuli between adults with and without 
dyslexia, as reflected in their ERP responses to gender disagreement and 
number disagreement when qualitatively comparing the latency and the 
distribution of those ERP effects? 

Prediction 1: We predict that there will be a difference in processing 
agreement violations between adults with and without dyslexia, which will 
be reflected in qualitative and/or topographic differences in ERP responses 
between the groups, based on previous literature (e.g., Cantiani et al., 2013a, 
2013b; Rispens et al., 2006). More specifically, since Popov (2017) elicited a 
biphasic LAN-P600 pattern in response to gender disagreement for the same 
stimuli as we are using in adults without dyslexia, we might also elicit a 
delayed LAN-P600 effect. 

Research Question 2: In the group of adults with dyslexia, is there a 
difference in the ERP responses between the two conditions (i.e., number 
and gender disagreement)?

Prediction 2: We expect gender disagreement to pose more processing difficulties 
than number disagreement due to the nature of the violations and the difference 
in perceptual salience of the two conditions. If so, then this processing difficulty 
should be reflected in a smaller amplitude, delayed or absent ERP effect in the 
gender than in the number condition, which would then indicate the difficulty of 
detecting the violation in the gender condition. 

2.2  Method
2.2.1  Participants

We recruited 16 participants with dyslexia (5 male; mean age 23.4; age range 
18-27 years). Data from 3 participants were discarded prior to the ERP analysis 
due to the presence of excessive artifacts, leaving a total of 13 participants.

All participants were diagnosed as having clinical dyslexia prior to the 
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experiment and had a valid statement of their dyslexia diagnosis. Participants 
also reported no other linguistic impairment (e.g., no history of speech therapy) 
apart from dyslexia, as confirmed by the intake questionnaire. The diagnosis 
criteria followed in this study were those of the Dutch Dyslexia Foundation 
(Stichting Dyslexie Nederland; SDN et al., 2016). Dyslexia diagnosis was 
confirmed through a questionnaire and the use of selected behavioral tasks (see 
below).

In addition, all participants satisfied the following inclusion and exclusion 
criteria: native speakers of Dutch, right-handed (as assessed by a Dutch 
adaptation of the Edinburgh Handedness Questionnaire; Oldfield, 1971), no 
(history of) neurological or psychiatric disorders (e.g., epilepsy, ADHD, or 
Autism Spectrum Disorders (ASD)), normal or corrected-to-normal vision and 
no hearing impairments. 

All participants received written and verbal information about the study and 
gave written informed consent before the experiment. Participants received 
financial compensation of 15 EUR in return for their time. The experiment was 
approved by the local ethics committee (Research Ethics Committee (CETO), 
Faculty of Arts, University of Groningen).

2.2.2  Behavioral Measures
At the beginning of the study, a set of short behavioral measures was administered 

to participants with dyslexia in order to confirm the dyslexia diagnosis, since we could 
not control how the participants’ dyslexia was originally diagnosed. The tests were 
selected based on the criteria by SDN et al. (2016) and a short protocol for dyslexia 
assessment (Tops et al., 2012). For diagnosing dyslexia, Tops et al. (2012) found 
support for the reliability and validity of a select number of tests from a comprehensive 
assessment battery for dyslexia diagnosis in Dutch (Test voor Gevorderd Lezen en 
SCHrijven – GL&SCHR, De Pessemier & Andries, 2009). We assessed word 
reading fluency (One Minute Test, or ‘Eén-minuut-test’; Tops et al., 2019), pseudo-
word reading fluency (The Klepel, or ‘De Klepel’; Van den Bos et al., 1994), and 
word spelling (spelling subtest of the GL&SCHR) to confirm the dyslexia diagnosis. 
Additional tests tapping into phonological awareness (Spoonerisms, and Omkeren, or 
‘Reversals’, GL&SCHR), as well as morphology and syntax knowledge (morphology 
and syntax subtest of the GL&SCHR) were administered. These tests are described in 
Appendix A.

The scores of participants with dyslexia on the behavioral tests are shown 
in Table 2.1. Participants with dyslexia displayed either a clinical (< Pc 10) 
or subclinical (< Pc 16) score on word reading fluency, pseudo-word reading 
fluency, and spelling to dictation, thus confirming the dyslexia diagnosis. 
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Table 2.1 Mean percentile scores of the 13 participants with dyslexia on the 
behavioral tests compared to normative data.

