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Chapter 6

6.1 OVERVIEW

The discussion addresses the hypotheses and predictions postulated in the Chapter 1 in 
the same order. In order to make it easier for the reader to follow the discussion, results 
from all experimental chapters are summarized in Table 6.1.

Table 6.1 | Summary of results

Italian
Chapter 2 Chapter 3
Reading Listening

Syntactic gender Semantic gender Syntactic gender Semantic gender
LAN, P600 LAN, P600 (L)AN, P600 P600

LAN LAN

300-450 ms; left anterior and left central regions 400-750 ms; anterior 
and central regions x

P600 P600
500-700  

ms
700-900  

ms
500-700  

ms
700-900 

ms 750-1000 ms 750-1000 ms

* * *** *** * *

posterior and central regions posterior regions posterior and some 
central regions

Dutch
Chapter 4 Chapter 5
Reading Listening

Gender Number Gender Number
P600 P600 LAN, P600 P600

LAN LAN

x 600-1200 ms; left 
anterior region x

P600 P600
450-

600 ms
600-
800

800-
1000

450-
600

600-
800

800-
1000

600-
800

800-
1000

1000-
1200

900-
1100

1100-
1300

1300-
1500

x * * * * *** * * * * * *

posterior and central regions (some) posterior 
regions

posterior and some 
central regions

x indicates the absence of an effect
* indicates the presence of an effect in a given time window
*** indicates the presence of an effect in a given time window; it also indicates that the effect in the given 
time window was significantly larger in terms of amplitude than the same effect in the same time window 
in the other condition

6.2 GENDER (DIS)AGREEMENT

6.2.1 P600 

This thesis revolves around the issue of gender (dis)agreement. Processing gender and 
gender (dis)agreement is a pervasively syntactic phenomenon which is expected to elicit 
syntactically-related language components. Indeed, in each condition of each experiment, 
the P600 component was successfully elicited regardless of presentation modality. The 
P600 is often understood as a marker of repair/reanalysis processes occurring after the 
detection of a morphosyntactic error (Friederici, 2002; Kaan & Swaab, 2003). In addition 
to the P600, a number of studies have reported another syntactically-related component, 
that is, the left anterior negativity (LAN). The LAN precedes the P600, and arises as a 
response to the detection a morphosyntactic violation detection (Friederici, 2002). In the 
current thesis, the LAN was elicited in half of the conditions. 

6.2.2 LAN: Reading

The P600 can be characterized as a reliable marker of syntactic processing, as it is 
consistently elicited across agreement studies. By contrast, the LAN has been reported 
inconsistently in studies on agreement (see Molinaro et al., 2011). So far, there is no 
precise account for such variability. The current thesis, unfortunately, does not provide 
solutions to this issue. The LAN was elicited in the reading study on syntactic and semantic 
gender in Italian (Chapter 2). Both conditions (syntactic gender and semantic gender (dis)
agreement) elicited a small negative left-lateralized effect, consistent with the LAN. There 
was no difference in the characteristics of the effects across conditions. This finding is 
in line with several studies on agreement in Italian that reported the LAN (Caffarra et al., 
2015; Molinaro et al., 2008). 

However, gender and number disagreement in reading in Dutch (Chapter 4) did not elicit 
the LAN. Again, this is in line with the majority of studies on gender in Dutch that failed to 
obtain the LAN effect (Hagoort & Brown, 1999; Loerts et al., 2013; Meulman et al., 2014). 
Hagoort and Brown (1999) suggested that the LAN can be elicited only in the presence 
of a morphologically overt morphosyntactic violation. This can explain why there is 
no LAN in Dutch gender disagreement (no gender morpheme) as opposed to Italian 
gender disagreement (gender morpheme present in our stimuli). Still, this explanation 
does not account for the lack of the LAN in number disagreement in Dutch, in which the 
morphosyntactic error is caused by an incongruous number suffix. Therefore, we can only 
conclude that our results are in line with a number of studies that elicited the LAN affected 
in Italian (Molinaro et al., 2008, Caffarra et al., 2015), as well as with a number of studies 
that failed to obtain the LAN effect in Dutch (Hagoort & Brown, 1999; Loerts et al., 2013; 
Meulman et al., 2014).
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6.2.3 LAN: Listening

The auditory results did not parallel the findings from the reading studies. In the experiment 
on Italian, the LAN-like effect was recorded only in the syntactic gender condition. 
Similarly, in the Dutch experiment, the LAN was present in the gender disagreement 
condition. This issue will be addressed again in more detail later in this chapter.

