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CHAPTER 3
Processing Gender and Number (Dis)agreement 

in Adults with Dyslexia in Reading and Listening: 
An Event-Related Potential (ERP) study
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3.1  Introduction
As mentioned in Chapter 1, questions on the underlying cause of dyslexia have 

been the topic of research since the early descriptions of this impairment in the 19th 
century. Over the years, a multitude of theories have emerged attempting to account 
for the behavioral symptoms observed in dyslexia. Broadly speaking, the majority 
of these theories can be classified into those linking the behavioral characteristics 
of dyslexia to an underlying impairment in the visual (e.g., Valdois et al., 2004, for 
a review of evidence) or auditory domain (e.g., Rapid Auditory Processing Theory 
by Tallal, 1980). However, none of the single-cause theories of dyslexia adequately 
explains all the behavioral symptoms and a multiple cognitive deficit model of 
dyslexia is now widely accepted (e.g., Pennington, 2006). Nevertheless, it is 
important to recognize that both auditory impairments and visual word recognition 
impairments feature prominently in dyslexia research. Thus, those authors who 
have conducted behavioral studies on morphosyntax have found that children and 
adults with dyslexia display difficulties in both production (e.g., Altmann et al., 
2008; Joanisse et al., 2000; Robertson et al., 2013; Wiseheart & Altmann, 2018) 
and comprehension (e.g., Rispens et al., 2004; Robertson & Joanisse, 2010) of 
morphosyntactic constructions. These comprehension difficulties were observed 
both in the written (e.g., Jiménez et al., 2004; Stella & Engelhardt, 2019; Wiseheart 
et al., 2009) and auditory domains (e.g., Rispens et al., 2004; Robertson et al., 
2013; Waltzman & Cairns, 2000). Furthermore, adults with dyslexia have been 
found to perform more poorly than typical readers on detecting errors in written 
words and sentences (Horowitz-Kraus & Breznitz, 2011). Similarly, difficulties 
with auditory syntactic error detection and sentence correction have also been 
reported in individuals with dyslexia (children: Chung et al., 2014; Leikin & 
Assayag-Bouskila, 2004). Although the role of the presentation modality seems to 
be an important one, only a few behavioral studies on morphosyntactic processing 
directly compared the performance of individuals with dyslexia on written and 
auditory stimuli presentation (e.g., Antón-Méndez et al., 2019; Casalis et al., 
2013). Therefore, in order to disentangle the role of the presentation modality in 
individuals with dyslexia, we ran the study described in the previous chapter both 
as a listening experiment and a reading one.

When it comes to studies on morphosyntactic processing in dyslexia using 
event-related potentials (ERPs), previous research with both children and adults 
with dyslexia has focused on the auditory modality (e.g., Cantiani et al., 2013a, 
2013b, 2015; Rispens et al., 2006; Sabisch et al., 2006), most likely in order 
to control for reading difficulties as a potential confound. The few ERP studies 
that have explored morphosyntactic processing in dyslexia in reading (e.g., 
Miller-Shaul, 2005; Rüsseler et al., 2007) have not focused on sentences, but 
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on word pairs, which are known to elicit a different ERP pattern to sentence-
level processing. So far, no study has directly compared the ERP patterns in both 
reading and listening using sentences with morphosyntactic violations. 

In this chapter, we describe a reading ERP study on gender and number 
disagreement conducted on Dutch adults with dyslexia. Gender in Dutch is known 
to cause difficulties for both typical and atypical populations (e.g., individuals 
with aphasia: Bastiaanse et al., 2003; monolingual Dutch children: Blom et al., 
2008; second language speakers and children with developmental language 
disorders: Orgassa, 2009). Consequently, we included gender disagreement to 
ensure that the stimuli used were sufficiently complex and challenging to tap into 
potential difficulties in morphosyntactic skills in dyslexia (following Shankweiler 
et al., 1995). This is especially pertinent for adults with dyslexia, who frequently 
have undergone extensive remediation and/or developed strategies to overcome 
reading difficulties, including difficulties in the domain of morphology (Casalis 
et al., 2004; Elbro & Arnbak, 1996). By using the same stimuli, we are able to 
compare the results of adults with dyslexia in the current study to the results of a 
reading study by Popov and Bastiaanse (2018) on Dutch adults without dyslexia. 
Finally, we discuss the results of the current study conducted in the visual 
modality in relation to the results of the ERP study from Chapter 2 conducted on 
a different group of adults with dyslexia with the same materials in the auditory 
modality. Our overarching goal was to examine gender and number disagreement 
processing in both the visual and the auditory modality. By doing so, we hope to 
eliminate potential limitations on conclusions from conducting an ERP study on 
individuals with dyslexia in only one presentation modality, and to explore the 
mechanisms of morphosyntactic processing for both modalities. 

3.1.1  Reading vs. Listening in Language Studies in Dyslexia
Regardless of the modality or method used, previous studies have identified 

morphosyntactic processing difficulties in both children and adults with dyslexia 
in the domain of (morpho)syntax. Thus, individuals with dyslexia have been 
found to exhibit difficulties with different (morpho)syntactic structures in the 
comprehension of both written (e.g., Jiménez et al., 2004; Miller-Shaul, 2005; 
Rüsseler et al., 2007; Stella & Engelhardt, 2019; Wiseheart et al., 2009) and 
spoken language (e.g., Cantiani et al., 2013a, 2013b, 2015; Joanisse et al., 2000; 
Leikin & Assayag-Bouskila, 2004; Rispens et al., 2004, 2006; Robertson & 
Gallant, 2019; Robertson & Joanisse, 2010; Robertson et al., 2013; Sabisch et al., 
2006; Waltzman & Cairns, 2000). 