          M Pc score  SD
Dyslexia diagnostic tests

Word reading fluency 7.3 4.8

Pseudo-word reading fluency 3.6 3.7
Spelling to dictation 6.8 5.4

Other dyslexia tests

Reversals 14 11.6

Spoonerisms 12 9.3

Morphology & syntax 41.6 17

Note: M Pc = mean percentile score, SD = standard deviation.

2.2.3 Materials
The materials used in the experiment are those used by Popov (2017) in his 

Dutch listening experiment. Full materials can be found in Appendix B. The 
materials consisted of 160 experimental sentences and 240 fillers. The materials 
were constructed with the use of 20 unique Dutch nouns, 10 of which were neuter 
(het) nouns and 10 common gender (de) nouns. Only het-nouns were used as 
experimental stimuli, whereas de-nouns were included as fillers. The nouns used 
for the experimental sentences were trisyllabic, whereas fillers always contained 
disyllabic nouns. The nouns were controlled for frequency, so that only high-
frequent nouns were selected (CELEX2 lexical database for Dutch; Baayen 
et al., 1995). The nouns were further controlled for animacy (only inanimate 
nouns were used), noun-verb homophony (i.e., no nouns were used that could 
be homophonous to the infinitive form of the verb, e.g., boek ‘book’ > boeken 
‘booksNoun’/‘to bookVerb’) and phonological alternations (e.g., irregular plurals, 
such as kind ‘child’ – kinderen ‘children’, were excluded).

For the experimental items, each noun was used to construct four 
sentences, with each sentence being used once as grammatical and once as 
ungrammatical. All stimuli were divided over two lists. Each participant was 
exposed to only one list. Each target noun appeared twice per list (i.e., four 
times in total), either in a grammatical or in an ungrammatical sentence. 
Each list comprised a total of 240 sentences (80 experimental and 160 filler 
sentences; half grammatical and half ungrammatical). If a grammatical 
sentence was in List 1, an ungrammatical version of the same sentence was in 
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List 2. Thus, each participant was exposed to each noun only once, either in 
a grammatical or in an ungrammatical sentence. Sentences were presented in 
a pseudo-random order.

The experimental sentences were split into two conditions: gender (40 
sentences per list) and number (40 sentences per list). The agreement mismatch 
in the gender condition was created by a gender mismatch between the adjective 
and the noun, which created a violation that the parser could recognize only at the 
end of the target noun (see example 1). In the number condition, the agreement 
mismatch was created by a number mismatch between the article and the noun 
and the violation itself could only be recognized once the parser reached the 
target noun (e.g., example 2). 

(1)   Dat was een mooi compliment over haar werk.
that was a beautifulN complimentN on her work

            ‘That was a beautiful compliment for her work.’

Dat was een mooi *compliment over haar werk.
that was a beautifulC complimentN on her work

Sentences in the number condition shared an identical structure (2). The 
plural article de in grammatical sentences and the singular neuter article het in 
ungrammatical sentences was followed by an inflected adjective and the target 
noun. Just like in the gender condition, the target noun was always followed by a 
prepositional phrase, an adverbial phrase, or a lexical verb.  

(2)   De onverwachte complimenten zijn vaak het leukst.

thePL unexpectedPL complimentsPL are often the best

            ‘The unexpected compliments are often the best.’

Het onverwachte *complimenten zijn vaak het leukst.

theSG unexpectedSG  complimentsPL are often the best
 

Since only het-nouns were used as experimental items, in order to prevent the 
participants from developing a strategy for predicting the (un)grammaticality 
of sentences, we used 160 filler sentences with the opposite pattern to that 
of the experimental sentences. The filler items were split evenly between 
either de-nouns (3) or het-nouns (4) in order to counterbalance the gender and 
number conditions of the experimental item sentences, respectively. Hence, 
participants had to be alert and listen to the entirety of the sentence, not just 
the article or the adjective, in order to correctly judge the grammaticality of 
a given sentence.    
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(3)   Er ligt een rotte tomaat in de koelkast.

there  lies a rottenC tomatoC in the fridge

                 ‘There is a rotten tomato in the fridge.’

 Er ligt een rot *tomaat in de koelkast.

there  lies a rottenN tomatoC in the fridge

(4)  Het oude paspoort is niet meer geldig.

theN.SG oldN.SG passportN.SG is not anymore valid

                 ‘The old passport is not valid anymore.’

De oude *paspoort is niet meer geldig.

theC/PL oldC/PL passportN.SG is not anymore valid

 ‘The old passport is not valid anymore.’