6.3 REPAIR AND REANALYSIS

Since it is assumed that gender (dis)agreement is a syntactic phenomenon, we expected 
it to elicit the P600 as a reliable marker of syntactic processing. We were particularly 
interested in investigating how manipulating repair/reanalysis complexity affects the P600 
effect. We predicted that an increase in difficulty would result in a larger effect, in terms of 
either amplitude or distribution. The prediction was borne out in the data – an increase in 
repair/reanalysis complexity resulted in an increase of the P600 effect. 

There are two more issues of interest regarding the relationship between the repair/
reanalysis processes and the P600. Firstly, an increase in repair/reanalysis complexity 
yielded increased amplitude of the P600 in the two reading studies (Chapters 2 and 
4). In addition, in the listening studies (Chapters 3 and 5), a broader distribution of the 
P600 was observed in those conditions (semantic gender and number disagreement), 
which were costlier to repair/reanalyze. According to our prediction, a change in either 
amplitude or distribution indicates a difference in processing load. It is, thus, obvious from 
the experiments that the characteristics of the components are affected by presentation 
modality. As to why reading was associated with a change of amplitude and listening with 
a change of distribution, only speculations are possible. A tendency was observed when 
comparing reading to listening experiments: the difference in amplitude was always larger 
in reading. Furthermore, the effects also seemed to have a broader distribution in reading 
than in listening. These two issues might be interrelated. Namely, an increase in amplitude 
may indicate an increase in processing load, whereas a different distribution may indicate 
different underlying generators (Otten & Rugg, 2005). However, it is highly unlikely that the 
same P600 generator yields both low- (single repair/reanalysis) and high-demand (double 
repair/reanalysis) responses in reading whereas different P600 generators are involved in 
listening. Rather, an increase in processing demand might modulate amplitude in both 
modalities. Statistically, this emerges differently in different modalities.

Hagoort and Brown (2000) noted that the auditory P600 has a more posterior distribution 
than the visual P600. This could be a consequence of a smaller effect size in listening 
than in reading. As already said, in the experiments in this thesis the P600 tended to 
have smaller amplitude in listening than in reading. The topographic origin of the repair/
reanalysis P600 is most likely in the posterior regions (Kaan & Swaab, 2003) from where 
it spreads over central and towards anterior regions. The effect starts to deteriorate in 

strength, as seen from its voltage, the farther away it spreads from its posterior source. 
Since the effect is already stronger in reading, it can reach statistical significance in the 
central regions in reading but not in listening. Then, if the processing load is affected by 
increasing repair/reanalysis complexity, the P600 amplitude increases. Since the P600 is 
strongest in posterior regions, adding more power to one condition will yield a statistically 
larger effect in the posterior regions in reading. If the effect is already large, the significance 
may spill over to central regions as well. By contrast, in the listening experiments, an 
increase in voltage of the P600 in one condition is not enough to make that condition 
significantly larger than the other condition in the posterior regions, since the effect is 
weak to start with. However, it may be just enough to tip the scales in the central regions. 
That is, an increase of the P600 effect in one condition in listening adds just enough power 
to the already trending effect in the central regions to reach significance. Therefore, we 
believe that an increase in repair/reanalysis complexity modulates the amplitude of the 
P600. Statistically, however, this effect may manifest itself as an increase in distribution, 
as was the case in the listening experiments.

The second issue pertains to the distinction of the early and late phase of the P600. 
Hagoort and Brown (2000) suggested that the P600 consists of two functionally and 
morphologically distinct phases. The early phase (500-700 ms) is characterized by a 
broadly distributed positive effect and is primarily connected with syntactic integration. 
It is followed by a late stage with a more posterior distribution, in which repair/reanalysis 
processes take place. We cannot test this in the listening experiments, as the difference 
in stimulus duration did not allow us to create two distinct time windows. Therefore, the 
discussion that follows refers to the reading experiments only.