However, several behavioral (morpho)syntactic studies have aimed to provide 
an answer to the question of which presentation modality (auditory vs. written) 
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is more taxing for individuals with dyslexia. Casalis et al. (2013) examined 
syntactic comprehension in children with dyslexia in both reading and listening. 
They found that syntax posed a particular difficulty for children with dyslexia 
compared to reading age-matched children, but only in the written, and not in 
the spoken modality. Namely, children with dyslexia performed more poorly 
on morphosyntactic tasks (i.e., a receptive grammar task and a relative clause 
processing task) than reading age-matched children while reading sentences, but 
their performance was comparable to typical readers while listening to sentences. 
The authors found that children with dyslexia were ‘insensitive’ to inflectional 
markers in complex syntactic structures in both the visual and auditory modality. 
However, this was also the case for the reading-age control group, whereas 
the children in the age-matched typically reading control group were the only 
children who showed sensitivity to inflectional markers that support syntactic 
comprehension. 

In contrast, Antón-Méndez et al. (2019) found no effect of presentation modality 
on the production of subject-verb agreement attraction errors in Spanish children 
with dyslexia. Children with dyslexia produced the same number of production 
errors, regardless of whether the elicitation preamble (i.e., the beginning of the 
sentence used to elicit a response) was written or spoken. A study by Raveh and 
Schiff (2008) examined morphological priming in Hebrew-speaking university 
students with dyslexia. Morphological difficulties were present in adults with 
dyslexia on tasks reflecting automatic visual word-recognition, but not on tasks 
associated with auditory word-recognition processes. In summary, only a handful 
of behavioral studies directly investigated the influence of presentation modality 
on the performance of individuals with dyslexia on morphosyntactic processing 
tasks and found conflicting results (no influence of presentation modality: 
Antón-Méndez et al., 2019; Casalis et al., 2013; worse performance on written 
than auditory modality: Raveh & Schiff, 2008).

3.1.2  The Role of Presentation Modality in ERP Research
Relatively few ERP studies have directly compared the modality of presentation 

(visual vs. auditory) in sentence processing with unimpaired participants (but see, 
Balconi & Pozzoli, 2005; Hagoort & Brown, 2000; Meulman et al., 2014; Popov, 
2017). Instead, most studies on sentence processing in general, and agreement 
processing in particular, have focused on reading rather than listening (Molinaro 
et al., 2011). While presenting stimuli word-by-word on the screen in the written 
modality enables very precise stimulus time-locking (e.g., to a particular word 
in a sentence) and a more straightforward experimental design, this presentation 
modality does have the disadvantage of being an artificial and somewhat 
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unnatural mode of reading. In contrast, auditory stimulus presentation allows for 
a more ecologically valid design due to a more natural manner of presenting 
sentences, since participants hear sentences spoken in real time. However, the 
main drawback of auditory stimulus presentation is that it allows for greater 
ERP component overlap, since natural speech does not contain pre-programmed 
pauses between words and as such, natural speech cannot be controlled in the 
same manner as reading ERP experiments. 

If we assume that listening and reading rely on the same syntactic processing 
mechanism, then we should expect the same ERP components to be elicited 
in both modalities (following Friederici, 1996). As mentioned in the previous 
chapter, the P600 is an ERP component typically associated with morphosyntactic 
repair and reanalysis, as well as difficulties with morphosyntactic integration 
in agreement studies (e.g., Friederici, 2002; Friederici et al., 1993; Kutas & 
Hillyard, 1980; Molinaro et al., 2011; Osterhout & Holcomb, 1992; Osterhout 
& Mobley, 1995; Popov & Bastiaanse, 2018; Popov et al., 2020). Meanwhile in 
agreement studies, if elicited, the LAN, or left-anterior negativity, a component 
that precedes the P600, is thought to reflect early and automatic violation detection 
(see Molinaro et al., 2014). The studies that have compared presentation modality 
for the same stimuli have reported either slight differences in the ERP response 
(e.g., Hagoort & Brown, 2000; Popov, 2017) or no differences (e.g., Balconi & 
Pozzoli, 2005; Meulman et al., 2014) to reading versus listening to sentences 
with morphosyntactic violation. Hagoort and Brown (2000) found no (major) 
differences in the time course of reading and listening to the same sentences 
in Dutch with regards to the P600. However, they reported a difference in the 
elicitation of the LAN for the same stimuli: the LAN was found only for auditory 
and not for written stimuli presentation, and in only two out of three conditions 
of the auditory modality. 

Popov (2017) also reported differences in the time course of ERP components 
depending on the modality of presentation in both Italian and Dutch. In two 
studies on syntactic and semantic gender disagreement processing in Italian, 
Popov (2017) elicited the LAN and the P600 in both reading and listening, with 
a slightly different topographic distribution between the conditions. However, 
the LAN was absent in the semantic gender condition in listening. Investigating 
the processing of grammatical gender and number disagreement in Dutch, he 
reported a LAN only in the auditory modality for gender disagreement, in contrast 
to Hagoort & Brown (2000). Meanwhile, a P600 was elicited both in the auditory 
(number disagreement) and the written modality (both conditions), although 
the topographic distribution was slightly different between the conditions. 
Furthermore, the ERP effects seemed to have a larger amplitude and broader 
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distribution in reading than in listening. Therefore, Popov (2017) concluded that 
the mode of presentation plays a role in agreement violation processing in adults 
without dyslexia using ERPs. 

An important point worth bearing in mind is the difference in the time course 
of the elicited components between reading and listening in typical readers, which 
is related to the difference in the speed of delivering information between spoken 
and written language. Both speech perception and language processing during 
reading are rapid and incremental processes (Rayner & Clifton, 2009). However, 
a typical speaking rate is 120-200 words per minute – somewhat slower than the 
reading speed of skilled readers, which is 250-350 words per minute (Rayner & 
Clifton, 2009). As demonstrated by Popov (2017), this difference between word 
recognition in reading and listening leads to a delay in the onset of the ERP effect 
in listening compared to reading. More specifically, when a word is spoken, it takes 
approximately 200 ms longer to notice an agreement violation in listening than in 
reading due to the faster speed of visual than speech recognition. Therefore, we 
also expect to see a difference in the time course of the ERP components between 
different presentation modalities for adults with dyslexia.