The sentences were spoken by a trained female native speaker of Dutch from 
the Netherlands. Both the grammatical and ungrammatical versions of each 
sentence were digitally recorded. The final versions of sentences for the study 
were created by applying a cross-splicing procedure using the Praat software 
(www.praat.org). The ERP trigger was placed at the onset of the noun.

2.2.4  Procedure 

The experiment was created with E-Prime 2.0 (Psychology Software Tools, 
Inc.). Participants were seated approximately 70-80 cm in front of a computer 
screen while a continuous electroencephalograph (EEG) was recorded. 
Participants were instructed to sit in a comfortable position and to avoid excessive 
movements, in order to minimize muscle or eye movement artefacts. Instructions 
for the task were then presented on the computer screen for the participant to 
read. Further oral explanations and examples were offered by the experimenter. 
Participants were told to listen to sentences for understanding, since they would 
be required to answer whether some of the sentences (20% of all sentences) 
were grammatical or not by pressing an appropriate button. The function of the 
grammaticality judgements was to keep the participants’ attention, as well as 
to analyze the accuracy of their responses. Before the actual experiment, five 
practice sentences were presented. 

The experiment itself began after the practice items and comprised four 
blocks, each consisting of 60 sentences (20 experimental and 40 fillers) with a 
break between each block. Participants were encouraged to take a break after 
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each block. Before each experimental sentence, a white fixation cross appeared 
on the screen (500 ms), followed by a blank screen during which the sentence was 
played. After the end of a sentence, the screen would either remain blank or there 
would be a question mark on the screen lasting for 3 s. The question mark indicated 
that this was a grammaticality judgement question. Participants had 3 seconds to 
respond whether a sentence was grammatical or not by pressing the appropriate 
keyboard button: “p” or “q”. The assignment of the buttons to ‘grammatical’ 
or ‘ungrammatical’ was counterbalanced throughout the experiment. There were 
12 grammaticality judgement questions per block, four of which pertained to 
the experimental stimuli. Each block took approximately seven minutes and the 
entire ERP experiment lasted approximately 25 minutes per participant. 

2.2.5  EEG Recording and Data Processing
Continuous EEG recording was performed with an EEG cap consisting of 64 

scalp electrodes (WaveGuard) using the EEGO-Lab system (ANT Neuro Inc, 
Enschede, The Netherlands). In addition to the scalp electrodes, one electrode 
placed above the left eye was used to record and monitor eye blinks and eye 
movements. Impedances were kept below 10 kΩ. The sampling rate was 500 Hz, 
with a common average reference.

Offline analysis of the EEG data was conducted with Brain Vision Analyzer 
2.0.4 software (Brain Products GmbH, 2012). Data were re-referenced offline 
to the average of the mastoids and filtered with a band-pass filter with cut-offs 
at 0.1 Hz and 40 Hz. This was followed by an automatic eye-blink correction. 
The data were subsequently segmented into epochs consisting of 1700 ms 
(from 200 ms before the target noun onset until 1500 ms after target onset). 
Automatic artefact rejection, with a ± 100 μV cut-off, was performed in 
the interval of -200 ms to 1500 ms for each epoch. Baseline correction was 
performed relative to the 0-100 ms baseline. The choice of our baseline was 
based on the visual inspection of the data (including the -200-0 ms interval). 
We acknowledge that the current baseline is different from the baseline used 
in Popov (2017), who used the -200-0 ms baseline. However, after a visual 
inspection, it was necessary to use a different baseline in the current study due 
to a difference in the pre-stimulus interval between the conditions. We can 
only speculate that this difference was caused by acoustic effects.4

4  More specifically, we speculate that this difference between the conditions for adults with 
dyslexia may have been caused by the presence (ungrammatical gender sentences)/absence 
(grammatical gender sentences) of the inflection -e on the preceding word. This difference was 
not present in the data of adults without dyslexia (Popov, 2017), and may actually be related to 
the manner in which participants with dyslexia process inflection.
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Lastly, data were averaged per subject and per condition. The cut-off for 
including participants was at least 70% of averaged trials per condition. Three 
participants were excluded from the analysis on this account.