In the experiment on syntactic and semantic gender processing in Italian, the difference 
in the P600 was statistically significant in both time windows. However, this does not 
rule out that repair/reanalysis takes place in the late time window. Rather, due to the 
nature of the semantic gender, the experiment actually combined information integration 
and repair/reanalysis processes. That is, in the semantic gender condition, the parser 
integrated conceptual and syntactic information in order to retrieve gender information. 
This is followed by a complex repair/reanalysis mechanism. Based on the results from 
Italian, it is impossible to confirm or rule out the early/late P600 distinction. However, the 
experiment on gender and number disagreement in Dutch supports the aforementioned 
distinction. Namely, the P600 in the number condition was stronger than the P600 in 
the gender condition, only in the late time window. Since the main difference between 
the two conditions lies in the complexity of the repair/reanalysis mechanism, the results 
of this experiment favour the early/late P600 hypothesis as suggested by Hagoort and  
Brown (2000).
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6.4 COMPONENT ONSET TIME

In Chapter 1, it was stipulated that auditory comprehension studies allow for a better time 
resolution of sentence processing. Therefore, only the results from the auditory studies 
(Chapters 3 and 5) are discussed here. The initial assumption was that, like the N400 
(O’Rourke & Holcomb, 2002), the syntactically-related components are violation-aligned. 
That is, rather than occurring in cycles (e.g., every 600 ms), the components arise after 
a certain time period from the detection of the violation. Data consistent with this claim 
were obtained as regards the LAN. In both experiments, the LAN was elicited soon after 
the violation was detected (see also Hastings & Kotz, 2008).  As an illustration, the LAN 
was detectable 600 ms after the stimulus onset in the experiment on Dutch (Chapter 5) 
rather than in the usual time window of 300-500 ms post-stimulus onset.

The situation is more complex in the case of the P600. The onset time of this component 
was identical in both conditions (syntactic and semantic gender) in the experiment on 
Italian (Chapter 3), despite the earlier recognition point in the syntactic gender than in 
the semantic gender. However, the results were not replicated in the study on Dutch 
(Chapter 5). In the latter experiment, the onset time of the P600 in the number condition 
was delayed by 200 ms as compared to the gender condition. This corresponds to the 
difference between the recognition points in the number and gender condition, which 
were approximately 200 ms apart.

The results from the two studies seem to contradict each other. However, we believe that 
there is further evidence in support of the P600 being violation-aligned like the LAN. The 
simplest explanation is that the results from the first study are skewed due to a variation 
in stimulus length. Unlike the study on Dutch, in which all target words were trisyllabic, 
individual target words in the experiment on Italian varied in length. That is, the average 
stimulus duration was held constant and comparable across the two conditions (app. 550 
ms in both cases), but it was impossible to control for individual word duration due to the 
very limited number of nouns with semantic gender. This can be corrected by measuring 
the ERPs from the (violation) recognition point rather than from the onset of the noun. 
Taking into account the limitations of the study on Italian, data provide some evidence 
consistent with the P600 being violation-aligned.

6.5 COMPARISON OF PRESENTATION MODALITIES

The initial hypothesis concerning the relationship of ERP components in reading and 
listening was as follows. Each syntactically-related ERP component reflects a phase in 
language processing. In case of (dis)agreement, both the LAN and the P600 are expected, 
as they represent two discrete processing phases (Friederici, 2002). More precisely, the 
LAN is understood as an automatic response to the detection of the violation and is 

followed by a repair/reanalysis phase represented by the P600. We predicted that if 
both processes are present in one modality, they should also be present in the other. 
Consequently, these two processes should elicit the same components. Thus, if reading 
and listening entail the same processes, they should also elicit identical components, 
in line with Friederici et al. (1993; 1996). However, at least one study (Hagoort & Brown, 
2000) that tested the same materials in listening and reading showed that this is not 
necessarily true. That is, two out of three morphosyntactic conditions elicited the LAN in 
listening but not in reading.

Earlier on, we showed that the LAN could not be consistently elicited by gender 
disagreement in reading studies, with inconsistent results not only across different 
languages (see Molinaro, 2011), but also across studies in the same language (e.g., Barber 
& Carreiras, 2005; Wicha et al., 2004). In addition, this thesis demonstrated that the LAN 
is inconsistently elicited by the same materials in different presentation modalities, which 
is in line with Hagoort and Brown’s (2000) study. By summing up the results from all four 
experiments, we will offer a few speculations on some aspects underlying the LAN issue.

First of all, we do not have an adequate explanation for the presence of the LAN in Italian 
and its absence in Dutch. Since such results are in line with a number of studies, which 
usually report the LAN in Italian but not in Dutch (e.g., Meulman at al., 2014; Molinaro 
et al., 2008), one possibility is that the difference may be language-specific. Perhaps 
the morphosyntactic violations in Dutch were not as straightforward as the violations 
in Italian, due to the homophony of the definite articles (de is used both for singular 
noun with common gender and for all plural nouns), which delayed or reduced the 
effect of violation detection. However, if a gender violation in Dutch was so weak that 
it did not trigger the LAN in reading, it probably should have had the same effect in the  
auditory modality.