3.1.3  Current Study
The present study investigated the morphosyntactic processing of gender and 

number disagreement in Dutch adults with dyslexia by means of an ERP sentence-
reading paradigm. Similar to Wiseheart et al. (2009), we aim to minimize the 
potential confounds of reading experience and comorbid language impairments 
by investigating morphosyntactic processing in high-performing university 
students with dyslexia (high-performing, because they were attending university: 
Parrila et al., 2007), who are less likely to be affected by diminished reading 
experience (Raveh & Schiff, 2008). 

Behavioral and ERP results for adults without dyslexia were collected and 
reported by Popov and Bastiaanse (2018) 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.8

At present, it is not known how individuals with dyslexia process sentences 
containing morphosyntactic violations in reading compared to listening. We 
therefore compared the results of the current reading study to those of the listening 

8  We will not compare the effects in the two groups directly, because we are interested in the 
onset, rather than the effect size of the effect (i.e., primarily the P600). 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 the results of the comparison uninterpretable.  
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study in Chapter 2 conducted with the same stimuli. By doing so, we were able 
to compare the two presentation modalities with respect to the presence/absence 
of ERP components, as well as their topographic and temporal characteristics. 
To summarize, the ERP results of the listening study from Chapter 2 show no 
effect for the gender condition and a frontal negativity for the number condition 
in adults with dyslexia. 

We also aimed to examine the complexity of structural repair processes in 
gender and number disagreement in reading, which would be reflected in a 
processing discrepancy between these two types of constructions in the late 
stage of the P600 (e.g., Barber & Carreiras, 2005; Popov & Bastiaanse, 2018). 
As explained in more detail in Chapter 2 (Section 2.1.1), gender disagreement 
in the current study only had one structural repair option (i.e., *een mooieC(ommon) 
dorpN(euter) > een mooiN dorpN), while the number condition contained two 
potential repair options (i.e., *hetSG mooieSG/PL dorpenPL > hetSG mooie SG dorpSG; 
*hetSG mooieSG/PL dorpenPL > dePL mooiePL dorpenPL). In Popov & Bastiaanse’s 
(2018) study on adults without dyslexia, more reanalysis options for number 
disagreement were assumed to require more complex structural repair and, as 
a result, elicited a larger P600 effect, especially in the late stage of the P600, 
for number than gender disagreement. Thus, if there is a difference in structural 
repair between gender and number in adults with dyslexia, we expect to see a 
difference between the two conditions in the elicitation of the P600 component, 
especially in the late stages of the P600.

3.1.3.1  Research Questions and Predictions

We formulated the following research questions for the ERP study:

Research Question 1: Is there a difference in the processing of 
agreement violations in written 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: Based on previous studies (e.g., Cantiani et al., 2013a, 2013b; 
Rispens et al., 2006), we predict that there will be a difference in processing these 
violations, as well as a general difference in ERP processing, between adults with 
dyslexia (current study) and adults without dyslexia (Popov & Bastiaanse, 2018), 
reflected by qualitative and/or topographic differences in ERP responses between 
the two groups. In general, we expect to elicit a P600 (in line with Cantiani et al., 
2013a, 2013b; Rispens et al., 2006) for adults with dyslexia. We do not have a 
firm prediction regarding the elicitation of the LAN. 
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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 do not have a prediction on the difference in the ERP responses 
to gender and number violations in adults with dyslexia, due to a lack of literature 
on the topic, as well as the inconclusive results on the structural repair mechanism 
(i.e., the lack of a P600) in our listening study from Chapter 2.

Research Question 3: Is there a difference in the presentation modality 
(listening, Chapter 2 vs. reading, current study) for adults with dyslexia 
as measured by ERPs?  

Prediction 3: We predict that presentation modality will play a role in the 
performance on adults with dyslexia. As mentioned in Section 3.1.2, we expect 
to see a difference in the time course of the ERP components between different 
presentation modalities for adults with dyslexia, due to a faster speed of written 
than spoken word recognition. However, we do not have a firm prediction 
regarding the differences in ERP effects between reading and listening to the 
same sentences in adults with dyslexia, since no previous research compared the 
two modalities in dyslexia using ERPs. 

3.2  Method
3.2.1  Participants

A total of 24 participants with dyslexia who did not take part in the listening 
experiment were recruited. Data from one participant with dyslexia were excluded 
due to excessive errors in the grammaticality judgement task (i.e., 80% incorrect 
responses), leaving a total of 23 participants (7 male; mean age 22,4; age range 18-30).

All participants were diagnosed as having clinical dyslexia prior to the 
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 (SDN et al., 
2016). Dyslexia diagnosis was confirmed through a questionnaire and the use of 
selected behavioral tasks (see below).

Additionally, all participants satisfied the following inclusion and exclusion 
criteria: native speakers of Dutch from The Netherlands, right-handed (as assessed 
by a Dutch adaptation of the Edinburgh Handedness Questionnaire; Oldfield, 
1971), at least 18 years old, normal or corrected-to-normal vision, no hearing 
impairments, and no history of neurological or psychiatric disorders (e.g., epilepsy, 
Attention Deficit Disorder (ADD), or Autism Spectrum Disorders (ASD)).
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Written informed consent was obtained from all participants prior to the 
experiment, and after having received written and verbal information about the 
study. All participants received financial compensation of 15 EUR for taking 
part in the study. The experiment was approved by the local ethics committee 
(Research Ethics Committee (CETO), Faculty of Arts, University of Groningen).