2.2.6  Data Analysis 
For the EEG analysis, a selection of electrodes (a total of 50) was divided into 

9 regions of interest (ROIs), each consisting of 5 to 6 electrodes. Therefore, not 
all of the 64 scalp electrodes entered the analysis. The regions of interest were as 
follows: 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). Due 
to a difference in the baseline between the current study and the one by Popov 
(2017) for adults without dyslexia, the time windows in the current study are 
also slightly different to the time windows chosen by Popov (2017). The time 
windows that entered the final analysis for the gender and number conditions in 
the current study were as follows: 300-500 ms, 500-700 ms, 700-900 ms, 900-
1100 ms, 1100-1300 ms and 1300-1500 ms. 

Finally, we performed the statistical analysis of the data with a repeated 
measures Analysis of Variance (ANOVA) separately for each condition. To 
that end, the following within-subject factors were chosen: grammaticality 
(two levels: grammatical and ungrammatical), hemisphere (two levels: 
left and right hemisphere), anteriority (three levels: anterior, central, and 
posterior), and their interactions. For each time window, two global repeated 
measures ANOVAs were performed: the first for the lateral regions (including 
all factors) and the second for the midline regions (excluding the factor 
hemisphere). The level of significance was set at p < .05. Additional follow-
up ANOVAs were applied for interactions that were close to significance (p 
< .1) and that included the factor grammaticality. A Greenhouse and Geisser 
(1959) correction was applied if the assumption of sphericity was violated, 
and Bonferroni corrections were used for the follow-up pairwise comparisons. 

2.3.  Results
2.3.1 Grammaticality Accuracy Results

Participants achieved a 84.7% mean accuracy rate on the grammaticality 
judgement task (range: 75.5% – 93.8%; SD = 8.5%). Since a grammaticality 
judgement question was present only for 20% of the sentences, no further error 
analysis was performed.
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2.3.2 ERP Results
In this section, we only report the ANOVA results that were significant or 

close-to-significant. The full ANOVA results, including non-significant ones, can 
be found in Appendix D. 

For adults with dyslexia, a visual inspection of the waveforms indicated a 
negative effect starting approximately 700 ms after the onset of the stimulus for 
the number condition only. The effect was present primarily in the anterior regions 
and was elicited by ungrammatical sentences, relative to grammatical sentences. 
In addition to the frontal negativity observed in the 700-900 ms time window, 
another negativity was observed in the 1100-1300 ms time window, also in the 
number condition. The effect also had an anterior distribution and was elicited by 
ungrammatical number sentences, relative to grammatical number sentences. No 
ERP effect was detected for the gender condition. 

In the first time window (300-500 ms)5, the ANOVA over lateral ROIs for the 
number condition yielded a significant interaction between grammaticality and 
hemisphere (F(2, 24) = 13.504, p = .003, η2 = .529). However, the follow-up t-tests 
of the two-way interaction between grammaticality and hemisphere yielded no 
significant effects in the lateral regions for the number condition (ps > .1).

The ANOVA for the lateral ROIs for the number condition in the second time 
window (500-700 ms) revealed a significant interaction between grammaticality 
and hemisphere (F(2, 24) = 5.263, p = .041, η2 = .305). However, no significant 
effects were found in the follow-up tests to the interaction (ps > .1).

In the subsequent time window (700-900 ms), the ANOVA for the lateral 
ROIs yielded a close-to-significant effect for grammaticality (F(1, 12) = 3.684, 
p = .079, η2 = .235) and a significant interaction between grammaticality and 
anteriority (F(2, 24) = 8.601, p = .004, η2 = .418) in the number condition only. 
Follow-up testing revealed that ungrammatical number sentences elicited a more 
negative response than grammatical sentences in the anterior regions (t(12) 
= 2.43, p = .032), and were marginally more negative in the central regions 
(t(12) = 9.27, p = .093). The ANOVA for the midline ROIs further revealed a 
significant effect of grammaticality (F(2, 24) = 5.264, p = .041, η2 = .305) and an 
interaction between grammaticality and anteriority (F(2, 24) = 9.073, p = .006, η2 
= .431) for the number condition only. Once again, follow-up tests showed that 
ungrammatical sentences caused significantly more negative responses relative 
to grammatical sentences in the anterior regions (t(12) = 2.71, p = .019), while 

5  We also performed a statistical analysis and visual inspection of the time window before the 
300 ms. However, the results of this analysis yielded no significant effects and are, therefore, 
not reported here (but see Appendix D). 
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a close-to-significant negative effect for ungrammatical sentences relative to 
grammatical sentences emerged in the posterior regions (t(12) = 2.08, p = .054).