An even more perplexing finding is the absence of the LAN in the semantic gender 
condition in Italian and its presence in the gender condition in Dutch in the listening 
modality. In the former case, the result triggers the question ‘Why is LAN not present in 
both conditions?’ and in the latter ‘Why is LAN present at all?’ It is obvious that there 
is a relationship between presentation modality and the presence/absence of the LAN, 
but which intrinsic characteristic of either modality affects the LAN remains unclear. We 
believe that the simplest explanation is that the LAN is highly susceptible to the difference 
in timing between reading and listening. In both auditory studies, the LAN was recorded 
only in those conditions in which the violation was not word-final. More precisely, both 
the violations that elicited the LAN (syntactic gender disagreement in Italian and gender 
disagreement in Dutch) are lexical violations, meaning that they usually precede the end 
of the word. Conversely, the violations in semantic gender disagreement and number 
disagreement are all word-final, at the level of an inflectional morpheme. The distance 
between the word-final and non word-final violations ranged between 100 and 200 ms. 
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In all cases, the last word of the noun phrase was the target noun. In non word-final 
violations, the parser had ample time (100-200 ms) to recognize the violation before 
reaching the noun phrase boundary. Word-final violations, however, corresponded to 
the noun phrase boundary. In this case, the parser had to recognize the violation while 
simultaneously performing phrasal integration and preparing for the repair/reanalysis. 
Possibly, the additional processing load at the phrasal boundary obfuscated the detection 
mechanism signalled by the LAN.

The conditions that elicited the LAN share another feature. Namely, both syntactic gender 
disagreement in Italian and gender disagreement in Dutch elicited a weaker P600 effect, 
as compared to semantic gender disagreement in Italian and number disagreement in 
Dutch. There may be a relationship between the size of the P600 effect and the LAN 
– a larger P600 effect might cancel out the LAN (cf. Osterhout, 1997). Even though the 
LAN precedes the P600 in time, the time difference between components may have 
been affected by the auditory nature of the experiment. All in all, a minimized temporal 
difference between components and a large P600 effect may have cancelled out the LAN 
effect in the conditions in which it was not elicited.

Both accounts are based on the assumption that the LAN should have been present 
in all experiments and conditions but that certain factors prevented its elicitation. We 
offered two possible accounts of the LAN in the auditory modality. However, we cannot 
explain the behaviour of the LAN in the visual modality, which remains a question for  
further research. 

6.6 CONCLUSION AND FUTURE RESEARCH

A number of issues were addressed in the current thesis, some of which were successfully 
solved, whereas others require further investigation. We presented a study on a syntactic 
phenomenon, that is (dis)agreement, and its relationship with ERP components 
traditionally associated with syntactic processing. To provide a more comprehensive 
account, we used both auditory and visual stimuli. This approach helped, to an extent, 
to disentangle language- related effects from effects that may depend on extra-linguistic 
factor, such as the time course of stimulus presentation.

As a first issue, we addressed the components elicited by gender disagreement processing. 
In line with most studies in the field, the P600 was obtained in all experiments. Not 
entirely unexpectedly, the LAN was elicited only in 50% of the conditions. This replicates 
a number of reading studies that reported the LAN in disagreement processing in Italian 
but not in Dutch. Unfortunately, there is not enough evidence to explain the seemingly 
inconsistent behaviour of the LAN, which warrants further research.

Next, we managed to document a relationship between the size of the P600 effect and 
the complexity of the repair/reanalysis mechanism. Furthermore, in line with previous 
research, we provided some evidence showing that the repair/reanalysis process occurs 
in the late stage of the P600. However, the distinction between early and late P600 could 
not be entirely upheld, and it deserves additional attention in the future.

Finally, we demonstrated the role of the presentation modality in studying sentence 
processing, and particularly the need to take into account the time course of the auditory 
information flow. We provided evidence supporting the idea that the auditory P600 and 
the LAN are violation-aligned, which is relevant for language processing theories, as well 
as for experimental design. In addition, we showed that the presentation modality can 
influence whether or not the LAN is elicited. Rather than interpreting the presence or 
absence of the LAN as a marker of the presence or absence of language processes, we 
claim that the LAN can be influenced by extra-linguistic factors, such as the time course 
of stimulus presentation or an interaction with the P600. 