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

administered in order to confirm the dyslexia diagnosis, since we could not 
control how the participants’ dyslexia was initially diagnosed. The tests were 
selected based on the short protocol for dyslexia assessment (Tops et al., 2012). 
For diagnosing dyslexia, Tops et al. (2012) found support for the reliability 
and validity of selected 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; Tops et al., 2019), pseudo-word reading 
fluency (The Klepel; Van den Bos et al., 1994), and word spelling (spelling 
subtest of the GL&SCHR) to confirm the dyslexia diagnosis. An additional 
test tapping into phonological awareness (‘Reversals’, GL&SCHR), as well 
as morphological and syntactic 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 3.1. Participants with dyslexia displayed either a clinical (< Pc 10) or 
subclinical (< Pc 16) score on word reading fluency and pseudo-word reading 
fluency, and/or spelling to dictation, thus confirming the dyslexia diagnosis.

Table 3.1 Mean percentile scores of the 23 participants with dyslexia on the 
behavioral tests compared to normative data.

          Mean Pc score  SD
Dyslexia diagnostic tests

Word reading fluency 5.3 2.8

Pseudo-word reading fluency 3.6 2.7

Spelling to dictation 5.9 5.4

Other dyslexia tests
Reversals 13.9 13.7
Morphology & syntax 37.5 27

Note: Pc = percentile, SD = standard deviation.
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3.2.3  Materials
The materials used in the experiment are those used by Popov and 

Bastiaanse (2018) and used in Chapter 2, with the only difference being that 
we used both monosyllabic and trisyllabic words as experimental items in the 
current study, while in the listening experiment in Chapter 2, we only used 
trisyllabic words, due to the difference in duration between the two types of 
nouns in listening. We present details again here for the convenience of the 
reader. Full materials can be found in Appendix B.

The materials comprised 320 experimental sentences and 160 fillers. The 
materials were constructed with the use of 80 unique Dutch nouns, 40 of which 
were neuter (het) nouns and 40 common gender (de) nouns. Only het-nouns were 
used as experimental stimuli, with de-nouns included as fillers. Half of the nouns 
used for the experimental sentences were monosyllabic and half trisyllabic, while 
fillers always comprised disyllabic nouns. 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 ‘books Noun/’/‘to book Verb’) 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. 
This means that each participant read 160 experimental sentences in total (40 
gender grammatical, 40 gender ungrammatical, 40 number grammatical, 40 
number ungrammatical), which were then divided into two lists (80 grammatical 
(40 gender, 40 number) and 80 ungrammatical (40 gender, 40 number) and 80 
filler sentences). If a grammatical sentence was in List 1, an ungrammatical 
version of the same sentence was in List 2 and vice versa. Each participant was 
exposed to only one list. Sentences were presented in a pseudo-random order.

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). 

GENDER CONDITION: 
(1)   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.’      

Er lag een mooie *dorp vlakbij de grote stad.

there lay a beautifulC *villageN near the big city
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NUMBER CONDITION:

(2)   De gezellige dorpen trekken veel toeristen in de zomer.

thePL  nicePL  villagesPL attract many tourists in the summer

            ‘The nice villages attract many tourists in the summer.’ 

Het gezellige *dorpen trekken veel toeristen in de zomer.

theSG  niceSG  *villagesPL attract many tourists in the summer

In order to prevent the participants from developing a strategy for predicting 
the (un)grammaticality of sentences, 160 filler sentences were used with an 
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 read the entire sentence, not just the article 
or the adjective, in order to correctly judge the grammaticality of a given sentence.    

(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

3.2.4  Procedure 
The order of the experimental sentences and fillers was pseudo-randomized 

and presented with E-Prime 2.0 (Psychology Software Tools, Inc.) word by word 
on a computer screen on a black background in white font (font type: Arial, 
size: 24 pt.). Each sentence was presented only once. Before each experimental 
sentence, a fixation cross appeared on the screen (500 ms), followed by a blank 
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screen (200 ms). Each word of the sentence was displayed in the middle of the 
screen for 400 ms, followed by a blank screen for 200 ms as a break between 
words. Hence, the total interstimulus interval (the difference in time between the 
onsets of two words) was 600 ms. Each final word in a sentence included a full 
stop and was followed by a blank screen of 500 ms, indicating a sentence break. 

Participants were seated in front of a computer screen at approximately 70-
80 cm distance 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 subsequent muscle or eye movement artefacts. 
The experimenter first explained the task and provided examples in order to ensure 
that the participants understood what they were required to do. They were told to 
read sentences from the screen for comprehension, as they would be required to 
answer whether some of the sentences (20% of all sentences9) 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. Instructions for the task were then presented on the 
computer screen for the participant to read. Further explanations and examples 
were offered by the experimenter where necessary. Before the actual experiment, 
5 practice sentences were presented. The experiment itself comprised 4 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 each 
block. There were 12 grammaticality judgement questions per block, 4 of which 
pertained to the experimental stimuli. If a grammaticality judgment was required 
after a given sentence, a question mark would appear on the black screen after the 
given sentence (i.e., after the 500 ms sentence break). 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 was counterbalanced 
throughout the experiment. Each block took approximately 7 minutes and the 
entire ERP experiment lasted approximately 25-30 minutes. 

3.2.5  EEG Recording and Data Processing
For the recording, we used an EEG cap consisting of 64 scalp electrodes 

(WaveGuard; ANT Neuro Inc., Enschede, The Netherlands). The electrodes 
were positioned in an extended 10-20 system. Horizontal eye movements were 
recorded via a bipolar eye electrode (HEOG) placed at the outer canthus of each 
eye. Vertical eye movements were recorded via a bipolar eye electrode (VEOG) 

9  A grammaticality judgement question was present only for 20% of the sentences in the 
experiment, since we wanted to make the current study as similar as possible to the original 
study on adults without dyslexia by Popov and Bastiaanse (2018). 
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positioned below and above the left eye. Impedances were kept below 10 kΩ, and 
in most cases under 5 kΩ. The sampling rate was 512 Hz, with a common average 
reference.