No significant effects were found in the 900-1100 ms time window, for either 
the gender or the number condition.

The ANOVA performed for the lateral ROIs in the subsequent time window 
(1100-1300 ms) revealed a significant interaction between grammaticality and 
anteriority (F(2, 24) = 6.392, p = .013, η2 = .348) in the number condition. Follow-
up testing showed that the effect was driven by ungrammatical sentences in the 
anterior regions (t(12) = 2.59, p = .024). The ANOVA for the midline ROIs also 
revealed a significant interaction between grammaticality and anteriority (F(2, 
24) = 8.374, p = .008, η2 = .411) in the number condition. Follow-up tests showed 
a main effect of grammaticality in the anterior regions, with ungrammatical 
sentences being more negative (t(12) = 2.46, p = .03). 

In the last time window (1300-1500 ms), the ANOVA for the lateral ROIs 
yielded a close-to-significant interaction between grammaticality and hemisphere 
in the number condition (F(2, 24) = 3.779, p = .076, η2 = .240). However, no 
significant effects for the lateral regions were found in the follow-up tests for the 
number condition (ps > .1).

2.3.3 Group Comparison of ERP Results
To summarize the ERP results of adults with dyslexia, the statistical analysis 

revealed that, relative to grammatical sentences, ungrammatical sentences in 
the number condition elicited a negativity with an anterior distribution in the 
700-900 ms time window. The negative effect was absent in the subsequent 900-
1100 ms time window, but resurfaced in the 1100-1300 ms time window. The 
negativity in the 1100-1300 ms time window resembled the one found in the 700-
900 ms time window: Ungrammatical sentences in the number condition elicited 
a negative effect with an anterior distribution relative to grammatical sentences. 
No statistically significant effects arose for the gender condition in any of the 
time windows analyzed.

Table 2.2 provides an overview of the ERP responses to gender and number 
disagreement between adults with dyslexia (current sturdy) and adults without 
dyslexia (Popov, 2017) to address the first research question. 6 As can be seen, there 
was a difference in the ERP responses in qualitative terms between the two groups.

6  The analysis of time windows conducted by Popov (2017) for adults without dyslexia indicated 
that the onset of the positive effect was earlier in the gender condition (600 ms onwards) than in 
the number condition (900 ms onwards) due to the difference in the length of the target noun in 
the gender and number condition – hence the difference in the time windows chosen by Popov 
(2017).
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Table 2.2 Summary of ERP results for adults with dyslexia (current study) and 
without dyslexia (Popov, 2017).

Participants 
with dyslexia 

Participants 
without dyslexia 

GENDER NUMBER GENDER NUMBER
300-500 ms x x x x
500-700 ms x x x x
700-900 ms x Negativity: 

anterior 
regions

600-800 
ms

LAN: left  
anterior region

P600: posterior 
midline region

900-1100 
ms

P600: posterior 
& right central 

regions

900-1100 
ms

x x 800-1000 
ms

LAN: left  
anterior region

P600: posterior 
regions

1100-1300 
ms

P600: posterior 
regions

1100-1300 
ms

x Negativity: 
anterior 
regions

1000-1200 
ms

LAN: left  
anterior region

P600: posterior 
regions

1300-1500 
ms

P600: posterior 
regions

1300-1500 
ms

x x

Note: x = no effect detected; ms = milliseconds.

Grand mean ERP waveforms comparing brain responses of adults with 
dyslexia to grammatical and ungrammatical nouns in the gender condition are 
presented in Figure 2.1, and for the number condition in Figure 2.2.
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! 500-700 ms 700-900 ms 900-1100 ms 1100-1300 ms 1300-1500 ms 

Figure 2.1 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 in the different time windows.
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500-700 ms 700-900 ms 900-1100 ms 1100-1300 ms 1300-1500 ms 

Figure 2.2 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 in the different time windows.
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2.4   Discussion
The current study investigated the processing of morphosyntactic agreement 

violations in spoken language by adults with dyslexia with the use of both a 
behavioral grammaticality judgement task and event-related potentials (ERPs). 
The ERP pattern of adults with dyslexia in response to gender and number 
disagreement was qualitatively compared to the previously collected data of 
adults without dyslexia (Popov, 2017). In particular, we examined whether the 
difference in agreement violation processing between adults with and without 
dyslexia is reflected by the qualitative and/or topographic differences in the ERP 
components activated. We also investigated the difference in processing gender 
and number disagreement in relation to structural repair in adults with dyslexia.