Offline analysis of the EEG data was conducted using Brain Vision Analyzer 
2.0.4 software (Brain Products GmbH, 2012). The data were first downsampled 
to a 256 Hz sampling rate and then re-referenced offline to the average of the 
mastoids. The data were 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 1400 ms (from 200 ms before 
the target word and lasting until 1200 ms after target onset). Automatic artefact 
rejection, with a ± 100 μV cut-off, was performed for each epoch. A standard pre-
stimulus baseline correction was also performed for each epoch, starting 100 ms 
before the target word (- 100-0 ms stimulus onset). Lastly, data were averaged 
per subject and per condition. The data of participants that had fewer than 70% of 
averaged trials in one or more conditions were excluded from the analysis.  

3.2.6  Data Analysis 
For the ERP 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). The 
following time windows were used for the analysis: 300-450 ms (corresponding 
to the LAN and the N400); 450-600 ms time window (the early P600); 600-800 
ms time window (peak of the P600); and the 800-1000 ms time window (the late 
P600).

Finally, we performed the statistical analysis using repeated measures 
Analysis of Variance (ANOVA) with the within-subject factors: condition 
(consisting of two levels: article and adjective condition), 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). A Greenhouse and Geisser 
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(1959) correction was applied if the assumption of sphericity was violated, and 
Bonferroni corrections were used for the follow-up pairwise comparisons.

3.3  Results 
3.3.1  Grammaticality Accuracy Results

Participants achieved 81.4% mean accuracy on the grammaticality judgement 
task (range: 66.7% – 94%; SD = 8.7%). One participant was excluded from the 
analysis due to an excessively low score on this task (20% correct). No further 
error analysis has been performed, since we did not include a grammaticality 
judgement question after every sentence, in order to keep the task as close to 
possible to the one by Popov and Basitaanse (2018).

3.3.2  ERP Results
In this section, we report only the ANOVA results that were significant or 

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

Visual inspection of the waveforms indicated a positive effect starting 
approximately 600 ms post-stimulus onset for both conditions. The effect was 
present predominantly in the posterior areas and was elicited by ungrammatical 
sentences relative to grammatical sentences in both conditions. In line with our 
prediction, this positivity was not preceded by a left-lateralized negative effect in 
either the gender or the number condition.  

In the first time window (300-450 ms), the global ANOVA examining lateral 
ROIs showed a close-to-significant three-way interaction between condition, 
grammaticality, and anteriority (F(2, 44) = 3.253, p = .079, η2 = .129). However, 
the post-hoc tests on the three-way interaction did not yield any significant results 
(all ps > .1).  The ANOVA for the midline ROIs revealed a significant three-way 
interaction between condition, anteriority and grammaticality (F(2, 44) = 5.838, 
p = .018, η2 = .210). Once again, the follow-up t-tests on the three-way interaction 
yielded no significant effects in any of the three midline regions (all ps > .1).

In the second time window (450-600 ms), the global ANOVA in the lateral 
ROIs showed a close-to-significant effect of grammaticality (F(1, 22) = 4.196, 
p = .053, η2 = .160), and a close-to-significant interaction between condition, 
grammaticality, and anteriority (F(2, 44) = 2.895, p = .097, η2 = .116). Follow-up 
analysis of the three-way interaction did not yield any significant results (all ps > 
.1). The global ANOVA for the midline ROIs produced a significant interaction 
between condition, anteriority and grammaticality (F(2, 44) = 4.444, p = .033, 
η2 = .168) for both conditions. However, the follow-up t-tests for the three-way 
interaction showed no significant effects (all ps > .1).
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In the subsequent time window (600-800 ms), the global ANOVA for the 
midline ROIs produced a main effect of grammaticality (F(1, 22) = 6.039, p = 
.022, η2 = .215), in which ungrammatical sentences elicited more positivity than 
grammatical ones. There was no significant effect in the global ANOVA for the 
lateral regions.

In the last time window (800-1000 ms), the global ANOVA showed a 
significant interaction between grammaticality and anteriority in the lateral 
regions (F(2, 44) = 11.269, p = .001, η2 = .339). In the anterior regions, the post-
hoc tests showed that ungrammatical number sentences elicited a more negative 
response than grammatical number sentences (t(22) = 4.73, p = .004). Also, 
grammatical number sentences elicited a different response than grammatical 
gender sentences in the anterior regions (number more positive; t(22) = −3.66, 
p = .0056). The only other significant result in the lateral regions was that 
grammatical number sentences were again more positive than grammatical 
gender sentences (t(22) = −2.97, p = .0283). The midline analysis showed a 
close-to-significant main effect of grammaticality (F(1, 22) = 3.925, p = .06, η2 

= .151) and a close-to-significant three-way interaction between grammaticality, 
condition and anteriority (F(2, 44) = 3.282, p = .074, η2 = .130). In the anterior 
region, ungrammatical number sentences were more negative than grammatical 
number sentences (t(22) = 3.53, p = .0076). Also, grammatical number sentences 
were more positive than grammatical gender sentences (t(22) = −2.96, p = .028). 
There were no significant results in the central region. In the posterior region, 
ungrammatical number sentences were more positive than grammatical number 
sentences (t(22) = −4.79, p < .001), and ungrammatical gender sentences were 
also more positive than grammatical gender sentences (t(22) = −2.86,  p = 
.0364). Like in the anterior region, grammatical number sentences elicited a 
(marginally) more positive waveform than grammatical gender sentences (t(22) 
= 2.72, p = .05).10

3.3.3  Summary of ERP Results
The statistical analysis revealed that there was no left lateralized negativity (the 

LAN) or central negativity (the N400) in the 300-450 ms or the 450-600 ms time 
windows for adults with dyslexia. The first significant result was in the 600-800 
ms time window, in which ungrammatical sentences in both conditions elicited 

10  The follow-up on an interaction between grammaticality and condition included four interpretable 
t-tests (grammatical vs. ungrammatical in both conditions, grammatical in condition 1 vs. 
grammatical in condition 2, ungrammatical in condition 1 vs. ungrammatical in condition 2). 
The reason for including the comparison between the grammatical levels of both conditions is 
to make sure that there is no difference between the two baseline levels, especially taking into 
account that the target nouns differ in number. 
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a positive effect with a midline distribution, corresponding to the P600. Since 
there was no interaction between grammaticality and anteriority, we can conclude 
that the P600 observed in this time window corresponds to an early stage of the 
component. The P600 effect was also present in the midline posterior region in 
the last time window (800-1000 ms). There was also an anterior negativity in the 
800-1000 ms time window.

In Table 3.2, we summarize the ERP results from adults with dyslexia from 
the current study and contrast these to the adults without dyslexia reported by 
Popov and Bastiaanse (2018). As can be seen, there was a difference in the ERP 
responses to gender and number disagreement between adults with and without 
dyslexia in the ERP component elicitation, as well as in temporal and topographic 
terms

Table 3.2 Summary of ERP results for adults with dyslexia (current study) 
and without dyslexia (Popov & Bastiaanse, 2018) for the gender and number 
conditions.

GENDER NUMBER
Participants Participants

Time window with dyslexia without dyslexia with dyslexia without dyslexia

300-450 ms x x x x
450-600 ms x P600: all regions x P600: all regions

600-800 ms P600: all 
regions

P600: posterior 
regions and right 

central region

P600: all regions P600: posterior 
and central 

regions

800-1000 ms P600: posterior 
regions

x Negativity:  
anterior regions

P600: posterior 
regions

P600: posterior 
region

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 3.1, and for the number condition in Figure 3.2. 
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Figure 3.2 Grand average ERPs for the number condition across all 9 ROIs: black line represents Figure 3.1 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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Figure 3.2 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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3.3.4  Listening (Chapter 2) vs. Reading (Current Study)
Our third research question concerned the role of the presentation modality in 

gender and number agreement processing in dyslexia. For an easy overview, the 
ERP results of adults with dyslexia from Chapter 2 and the current chapter are 
summarized in Table 3.3. It is clear that we did see an ERP difference between 
listening and reading to the same stimuli. In listening, there was no effect for the 
gender condition, while a frontal negativity emerged in the number condition. 
Meanwhile, for reading, we saw a P600 for both the gender and the number 
condition, as well as a frontal negativity in the number condition. 

Table 3.3 Summary of ERP results of adults with dyslexia in listening (Chapter 
2) and reading (current chapter).

Listening Reading
700-900 ms Frontal negativity: 

number 
 450-600 ms x

900-1100 ms x 600-800 ms P600: all regions, gender and 
number

1100-1300 ms Frontal negativity: 
number 

800-1000 ms Frontal negativity: number 
P600: posterior regions, gender 
and number

Note: ms = milliseconds; x = no effect detected. Note that the time windows are different across the 
different experiments due to the difference in the duration of the target noun between listening and 
reading. 

3.4  Discussion
The current study investigated the processing of gender and number 

disagreement in reading in Dutch adults with dyslexia within a typical ERP 
violation paradigm containing grammatical and ungrammatical sentences. We 
compared the results of the current study with the results of the ERP study from 
Chapter 2, which employed the same stimuli in listening, and with the patterns 
shown by adults without dyslexia in Popov and Bastiaanse (2018).   

3.4.1  P600 Differences between Adults with and without Dyslexia
In answer to our first research question, we did see differences in ERP patterns 

between adults with and without dyslexia. More specifically, qualitative, temporal 
and topographic differences in the ERP pattern appeared between the two groups, 
which is in accordance with previous ERP research on processing agreement 
violations in adults with dyslexia (e.g., Cantiani et al., 2013a; Rispens et al., 
2006). In our study, a frontal negativity was elicited for sentences containing 
number disagreement, while a P600, associated with morphosyntactic repair and 
reanalysis (e.g., Friederici, 2002; Hagoort & Brown, 2000), emerged in response 
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to both gender and number disagreement. The frontal negativity in our study was 
present in the 800-1000 ms time window, but was absent in the ERP pattern of 
adults without dyslexia in either condition. The P600 was elicited later for adults 
with dyslexia (onset at 600 ms) than the P600 found for adults without dyslexia 
(onset at 450 ms). The scalp distribution of the P600 was also different between 
the groups, with the P600 of the group without dyslexia being consistently more 
broadly distributed than the P600 of the dyslexia group. While the P600 for the 
gender condition in the adults without dyslexia was not elicited in the late P600 
window, it was present in the posterior midline region for adults with dyslexia at 
this time window. Lastly, the P600 for both groups for the number condition was 
detectable in the late P600 time window, albeit with a broader distribution for the 
group without dyslexia. 

An interesting finding of our study is that of a frontal negativity for adults 
with dyslexia in a late time window (i.e., 800-1000 ms) for the number condition 
only. This frontal negativity was puzzling, because of its late emergence and its 
absence in adults without dyslexia. In terms of its topographic distribution, this late 
frontal negativity resembles a LAN. However, the time course of this component 
does not coincide with the interpretation of a (delayed) LAN, given that in our 
study, it appeared approximately 200 ms after, and not before, the onset of the 
P600. Following Friederici (2002), the LAN, if elicited, should precede the P600 
and reflect automatic processing of morphosyntactic violations. Therefore, in 
functional terms, the frontal negativity in our study is most likely not a ‘true’ LAN, 
but rather associated with processes related to late morphosyntactic integration 
or the recognition of the next word. The exact functional interpretation of the 
elicited late frontal negativity in adults with dyslexia warrants future research.   