2.4.1 ERP Responses to Morphosyntactic Violations in Listening in 
Adults with and without Dyslexia

The first conclusion to be drawn from our ERP data is that adults with 
dyslexia process auditorily presented sentences with an agreement violation 
differently from adults without dyslexia, as evidenced by the difference in 
latency and different ERP characteristics. In line with our first research question 
on the morphosyntactic processing differences between adults with and without 
dyslexia, we predicted qualitative and/or topographic differences between the 
two groups, based on previous research (e.g., Cantiani et al., 2013a, 2013b, 2015; 
Rispens et al., 2006; Rüsseler et al., 2007; Sabisch et al., 2006). Our results are 
in line with our prediction and previous research, since we found qualitative and 
temporal differences between adults with and without dyslexia. More precisely, 
the data of adults with dyslexia show an anomalous ERP pattern consisting of a 
single ERP component for the number condition only, whereas a classic biphasic 
LAN-P600 electrophysiological response was present for adults without dyslexia 
in the gender condition, and a P600 only in the number condition (Popov, 
2017). Taking into account the differences in baseline between the groups, we 
can observe that the onset of the effect in the number condition was delayed in 
adults with dyslexia than those without dyslexia.7 Below we will explore group 
differences per condition.

The absence of an ERP effect in response to gender disagreement in adults 
with dyslexia indicates that they are not sensitive to the violation in the gender 
condition compared to their peers without dyslexia. Moreover, this finding might 

7  In our summary, we report that the onset of the effect in the number condition started 
approximately 700 ms after the onset of the target noun in both groups. However, due to the 
difference in baselines between the groups, we can conclude that the onset of the effect was 
delayed in participants with dyslexia relative to participants without dyslexia. 
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indicate that adults with dyslexia possess a different processing strategy for 
morphosyntactic violations than adults without dyslexia. This discrepancy could 
have been caused by the nature of the violation in the gender condition, which 
might have been more subtle for adults with dyslexia to detect than for adults 
without dyslexia. More precisely, the violation in the gender condition (marked 
overtly only by the adjectival inflectional marker -e) has a low perceptual salience 
and as such might not be readily detectable by adults with dyslexia. Thus, our 
ERP results are in line with previous ERP research, which shows that individuals 
with dyslexia are less sensitive to inflectional morphology, both in reading (e.g., 
Rüsseler et al., 2007, for gender disagreement) and in listening (e.g., Cantiani et 
al., 2013a, 2013b; Rispens et al., 2006; for subject-verb disagreement). 

For number disagreement, the ERP data adults with dyslexia show a puzzling 
finding of a frontal negativity. This frontal negativity was present in the 700-900 
ms and 1100-1300 ms time windows, but was not detectable in the intervening 
900-1100 ms time window. We predicted that the number condition in our study 
would be more perceptually salient than the gender condition, since the violation in 
the number condition is marked with a lexical and an inflectional morphosyntactic 
cue. Thus, adults with dyslexia might need additional inflectional cues in order to 
detect the violation, as in the number condition compared to the gender condition. 
This suggestion is supported by our results both in the behavioral data, which 
shows higher accuracy on the grammaticality judgement task for the number 
condition, and the ERP data, where the ERP effect was only detectable for number 
disagreement, but not for gender disagreement. One explanation for this ERP 
pattern in adults with dyslexia is that they employ a good-enough parsing strategy 
(see Ferreira et al., 2002; Ferreira & Patson, 2007). More precisely, adults with 
dyslexia might rely on a shallow analysis of a sentence and accept an incomplete 
or incorrect (i.e., ‘good-enough’) sentence representation, rather than re-analyze 
the sentence and build a complete and thorough sentence representation upon 
encountering a violation (as evidenced by the lack of a P600).

Due to its characteristics, there is a possibility that the elicited frontal negativity 
for number disagreement is a LAN or a LAN-like component, which is typically 
associated with an automatic detection of a morphosyntactic violation (e.g., 
Caffarra et al., 2019; Friederici et al., 2002; Molinaro et al., 2014; Popov et al., 
2020). Rüsseler et al. (2007) also elicited a frontal negativity in adults with and 
without dyslexia, but in response to gender disagreement in written word-pairs 
in German. Previous research shows that anterior negativities are more common 
in the presence of an additional task, such as the grammaticality judgement task, 
or explicit task requirements (Osterhout & Mobley, 1995), or in the auditory 
modality (Hagoort & Brown, 2000). Thus, the presence of an additional task or 
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the modality of presentation might have influenced our results. Although Cantiani 
et al. (2013a) reported an additional N400-like rather than a LAN-like negativity, 
the frontal negativity in our study does not resemble an N400(-like) component, 
given its latency and topography. Regardless of the exact nature of the elicited 
ERP effect (i.e., whether it is a LAN or another frontal negativity component), its 
timing coincides with the moment in time in which the agreement error becomes 
apparent (the disagreeing number inflection on the noun). Therefore, we can say 
that the negativity is related to error detection, without going into its specific 
mechanism. 