While we did find a biphasic ERP pattern in response to number disagreement 
in adults with dyslexia, the time course of the elicited components in our study is 
at odds with the results of previous studies on gender and number disagreement 
processing that elicited a biphasic LAN-P600 response (e.g., Barber & Carreiras, 
2005, for Spanish). More specifically, in the study by Barber and Carreiras (2005), 
the LAN had a more typical time course in that it preceded the P600 in response to 
agreement mismatch. Nonetheless, our finding of a P600 for adults with dyslexia 
is in line with previous studies on Dutch gender and/or number disagreement that 
elicited the P600 (e.g., Hagoort, 2003; Hagoort & Brown, 2000; Loerts et al., 
2013; Meulman et al., 2014; Popov & Bastiaanse, 2018). 

These results are also in accordance with previous reports of atypical processing 
in dyslexia for other ERP components (e.g., Horowitz-Kraus & Breznitz, 2011). 
Overall, the delayed P600 effect in our study is supported by previously well-
documented findings of a general slower processing speed for both visual and 
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auditory tasks in dyslexia (e.g., Breznitz & Misra, 2003), as well as specific 
word recognition problems typical of dyslexia. Horowitz-Kraus and Breznitz 
(2011) demonstrated that adults with dyslexia possess an impaired mechanism 
for detecting errors while reading, which could also magnify their difficulties 
with morphosyntactic integration in reading found in our study. In other words, 
adults with dyslexia do not readily detect morphosyntactic errors while reading 
sentences. However, a lack of sensitivity to disagreement does not necessarily 
indicate an impairment in morphosyntactic processing, but rather a processing 
difference between the groups. This difference can partly be explained by the 
inherent reading difficulties in dyslexia manifested by a slower processing speed 
and a reduced sensitivity to grammatical violations in print. 

3.4.1.1  The Structural Repair Mechanism of the P600 in Adults with  
              Dyslexia

Regarding our second research question on the structural repair mechanism of the 
P600 in adults with dyslexia, we did not see differences between the elicited P600 
to gender and number disagreement in adults with dyslexia. We did not make a firm 
prediction with regards to the structural repair mechanism in adults with dyslexia 
due to a lack of previous research or the P600 as a marker of structural repair and 
reanalysis in dyslexia. However, our results on the repair processes in dyslexia 
are more difficult to interpret than the mechanism underlying gender and number 
disagreement in adults without dyslexia. The study of Popov and Bastiaanse (2018) 
observed a neat asymmetry between number and gender disagreement; the longer-
lasting P600 effect in the number condition reflected number disagreement being 
more complex to repair due to the inflectional nature of number (i.e., the existence 
of two structural repair options for number compared to only one structural repair 
option for gender). 

Although a frontal negativity was present in the number condition, the P600 
elicited in the dyslexia group did not differ between the two conditions, neither in 
temporal nor topographic terms. This may indicate that the repair process is indeed 
different in the two groups with participants with dyslexia being less sensitive to 
the repair complexity. This is in line with the idea that individuals with dyslexia 
process or perceive morphosyntactic agreement violations differently compared 
to individuals without dyslexia. Based on the later onset time of the P600, as 
well as its more limited scalp distribution, it seems that individuals with dyslexia 
perceive the violation with a delay and do not repair it as efficiently as individuals 
without dyslexia. 

The only puzzling finding regarding the P600 is that the P600 in the gender 
condition was longer-lasting for participants with dyslexia compared to 
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participants without dyslexia. This finding is reminiscent of the longer persistence 
of the anterior negativity in response to gender disagreement to written word-
pairs in adults with dyslexia than adults without dyslexia (Rüsseler et al., 2007). 
In line with Rüsseler et al. (2007), we can interpret this finding as indicating a 
syntactic processing difficulty and longer time necessary for syntactic integration 
in adults with dyslexia than adults without dyslexia. Furthermore, the longer-
lasting P600 effect in the gender condition in our study may be related to a general 
delay and later onset of the P600 (due to a general slower speed of processing, e.g., 
Breznitz & Misra, 2003), as well as a less efficient repair mechanism. However, it 
is possible that the presence of multiple factors modulated the P600 effect, which 
would render the comparison in terms of repair complexity with the group of 
adults without dyslexia uninterpretable. Therefore, our results are inconclusive 
regarding the structural repair processes in dyslexia. 

3.4.2  ERP Responses to Agreement Violations in Reading and  
          Listening in Adults with Dyslexia

In order to answer the final research question of this chapter, we compared the 
ERP effects in adults with dyslexia in response to gender and number disagreement 
in listening (Chapter 2) and reading (current study). 

The first finding is that presentation modality does appear to be reflected in 
ERP responses with qualitative differences in the elicited ERP components. In 
listening, sentences containing number disagreement elicited a frontal negativity 
in adults with dyslexia, whereas no ERP effect was found for sentences 
containing gender disagreement. Reading sentences elicited a frontal negativity 
in the number condition only. Furthermore, reading sentences containing either 
gender or number disagreement elicited the P600, an ERP component associated 
with morphosyntactic reanalysis and repair, difficulties with morphosyntactic 
integration and increased processing load in agreement studies (e.g., Friederici, 
2002; Friederici et al., 1993; Kutas & Hillyard, 1980; Molinaro et al., 2011; 
Osterhout & Holcomb, 1992; Osterhout & Mobley, 1995; Popov & Bastiaanse, 
2018; Popov et al., 2020). 