Our results are at odds with previous research (e.g., Cantiani et al., 2013a, 
2013b; Rispens et al., 2006), which reported a delayed P600 ERP effect in adults 
with dyslexia in response to sentences containing subject-verb disagreement. Our 
data also contradict the finding of a general slower processing in adults with 
dyslexia elicited for other electrophysiological components (e.g., Breznitz & 
Leikin, 2000). Still, we cannot completely disregard the idea that the dyslexia 
group indeed showed slower processing. The negative component may have 
just indicated the recognition of the violation, while the other processes, such as 
repair and reanalysis, took place after the recognition and at a later point which 
we did not include in the analysis.

The finding of a different ERP component for adults with dyslexia relative 
to adults without dyslexia in our study is somewhat similar to previous ERP 
research on adults with dyslexia that reported a divergent ERP pattern between 
the two groups (Cantiani et al., 2013a, 2013b). Thus, Cantiani and colleagues 
(2013a, 2013b) reported a monophasic ERP pattern for adults without dyslexia 
and a biphasic ERP pattern for adults with dyslexia (i.e., an N400-like component 
and a P600: Cantiani et al., 2013a; an Early Negativity and an additional P600-
like positivity: Cantiani et al., 2013b) in response to subject-verb disagreement in 
listening. Notably, Cantiani et al. (2013a) interpreted the finding of an additional 
‘N400-like’ component in adults with dyslexia in light of the ERP literature on L2 
learners. The N400-like component is not typically elicited in classical studies on 
agreement processing (see Molinaro et al., 2011, for a review), but similar ERP 
activation in response to morphosyntactic violations has been reported in different 
stages of L2 learning depending on one’s proficiency in L2 (see Steinhauer et al., 
2009, for a review). Akin to Cantiani et al. (2013a), we can interpret our finding 
of a frontal negativity in adults with dyslexia in light of ERP literature on L2 
processing (e.g., Steinhauer et al., 2009). More specifically, both the LAN and 
the N400 have been reported in studies on near-native or native-like L2 learners, 
oftentimes accompanying the P600 in response to morphosyntactic violations. 
Thus, the frontal (LAN-like) negativity in our study could represent a reliance 
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on a compensatory cognitive or linguistic mechanism due to insufficient mastery 
in constructing implicit morphosyntactic rules. This interpretation is further 
supported by the lack of a P600. 

Steinhauer et al. (2009) further argue that it is not only proficiency, but also 
a delay in the L2 acquisition that influences the mechanism underlying syntactic 
processing. In their review, they provide evidence that the distribution, amplitude 
and latency of both the LAN and the P600 in L2 learners is influenced by late L2 
acquisition. For instance, late learners (i.e.., age of acquisition over 16 years of 
age) exhibit a bilateral or right distribution of the anterior negativity, while early 
L2 learners (i.e., acquired L2 by the age of 11) exhibit a more typical, native-
like left lateralized negativity (the LAN) in response to phrase structure violations 
in the L2. These findings for L2 learners resemble the hypothesis which posits 
that morphosyntactic processing difficulties in dyslexia are a result of a delay in 
grammatical acquisition, caused by reduced reading experience compared to typical 
readers (see Chapter 1, Section 1.4). However, we did not test whether reading 
experience influences the characteristics of ERP components, or the existence of 
morphosyntactic processing difficulties in adults with dyslexia. Therefore, this 
remains a topic for future research. Finally, the ERP pattern of adults with dyslexia 
that resembles the ERP pattern of L2 learners can be construed as support for 
Byrne’s (1981) claim that individuals with dyslexia function at an overall lower or 
less mature level of linguistic processing, somewhat comparable to the near-native 
processing of highly proficient L2 learners, as revealed by ERPs. 