The most puzzling finding of these two studies is that of a frontal negativity, 
which was elicited for adults with dyslexia in response to sentences containing 
number disagreement in both reading and listening. As previously mentioned, 
this frontal negativity could only be functionally interpreted in terms of a LAN-
like component, associated with an automatic detection of a morphosyntactic 
violation, in the early time window (i.e., 700-900 ms) in listening. In the later 
time windows (i.e., 1100-1300 ms for listening, and 800-1000 ms for reading), 
this frontal negativity was likely related to the beginning of the following word. 
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Finally, since qualitatively and/or temporally different ERP components were 
elicited for reading than for listening, it is not possible to directly compare the 
time course of the elicited components in the two modalities. 

If we assume that listening and reading rely on the same processing mechanism, 
then we should expect to elicit the same ERP components in both modalities 
(following Friederici, 1996). Consequently, our data could be interpreted as 
implying that reading and listening rely on different underlying linguistic or 
cognitive processing mechanisms in dyslexia. Although, for adults without 
dyslexia, several previous studies have found no differences in the ERP pattern 
between reading and listening to the same stimuli (e.g., Balconi & Pozzoli, 
2005; Meulman et al., 2014), others have reported different ERP patterns (e.g., 
Hagoort & Brown, 2000; Popov, 2017). Thus, like Popov (2017), who used the 
same materials in their study on Dutch adults without dyslexia, we conclude that 
reading and listening do not rely on the same underlying mechanism in adults 
with dyslexia. 

An interesting finding from our two ERP studies with adults with dyslexia 
is that no ERP effect was elicited in response to sentences containing gender 
disagreement in listening, but there was a P600 in reading. In other words, adults 
with dyslexia were not sensitive to the presence of a subtle inflectional cue (i.e., 
adjectival suffix -e) in the gender condition in listening and required a more salient 
perceptual cue (e.g., the combined lexical and inflectional cues in the number 
condition) in order to detect the violation in listening. In contrast, they were 
able to detect the violation in the gender condition in reading, indicating that the 
gender violation in reading might be more perceptually salient than in listening. 
In our study, we did not directly investigate whether morphosyntactic difficulties 
in adults with dyslexia are caused by an underlying phonological impairment. 
However, it is nevertheless possible that an underlying problem in the perception, 
manipulation and retrieval of phonemes as the basic building blocks of language, 
which might in turn cause a bottleneck in working memory, is responsible for the 
pattern of difficulties observed across reading and listening.

Apart from corroborating the results of previous studies on difficulties with 
inflectional morphology in dyslexia (e.g., Altmann et al., 2008; Cantiani et 
al., 2013a, 2013b, 2015; Casalis et al., 2013; Joanisse et al., 2000; Rispens 
et al., 2004, 2006; Robertson et al., 2013), our findings have methodological 
implications for future studies on adults with dyslexia as an under-researched 
population in language research. For instance, our findings indicate that, to a 
different degree, both reading and listening are vulnerable in dyslexia. Thus, 
our results have methodological implications and emphasize the need to 
include reading as the presentation modality in future sentence-level studies 
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on dyslexia. Finally, modality played a role in the ERP effects and revealed 
subtle differences between reading and listening to the same stimuli. Thus, the 
use of behavioral measures could be the reason why previous studies found no 
differences in the performance of children with dyslexia compared to children 
without dyslexia in reading and listening (Antón-Méndez et al., 2019; Casalis et 
al., 2013). Since Raveh and Schiff (2008) did find differences between reading 
in listening for adults with and without dyslexia on a morphological priming 
task, we assume that the use of a priming paradigm, similar to the use of ERPs, 
presents a more sensitive method of detecting the subtle morphosyntactic 
processing difficulties in individuals with dyslexia. Hence, the results of our 
two ERP studies highlight the necessity of using more fine-grained measures, 
as well as different presentation modalities, to tap into morphosyntactic 
differences between adults with and without dyslexia. This conclusion is also 
borne out by Cantiani et al. (2013a), who argues that, unlike ERPs, behavioral 
measures can only identify the results of cognitive processes (e.g., the number 
of correct/incorrect responses), rather than pinpointing the exact cognitive 
process involved in language processing. 

3.5  Conclusion

The current study is the first to explore electrophysiological responses 
of adults with dyslexia when reading full sentences with morphosyntactic 
agreement violations and to compare them to listening to the same stimuli. In 
the visual modality, we found a P600 in response to both gender and number 
disagreement, while a frontal negativity was present for number disagreement 
only. Compared to adults without dyslexia, adults with dyslexia appear to be 
less sensitive or do not readily detect grammatical violations in reading. Our 
results confirm previous research regarding the lack of sensitivity to inflectional 
morphology in adults with dyslexia. Moreover, the results of the current study 
are in line with previous findings of temporal differences in the P600 elicitation 
and topographic differences in the P600 distribution between adults with and 
without dyslexia. However, our results are inconclusive regarding the nature 
of structural repair processes in dyslexia. Whether this is a consequence of the 
morphosyntactic manipulation or reading as the presentation modality placing 
additional demands on the parser remains a topic for future research. Regarding 
presentation modality, the ERP pattern for adults with dyslexia differed depending 
on the modality of presentation, which is a methodologically significant finding 
for future studies. Finally, our results confirm that ERPs constitute a sensitive 
method for investigating subtle morphosyntactic differences between adults with 
and without dyslexia. 
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In the previous two chapters, we investigated the processing of within-phrase 
disagreement in adults with dyslexia using ERPs. It remains to be seen whether 
adults with dyslexia process across-phrase disagreement differently than within-
phrase disagreement. Another question that arises is whether another method that 
is sensitive to the temporal aspects of agreement violation processing (i.e., self-
paced reading) can capture the subtle morphosyntactic differences between adults 
with and without dyslexia. These issues will be explored in the following chapter.
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