The discrepancy between the findings of our study and previous ERP research 
on morphosyntactic processing in adults with dyslexia could alternatively 
be explained by methodological reasons related to the stimuli, as well as the 
population size. While most studies used subject-verb agreement to investigate 
morphosyntactic processing in adults with dyslexia using ERPs (Cantiani et al., 
2013a, 2013; Rispens et al., 2006), we used sentences containing gender and 
number disagreement. Thus, our stimuli might contain inflectional cues that are 
more subtle for adults with dyslexia to detect and the detection of these cues 
does not always show in the ERP signal. However, it is also crucial to mention 
that the results of the current study need to be interpreted with caution due to 
the limitations regarding the small sample size. Therefore, a larger sample size 
is required in order to more convincingly establish whether there is a more 
robust and typical ERP effect (e.g., the P600) in response to gender and number 
disagreement in listening in adults with dyslexia. Furthermore, we acknowledge 
that the choice of our baseline and time windows were slightly different to those 
of Popov (2017) and were based on visual inspection, due to the nature of our 
data. However, that should not have caused a significant difference in our results. 
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2.4.2 ERP Differences between Gender and Number Disagreement  
Processing in Adults with Dyslexia  

To answer our second research question, we focused on the difference in 
the ERP results of adults with dyslexia in the gender and number conditions. In 
line with our prediction, we did notice an ERP processing asymmetry between 
listening to sentences with gender disagreement compared to sentences with 
number disagreement in the group with dyslexia. While no ERP effect was 
detected in the gender condition, a frontal negativity described earlier (present 
in the 700-900 ms and 1100-1300 ms time windows) was elicited in response to 
ungrammatical sentences in the number condition. 

The most plausible explanation for the discrepancy between the two conditions 
lies in the difference between the structures under investigation. We predicted 
that adults with dyslexia will have more difficulty detecting the violation in the 
gender compared to the number condition due to the difference in perceptual 
salience between the conditions. Since individuals with dyslexia are less sensitive 
to inflectional morphology (e.g., Casalis et al., 2013; Rispens et al., 2004, 2006), 
it could be that they require more inflectional cues in order to detect a violation in 
ungrammatical sentences and for an ERP effect to be visible (like in our number 
condition). In our study, when listening to ungrammatical sentences in the gender 
condition, the violation could only be detected by noticing the presence of a 
subtle inflectional cue (i.e., the adjectival suffix -e preceding the target noun; e.g., 
*een diepe meer). Thus, the violation in the gender condition might not only be 
less perceptually salient, but could also be more subtle for adults with dyslexia to 
detect in listening using ERPs.

Ultimately, our data do not allow us to draw a conclusion regarding the 
structural repair mechanism underlying gender and number disagreement, since 
the stimuli in our study did not elicit the P600, an ERP component associated 
with repair and reanalysis processes in agreement studies (e.g., Molinaro et al., 
2011; Popov & Bastiaanse, 2018). This is the first ERP study that has investigated 
structural repair mechanisms in dyslexia. Therefore, more research is needed 
to disentangle the exact processes underlying structural repair mechanisms in 
dyslexia with ERPs.  

2.5  Conclusion
The current study investigated the behavioral and event-related potential 

(ERP) responses of Dutch adults with dyslexia to auditorily presented sentences 
containing a morphosyntactic agreement violation (i.e., gender or number 
disagreement). The results were compared to those of adults without dyslexia 
from a previous study (Popov, 2017). A difference in processing was visible both 
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at the behavioral level and at the level of ERPs. Adults with dyslexia performed 
more poorly relative to adults without dyslexia on the behavioral grammaticality 
judgement task. Moreover, whereas no ERP effect was observed in adults with 
dyslexia for sentences containing gender disagreement, a frontal negativity 
emerged in response to sentences containing number disagreement. The puzzling 
finding of the frontal negativity in response to number disagreement in our 
study can be explained as a potential LAN-like component, reflecting violation 
detection, or as a mechanism that adults with dyslexia use in order to compensate 
for underdeveloped morphosyntactic skills. Thus, adults with dyslexia were less 
sensitive to sentences with gender disagreement, both at the behavioral and ERP 
level. Although a small sample size limits the generalizability of our results, this 
study still highlights the use of ERPs as a sensitive measure of morphosyntactic 
processing differences between adults with and without dyslexia. The question 
that remains, and which will be explored in the next chapter, is to what extent 
are the results in the current chapter influenced by listening as the presentation 
modality and whether the same ERP effects will be visible in a reading study 
using the same stimuli.
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